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COURSE INTRODUCTION

This course deals with the analgsis, design, development, implemenuation and maintenance
of computer bascd information systems. The earlicr courses would have made the leamer
familiar with basic computer hardware and software concepts as well as with some of the
programming languages, The programming experichce acquired is complemented in this
course with systems experience. This wonld enable the leamer to cope with the number of
components in a systems development approach and enmesh them comrecty to result in a suc-
-cessful project. The first 3 blocks of the course are a run through of the basic stoges of a sys-
tem development life cycle. The recent trend of acquiring computer systems is oflen with o

view to provide management with relevant information. A block in the course is therefore ex- -

clusively devoted to MIS. In order to strike a balance between the theoretical and applied -
aspects of sysiems anglysis, a number of case studies have been included in a special block
s0 that they can serve as a vehicle for applying sysiems concepts. While working on the case
study, a student would have an opportunity 1o put into a practical context, the tools of
analysis and design ledmed during the course and also in some cases modify the cases and
suggest strategies for system improvements. The cases are drawn from actual real life sima-
tions and reflect practical problems that would neatly integrate into the leaming process. .
There isa final block on the emerging Lrends, as development of systems moves [rom an art
form to an indusiry. Some exposure is given in this block to organisational jssucs arising out
of induction of computer systems, and the new capabilitics (hat the systems analysts of
tomorrow must have, when software would be in the form of multi- media and hyper-media
with greater emphasis on visuals and sound as means of communication.




BLOCK INTRODUCTION

This block on Systems Analysis dwells upon the first distinc phase in the development ofa
system, Itis now a fairly acll-established fact that errors in a sysiem are more easily and in-
expensively rectified, the carlier they are discovered, and hence the importance of the effort
ziven in systems analysis,

Much of what is discussed here is not new or revolutionary; they are tricd and tested
methodologics. But a familiasity with, and understznding of, the tools and tcchniques of sys-
tems analysis will place the potential analyst in a position of confidence to tackle the Lasks of
development of new systems and (0 successfully communicate his strategics and approach to
his colleagues both in the development Leam as well as in the client group. :

“This block is made vup of 4 units.

The first unil provides an overview of systems, the various sLages in the life cycle of the sys-

tems development, the factors creating a software crisis and the attributes which a good sys-
tems analyst must have.

Unit-2 outlines the verious sources (rom which system projects can get initiated. Tt will go
through the various considerations involved in project sclection and the elements involved in
the approach to a new problem.

The third unit relates 10 o more Tigorous examination of the project in terms of a feasibility
study. It also touches upon the issue of description of current system ina narrative form
through contexi data flow diagrams.

The final unit, unit<4 considers in more detail the wols which analysts must possess [0 be
able to arrive at specifications of sysiems requirements. Qut of the rumerous tools, Lechni-
ques, styles and methodologies that prevail in the profession, a few epresentative and

popular ones have been chosen.

At various points during the reading of the block, a student would benefit from referring 1o
the swdy of case studies which are part of the course. There are sometime specific reference
to the case studics during this block, but a gencral reading through the case studies would
help in 2 better understanding of the concepls of this block by the student. -

1| Al

=L EW




UNIT1 OVERVIEW OF SYSTEM ANALYSIS
AND DESIGN. . :

Struclure

1.0  Introduction
1,1  Objeclives
12  AnOvervicw
121  Whatisa sysiem ? .
122  Synems swdy, Systems analysis and Sysiems approach
123  Chemctenstics of a system .
124  Elements of sysiems analysis
125  Typesof sysicms
13  System Development Life Cycle
13.1  Prliminary invesigaion
132  Detcrmination of sysiem requirements
§.33  Designof system
134  Development of software
135  Systemslesting
136 Implemeniation, Evalustion and Maintenance
14  Sofwware Crisis
1.4.1 From Programmenpoint of view
142  From Users pointof view
1.5 RoleofaSystems Analyst
15,1 WhoisSysiems Analysi?
1.52  What a Sysiems Analystdoes 7
153  Aunbutes of an effeaive Systemns Analyst
1.6 Summary -
1.7  Modet Answers

1.0 INTRODUCTION

" The study of “SYSTEMS" is by no means a ncw or even recent endeavour. Systems have
been in use for the last thousands of years. The Egyptians used bookkeeping system over
5000 years ago for keeping their accounts, while Phoenician astronomers tried to study the
+ systems of stars for making predictions. -

People frecly talk of different types of system in their day to day life. However, we shall
only concern ourselves with those systems which are of direcl and immediate concem to a
business in the processing of information to generate useful and meaningful results for
managemenL In other words, we can say thal systems analysts will refer 1o the analysis of
business systems.

Sycicms today are very lielpful in running the business ciliciently. But a system can
fuaclion in an effective way only il the users such as the accountants, business manager -
and other responsible individuals within the company make it function in a proper way.
Many times, managers are told that they only need to know how (o relrieve required in-
formation, thus making them ignorant of the operalions of the systcm as a whole, In ac-
cepling such advice, these managers are, in cssence, relinguishing a substantial part of
the control of the organisalion to the sysiem’s designers. It is, therefore, necessary Lhat
these poiential systems analysis should clearly understand many other things also such as
whal a sysiem is, what its objectives are, what kinds of systems there are, what goes with
their creation and maintenance, vnat are their costs and benefits and how to analysc and
monitor systems.
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1.1 OBJECTIVES

After going throwgh Lhis unit, you should be able (o

define system, sysiems study, systems analysis and sysiems approach

stue the common churacteristics in alt the systenis

describe the basic'c!cmcnu: in systcms analysis

classify different types of systems

explain what is system development and what is system development life cycle

illustrate the role of a sysiems analysL

1.2 AN 'OVERVIEW

Sysicms analysis and design refers Lo the process of cxamining a business siluation with the
intent of improving it throuph better procedures and methods. Systems development can
generally be thoughit of as having lwa major coinponents: Systems Analysis and Systems
Design. Systems design is the process of planning a ncw system or replace or complement
an cxisting system. But before this planning can be done, we must thoroughly undersiand
the cxisling system and determine how compuiers can best be used to make its operation
morne clfective. Systems analysis, then, is the process of gathering and interpreting facts,
diagnosing problems and wsing the informalion 1o recommend improvement (o the sysicm.
In bricf, we can say that analysis specifies what the system should do. Design states how 10
accomplish the objective.

1.2,1  Whatis a system?

The word “SYSTEM” covers a very broad spectrum of concepts. This is derived from the
Gieek word systema, which means an organised relationship among the funciioning units or
companenis. In our daily life, we come into contact with the transportation sysicm, the com-
munication sysicm, the accounling syslem, the production sysiem, the economic system and
for gver three decades, the computer sysicm. Simikrly, business systems are the means by
which business organisations achicve theii pre-determined goals. A bustness sysiem com-
bines poticics, personnel, equipment and computer fucililics W co-ordinate the activiiics of a
business organisation. Esscnuinily, a business system represents an organised way of achjc\.r-
ing the pre-delcrmmcd objective of an orgamsauon

There are various dcl' nitions of the word system, bul most of them seem to have a common
idca that suggests that a sysiem is an orderly grouping of interdependent componcnts linked
together according 10 a plan 1o achieve a specific goal, The word component may refer 1o
physical parts (engincs, whecls of car), manageriat steps (planning, organising, controlling)
or a subsysiem in a multi-level structure, The components may be simple or complex, basic
or advanced. They may be a single computer with a keyboard, memory and prinier or a series of -
intetligent wrminals linked to a mainframe. In either case, each component is part of the il sys-
1em and has 10 do its own share of work for the system Lo achieve the desired gonl

122  Systemsstudy, Systems analysic and Systems approach

Systems study may be defined as “a study of the operations of a set of connecied clements and
of the inter-conrections belween these elements”. T shows clearly that one cannot ignore any
partor clement of a system without first finding out the effect that element has on the operation of
the system as a whole. We can understand this with the help of systems analysis.

There is a difference between “systems approach® and “systems anplysis” also, The sys-
tems approach shows a set of procedure for solving a particular problem. It applies scienlific
methods 10 observe, clarify, identify and solve a problem with special care being taken o un-
derstand the inter- refatedness between elements and their system characleristics. However,
sysiems annlysns is a management {echnigue thCh helps us in designing a new syslem or im-
proving an existing sysicm.
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1.2.3  Characteristics of a System. Ovesview of Sysicro Anatyale
- : - .. and Dosian :

- Bused on the definition of a system, il is obscrved that following char;;cu‘,r_i_s_lic.': are presen
in all sysicms: - ) -

a) Organisation: Organisation implics struciure and order. It is the arrangement of com-
ponents that helps o achieve objectives. In the design of a business system, for ex-
ample, the hicrarchical relationships starting with the president on top and leading
downward 16 the blue-collar workers represents the organisation structure. Likewise a
computer system is designed around an inpul device, a central processing unit, an output
device and onc or more storage units, When these units arc linked together, they work
as a wholc system for generating information.

) Interaction: Intcraction refers to the procedure in which each component functions with
other components of the system. In an organisation, for example, purchasing must inter-
act with production, advertising with sales and payroll with personnel. - Tn a. computer
system also, the central processing unit must interact with odher units 1o solve a problem.
In turn, the main memory holds program, and the data that the arithmetic unit uscs for
-computation. The inter-relationship between these componcenis enables e compules to
perform, ’ :

¢) Interdependence: Intcrﬂépcndcncc means that component of the organisation or com- -
puter system dépend on one another. They are coordinated and linked together ina
planncd way 1g achicve an objective. ' - :

d) Intepration: Intcgration isconcemed with how a system is licd together. Ttismore
than sharing a physical part or locations. 1t mearis that parts ol the sysiem work ogcther
withift Ihe system cven though each part performs 8 unique function. Successiul integra-
tion will Lypically produce a better result as a whole rather than if cach component
works indcpendently. . :

¢) Central Objective: Central objective is the last characieristic of a system. Objectives
may be real or siated. Although a siated ebjective may be the real objeciive, it is quite
common thal organisation may sct onc objcctive and operate to achicve another. The im-
porant point is that uscrs must be aware about the central objective well in 2advance.

124 Elements of Systems Analysis

There are four basic clements in sysiems analysis. Bricl deseription of each clement has
been given below: | ‘ : '

.a) OQutpyts: Firstof all, we must delervnine whal the obiectives or goals arc, what do we

' intcn?l to achieve, what is the pugpose of our work; in other words, what is the main aim

_behingd the system. Defining aint is very vital in sysiem work. 1[ we do nol know where
we want 10 go, we will not know when Se have reached there, We shall be unnccessari-
1y wasting our lime and cnergy in the process. Once we know our aim, wc can Uy 1o
achicve it in the best possible way. ‘The user depasiment has Lo define thesc objectives in
Lerms of their neods, These bocome the outpuis which the systems analysl keeps inlo
mind. : ) ' .

b} Inputs: (Ince we know the oulput, we can casily dercrming what the inputs shoutd be.
Somelimes, it may happen that the reyuired information may not be readily availgblein”
the proper form. This may be because of the cxisting forms are not properly designed.
Sometimes, iy may not be possihle 1o get the required informatiog withoul the help of
10p manayement. If the information is vital to the system, we should make all possible
ciforts 1o make it availeble. Sometimes, it mfghl te toa costly 10 get the desised informa-
tion. It would be better in such cascs to prepdre a cost-benefi? analysis to convince the
management of the necessity for acquiring the information. The cssential elements of in-
puts arc:

i) Accnracy: If the data is not accuraic, ke OUIPUTS WaT&L witng. ’
" i), Timeliness: 1f data is not obtained in ime, the catire sysicm falls into urears.

it} Prope: format : The inputs must be available inpraper format,

(7= frn sy e 1o L




Sxstent Apulysis

tv) Economy; The dala must be produced at the Ieast cost

¢} Files: Asthe word implics files are used 1o siore data, Mostof the inputs necessary for the
systzm may be historical data, or it may be possible that these ase gencrated from within the-
systemi, These are stored in [les cither in terms of isolated facts or in large volumes.

d) Processes; Here we come 1o the details of how the inputs and {iles arc convered-init
outputs. This involves the programs and the way in which data is processed through the
computer. The processing invalves a set of [ogical steps. These sieps are required to be
instructed to the computer and this is done by a series of instructions called “programs”.

1.25  Types of Systems

Systems have been classificd in differcnt ways. Common classifications are:
i) Physical or abstract sysiems ‘
ti) Open or closed systems
iii) Deierministic or probabilistic systems

iv) Man-made information sysiems

(i) Physical ar Abstract Systems: Physical sysiems are langible cntitics that may be static
or dyramic in opcration. Abstract sysicms are concepiual or non-physical entitics which
may be as straightforward as formulas of relationships ameng sels of variables or
models - the abstrmct conceplualization of physical situations,

(i} Open or Closed Systems: An open systcm continually inicracts with ils environments.
1t receives inpults from and delivers oulputs output 10 the outside. An information sys-
tem belongs Lo this category, sinee it must adapt Lo the changing demands of the user. In
contrasl, a closed system is isolated from cnvironmental influcnces. In reality complele-
ly closed systems are rre. '

(i) Deterministic or Probabilistic Systems: A deterministic sysiem is one in which the oc-
currence of all evenis is perfecily predictable. If we get the description of the system
statc at a particular (ime, the next stale can be casily predicted. An example of such a
syslem is a numerically controlled machine 1ol Probabilistic system is onc in which

the océurrence of evenls cannot be perfcetly predicted. An example of such a system is
a warchouse and iLs contents.

(iv) Man-made Information Systems: Itis generally believed that information reduces un-
certainly about @ stawe or event.” For example, information that the wind is calm reduces
Lthe uncertainty thit a Lrip by boat  will be enjoyable. An information system is the basis
for inlcraction between the user and the analyst, It determines the nature of relationship
among decision makers. In facy, it may be viewed as a decision centre [or personne! at
all evels. From this basis, an information sysiem may be defined as a set of devices,
procedures and operating systems designed around user-based criteria to produce infor-
mation and communicate it to the user for planning, control and performance. Many
practitioners fail 1o recognise that a business has several information sysiems; each is
designed for a specific purpose. The major information sysiems are :

= formal information sysicms
+ informal informalion systems

= compuler bused information syster:

AFormal information system is based on the erganisation represented by the organisation
chart. The chart is a map of posilions and their authority relationships, indicated by boxes .

and connected by straight lings. It is concemed with the pattemn ol authority, commuonication
and work flow.

An Informal information system isan employce-based system designed 1o mccl.pcrsdn—
nel and vocational needs and to help in the solution of work-related problems. Tt also funncts
information upward through indirect channels. In this way, il is considered to be a usclul sys-
tem becausc it works within the framework of the busincss and its stated policies.




Third category of information system depends mainly on the computer for hand!ing business
‘applications. Systems analysts develop several different types of information systems to
meel a varicty of business needs.  There is a class of systems known colleclively as-Com-
_puter Based Information Systems. As we have dillerent types of transportalion Systems
such as highway systems, rilway sysiems and airline systems, compuler based information
systems are of (oo many Llypes. They are classificd as:
Transaction Processing Sysiems (TPS)
Managc.mcnl Infgrmation Sysiems (MIS)
Decision Support Sysicms (DSS)
OfTice Amomation Syslems (OAS),

The figure 1.1 shows the organisation chart of computer based information system (CBIS)
and figure 1.2 shows the hicrarchical-vicw of CBIS.

PLANNING, CONTROLLING

AND DECISION MAKING DECISION MAKING
] _ ]
MIS [ Dss
_ . | APPLICATION
DATA COMPUTER PROGRAM
[ TPS IF OAS
SALES, RECEIPT CLERICAL TASKS

Figure 1.1: CBIS in an Organisational Context

Top

management \ ) DSS

' / Middle managcmcnl\\ MIS

\

First line management TPS

Clerical Pcrsonnel ——————— QAS

Fipure 1.2: The Ilierarchical View of CBIS

Transaclion Processing Syslems:

The most fundamental computer based system in an organisation periains 1o the processing
of business transactions. A transaclion processing sysicm can be defined as a computer
based system that captures, classifics, stores, maintains, updates and retrigves transaclion
data for record keeping and for inpul to other types of CBIS. Transaclion Processing Sys-
tems are aimed at improving the routine business activitics on which all organisations .
depend. A Lransaction is any event or aclivity that affects the whole organisation. Placing¥r-
ders, billing customers, hiring of employces and depositing chequcs are some of the comman
transactions. The types of transactions that occur vary {rom organisalion (o organisatifiyc. -

Overview ¢f System Analpds
and Deslzn
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 System Analysis But this is truc that all organisations process transactions as a mojor part of their daily busi-
ness aclivilies. The most successful organisations perform this work of Lransaction process-
»ing in a very systematic way. Transaclion processing systems provide specd and accuracy
* and can be programmed to follow routines without any variance,

Management Information System:

Data processing by computers has begn extremely effective becanse of several reasons. The
main reason being that huge amount of data relating W nccounts and other transactions can
be processed very quickly. Earlicr most of the computer applications were concemed with
record keeping and the automaton of routine clerical processes. However, in recent years,
increasing atiention has been focussed on computer applications providing information for
policy making, managernent planning and control purposes. MIS are more concerncd with
management funciion. MIS can be described as information system that can provide all
levels of management with information essential to the unning of smooth business, This infor-
mation must be as relevant, timely, accuraie, complete and concise as is cconomically feasibl

Decision Support Systems:

I is an information system that ofTers the kind of information that may nol be predictable,
the kind that business professionals may need only once. These systems do rot produce
regularly scheduled management reports. Instead, they are designed to respond 10 a wide
range of requests. 1t is truc that all the decisions in an organisation are not of a recurring na-
ture. Decision support systems assist managers who must make decisions that are not highly
struciured, ofien called unstructured or semi-structured decisions.. A decision is considered
unstructured if there are no clear procedures for making the decision and ifl not all'the factors
to be considered in the decision can be readily identificd in advance. Judgement of the
manager plays a vital rolc in decision making where the problem is not strucwered. The
decision support system supports, but docs not replace, judgement of manager.

Office Aulomation Systems:

Office auiomation systems arc among, lhe newest and most rapidly expanding computer
based information sysiems. They are being developed with the hgpes and expeclations that
they will increase the cificiency and productivity of office workers-ypists. sccrearies, ad-
ministrative gssistants, staff professionals, managers and the like. Many organisations have
taken the first siep toward automating their offices. Ofien this step involves the use of word
processing equipment to facilitale the typing, storing, revising and printing of textual
maicrials. Another development is a compuler based communications system such as
clectronic mail which allows people to communicate in an electronic mode through com-
putcr terminals. An office automation system can be described asa multi-function, in-
tegrated computer based sysiem that allows many office activilics to be performed in an
clccuronic mede. :

Calcgorif:s of different information sysicms with their characteristics have been described
bricfly in table 1.1 ¢

" Table 1.1 : Categories of Informalion Systems

Calegory of - : Characteristics

Infermation System

Transaction Substitutcs computer-based prbccssing fior manual_

Processing Sysiem procedures. Deals with well structured routine
processes. Includes record-keeping applications.

Manogement Information Provides input 1o be used in the managerial decision

System process, Deals with supporting well structured

decision situations. Typicel information
requirements can be anticipated
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Decision Support System " Provides information to managers whomake
’ ' judgements about particular siluations: Suppons
decision makers in situations thal are not well-
‘ - strectured. ' '
Office Autvmation System It is & mulii-function, inlegrated computer based
' system, that allows many oflice activities (o be
 performed in an el¢ctronic mode.

" Check Your Proér&é 1 B

L. W,hat is mc_iaggi; difference between “sysiems approach™ and *'systems analysis™? -

.13 SYSTEM DEVELOPMENT .LIFE CYCLE

Sys'li:m dcvelopméni.. a process consisting of the two major steps of systems analysis and _

design, starts when manngement or somelimes sysiem development personnel foel that a new -

_sysiem or an improvement in the existing system is required. The systems devclopment life
cycle is classically thought of as the set of activilies that anatysts, designers and users carry -
out10 develop and implément an information system, The systems development life cycle
consists of the following activilics: - - ) .

. i"reﬁminu.rﬁnvesti_ﬁa‘tinp .
. bpuﬁnninétipn of systein requi;pmenis‘:-, :
o Dcs'igr;ofsjslém . ' ' 0.
. Dcvclppmcn.l.of software

s S}Ir‘su':i'ns testing’ . ]

~ " s 'Imiplementation, cvalnation and maintenance ..

Overvlew of Systom Analysls
and Deslgn
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Systern Analysis

13.1  TPreliminary Investipation
A request to take assistance from information systems can be made for many reasons, but in
each case someone in the organisation initiates the request. When the request is made, the
first sysicms activity the prelimindry investigation begins. This aclivily has three pans: .

i) - request clarification

ii) feasibility study

iii) request approval
Request Clarification: Many requests from employees and uscrs in the organisations are
not ¢learly deflined. Thereforc, it becomes neeessary that project request must be examined
and clarificd praperly belore considering systems investigation.

Feasibility Study: An important outcome of the preliminary investigation is the delcrmina-
tion that system requested is feasible, There are three aspects in the feasibility study portion

" . of the preliminary investigation:

(i) Technical Feasibility: Can the work for the project be done with current equipment,
existing soltware technology and available personnci? If new technology is needed,
what is the likelifiood that it can be developed?

(i) Economic Feasibility: Arc there sulficient benefils in creating the system o make the
costs acceptable? O, are the cosis of not creating the system so great that it is advisable
1o undertake the project?

(ti)) Operational Feasibility: Will the system be used if it is developed and implemented?
Will there be resistance from users that will undermine the possible application benefits?

The feasibility sidy is carricd out by a small group of people who are familiar with informa-
tion sysiems techniques, understand the parts of [he business or organisation that will be in-
volved or affecied by the project, and are skilled in the systems analysis and design process.

Request Approval: 1 is nol necessary thatall requested projects are desirable or feasible.
Some organisations receive 5o many pro;ccl requests (rom employees that only a {few.of
them can be pursued. However, those projects thal are feasible and desirnble should be put
into a schedule. In some cases, development can start immediately, a]thuugh usually systems
stafl members are busy on olher ongoing projects.” When such silualion arises, management
decides which projects are most urgent and schedules them ‘accordingly. Alera project re-
quest is approved, its cost, priority, completion time, and pecsoancl requirements are es-
timaled and used 10 determine where o add it (o any existing project list. Later on, when the
other projects have been completed, the proposed application development can be initiated.

A further discussion on preliminary investigation is covered in section 2.5 of unit 2.

132  Determination of System Requirements

At the heart of syslems analysis is a detailed understanding of all important [acets of the busi-
ncss area under investigalion. The key queslions are:

+  What is being donc?

= How s il being donc?

»  How freguently docs it occur?

= How great is the volume of transactions or decisions?
-  How well is the task being performed?

« . Docs a problem cxist?

»  If a problem exists, how scrious is it? What is the underlying cause?

To answer the above queslions, systems analysts discuss with different catagery of persons to
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 collect the facts about the business process and their opinions of why things happen as they

i

do and their views for changing the existing process. During analysis, data are collected an -
the available files, decision points and ransactions handled by the peesent system. Some

- o0ls are Gsed in analysis like data flow diagrams, interviews, on-site obscrvations and ques-

tionnaires. Detail investigations also require the study of manuals and reports. Once the
struclured analysis is completed, analyst has a fim understanding of what is to be done?

133 Design of System -

-The d_csign of an information system produces the details that clearly describe how a sysicm
will mect the requircments identificd during systems analysis. Systems specialists often

refer to this stage as logical design, in contrast (o the process of developing program
_soltware, which is referred to as physical design, '

 Systems analysis begin the design process by identilying reports and other cutputs -system
will produce. Then the specilic data on cach are pinpointed. The systems design also
describes the data to be input, calculated or stored. Individual data items and calculation pro-
cedures are wrilten in detail. Designers sclect file structures and storage devices, such as
magnetic disk, magnetic tape or cven paper files. Procedures they write tell how to process
the data and produce the output. The documents containing the design specifications portray
the design in many different ways-charts, tables, and special symbols. The detailed design in-
formation is passed on to the progrmming stafl for the purpose of software development.
Designers are responsible for providing programmers with completc and clearly out lincd -
software specificaitons. '

13.4 . Development of Software

Software developers may install purchased software or they may devclop new, custom-
designed programs. The choice depends on the cost of each oplicn, the lime available 1o
develop sofiware and the availability of programmers. Generally il has been observed that
programmers arc part of permancnt professional staff in a big organisation. In smailer or-
ganisation, without programmers, outside programming services may be hired or retained on
a contractual basis, Programimers are also responsible for documenting the program, provid--
ing an explanation of how and why certain procedures are coded in specilic ways. Documen-
1ation is essential (o test the program and carry on maintenance once the application has been
insialled. )

135 Systems Testing

During systems testing, the system is used experimentally (o csure that the software docs
‘not fail. In other words, we can say that it will run according o ils specifications and in the
way users expect. Special test data are inpul for processing, and the resulis examined. A
limited number of users may be altowed to use the system so that analyst can sce whether
they try 1o use it in'unforeseen ways. It is desirable to discover any-su' ises before the or-
ganisation implements the system and depends on it

13.6 " Implementation, Evaluation and Maintenance

Implementation is the process of having systems personnel check out and pul new cquip-
.-ment into use, train users, instalf the new application and construct any files of data necded
_touse it This phascis less creative than system design. Depending on the size of the or-

ganisation that will be involved in using the applicalion and the risk involved in ils use, sys-

tems developers may choose (o test the operation in only onc arca of the firm with only one
or two persons. Sometimes, they will run both old and new sistem in parallel way ta com-
parc the results. | In still other situations, sysiem developers stop using the old sysiem one day

and start using the new one the nexL

Evaluation of-the system is performed to identify its swengths and weaknesscs. The ectual
evaluation can occur along any of the following dimensions:

(i} .Opecrational Evalﬁalién: Assessment of the manner in which the system funclions, in-!
" cluding case of use, response lime, overall reliability and level of utlization. .

Ovorview of Sysiem Analyds -
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(ii) Organisational Impact: Identification and measurement of benefits to the organisation in
such areas as financinl concems, operational elficicncy and compelitive impact.

(iii) User Manager Assessment: Evaluation of the autitudes of senior and user manager
within the organisation, as well as ¢nd-uscrs,

{iv) De\rclobmcm Performance: Evaluation of the development process in accordance with
such yardsticks as overall development time and effort, conformance 10 budgels and
standards and other project managemenl criteria,

Mqintenance is necessary 10 climinate errors in the working system during its working life
and to twne the system to any variations in its working environment Ofilensmall system
deficiencies are found as a sysiem is brought into operations and changes are made 16
remove them. System planners must always plan for resource availability to carry out these
maintenance functions. The |mponnnoc of maintenance is to continue to bring the new sys-
tem Lo standards. .

Check Your Progress 2

1. What are the activilies which complete the system devclopmc.nl life cyclc 7

2. In ﬁreliminm'y investigation three lypes of feasibililies are usually studied. Name those.

............................................................

...............................................................

14 SOFI‘WARE 'CRISIS

-The lranslauon ofa I‘a:mhamy with ¢ compmer hardware and software into the developmcnl
- of uselu] cnmmcrcml o business information systems is not a straight-forward or intuitive
_ task. Forthe last several decades, tens of thousands of people, uwsually very intelligent and
- talented have been involved in the building of compur.er systems, It is now well-known that
- the m:.e a:wluch the hardware has been more and more accessible and at lower and lower-

pnces. has'created a mutchmg demand for dcvclopmenl of software in a similar scale.” But
the traditional inteitive and ad-ho¢ approach fails miserably when the quantitiés of data in-

_volved in information systems exceeds say, 10 MB. -This is a typical figure at which systems " -

" slart crossing Ihc bamers of rclauvcly simple and bcgm o enter the dnrna.m of s:gmt' icant:

. complcmy
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This has lead to-the coining of the phrase “software crisis”, and the search for methods and
icchnigues to be able to cope with the ever expanding demands for sofiware, The presenl
course, which is an aitempt to (cach the ingredicnts of a structuied systems development
methodology, and elsewhere in the programme theee is a reference 10 the techniques of
soltware enpineering as wetl. Later on in the subsequent years of the MCA programme, you
would also be cxposed to a full course on Software Engincering. ’

However, it is still useful and desirable to have some fecl for the kinds of problems which
the programmier and the user faces and collectively perceive as the software crisis.

Software crisis can be broadly classilicd in the following major arcas:

141  From Programmer’s Point of ﬁew

The following types of problems may contribute in maximum cases Lo softwarc crisis:
»  Problem of éompau'bilily
«  Problem of portability
+  Problem in documentation

- Problem in coordination of work of different people where a team is initiating to
develop sofiware.

= Problems that arise during actual run time in the organisation. Some time the
erfbrs are not detected during sample run.

»  Problem of piracy of software.

«  Customers nermally expand their specifications afler progrmm design and
implementation has taken place.

= Problem of maintenance in proper manner.

142  From User’s Paint OF View

Therc are many sources of problems that arise out of the user's end. Some of these are as {ol-
tows: ’

+ Howtochoosea gnl'twarf: from total market availability

«. Howtoensure which software is compatible with his hardware specifications

s The cu'slomcriscd sofiware generally does niol meet his total requircments
Problem of virus

«  Problem of software bups, which comes 10 knowledge of customer after considerable
data calry -

+  Cenain sofiwares ron only on specific operating system environment

- The problem of compatibility for nser may be because of different size and density
of Meppy disketles.

»  Problem in lcarning atl the facilitics provided by the softwarc because companics
give only seleclive information in manual

«  Certain software mn and create files whith cxpand their used memory spaces
and create problem of disk management.

. Sofiware crisis develops when system memory requirement of software is more
than the existing reguirements and/or availability.

. Overview of System Analysis

and Deslpn
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= Problem of dilferem versions of sofliware (uscr as well as operating system).

»  Sccurity problem for protected duta ini software.

i3 ‘ROLE OF A SYSTEMS ANALYST

151  Whois Sysicms Analysl?

A sysiems unalyst is a person who conducts a study, identifics activities and abjectives and
determines a procedure 10 achicve the objectives. Designing and implementing systems to
suit organisational needs arc the fanclions of the systems analyst.” He plays a major role in
seeing busincss benefil from computer technolegy. The analyst is a person with unique

“skills. He uscs these skills to coordinote the efforts of diflerent lypc of persons in an or-

ganisation 10 achieve busincss goals.

152  Whata Systems Analy:.t does?
A syslcm analysr. carrics oul the following job:

(a) The [irst and pechaps most difficult task of sysiems analyst is problem definition. Busi-
ness problems are quile diflicult wo define. It is also true that problems cannot be solved
unll they are precisely and clearly defined.

(b) Initially a systems analyst does not kaow how 10 solve a specific problem. He must con-
sult with managers, usees and other data processing professionals in defining problems
and developing solutions. He uses various methods for data gathering to gel the correct
solution of a problem. ’

(¢} Having gathcred the data relating 10 a problem, the sysiems analyst analyses them and
thinks of plan to solve it He may not comne up personally with the best way of solving a
problem but pulls wgether other people’s ideas and refines them until a workable sotu-
lion is achicved.

(d) Systemsanalysts coordinale the process of developing solutions, Since many problems

have number of solutions, the systems analyst must eviluate the merit of such proposed
solution before recommending one Lo the management

(¢} Systems analysts are often refemed to as planners. A key part of the sysiems analyst’s
job is o develop a plan (o meet the management’s objectives.

{I) When the plan has been accepted, systems analyst is responsible for designing it o that
mmmgc.mcnl s goal cnull:l be achieved. Syslcms designisa umc consummg. complgx
and precise task.

{g) Syslems must be thoroughly Lesied. 'I'hc.sysl.cms analyst often coordinales the Lesting

procedures and helps in deciding whether or not the new system is meeting standards es-
tablished in the planning phase,

1.53 " Attributes of an el‘l'ecl.i\re Systems Analyst

Sysiems analyst must have the following auributes:

(a) Knuwlcdge of people: Since a systems analyst works with others so closely, he or shc

must understand thc;r needs and whal motivates them to develop systems properly..

(b) Knowledge of Business functions: A systems analyst must know the environment in
which he or she works, He must be aware of the peculiaritics of management and the
users at his installation and realize how they react Lo systems analyst A working
knowledge of accounting and markeling principles is @ must since so many systems are
built around these two arcas. He must be familiar with his company's product and ser-
vices and management’s policies in arcas cunccmmg him.




{c) Knowledge of Data processing principles: Most systems today are computer based.
‘The'sysiems analyst must fully aware about the potential und limitations of computers.

(d) Abmty to communicate: As a coordinalor, a sysiems analyst must communicate
propcrly with pcople of different levels within an organisation. Systems analyst must
‘listen carelully 1o what others'say  and integrate the Ihoughls of others into I.hc sysiems
development process. .

(e) Flexibility: Systcms analysts must be ficxible in their thinking since they oficn do not
get their own 'way. Dilferent factions in an organisation have conflicting needs and most
systems are the result of compromise, The analyst’s goal is Lo produce the system that
will be the best for his orgamsauon Thls rcqulrcs an‘'cpen mind and ncxnblhly in hic
ideas. :

()] An analytical mind: Tt takes an vnusual person 1o-see through problems fzcing an or-
ganisation and develop solutions that will work, Sysicms analysts ofien find themselves
with more data than they can cope with. It requires an analytical mind Lo select per-
‘tincnt datz and concenirate on them in defining problems and forming solutions.

(g) Well educated with sharp mind: Systems analysts arc called upon to work with people
atall levels virtually in every aspect of business, They must know how to work with all
of them and gain their confidence. Analysis-must have sharp mind to Icum qmckly how
people do their jobs and develop ways for them o do it better, -

Check Your Progress 3

. What do you understand by sofltware crisis ?

2. Supposc a sysiCm memory r{fqtiircmcnl is more than the available memory sizc.
Will you cail ita soflware .problem although the crisis is with the hardware? Why?

16 . SUMMARY

Before going 1o stedy Sysicms Analysis and Systems Design, an initial overall idea should
be formed by the learmer about what is a syste, what are the characleristics of a systems,

Overslew of System Analysls
and Deslpn
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what 15 syslems approach, what is systems anulysis and what is sysiems design, what are the
diffcrent types of a system, cic.  This unil provides an overview ol sysiems, Liic compoacnts
and activitiés in the life cyclc of a sysiem development, what are the various sources which
conlribute a software crisis, and in delails a characieristic study of a system analysL's at-
Lribaes, it's different jobs. Alter studying this unil, you might fecl cager to go in deluils of
sysiems analysis and design.

17 MODEL ANSWERS

Chieck Your Progress 1

1. The sysiems approach shows a sel of procedure (or solving a paricular problem.
Systems analysis is a management technigue which Liclps in designing a new system
improving an existing system or solving a sysiem problem.:

!-.)

The four basic elements in system analysis ase: Outpuls, Inputs, Files and Processes.

3. Systems analysts develop several difTerent Lypes of information systems which depend
mainy or the compulers for handling busincss applications. This class of sysiems is
known us Computer Based Information Sysicms. '

4. A dccision is considered unstructored if there are no clear procecures for making the
decision,

Chicek Your Progress 2
1. The [olfowing activitics complele the lile cycle: -

(i) Preliminary investigation
(i) Delermination of systcm requiccments
(iii) Design ol-system -
(iv) Development of sollware
{v) Systems lesling
(vi) Implementalion, evaluation and maintenance.

2. The three Lypes of [easibilitics studicd in preliminary invesligation arc:

@) Technical feasibility .
(ii} Economic fcasibility
Gii) Operational feasibiliLy.

3. Assessment of the manner in which the system funclions, including case of use,
response lime, overall relinbility and level of uilization.

4. Mainicnance of 4 system is necessary to climinate errors in the working system during
its working lile and 1o lake the system o all variations vwilhin the working ¢nvironmenL.

Check Your Propress 3

1. There arc many Sources of problems  arises out of the Programmer's end or uscr’s cnd

to the soltwarcs on the systems, These contribule 1o sofiware crisis.

2. Yes, it is also onc kind of softwarc problem thal arises from uscrs’ ends, because Lhe
availublc memory size is constant and known to the system analyst.

3. The most diflicult job of 2 sysiem analys! is Probleni- defining, as some business
problems arc quite difficull 1o define and no problem can be solved until itis precisely
- deflined.

4. There are many attributes a sysiems analyst should have.




Some of which are:

(a) Knowledge of business functions

(b} Knowledge of Data processing principlc;
{c) Ability 1o commphicatc.

(4} Flexibility

(c} Ananalytical mind

© Overvilew of Systein Anajyds
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2.0 INTRODUCTION

Systcms analysts do not starl working on any projects they desire. They reecive alotof re-
quests from the management for starting dilferent type of projects. When projects are formal-
ly requested, the systems analysts, under the management’s direction, conduct a preliminary
investigation to analysc the rcasons for the request and collect various facts Lo respond (o the

request in a sysiematic way. Some projects arc (casible, while others many not be feasible
for various reasons.

21 OBJECTIVES

Afier going through this unit you will be ablelo:

. describe differcnt reasons for developing new sysiems projects

. state the different sources of project requests

. discuss how o select a project out of 2 number of praject requests

. cxp_lnin something aboul the preliminary investigation Lo see the feasibility of a
projecl : .

discuss problem classifications and definitions.

22 WHY SYSTEM PROJECTS?

Syslns projects are initdated for different reasons. The most impertant reasons arc:

Tl




(a) CAPABILITY : ' Project Seleétlon

Business activities arc influcnced by an organjsation’s ability to process transactions
quickly and efTiciently. Information systems add capability in threc ways:

(i) Improved processing speed: The inherent speed with which compulers process data
is one reason why organisations seck the development of systems projects.

(i) TIncreased volume: Provide capacity lo process a greater amount of activity,
perhaps-lo Lake advaniage of new busincss opporwnities.

" (iif) Faster retrieval of information: Locating and retrieving information from storage.
The ability in conducting complex searches.

(o) CONTROL

(i) Greater accuracy and consistiency: Carrying out computing steps, including
arithmetic, correcily and consistently. ’

(i) Beter sccurity: Safcguarding sensitive and imponant data in a form that is accessible
only to authorised personnel. S

{¢} COMMUNICATION
- (i) Enhanced communication: Speeding the flow of information and messages belween
remote locations as well as within offices. This includes the transmission of

documents within offices.

(i) Integration of business areas: Coordinating business aclivities taking place in scparate
areas of an organisation, through capture and distribution of information.

) COST

(i) Moniter cosis: Track.ing the costs of 1abour, goods and overhead is essential to
delcrmine whether a firm is performing in line with expectations - within budget.

(i) Reduce costs: Using computing capability Lo process data at a lower cuost than
possible with other methods, while maintaining accuracy and performance levels.

(c) COMPETITIVENESS:

.(i) Lock in customers: Changing the relationship with and services provided to
customers in such a way that they will not think of changing suppliers.

(i) Lock out competitors: Reducing the chances of entering the compclimrs: in the same
market because of good information systems being used in the organisation.

{iii) Tmprovc amangements with suppliers: Changing the pricing, service or delivery
arrangements, or relationship between suppliers and the organisation to benefit the (imm.

{iv) New product development: Introducing new products with characteristics that use
or are influenced by information technology. |

73 SOURCES OF PROJECT REQUESTS

There are mainly four primary sources of project requests. The requesters inside the or- N
ganisation are: Department Managers, Scnior Executives and Systems {L,nalysls. In add_mnn,
government agencics ouiside the organisation may also ask for information sysiems projecis.

231 Requests from Department Managers’

Frequenily, department managers who deal with day-to-doy busincss activitics, arc looking
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1. Name some important.reasons for sysiem projects-

[or assistance within their depariments. They are oftcn not satisfied with the amount of
time that the s1alf takes to complete e job. Somectimes, they feel that the staff members are
involved in duplication of work also. In this case, the manager will’ discuss this problem
with other administrators regarding their clerical as well as processing work and persuade

higher authority to approve the development of a computer based system for office ad-
ministration.

23.2  Requests from Senior Executives

Senior exccutives like presidents, vice-presidents usually have more information about the
organisalion as compared o department managers. Since these executives manage the enlire
organisation, so nalurally they have broader responsibilities. Obviously, systems project re-
quests submitted by them carry more weighlage and are generally broader in scope also,

233  Requests from System. Analysts

Sometimes sysiems analysts find areas where it is possible to develop projects. In such
cases, they may prefer either wriling systems proposal themselves or encouraging a manager
1o allow the writing of a propasal on their behalf. For instance, in an orpanisation, an analyst
sees that the library information system takes more time in processing and is incfficient, may
preparc a project proposal for a new library information system. By the direction of the
analyst wha i5 fully aware about the new Lechnology that improves the existing library infor-
malion system, the librarian may initiate the development of information system 1o the
higher authorily for approval.

234 Requests from Qutside Groups

Developments outside Lthe organisation also lead to projecl requests, For example, govern-

" ment contrzclors are required 1o use special cosl accounting sysicms with government stipu-
lated features, Generally, it has been observed that new demands from external groups bring
about project requests, cither for new systems or changes i in current ones. Project requests
nngmaled from this source are also quite important.

Check Yaur Progress1
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2. What are the mrceways by whlch Informauon sysmms and capabihl.y arc mlalcd
with each ‘other? . -

4, Dlscuss some causes dug to which-a Depm‘uncm Mnnagcr rcqucst t'or devclopmcnl ofa
computer based system for his oﬂ'cc .
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...........................................................

5, How'communication’ is also te be considercd 10 be a reasan for the initiation of system
-proiccts?

24 MANAGING PROJECT REVIEW AND SELECTION

Itis true that a number of requests for systems development are generated in the organisa-
Lion, Someone in the organisaticn must decide which requests to pursue and which Lo reject.
The criteria to accept or reject a request can be decided in a nomber of ways. One of the
suitable methods commonly in use is by commxuee Mainly three commiltees formats are

- commonly used : .

(i) Sicering Commiltee
(i) Information Systcms Committee

(iii) User-Group Committee

24.1  Steering Committee
This is one of the most common methods of reviewing and selecting projects for develop-
ment. Such a commillee, consisting of key managers [rom various departments of the or-
. ganisation as well as members of informaticn systems group, is responsible for supervising
the review of project propasals. This commiltee receives requests for proposal and evaluates
" them. The main responsibility of the committes is to lake decision, which ofien requires
. more information than the proposal provides. Itis, therefore, desired o have preliminary in-
* vestigation Lo gather more details. The steering committee. approach is genemlly favoured be-
cause systems projects are considered as business investiments. Management, not systems
analysts-or designers, sclects projects for development. Decisions are made on the basis of
the cost of the project, its benefit Lo the organisation and the feasibility of accomplishing the
development within the limits of information systems technology. .-

242  Information Sy’s‘tems Committee

. In some organisations, the responsibility for reviewing project requests is entrusted 1o o com-
mitiee’ of menagers and analysts in the information systems department. Under this method,
all réquests for service and developmont are submitted direcily to a review commillee within

. the information systéms departmgnt. This commitice approves or disapproves projects and
sets priorities, indicating which projects are most important and should receive immediate at-
tention. This method can be used when many requests are for routine services or main-
tenance on existing applications. Whe: major equipment decisions are required or when
long- term development commitments :ie needed 10 undertake a project, the decision
authority is shared with senior ¢xeculiviis who decide finally whether a project should
proceed or not.

243  User-Group Committee

In some organisations, the responsikility for project decisions is entrusted Lo the users them-
selves. Individual departments hire their own analysts and designers who handle project
selection and carry out development. Although the pracvice of having user commiltees both
choose and.develap syslem’s does Lks sorne of the burdon from the systems development,
group, it canhave disadvantages for the users. Some user groups may find themselves with
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defective or poorly designed systems that require additioral time and elfort to undo any
damage caused by (he mis-informalion that such sysicms could generaic. Although user
groups may {ind the decisions of steering committees and information sysiems cOmmitlees
disappointing at times, the success rale for users who undertake development job is not very
encouraging. '

244  The Project Request

The project proposals submitied by the users or the analysts o the projcct scleclion commit-
1ee is a critical clement in launching the systems study. There is a general agrcement that a
project request form should contain the following: .
+  What is the problem?

What are the details of the problem?

How significant is the problem?

What does user feel is the solution?

How will Lhe information sysiems help?

Who else knows about this and cauld be contacied?

The pmjca'r:f sclection commitice is responsible to review the proposals carefully and finally

selects those projects which are most beneficial 10 the organisation. Therefore, a prefiminary

investigation is often requested Lo gather details which arc asked in the project request forms.

2.5 PRELIMINARY INVESTIGATION

The first siep in the system development life cycle is the preliminary investigation to deter-
niine the feasibility of the sysiem. The purpose of the preliminary investigation is io
evaluate project requests, It is not a design study nor does it include the collection of details
to describe the business sysiem in all respect. Rather, it is the collecting of information that
Lielps commitice members to ¢valuate the merits of the project request and make an informed
judgement aboul the feasibilily of the proposed project..

Analysis working on the preliminary investigation should accompliéh the following objec-

. lves:

clarily and understand the project request
determine the size of the project.
assess costs and benelits of aliemative approaches.
+ . determine the tcchnjcﬂ and operational (€asibility of - allenative approaches. )

report the findings to management; with recommendations oudining the acceplance
or rejection of the proposal, “

2.5.1 Conducting the Investigalion

The dala that the analysis collect during preliminary investigations are gathered through

three primary methods : reviewing organisation documents, on-site observations and conduct-
ing interviews, _ '

Reviewing Organisation Documents

The analysts conducling the invesligation first learn about the crganisation involved in, or af-
fected by the project. For example, to review an inventory systems proposal means knowing
first how the departiment works and who are the persons direcily associated with inventory
system, Analysis can get some delails by examining organisation charts and studying wrilten
operating procedures. The procedures clearly define various important sieps ipvolved in
receiving, managing and dispensing stock. ' .

r 2 et = e ey e ee——




On-site Observations Project Scleetion

Another important technique 1o collect data is on-site observation. In this method, the
analysts observe the activities of the system direcily. One purpose of on-site obscrvation is
to gel as chose as possible to the real sysem being sludied. During on-site observation, the
analyst can sce the office environment, work load of the system and the users, methods of
work and the fcilities provided by the organisation (o the users,

Conducting interviews

Writien documents and the on-site obscrvation technique ell the analysts how Lhe sysicm
should operate, but they may not include enough details Lo allow a decision to be made about
the merils of a systems proposal, nor do they present user views about current opcrations.
Analysls use interviéws to learn these details. Interviews allow analysts Lo leam more about
the nature of the project request and the reason for submitting it. Intervicw should provide
details that further explain the project and show whether assistance is merited economically,
operationally and technically. - .

2.52 Testing Project Feasibility : -

Prefiminary investigations examine project feasibility, the likelihood the system will be use-
ful to the organisation. Three important tests of [easibility are studied and described below:

+ operational [casibility
- technical feasibility
cconomic feasibility

Operational Feasibility

Proposcd projects are beneficial only il they can be turned into information systems that will
mect the operating requirements of the organisalion. This test of feasibility asks if the sys-
tem will work when it is developed and installed. Are there major bamriers to implementa-
tion? Some of the important questions that are useful 10 test the operational feasibility of a
project are given below: ’

Is thicre sufficient support for the project from the management? From users? I the
present system is well liked and used 1o the extent that persons will not be able 1o
see reasons for a change, there may be resistance.

Are current business methods acceptable 1o the users? If they are not, users may
welcome a change that will bring about a more operational and useful system.

Have the users been involved in the planning and development of Lhe project? If
they are involved at the earliest stage of project development, the chances of resis-
1ance can be possibly reduced.

Will the proposed system cause harm? Wil it produce poorer result in any case or
area? Will the performance. of staff member Fall down after implementation?

Issues that appear to be quite minor at the carly stage can grow into major problem afler im-
plemeniation. Thercfore, it is always advisable 10 consider operational aspects carefully.

Technical Feasibility

There arc a number of technical issucs which are gencrally raised during the feasibility stage
of the investigation. They are as follows: .

Docs the necessary technology exist to do what is supgested (and can it be ac-
quired)? B _ _
Does the proposed equipment have the technical capacity to hold the data required
10 usc the new sysiem?

. . Can the system be upgraded if developed?

Arc there technical guaranices of accuracy, reliability, case of access and dala security? 95
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Economic Feasibility

A sysiem that can be developed technically and that will be used if installed, must still be
profitable for the organisation, Financial benelits must equal or exceed the costs. The
analysts raise various financial and economic questions during the preliminary imvestigation
10 esimale the lollowing: '

+  The cost 1o condnct a full systems investigation.

+  The cost of hardware and software for the class of application being considered,
The benefits in the form of reduced costs or fewer costly errors.

+  The cost if nothing changes (i.e. lhc proposed system is not developed).

To be judged feasible, 2 proposal for the specific projcct musl pass all these Iests, Otherwise,
it is not considered as a feasible project

253 Handling Infeasible Projects

It is not necessary that all projects that are submitied for cvaluation and review are ac-
ceptable. In general, requests that do not pass all the feasibility tests are not pursued
further, unless they are modified and re-submitted.as new pyoposals. In some cases, it
so happens that a part of a newly developed system is unworkable and the selection com-
mitieec may decide to combine the workable part of the project with another feasible
proposal. In still other cases, preliminary investigations preduce enough new informa-
tion to suggest that improvements in management and supervision, not the development
of information systemns, are the aclual solulions 10 reported problems.
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2.6 PROBLEM CLASSIFICATIONS AND DEFINITIONS

One of the most difficult tasks of system analysis is developing a &lear, in-depth under-
standing of the problem being investigated, without which it becornes impassible to specify
the requirernents [or a new projcct with any accuracy. Several qucsuons shonld be posed for
this, Some of those may be:
i) What is the problem?
ii) How comple;t isit?
i) What are its likely causes?
iv} Why is it important that the problem be solved?
v) What are possible sélutions o' the problem?

vi) What types ol benelits can be expected once the problem is solved?

2.6.1 ° Defining a Problem

It takes considerable skill to determine the true cause of a sysiems problem. A sysiems
analyst might begin to define the problem by determining if the problem can be classified ac-
cording 1o one or more commeon types of systems problems, With a knowledge of the com-
mon types of problems, the analyst can disgnose a problem by examining its characteristics.
The following example illustrates this finding.

A manager comments, “We need a new budgeting sysiem. Qur current one seems Lo vary in
quality from one month to the nexl. Besides, repons are ofien late, have emors, and contain
mnsleadmg information. Why we must spend a forune simply trying 1o keep the system up
and gomg .

Ca.reful analysis of this statement suggests a number ol different problems, the problem off

reliability (the system varies in quality from one month to the next), the problem of accuracy -




(there are 100 many etyors), the problem of limefiness (reports are often late), the problem of Project Selection
validity (reports conlain mislcading information), and the problem of economy {the system is
castly 1o keep up and going).

Besides the problems of reliability, validity, accuracy, economy and timeliness, the

. problems of capacity and throughput are also common. Capacity problems occur when a
componcnt of a system is not large cnough. Two people attempling to do the work of six il-
lusirates a capacity problem, Throughput problems deal with the efficiency of a component
of a system. Six people doing the work of 1wo represents a problem of throughput. Let's
consider cach of these seven problems in more detail.

-{a) The Problem of Reliability: A system suffers from the problem of reliability when pro-
cedures work some but not all of the time, or when use of the same procedure leads to
diffcrent results. Analysts rust work continually to improve the reliability of systems.
They strive w do this by running software tests to document that two runs of a computer
program lead to identical resulis, by selecting equipment with low failure rates, and by
monitering processing schedules io ensure that results are on time. With some systems,
reliability is essential. Imagine a payroll system that only works some of the time, or for
that matier the railway or airlines reservation system. '

‘(b) The Problem of Validity: Systems that produce invalid results are often most
troublesome to users and systems managers. These systems.might be highly reliable.
They may wark all of the time,but they draw incorrect conclusions. A report might show
that demand is increasing and that additional stock should ve ordered for inventory. If
these conclusions are wrong and demand is actually decreasing, then the stock is un-
necessary and the whole operation becomes less efficient, '

Maintaining Validity in computer software is a iroublesome design problem. The objec-
tive in design is to produce a flawless product, one that will always reflect actual events.
Validity problems result when the environment changes and these changes are not incor-
porated into the sofiware. As an example, suppose a measure of consumer satisfaction
must be placed in & computer program. IT the measure is incorrect, the software will
draw incorrect conclusions,

(c) The Prablem of Accuracy: The problem of accuracy is similar to the problems of -
reliability and validity. A system is inaccurate when processing is error-pronc. Forex-
ample, assume that several people are required 1o post company expense transactions
against departmenial budget numbers. II the posting procedure is complex and the num-
ber of transactions large, a fair number of errors may occur (for example, 1 percent of all
lransactions). Besause of inaccuracy, the entire budget system might be viewed as un-
reliable and often invalic. However, these are symptoms of the real problem - namely,

Lhe problem of accuracy. Routine, trensaction-based manual procedurcs are basically )
suitable for conversion to compuler-based methods of processing because the computer
is far more accurate than human beings, provided that software is written properly.

{d) The Problem of Economy: Besides improving processing accuracy, organisations seck
t improve processing econcmy, A system suffers from the problem of economy when
cxisting methods of transmitting, processing, and storing information are very costly, An
organisation might discover that the cost of handling the paperwork associated with cach
purchase order is Rs 25.* This cost is determined 1o be a problem of economy. Alter the
installaton of a new method of processing, the cost per purchase is substantially reduced
~ from Rs 25 per order 1o Rs 8 per order. '

Projects with clear-cul savings are likely to be considered suitable for conversioa to com-
puter-based methods of processing, Much Iiﬁe thie problem of accuracy, the problem of
cconomy is relatively easy to identify. The danger with the problem of economy is the
naive assumplion-by both users and system managers-that the computer will eliminate
the cause of the problem. Budget managers will say that this assamption is not always
true; they will report that some project cost (ar more than they reum, Thus, before,
meving ahead on a project assignment, the aralyst must ask, “'Is the project worth
doing?”. A partiaFanswer to this question follows fronl determining the retumn on the in-
vestment expected from the projecL IT the return is low, more economical projects
should be selected.

i) The Problem of Timeliness: The problem of timeliness relates more to ihe transmis- .
: ' 27
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sion of information than 1o the processing or storing of it. A system suffers from the
problem of timeliness if informaticn is available but cannot be retrieved when and where
itis needed. Aspeople become morve familiar with information sysicms and how they
function, they generally rezlize how much casier i is 1 process and store information
than il is Lo retricve iL

Organisations have committed exlensive resources Lo handle the problem of timelincss
in recent years, Fingerlip access (o information has been the desired objective. The find-
ings to date show that only modest success has been achicved in improving this problem
area. Only when retricval problems are small and well defincd has the overall success
rate improved, '

The Problem of Capacity: The problem of capacity occurs when a system component
is not large cnongh. -Capacity problems are specially common in orpanisations thal ex-
perience peak periods of business. During peak periods, inadequate processing capacity,
Uransmission capacity, SIOFIge capacity, s1alT capacity, and the like may all exisl,
Capacity problems are also evident in rapidly growing organisations. With growth,
smaller-capacity equipment 5000 becomies oo small; smaller staff groups soon become
overworked. In either case, some cxpansion is needed 10 handle the increasing volume
of business.

Many system problems are dirccied at soiviig capacity problems. Because itis often dif-
ficult to justify the purchase of new equipment or the hiring of new staff, people tend 10
put off such decisions until the very tast moment. Consequently, when the systems
group is contacted, the problem of capacity is casy (o spol; the difficuity, however, lies
in knowing how o handle the problem. For example, an analyst might be forced 1o sug-
gest a shorl-term solution to the problem. This is done 10 gain time toward the formula-
tion of a longer-term solution. For instance, an analyst might recommend: “Lel's hire
five part-lime cmployces 10 help us gel through the peak period.” Whena short-lerm ap-
proach fails, the analyst may be tempted to Implement a guick-fix computer-based solu-
tion. Unfortunately, this solution carries with it the associated danger of creating an
even fmore severe system problem in the near {uture.

The Problem of Throughput: The problem of throughput may be viewed as the
reverse of the problem of capacity. Throughput deals with the efficiency of a system. if
system capacity is high and production low, a problem of throughput occwrs. Consider
the following example.

Five programmers are assigned to a fairly stightforward programming assignment con-
sisting of 10,000 lines of computer code. Alter thirty days of coding, the programming
team is evaluated. It is discovered that they have completed 6000 usable lines of code.
Now, il each programmer worked eight hours a day, a total of 1200 hours would have
been expended on the project. Calculated dilferently, the average production rate {or
each programmer would be 5 lines of code per hour (6000 lines divided by 1200 hows).
These findings might lcad the analyst to conclude that there is a problem of throughput.

Similar to the problem of capacity, the problem of throughput may be much easicr 1o
spot than 1o ircal, When repeated equipment breakdowns lcad 1o low rates of production
(and when the equipment has been purchased and cannot be retumed), 2n organisation
can badger the vendor into fixing the equipment but can achieve liwle more short of
legatl action. Likewise, when groups of people exhibit low rates of production, such as
the five-person programming Leam, the problem becomes cven MOre complicated, -
Badgering and threats may not work at all. Rather, a manager must be able o determine
the root of the problem for any improvement in throughput.

262 Evaluating the Problem

Suppose that a problem has been identified. The next step is problem evaluation, which con-
sists of asking the following questions: Why is il important Lo solve the problem? Whatare
possible solutions to the problem? What types of benefits can be expected once the problem
is solved? There will be times when an analyst will recommend that no project be started o
resolve a problem, as (he next cxample demonstrales.

Suppose that an analyst discovers that the real problem lics with the supervisor of an arca.
Because of mistakés made by this man, the throughput raie is 20 percent less than had been




expected. However, supposc next that the supervisar is new o the jab, is smart caough to Projuct Selection
realizé where mistakes were made, and knows how notto repeat them in the fuwre. Given

{his situation, the analyst mighi close the book on this project, recommending that no action
be taken at this ime., -

Consider a different set of circumstances, SUppose that an analyst dcieamines that a problem
of low throughput can be traced (o a compuler printer, Supposc further that the problem
must be corrected. Once the problem has been identified, the analyst would prepare a solu-
“lions table to list possible problem solutions and the expeeted benefits from cach. Some-
times, the best solution is not at all evident. The analyst might reccommend that further study
is required to determine which of the possible solutions is besl. )

In this section, we have spent considerably more time cxamining how an anatyst identifies a
problem compared with how the problem js evaluated. This uncven split also cecurs in prac-
tice, Asa general rule, analysts spend 75 percent of the project-definition phase of analysis
defining the problem and 25 percent cvaluating and documenting their findings. Noic also
that we have limited our discussion to scven major Lypes of system problems. Becausc of
this limitation, you might ask, “Wha about the problems of communication™ of group con-
flict? of management? of system sccurity? Are these problems as well? Arc these Lypes af
problems also evaluated by the analyst?” Although our discussion has been restricted Lo
more technical system problems, individual or group problems also occur in a sysiems en-
vironment and require identification and evaluation, ’

Still another limitation is the coverage given 10 determining the feasibility of taking some ac- -
tion to solve a problem. The concept of feasibility entails the joint questions of “Can some-
thing be done?™ and, if so, “Should it be done given a particular set of circumstances?” For
cxample, is it possible to climb a mountain when we have at our disposal only a fory - foot
rope? If it is, a sccond question is well advised, namely, “Should we auempt such a climb
given the size of our rope?” We will examine the question of project feasibility inmore |
detaii in the next unit of this block. :

A final limitation is the coverage given Lo ioals which the analyst ¢an use o idently and
evaluate sysiem problems. These tools are needed when the problems arc not sclf-evident.

Organisations facc various types of problems during their course of operations and come
across opporiunitics or situations which could be converied into profiable solutions. When-
ever there is an opportunity and/or problem in the existing system of operations or, when a
syslem is being developed for the first time, the organisation considers designing a new sys-
tem for information processing.

763 Sources of Problem/Opportunity
Organisations usually [ace problems or have opportunity due 10 (he following:

. 2 new product or plant or branch

< a nclw market of New Process

. failurc of an existing éystcm

. inefficiency of an exisling system

. structural efror in the existing system, cic.

Thus a thorough analysis of the situation need to be required. Not only the above lisicd
reasons but there exist some organisation based reasons (00.

2.6.4 Problem ldentiftation and Definition
For identilying problcms,’opponunilics. we scan the follewing:

. the performance of the sysiem: -
. . the information being supplicd and its form 29

. ihe economy of processing

. the control of the information processing _ .

L=




30

Systern Ana)ysis

«  theefficiency of the existing sysiem
« the sccm_'ily of the data and software
»  Lhe security of the equipment and personnel, etc.

/.

Alfier identification of the problem, it is defined and a general direction or method for solving
Lhis problem is also determined. Then project boundaries are defined. The management es-
. ablishes the term of reference as well as the resources'to be provided for the project. System
‘development is an itertive process and the first identifiable siage of it is Problem Definition,
whose final output is Terms of Reference.

Check Your Progress 2

1. Name the three committees by whicfl review of projocts can be done.

2. Aproject request form should contain information to some basic questionnaire. List
' some of those.

- 3. (a) Whatare the objectives the analysts should accomplish during preliminary

invesligation?
(b) How the data are gathered?

2.7 SUMMARY

In this unit, we have discusscd first of all the various possible reasons for systein projects.
You know here what is the necessity of system projects, why system projects are dnitiated
etc.. Then comes in section 2.3 the vatious sources who initiate system projects and the
reasons for system projects from different angles(In the previous section a general discus-
sion was made; here you study the reasons for system projects which vary from its source to
source). Now suppose, project proposals are submited. 'How 10 make a good review cfall

[
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the projects and how 1o select or reject project proposai? These are discussed in seclion 2.4,
For this purpose some committees{mainly three) are there, There role/aclivities are also dis-
cussed. The very first step in the System Development Life Cycle is the preliminary inves-
tigation 1o analyse the feasibility of the system. There are differcnt stages to determine the
overall feasibility, and you study this in section 2.5. In the section 2.6 various types of
problems are pointed out and defined. For your own satisfaction you get some straightfor-
want questions under Check Your Progress 1 and 2, whose model answers you find below.,

2.8

MODEL ANSWERS

Check Your Progress 1

1.

Some important reasons for system projects are capability, control, communication, cost
and tompetiliveness.

Informalion system and capabilily are related Lo each other in three ways:
(i} Improved processing speed
(ii) Increasad volume of aclivities
(iii) Faster retdeval of information
Some primary sources of project requests are:
(i) Requests from department managers
(i} Requesis from senior execulives
(iif) Requests from system analysis
(iv) Requests from oultside groups.
A Dcpanment Manager requests for development of a computer based system for his -
office for various veasons. The most imporiant reason in case of any manager is the
amount of time taken to acoomphsh dillerent jobs. Certainly, if his office is com-
puterised he will be able 1o have more output at the cost of equal man-hour, Similarly,
Job scheduling, parallel works eic. can also be done by his compuler based system, spe-
crally when the data to be processed are very large.
For specding up the transmission of imporiant messages and information within his of-

fice as well as in remote branches of his organization, “communication” is considercd to
be'a reason for initiating a system project.

Check Your Propress 2

1.

The fnain three committees are Steering Commitiee, Information System Committee
and User-Group-Commitiec.

A project request form should contgin some basic questionnaire, Some of those may be
the following:

{i) Whatisthe problem?

(ii) What are the datails of the problem?

(iii} How significant is the problem?

{iv) What does the user feel is the sotution?
(v) How will the information systems help? '

(vi) Who else knows about this and could be contacted?

Trofect Selection
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UNIT 3 FEASIBILITY STUDY

Struclure

30 Introduction

31  Objectives

32  Preliminary Study

33  Dillerent Types of Feasibility
3.1 - Technical (caribiliy
" 3323 Opertiosta] feaxibility
333  LEconomic feasibility
334 Secial feasibility
335 Manapement feasibility
336  Legal feasibility
337 Time feasibilivy
34  Investigative Study
© 3.4 Sicps infeasibibily analysis
342  Analyzng sysiomns dota
343  ldenifying design mequirements
3.5  CostvBenelit Analysis
451  Tangiblc or inangible cosls and benefits
352  Dircotorindicect cosly and benefits
453  Fized o varisblc costs and benefits
354  How wdcfine cost-beacli analysis?
36  Faci Findings
361  Inzrviewing
3.62 - Questionnaims
'3.63  Obscrving tho currenl sysiem
364 Delzrminmion of DFD
365 New Syscm
3.7 | Summary '
3.8  Modcl answers
3.0 INTRODUCTION

Once a proliminary area of application has been identified, it may then be subjecied 1o a
more rigorous cxamination in a feasibility study. In the previous unit, we discussed the steps
that make up the inital investigation. By the initial investigation, a user has recognized the
need, user requirements are determined and the problem has been defined. Apart from this,
an inilial investigation is launched 1o study the present system and verify the problem ina
sysiematic way. The next step is to determine exactly what the proposed system istodoby
defining its expected performance. This kind of work will be carried out in the feasibility
study. A feasibility study is carricd out to select the best system that meets perfomance re-
quircments. .

31

OBJECTIVES

Aleer going through this unit, you should be able 1o:

explain what is known as feasibility, and what is feasibility study

- list and illustrate dilferent lypes of feasibility
Qiscuss'me purposas of feasibility study’
describe different steps in feasibility analysis
explain in details cost/benefit analysis
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3.2 PRELIMINARY STUDY

Feasibility is the determination of whether or not a project is worth doing. ‘The precess fol
lowed in making this determination is culled a feasibility study. This type of study deter-
mincs if a project can and should be taken. Once it has been determined that a project is
feasible, the analyst can go ahead and prepare the project specification which finalizes
project requircments. Generally, feasibility studics arc undertaken within tight time con-
straints and normatly culminate in a written and oral feasibility report. ‘The contents and
recommendations of such a study will be used as a sound basis lar deciding whether 1o
proceed, postpone or cancel the project. Thus, since the leasibility study may Jead to the
commitment of large resources, it becomes necessary that it should be conducted compelent-
ly and that no fundamental errors of judgment are made. '

33  DIFFERENT TYPES OF FEASIBILITY

In subsection 1.3.1 of unitl, vou have noted that an important ouu:o;'ne of the preliminary in-
vestigalion is the determination whether the systcm requested is feasible or nol That re-
quircs the need for a rigarous I‘easib‘ilily study.

In the conduct of the feasibility study, the analyst will usually consider seven distinct, but
inter-related types of feasibility, They are:

(1) Technical feasibility
(2) Operational feasibility
(3) Economic l‘ﬁsibilily
(4) Social feasibility
(5) Management feasibility
(&) Legal feasibility

() Time feasibility
33.1  Technical feasibility

This is concemed with specifying equipment and software that will successfully sawisfy the user
requirement. The technical needs of the system may vary considerably, but might includc:

The facility 10 produce outputs in a given time.

Response lime under cerain conditions.

Ability to process a certain volume of irmnsaction at a patlicular speed.
Facility 1o communicate daia to distant location.

In examining technical feasibility, configuration of the system is given more imponance than
the aciual make of hardware. The conliguration should give the complele picture about the
sysiem’s requircments: How many workslations are required, how these unils are intcrcon-
nected so that they could operate and communicate smoothly. What speeds of input and out-
juk shottld be achicved a1 particular quality of printing. This can be used as a basis for the
tender document apainst which dealers and manufucturers ean laler make their cquipment
bids. Specific hardware and sofltware products can then be evalnated kecping in vicw with
the logical necds,

At the [easibility stage, it is desirable that two or three differert configurations will be pur-
sued that satisfy the key technical requirements but which represent different levets of ambi-
lion and cost. Investigation of these 1echnical altematives can be aided by approaching a

+ range of supplicrs for preliminary discussions. QOut of all Lypes of [easibility, lechnical
feasibilily generally is the most difficult to determine, .

Feaslbillty Study
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332  Operational feasibility

Tt is mainly related to human organizational and political aspects. The points to be con-
sidered are:

. what changes will be brought with the system?
«  what organizalionsl struchires are disturbed?

. what new skills will be required? Do thé existing stall members have these skills?
If not, can they be trained in due course of time?

Generally project will not be rejected simply because of operational infeasibility but such
considerations are likely 1o crilically affect the nature and scope of the eventual recommenda-
tions. This feasibility study is carried out by a small group of people who arc familiar with in-
formation system techniques, who understand Lhe parts of the business that are relevant to the
project and are skilled in system analysis and design process. '

333 Economic feasibility *

Economic analysis is the most frequently used lechnique for evaluating the effectiveness of a
proposed system, More commonly known as cost/benefit analysis; the procedure is 1o deler-
mine the benefits and savings that are expected from a proposed system and compare them
with costs. If benefils outweigh costs, 3 decision is taken o design and implement the sys-
tem. Otherwise, further justification or alternative in the proposed system will have to be
made if it is to have a chance of being approved. This is an ongoing effort that improves in
accuracy at each phase of the system life cycle.

334  Social feasibility

" Social feasibilily is a determination of whethera proposed project will be acceptable to the

people or not. This determination typically examines the probability of the project being ac-
cepled by the group directly affecied by the proposed system change.  ~

335 Management feasibility -
Tt is a delermination of whether a proposed project will be acceptable to management. I

manggement does not accept a project or gives a negligible support to it, the pnalyst will tend
10 view the project as a non-feasible one. oo .

33.6 Legal leasibility

Legal feasibility is a determination of whether 2 proposed project infringes on known Acls,

“Statutes, as well as any pending legislation, Although in some instances the project might ap-

pear sound, on closer investigalion it may be found to infringe on several legal areas.

337  Time feasibility

Time feasibility is a detesmination of whether a proposed poject can be implemented fully
within a stipulated ime frame. I a project takes 100 much time it is likely to be rejected.

34. INVESTIGATIVE STUDY

34.1  Steps in feasibility analysis
Eight steps are involved in the feasibility analysis. They are:
{i) Form a project team and appoint a Dm_iecl leader.

(ii) Prepare system flowcharts.
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(it} Enumerate potential proposed systems. Feasiblllty Study
(iv) Define and identify characteristics of proposed system,
(v) Determine and evaluate performance and cost effectiveness of each proposed system.
(vi) Weight system performance and cost data.
(vii) Sclect the best proposed system,

(viti) Prepare’and report final project directive to management.

342  Analyzing systems data

Alter galherihg suflicient data to understand how the existing System operales, 8 proper
study on data should be made for evaluating the current operations.

Systems analysis is fact finding followed by analysis of the facts. Data analysisis also con-
sidered a pre-requisite condition for cost/benefit analysis, System investigation and data
Bathering Jead to an assessment of current findings. Our interest is in determining how. effi-
cicnily certain steps are performed to achieve intended goals and the-cost of making improve-
ments, -

The details of the sysiem leamed by the analyst during the investigation tell what is happen- |
iffg, how it is done, when it is carried our. These details help the analyst to evalunte the cur-
rent system. System analyst tries to find out the efficiency of certain steps and how they
contribute Io achicve the intended result. - After-examining the facts collected about the sys-
tem, the analyst develops a profile of each application area. The systems profile consists of
details describing the operating characieristics of the system, such as frequency of occur-
reace, volume of work or error rate. The analysis of details collected during the investigation
phase indicates that are serious gaps in control and a bottleneck exists for processing ¢laims.

343  Identifying design requirements

From the analysis, design requirements are formulated, The requirements for the new system
are those features that must be incorporated to produce the improvements. These require-
ments are determined by comparing current performance with the objectives for acceptable

" systems performance. The new system should have the following features: .

(a) Greater specd of processing

(b) Bffective pmcedure to eliminate ermors

(c) Better accuracy

-(d) Faster retrieval of information

\e) Integration of data

(f) Larger capacity of storing data with reduced cost

To achicve these features, several altemnatives must be studied and evaluated, One alterna-

Live may not satis(y all the features. The analyst then selects those that are feasible economi-

cally, technically and operationally. The approach may emphasize the introduction of

compulerised system, replacement staff, changes in operating procedures, or a combination.

of several options. . . . J

The analyst often suggests inputs, process, reporting and control procedares 1o help the
management in decision making techniques. The procedures may be manual or automated
but these will be useful in mecting systems requirements. Management will decide whether
to accept and use them,

The mole of a computer in & design revolves round its capabilities or calculation, storage and
retrieval of data, summarizating, sorting, classificalion 2nd communication of data. The
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analyst must decide about the speed and storage capacity of a compuier required for achiev-
ing the design objectives. The analyst docs this by matching the computer cipabilitics with
an understanding of the systems requirements. 4 ' -7

A ncw system might, for example, call for the aulomatior of invoice handling so that the in-
voice could be classified and processed as soon as il is reccived. All these steps can Lake
place by cntering the invoice number, purchase order number and vendor identification -
through a terminal. The computer in tum can be substituted for human processing. These .
processes could be faster and accounting balances can be incorporated intorthe procedure,
The results of day"s wgrk can be summarized and communicated 1o supervisors, whether
they are sitting in the Sasme building or miles away. ' C

" As you know that each approach has its benefits and drawbacks, depending on the particular, -

business situation. Therefore, the analyst selects those alteratives most workable and
studics them further and make decision which alternative should be selecied? Costand .
benefit analysis of each altemative further guides the selection process. Thereforg, the,
analyst needs to be (amiliar with the cost and benefit catcgories and the evaluation-of various
methods before a final sclection can be made. ‘This is discussed in the next seclion.

‘Check Your Progress 1

1. Whatdo you mean by feasibility? What is feasibility study? -
2. What are the seven types of feasibility?
3. Which are the technical feasibility concerned with?

4, Name some points which arc Io be considered in the op‘emliorlml‘ l_'ca.éibilily.'._ _

3.5 COST/BENEFIT ANALYSIS

Since cost plays quite an imporiant role in deciding the new. system, it must be identificd and.
-estimated properiy. - Costs vary by type aid consist of vilrious distinct ¢lements. Beriefits are
also of different.lype and can be grouped on the basis of advantagss they provide to the.
managemenL The bencfits of a project include fourtypes: =

(i), Cosl-savings benefits

(i) Cost-avoidance benefits
(iit) -Improvcd-sewice-level benefits
(iv) lmproved-informalion benefits

Cost-savings benefits lead to reductions in administrative and operational cosis,. A reduction |,
in the size of the clerical staff used in the support ~f an administmtive activity is an cxample
of a cost-saving benefit .o

-Cost-avoidance benefits are-those which eliminate future administrative and operational
costs. No need to hire additional staff in fuwure to handle an administrative aclivity is an ex: .;
ample of a cost-avoidance benefit. - :

Improved-service-level benefits are those where the performance of a System is impraved by
a new computer-based method, Registering a student in fifleen minutes rather than 2., aour
is an examplc of this third type of benefiL. - ‘

Improved-information benefits is wicre computer based methods lcad 10 better information
for decision making. For example, a system that reports the most-improved filty customers, -
as measured by an increase in sales is an improved-information. This information makes it
easicr to provide better seevice L0 Major CUSIDMETS. - :
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Categories of Costs and Benel'ts- ) Feasibilly Stagy
The costs associated with the syslcm arc expefises, oullays or losses arising from dcvclopmg
and using & system, But the bene(its are the advanages received from installing and using -
this system.
_Gosts and benetuts ¢.n pe classified as follows:
-{a) Tangible or imangible
(b) Fixed or variable-

-{c) Director indirect

351 'i'angible or intangible costs and benefi's,

Tangibility refers to the ease with whi  osts or benefits can be measured, An outlay of

. tash for any speci{ic ilem or activity is  .erred 10 a5 a wngible cost. Thesa Costs are known

.and can be estimated quite accurately.

Costs that arc known (o exist but their financial valee cannot be exactly measurcd are
referred Lo as inangible cosis. The estimaic is only an approximation. It is diTicult 1o fix
cxacl munglblc costs. For example, employee movable problems because of installing new
system 5 an mmng:blc cost. How much mdral of an employee has been affected.cannotbe
cxactly mcas'urcd in terms of financial \mlucs '

_Bcncl‘ its arc often more difTicult 10 specify exactly thar 2esis. For cxample, suppliers can
casily quote the cost of purchasing a terminal but it is aifTicult (or them 10 1ell specific
benefits or Tinancial advnnlages for using il in a system. Tangible benefits such as co"rlplcl.-
ing jobs in fewer hours or producmg crror free reports arc quunu fizble. Intangible benelits
such as mote satislicd Gustomers or an improved corporate image because of using new §ys-
tem are not casily quantified. Both tangib.. ond intangible costs and benefits should be taken
inlo consideration in the evaluation pracess. If the project is evalualed on o purely intan-
gible basis, benefiis excecd costs by a substantial margin, then we will call such projectas
cost effective, On the other hand, if intangible costs and benelits are included, the total costs -
{angible+inangible} exceed the benefits which makes the project an undesirable investment.

_ Hence, it is desirable that systems projects should not be cvatuated on the basis of intangible

benelits alone. - —

3.52 - Direct or Indirect costs and bencfits

Direct costs arc those which are di-rcclly associated with a system. They are applicd dircetly
10 the operator. F-ir example, the purchase of [loppy swor Rs.400/- is a dircel cost because we
can associate the loppy box wilh money spent. |

Bircct bencfits also can be specifically attributable (o a given project. Forexample, a new
sysiem Lthat can process 30 per cent mare Uransiclions per day is a direct benefin.

Indircct costs arc not dire~ 1y 2asociated with a specific activity ir the sysiem. They are often
referrad 10 as overhead expenses. Forexample, cost of space (o install a sysicm, main-
lenance of computer wentse, heat, light an- air-conditioning are all tangible costs, but it is dil-
ficult to calculma the proportion Nl cach atlributable to a specific acliviy suech as a report.

Indirect benefils are rédlized @sa by-product of another sysiem,, For example, a system that
tracks sales calls on customers provides an indireul inieketing benefil by piving additioaal in-
formaion aboul-..ompcuuun [n thig ease, compelinsn inferination becomes an indirect
benefit although its Woik in &g o Bioney eapnol be exa2liy measi

3153 Fixed or Variahle custs and beneiiis

Some costs ind bencfils remain constant, regardless of how a system is used, Fixed costs are

consitlered 1% sunk cosls. Once encountered. they will not recur, For example, the purchase

ol an cyuipment for a compute! centre is called as fixed cost 25 it remainx constunt whether”

in cquipmenl is being used exiensively or not. Similacly, the insurance, purchase of - ‘ 2%
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software eic. In contrast, variable costs are incurred on a regular basis, They are generally
proportional to work volume and concinue as long as (e system is in operation. For ex-
ample, the cost of computer forms vary in proportion 1o the amount of processing or the
length of the repons desired, ' .

Fixed benelits also semain constant. By using a new system, if 20 percent of siafl members
are reduced, we can call ita fixed benefit. The benefit of personnel saving may occurevery -
month. Variable bencfits, on the other hand, are realized on a regular basis. For cxample,

the library information system that saves two minules in providing information about a par-
ticular book whether it is issucd or not, to the bormower compared with the manual system.
The amount of Lime saved varies with the informalion given to the number of borrowers.

3.54  How to define Cost-benefit analysis?
We can definc cost-benefit analysis as

i)  that method by which we find and estimate the value of Lhe gross benefits of a new sys-
em specification, ..

ii) that method by which we find and determine the increased opcraliﬁg.-msts associated
with the above mentioned gross benefits, '

'iii) the subtraction of these operating costs [rom the associated gross benefits to arrive at net
benelils. ’

iv) that method by which we find and estimate the mionetary velue of the development
costs that produce the above mentioned benefils, .

v} Lhosc metheds by which we show the ime-phased reln_ﬁnnship- between net benefits and
dcvclup:mcm costs as they relate to cash flow, payback on invesument, and time-in- -
process taking(or not taking) into operation factors such'ag inflation ete. In sher, the cal-
culation of actual net benelil as cash flowback over time.

Check Your Progress 2 ' C

1. Name diffcrent Lypes of bengfits.

2, Name difercnt types of cosls and benefiis. -
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3.6 FACT FINDINGS

Whut is lact finding?

Fact ﬁndiné means lcaming as much as possible about the present system.
How to do fact linding?

To-do fact ﬁr;ding, the ﬁnalysl docs the following:

»  inlervicws personnel

. preparcs questionnaires-

- observes the current syélcm

+  gathers forms and documenis curently in use

. dctermines the flow of data through the system, and
.+ clearly defines the system requircmcents.

3.6.1 Interviewing

By studying this organisation chart, the analyst can conlidently schedule inierviews with key
personnel involved with the system. Of course, there should be preliminacy Intervievrs,

Later he will conduct a delailed intervicw with all the peaple who actually operate Ui sys-
tcm. Not anly wili these people use the newly developed system, but they also may be the
ones most afraid of change, especially if they feel the computer might replace them.  Likc an
investigative reporicr trying to discover the who, what, whea, why and how of a story, wne
analyst should conduct the intervicw in such a way that people provide honest descriptions of
their jobs. The following questions can help accomplish this goal.

. Who s involved with what you do?
- Whatdo you do?
- Wheredo yt;u do it?
- Whendo you doit?
. + Whydoyoudo it the way you do?
. How do yoo do it?
- Do you have suggestions for change?

sufficient security, but they also allow the analyst to invalve people in change, easing them
intoit, After all, it is the users' system, not the analyst’s. :

Intcrvicws help gather vilal facts about exisling problems, such as lack of quality control or

362  Questionnaires N

Qucslionnaires cconomically gather da'a {rom both targe and small groups of people. Proper-

ly constructed, they co not take long to omplete and statistical resulls can be quickly abu-
lated. Development of a questionnaire iuquires in depth planning, and usually more than one
draft is necessary.

AL this point of tim, you may like to go Lo the block on "Case Studics’ which is included as
part of this course. The case studics given here pertain to developing an information syslems
for a gencral gymratorium, More specilicelly, you will se¢ that in Case *C’, there 1s an ex-
amplc of a somcw hat [roe format intervies: from whicl the crucial problem areas have heen
identificd by the interviewer, who is the Chiiel Systems Analyst. Bulin addition, in order t¢’
get a more quantitative response of the peoj 1 1o the scheduling and ticketing problems con--
sidercd therein, here is a questionnaire lo giher additional facts 1o determine the nature of

complaints.

You may also have had occasions to respond to such questiornaires, somelimes in
newspapers ar sometimes from marketing jrorsonnel, who do door Lo door surveys.
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System Apalysis

Questionnaire design is critical. Questions should be short, casy w understand, unbiased,
nonthreatening, and specific. To make sure questions will stimulate needed information, the
analyst can test them with anc or two outsiders before widespread distribution. Prepaid
retumn envelopes accompanying queslionnaires sent (@ outside help assure prompt response.

The analyst should send questionnaires o everyone involved with the system. A question-
naire works particularly well when the analyst must gather data from a targe number of
people, when the analyst must ask everyone the same questions, or when facts must be col-
lecled from people, such as suppliers, who do not work for the orpanisation,

Cuestions con follow four formats:

i} Multiple choice: This gives respondents a specific set of potential answers. The format
is ideal {or compuler labulating,

ii) Open cnded: Respondents pust answer the question in their own words. Spacc is
provided under each question for the response.

iii) Raling: This is similar to multiple choice cxcept that respondents must rale their satis-
(uclion.

iv) Rank: Rank requires rcspondcnls 10 pnormse their responses l'rom highwloworona
peicentage basis.

Awvare that most people do not spend a lot of time responding o questionnaire. Most
analysis decide 1o mix question formats, including {ollow-up questions, within the eriginal
questionnaire 10 pernit elaboration of certain responses. By so organising a questionnaire,
the respondents have an opponunily Lo express their opinions (reely, and yet answer quickly
through the use of multiple-choice, raling, and ranking questions, When al! the question-
naires are returned, the data can be tabulated.

IT the resulis of a questivnnaire survey arc incompleis or confusing, the analyst may want [o
contact selected oulsiders by telephone or in person. This requires tact, of course, and an un-

derstanding that the analyst’s own pressing nced may not concern Outsiders in the least,

3.63  Observing the current system

The analyst may wanl 10 observe the existing system personally by following transaction,
such as in invoice, through it. Dircet obscrvation allows the analyst 1o verily his or her un-
derstanding of the sysiem. Instead of geling second-hand impressions about a specific wask,
the analyst can expericnee the acwual process. However, he or she must remain oulside the
flow as an pbserver, so as not to inroduce biases or changes in zciual procedures. Observing
a syslcm requires caution, when people know they are being-cbscrved. They usually behave
differently, working more efficicntly and at higher speeds to impress the analyst.

In some instances, the analyst may find it useful o visit another arganisation with a com-
puicrised system similar to the one under study. Finding a2 comparable insiallalion may pose
a problem, however, Some compelilive organisations may not want to share their experien-
ccs, others may be too large or too small for accurale comparisons, and still others may be un-

willing (o waste cmployees’ time demonsiraling their system. Whenever visiting another

organisalion, an analyst should [ollow the rules of etiquette; make an appointment, research

Lthe organisation beforeliand, know what he or she wants 10 see, and write a follow-up, thank
you leller.

- Hardware and software vendors can also supply valuable informalion. (Computer sales repre-

sentatives will gladly shire their experiences with polental clients, and software finns will
send brochures deseribing their programs. Although very useful information from such sour-
ces should be reviewed carelully because vendors are more interested in promoting their
products than in solving your problems. -

Buying 2 praduct from a new businesy, such as tie explosive soltware ind ustry poscs unusual
problems. Cuslomers cannot evaluule decades of pierformance history by the compuny, and
not ¢njoying the benclits of an objective “consumer report” on new products, they ofien fecl
al the mercy of fast-wlking salespeople. Therefoce, it is imponant for people in the market
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for sottware 10 ask some really tough bul relevant questions. Any reputable supplicr should Feasibllity Study
be able 10 answer the following 15 questions without backpedaling.

i) Range of Products: Can you olfer us a complete range of software system designed to
work gcther? Or will we have 1o picce tngclhcr a patchwork of systems lo l'ully com-
puiterise our organisation?

ii} Decision Support Systems: Are your systems just record keepers, or can they réally
help us make decisions? Can we pull 1ogether information from any of cur integraied
systems in the desired form.,

iti} In-House Developmeni: Can you provide business software for both mainframe and
microcomputers? Do you develop this sofltware ynursclf or do you simply market it for
another company?

iv) ()nlim-: Arc your sysicms truly online? How many of your systems are onling? How
secure arc they? -

v} Debugging and Testing: Will my company have to be the one that discovers the bugs
in your brand new system? Just how long have your sysiems actually been used, and .
how have they been tested?

vi} Updutes: Will you update your systems as technology advances and regulations
change? What are some of your most recent updates? Will you keep us current on
regulatory change?

vii) Flexibility/Adaptability: Arc you: sysicms really adaptable 1o our unique nceds? Or
‘will we have 10 change or add to them ourselves to get the features we want?

viii) History/Performance: How long have you been in business? Whal are your revenues?
What is your growth record? Where will your company be in five years from now? Can
you show me an annual repon?

ix) Other Cuslomers: How many systems has your company installed? How many of
these were inslalled-in the past six months? How many of your carlier customers arc
still using and liking your systems?

X) Security: Arc your sysiems secure? Do you provide password type protection and to
how many levels? What other type of security provisions do your sysiems have?

xi) Networking; Can you link our executives' personal computers directly 1o the

mainframe, 5o they can get their own information? Is that software available right now?

xi1) Training Support: How will you make Sure our own people theroupghly understand
your system? Do you have educational centres near us-or will we have to travel all the
way across the country 1o find one? Will you be lhcre to help during-installation and -
afier?

xiii} In-lHoase Specialisis: How many of your people specialise in software for my in-
dustry? How many accountants work l'nr you? Human resource specialists? Manufac-
“luring experis? o

:;iv) Special Features: Do your systems have built-in features thut make them casiér 10 use?
What happens if someone necds help iguring out a feature? Do you have online
documentation that is casy (o understand? -

xv) Upgrading: Asmy busincss changes will your system be flexible enough to change
with il? Or will wc have to pay a lot to revamp it? Or even regenerale it?

364 Determination of DFD

Armed with intervicw resulls, tabulated questionnaires, and experience through personal ob-
servations, the analyst is ready to describe the current system in narrative form, with a daga-
ilow diagram, or with a system flowchart. Since all organisations have an accounts payable

(AP) sysiem let us begin with such an example using a context DFD. A context DFD defines al




System Analysis

the sys;tcm urider study in a gencral form, showing:-
Inputs to AP: Packing slips, invoices, checking atcount balances, paymient notifications,

Outpus from AP; reporls to management, cheque (o suppliess,

Reporus

Authorizalion

Figure 3.1: A context data-flow dingram depicts a typical accounts payable system in
its Lroadest perspeclive, not showing any of the details or internal processes.

A context DFD does not show any detail but is an overview drawing of the system, Iiisan’
excellent diagram (o share with management whose interest is general in nature, Context
DFDs place o boundary around the system under investigation, saying that this is what will
Le examined - nothing more and nothing less. Co

Alicr developing a context DFD, the analyst turns his altention 1o the details of accounts pay-

able. Management reviews inventory reports and delermines what io order fvom suppliers: or- -

ders are placed by the accounting department using a purchase order/requisition: on delivery,
merchandise and packing slips cnter the warchouse, and packing slips are seal 10 the account-
ing department, which receives invoices dircclly lrom supplicrs, while meichandiss stays in
the warchoyse or goes to a distribution outlet. Accounting clerks compare purchase order
rcquisitions with invoices and packing slips to make sure all invoiced items have actually ar-
rived, and (hen post the purchase to the supplier’s ledger. At the end of each month, the ac-
counling department prepares a report of balances due suppliers and an inventory report for
management cvaluation,’ : B

These detailed aclivitics by the accounting &cpamncnt, management, ‘warchouse bc:sonncl. ’
the bank and suppliers add up Lo six major activitics (Figure 3.2): ‘. T

1. - Generation of seports
2. Ordecing of stock
3. Printingof chcquc
- 4, Posling of eccounts
s, Redohcili_mion ol'-bank.smu'_amcms-
6. Authorisation o'fpay:mc.nt- .

" During the design phase of the systems process, the analyst will stidy cach of fhese activities

LIRS




further, level,ag the ¢ ta-flow diagram of Figure . ™ into far more details. Feaslbillty Study

To draw the apalgsis DFD:

1
2
3
4.
5
6
7

Loé‘:k at the system from the inside 1o the outside
Jentify the activilies
Lc ¢ the data flows
Show the relationships between aclivities
Find the intemal inputs or outpuls that exist within the systcm
Level complex processcé in the DFD into simpler ones
Look for duplication of data flows or data stores (filcs)

Puorchuse Order
Requirtion

Packing

Autheization

L.~

- Figure 3.2 |

While determining the flow of data, the analyst collects samples of all relevant documents, -
such assample cheques, invoices, packing slips, and other relevant forms. To create a record
of all purchases from and paymenis (o supplicrs, a manual system requires that someone
prepare a ledger entry for each supplier. :

The assembled doctments help an analyst understand what dala the new system must collect
and process. For cxample, the company can easily obigin the following data from the in-
voice ilsell:

1.

From ihe packing slip, it can obtajn:

L.

O B W

Supplicr name, address, and wlephone number
Invoice rumber
Invoice date

Invoice

- Terms of invaice

Amount of invoice:

S upplicr name
43
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Shipping date

2
3 Daie goods arc reccived
4, Freight charges

3

Invoice number

Packing slips are carbon copics of invoices omilling certain data, such as the moncy value of
the shipment, The warchouse clerk checks the merchandisc received against the packing slip
1o be sure everything is in the carton and notes any discrepancics. Then the packing slip
gocs 1o accounting [or comparison with invoices Lo be sure that the company reccived whal it
is paying for, :

The ledger offers two categorics of Facts - supplier data and purchase/payment history:

Supplicr name

Supplicr addcess

Supplic‘r telephone numbér
Date of wransaction
Descriplion of transaction
Amount of invoice or payment

Discount

O

Balance duc the supplicr
Exch cheque sent 1o a supplicr conlains the following dala:

1. Invoice number
2. Cheque number
3. Amount of payment

4, Paymcnl dale

In addition to these documents, it is usclul to have copics of reports prepared by Lhe account-
ing department, . .

3.65 New System

During fact finding, an analys| acts as a rescarcher, gathering facts, figures, and documents
and coming 1o grips with the catire scope of the problem. Now he.must decide what can be
done, what it will cost, and the benelits expected to be derived [rom the new system,

The firsUsicp is (o generate a list of aliernative solutions (o the exisling accounts payable
problem. Possible solutions range from doing nothing to instatfing a fully compuicrised AP
sysicm. In such a case there could be four alicrnatives:

i) Do nothing lcaving the existing sysiem alone

ity Hire more swaff, partially automate the system, bt coatinue with esscnliatly a manual
sysicm

iiiy Purchase AP software from an outside software supplicr |

iv) Design, program, and install a customized AP system

When all neeessary facls, (igures, documents, data-flow disgrams, questionnaires and obscr-
" vations arc complete, the analyst can wrile the {inal report. The format of the final report,

called the Rasibility study, parallcls that of the preliminary report. It staris with a restaiement
of the problems and its impartance, [ollowed by a list of the study’s objectives, a review of
the analyst’s findings, taflics of expecied costs and savings, and the analyst’s recommenda-
tions. '
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In a large organisation, the analyst may usc a slandardised [orm for the final report, in Faslbility Study
smaller organisations, the analyst simply chooses the most logical format. In any case, the

analys: distributes the typed, photocopicd report 1o the manager who will decide whether to

adopt, modily, or rcject the recommended solulion.

_ Allcr management has thoroughly considered the feasibility study, it calls a meeting 1o dis-
cuss the study and to choose a course of action. This mecting should take place a few days
after the swudy's distribution and should be conducted by the manager ol the computing ser-
vices department or whoever requested the analysis. The analyst plays a major role and
should be well prepared to answer questions and supply needed information. In fact, the
analyst should rehcarse the presentation in order Lo identify and improve upon weak arcas.

If the analyst leads the meeling, he or she must exercise control. The lollowing rules are
helpful. ) '

- i) Never read the feasibility siudy aloud; instead, summarise it, while {rying (o lead
the audicnce 10 support the study’s recommendations.

ii) Usc visual aids, such as chialkboards, flipcharts, slides, photographs, and overhead
lransparcncies. '

iii) 1f appropriate, demonstrate equipment or software (o show how it will work.

Often one key individual must be convinced, and this person will influence the others 10 fol-
low. Ifall gocs well, the meeting will end with a decision o implement the analyst’s recom-
mcndations.

Alicr the meeting, management notilics afl appropriate stall members of its decision. Il
management has decided to proceed to the design stage, the notification memo explains the
-plan bricfly and cstablishes an overall schedule, Even il management decides 10 maintain or
modily the current system, it shoukd still issuc 2 memo, or people will wonder why the com-

pany wasted time with a study that produced no results.

After a decision Lo proceed, analysis ends and design begins. The analyst will organise all
the memoranda, questionnaires, interview documents and forms, data-flow diagrams, and
reports from both Lhe preliminary and detailed analysis inwo'one file, which becomes the
analysis documentation.

3.7 SUMMARY

The dotermination of whether or not a project is worth doing is known as feasibilily. Once it
has been determincd Lhat the project is worth doing i.e. the project is fcasible, the analyst
can go ahcad and prepare the project specification which [inalizes project requirements. The
process by which we determine whether a project is feasible or not is called [easibility study.
There are scven Lypes of feasibility which are discussed in this unit. Dilfercnt sleps in-
volved in the feasibility analysis arc lisicd and an investigative study is made in this unit.

3.8 MODEL ANSWERS

Check Your Propress 1

1. Feasibility is the determination of whether or not a project is worth dolng.
The process followed in making this deiermination is called a fcasibility study.
Feasibility swudy determincs if a project can and should be done.

2. The scven types of feasibility are:

i) Technical feasibility

ii) Opcrational I'c_asihi]ity ) -45
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System Analysls iliy Economic fcasibility
iv) Social feasibility
v) Management feasibility
vi) Legal feasibility, and
vii) Time feasibilily.

3. Technical feasibility is concerned with specilying cquipment and sofiware that will suc-
cesslully satisly the user requirement,

4, The main points 1o be considered in Operational feasibility are :
i) What changes will be brought with the systam?
it} What organizational structures are dislu.rbcd".-'
iii) What new skills will be required?
iv) Do the existing sialf members have these skills?

If'nol.. can they be traingd in due course of ime?

~ Check Your Progress 2
1. -The four (ypes of benelfits are;
i) Cosl-savings benefit
i) Cost-avoidance benefil
iii} Improved-service-level benefit
iv) Improved-infgrmation benefiL
2. Costs and benefits can be classified as folfows:
i) Tangible or intangible costs and benchits
iiy Direcl or indirect costs and benefits
1) Fixed or variable costs and benefits

3. Costs-benefits analysis can be delined as the method by which we find and estimate the
value of the gross benefits of a new system spccxl'cauon

46

= pra g M

i gy




UNIT 4

SYSTEM REQUIREMENT SPECIFICA-
TIONS AND ANALYSIS

Structure

4.0 Introduction
4.1  Objectives
42  Data Flow Diagrams (DFD)

421  Whaiis DFD?
422  Charting 1ools used for DEDs
4,3  Data Diclionaries ,
43.1  Why Dna Dictionary?
432  Major symbals
433, Fourmules
434  Daa Dictionary types
435  The makeup of Dala Dictioraries
44 HIPO
44,1 Constructing a VIOC
442 Consuuctng an IPO
45  Decision Tubles and Decision Trees
4.5.1  Decision tables
452  Decivionires

46  Wamicr-Omr diagrams

47 Nassi-Shncidermann chars
4.8  Summary

Suggested reading

4.0 INTRODUCTION

This is the last unit of this block. In the previous unit we have discussed various Lypes of
feasibililics, and cosy/benefil analysis. In this unit we present in some detail, DFD (Data
Flow Diagram) and Data Dictionaries, their characierislics, various Lypes and applications.
Then we discuss HIPO (Hierarchy plus Input Process Qutput}, and the twa forms of its

diagrams viz.

VTOC and IPO. Decision tables and Decision trees are of wide applications in

various fclds besides computer science. We discuss here these Lwo important tcchnigues in
deuails with several cxamples. Finafly, we describe Warnier-Orr diagram and Nassi-Shneider-

mann charts which arc important Lools in systems analysis and design,

4.1 OBJECTIVES

Alter going through this unit, you should be able to

define DFD;
deline Dul; Dictionary, ils standurd symbols and rules;
explain HIPO, its two types of diagrams;
- draw decision table;
display decision trees;.
illustrate Wamicer-Orr diagrams; and
illustrate Nassi-ShncIdénnann charts.

41
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42 DATA FLOW DIAGRAMS (DFD)

421 Whatis DFD?

Graphical deseriplion of a syslcm s data and how lhc-preeesse.s transform the dala is kmown
as Dala Flow Diagram (or DFD). .

Unlike detwil flowcharts, DFDs do not supply detailed descriptions of modules but graphical-
ly describe a sysiem's data and how the data interact with Lhe system.

To construct data flow diagrams, we use :
(i) arrows,

{ii) circles,

(iii) opcn-cnded boxes, and

{iv) squarcs
An arrow identifics data [Tow — data in motion. It is a pipeline through which information
flows. Like the rectangle in [lowchans, circles stand for a process that converts datafinio in-
formation. An open-ended box represents a dala/siore—data at rest, or a temporary repository
of dala. A square defines a source (originator) or destination of system data.
The following seven rules govem construction of data ow diagrams (DFD):
: ]. Arrows should not cross czu:h other. .

2. Squarcs, circles, and files must bear names.

3. Decomposed data flows must be balanced (abl data flows on the decomposed dsag'ram
must reflect flows in the original diagram}).

4. Noiwo dala llows, squarcs, or circIc.s can have the same name.
5. Draw all data flows around the outside of the chagram

6. Choose meaningful names for data fows, processes, and data stores. Use strong verbs
followed by nouns.

7. Control information such as record counts, passwords, and validation requirements are
not pertinent (o a daa-flow diagram.

If 100 many events seem 0 be occwrring at a given point, an analyst can decompose 3 data
conversion (circle). The new dala conversions form a parent-child relaionship with the
original data conversion: the child circle in Figure 4.2 belongs to the parent in Figure 4.1.
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Devotees of dua-Mow diagrams insist that no other analysL's tool expresses so fully the [low
of data. Afwr all, don’l computer people begin with data flow rather than the processing of
the data? Another strong advantage is the balancing feature that builds in an cmor-detection
system other tools lack, For example, if a parent data-flow diagram shows three inputs and
iwo outputs, the leveled child diagrams taken together must have three inputs and 1wo out-
puts. If there is an iinbalance between parent and child dati-flow diagrams, an error exists in
cither the parent or child diagram.

4.22  Charting tools used for DFDs

The data flow dingram(DED) is the core specification in this method. Figure 4.3 shows the
vory few charting forms that are necessary. :

Data Now
[N A,
Eateenal ' i Nlow
Agurcc of
recciver . 3 Data slore
(<
U] .
d Dats ntore
Transform
proceas . C)]
(b)

© (AND)
® EXCLUSIVE OR
(INCLUSIVE OR) .

Boulean Logic

(=}

Fig 4.3 Data Flow Diagram Charling Forms

Shown in Figure 4.3(a} as a square box is the external source or receiver of data. Shown in
Figure 4.3(b) is the transform bubble. Two varialions of this have been put forth. The
circle or real bubble is the beter-known and is used by both Victor Weinberg and Tom De-
Marco. The reclangular bubble shown beneath the circle is the form used by Chris Gane and
Trish Sarson. The reason [or the rectanpular bubble is the perceived need to enter more infor-
mauan than can be contained in the bubble. Tom DeMarco, who is the purist in this group of
four writers and educalors in the structured metfiod, holds that the daw content of the bubble
must be just the bare bones of one veeh and a noun, since our objective is not to explain the
process bul 1o panition into leveled transforms. In fact the rectangular bubble is hard 10
draw frechand and Lhe template containing this special form is not one you are likely to have
argund the shop, it must be specially ordered. -

The line arrow is much more imporiant in this method because it carries the dala flow: the
data into the ransform and the data gut of the wanslorm, All lines must be identified by their

.data, Figure 4.3(c) shows the line arrows. The variations on the use of the line arrow are sig-

nilicant, because apain the answer needs that different proponents of this method have per-
ceived. Three different points of view are advanced by the practitioners mentioned above
regarding line arrows,

1. When multiple lincs go into or leave a ransform, Weinberg offers the ability to use

- Boolean logic describing symbols 10 represent AND, INCLUSIVE OR, and EX- :
CLUSIVE OR. ‘This clearly indicales a [elt need for decision logic above the base level.
DeMarco advises against using Boolean decision logic., Our examples will not use
Boulean logic beyond showing examples in Figure 4.3 (¢), since this scems 1o the author
to represent a consensus view of those who use the DFD approach.

2. DeMarco shows the line amow as a curved line giving a different “fecling” than the straight

Tines and right anglés of Weinberg and Gane-Sarson. In the DeiMarco approach there is more

T L T
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of a sense of flow - a sense of data in motion. Our cxamples will use the curved fina,
. . Speclfications snd Analysls

3. Regarding the data flow along the linc arrow, this would be a serious problem, like the
problem of expressing the process within the confines of the bubble, The answer here is
to take advantage of the fact that the method allows multiple lines in and out of a bubble
and to break up the wordy data flow into several briefly named data flows. ILis either
that or lengthen the line. This concentration on detail of form, worrying about whether
to use a circle or a square or a curved or straight ling, may read as peity o the nonchar-
tist. To those who mean to use this method to specily Systems it is just as serious a mat-
ter as the concern of the professional tennis player with the type of racket to be used in g
toumament. What we are trying to do with these forms is 1o iavent solutions to
problems as we move from the fluid 1o the concrete and from the tentative to the certain,
We need a method for all seasons, but especially to communicate the fluid and the tenta-
tive new idea .

The [inal diagramming element shown in Figure 4.3 (d) is the open rectangle or two paralicl
lines, which indicates the data store (such asa database, file, Kardex or phone book). Gane -
and Sarson, unlike the others, show the data store as the two parallel lines joined at one side

to make an open reciangle,

These are all the charting forms we need 1o use this methodology. Again, as in the flowchart-
ing forms much can be developed out of a few tools. Essentially a system of any complexity
whatever is shown with the bubble, line, data store rectangle, and extemal box.

It can be seen that although some practitionérs prefer to use variation in their notation, the
broad style is similar, .

43 DATA DICTIONARIES
—3

43.1 Why Data Dictionary?

A data dictionary defines cach term (called a data element) encountered during the analysis
and design of a new sysiem. Data elements can describe files, data flows, or nrocesses. For |
example, suppose you want to print the vendor's name and address at the bottom of a che-
que. The data dictionary might define vendor's name and address as follows:

Vendor name and address = Vendor name +
' Street +
City +
State +
Pin +
Phone +
Fax +
e: mail

This dfinition becomes a part of the Hata dictionary that ultimately will list all key terms
used to describe various data flows and files.

43.2 Major Symbols

A daia dictionary uses the following major symbols:
o = Equivalent to
Gy And
(iii} (] Eitherfor
{iv) () Optional entry

433 Four Rules

Four rules govern the construction of data dictionary entries:

1 Words should be defined 1o stand for what they mean and not the variable names by
which they may be described in the program; use CLIENT_NAME not ABCPQ or ' 51
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CODE06. Capitalization of words helps them to stand out and may be of assistance.

Each word must be unique; we cannot have two definitions of the same client name.

3. - Aliases, or synonyms, are allowed wheg two or more cntrics show the same meaning;-a
vendor number may also be called a customer number. However, aliases should be used
only when absolutely necessary.

4, Self-defining words should not be decomposed.

We can even decompose a dictionary definition. For instance, we might write
Yendor name = Company name,
Individul's name

which we might [urther decompose (0

Company name

(Contact) +

Business name

Individupl’s name

Last name +

First name +
(Middlc initial)

After defining a term, say VENDOR NUMBER, we list any aliaces of Synonyms, describe
the 1erm verbally, specily its length and data type, and list the data stores where the term is
found (figure 4.4). Some terms;may have no aliases, may be found in many files, or may be
limited o specific values, Some self-delining or obvious words and terms may not require in-

¢lusion in the data dictionary.

For cxample, we all know what a PIN code and a middle initial

are. Data dictionasies seldom include information such as the number of records in file, the .
frequency a process will run, or security factors such as passwords users must enter 1o gain
access Lo sensilive data. Rather, data dictionaries ofler definitions of words and terms
relevant 1o 2 sysiém, not statistical facts about the system.

Data dictionaries allow analysts to defi-e precisely what Lhey mean by a particular file, data
flow, or process. Some commercial soflware packages, usvally called Data Dictionary Sys-

tems {or DDS), help analysts

maintain their dictionarics with the help of the computer, These

systems keep track of cach term, its definition, which systems or programs use the Lerm,

commercial data'managers.

 aliases, the number of times a parlicular lam is used and the size of the term can be tied ©

DATA ELEMENT NAME:
ALIASES:
DHCMON:
FORMAT:

DATA FLOWS:

REPORTS:

VENDOR_NUMBER
None
. _ Unique identifier for vc;ndors in the accounts payable sysiem.,
" Alphanumerie, six characters.

Vendor master

Accounts payable open item
Accounts payable open adjusiments
Cheque reconciliation

Alphabetic vendor list
Numeric vendor list
AJP transaction register
Open ilem '
Vendor account inquiry
Cash requircments’
Pre-cheque-wriling
Cheque register

Vendor analysis

Fig.4.4
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43.4  Data Dictionary Types Syslcm-chulrl:mcnl
’ Specifications and Analysls

Figure 4.5 illustraies the different types of data dictionaries and the functions of each addresses.

Type Stand-alonc Tnicgrated with ene 4
dutebato menigement
sysicm (DOMS

Global; .
. manual or automated
Function
Full organizaton

PASSIVE documentalion
Documeniing peanible
fundicn acly
ACTIVE T mymlaniee am pFEM F

- n T ® Supeny progrem wal
Aclive In L - il bkt Eirvul e
ey 1 Supports preprun el weith S Forus b
bt pa ik ® Jupperts duatman
dering proprum dus daloiviess. 5‘_2‘4.".;.‘:?."“"“‘-:1
eaccation - || 7R el oen mdr‘_;-ﬂ
IN-LINE Ful] docamenisiion not
Alun aztivo pomitle In oo come
¢uring progam # Charky crmwacilen wed Frpert
elecy Ii: . yvas dunng fab mimmle

® Can oit wod ol Jmw gt

huvn cxly i
md daprg- iy o :I:‘f‘l::;’
tticn foncdm wppiaaina

Figure 4.5 Data-Dictionary Types and Funclions

There arc two kinds of daia diclionaries:
(i} integratcd and
(ii} stand-alone.

The integrated dictionary is related (o onc database management system, To the extent

the organisation data is under this DBMS it is global or organisationwide, However, very

few enterprises have all their data eggs in one basket, so the dictionary documentation
(metadata) can be considered as local and fragmented.

The stand-alone dictionary is not tied 1o any onc DBMS, although it may have special ad-
vantages for cne DBMS, such as the IBM DB-DC Data Dictionary, which has special fea-
tures relaied to the IBM IMS DBMS but is still a siand-alone variety of dictionary,

Data Diclionary Fuhclions

Both these types of dictionaries can be identified by functions as either passive, active, orin-
line. Vicwed either way; by type or function, the differences are suriking. Passive, active,
ang in-line dictionaries difTer [unciionally as follows:

Passive Daia Dictionaries

The functionally passive dictionary performs documentation only. This variety of dictionary
could be maintained as 2 manual rather than an automated database. For more than limited
documentation use, the automated passive dictionary has clear advantages. From the or-
ganisational view the documentation function is the most important dictionary service with
the most potential benefits, so the passive dictionary should not be thought of negatively. It
has more limited functionality but may perform its critical function of global documentation
best of all. -

Acl.ivel Data Dictionaries

Besides supporting documentation o one degree or another, the active data dictionary sup-
ports program and operations development by cxporting database definitions and program

datz storage delinitions for languages such as COBOL and Job Control Language (CL) for
53
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exccuytion-time pcrf ormance. The IBM DB/DC Data Dictionary already mentioned is such a
stand-alone, aclive dat dictionary. A dictionary such as this is not an in-line data dictionary
as dalivered, which is not to say that it could not be put in-line by a dclcnmncd cﬂ'on of
miajor proporiions.”

In-line Data D'iclionnries

An in-line data dictionary is active during progratn exccution, performing such fcats as trans-
action validalion and editing. Such a dictionary would always have some documéntation
value, but documentation across the organisation about the urganisation functions and ac-
tivities and all the organisation information data stores is nol likely. In-line dictionaries are
assoctated with DBMS products such as Cullinet Software Carporation’s IDMS -R or Cin-
com Syslem's TOTAL, 1o name just two.

435 The Make-up of Data Diclionaries: Data Dictionary Internals

Ttie minimum data dictionary is shown in figure 4.6.

Databasea

Files

Segmens

Records

Dt itcma

Fields

Fig. 4.6 Minimum Data Diclionary

We have a database sysiem consisting of databases or [iles. These files consist of data
groups or scgments or records. These data groups consist of da items or fields. Thereisan
implicit relationship here, v-hich necds no additional comment. A certain amount of atribute
information ‘s always present. In the case of dta items we need to know if it is a primary or
secondary key or an attribuie. field, if it has aliases, what are the {i¢ld type and field size,
what is the name in various languages, and what is the user description of the item. We need
to know whether the data item or data group is in Lest, system test, or production status. We
need Lo know the number of cccurrences of this data item on the dictionary.

Addressing Lhese last points, a data item (for instance) on the IBM data dicﬁuﬁa:y may look
strange to Lhe uninitiated. It will look like this:

T,CBALANCE-ON-HAND,0

We recognize bauance-on hand as an inventory quantity. The T is the status code, which we
will say is T because the daw. item balance-on-hand 1s on the test-data database, The C is
the subject code, which in this case is the primary programming language: COBOL, The Ois
the occurrence number where duplication exists in the common information system. S, in
1erms of this dictionary, the full descriplion of the data-item consists of the four elements
mentoned above. This convention holds for all subjects defined on the IBM data dictionary.

Before discussing the functions of the full-service extended data dictionary we need to
review data-dictionary elements. Figure 4.7 shows these elements.

T I fd =




Cuicgory A -

Subject Al Subjest A2
deacription description
Anribue AA Attribute AA
Aluibule AB Auribule AB
Auritute AC Augibule AC
Subjest A3 Subject Ad
description - descriplion
Auribole AA Augibulo AA
Auribute AB Attribute AB
Auibute AC Attributa AC

" Forward
relalionabhip .
XY

Relnionship Reveme
. relaticnahip
l YX.
’ Cacegory B -
Subject Bl Subject B2 Subject B3
descriplion descript deseripti
" Attribeic BA .| Auwnibuc BA Alribule BA
Auribute BB - Awrbuie BB | . Aurbute BB

Fig 4.7 Dala-Dictionary Elements

T

We have already referred to categories, subjects, relationships, auributes, and descriptions on
other occasions. These are the elements that make upthe data dictionary. In figurc 4.7,
Category A has a forward and reverse relationship to Category B. We have two-way relation-
ships simply Because we may want (o examine these relationships in both direetions. Data-
Item is an example of a calegory. In a full- service dictionary some cgr.cgoncs are prcdcﬁncd
regarding attributes and relationships, but the dictionary has the capacity to handle user-
defined categories. This, in IBM parlance, is an extended use of the dictionary. This “extcn-
sibility™ [eature is the heart of the [ull-service dictionary, allowing documentation of the
whole organization and allowing us (o use the dictionary as the soﬂware support for sirategic
and tactical planning. .

Catcgory Ain figure 4.7 has four subjects. Each subject has the sarite atiribute set as the
others (attibutes AA, AB, AC). For instance the calegory may bé Projects. The four, sub-

- jects are four differcnt projects, described by name and descriplion as unique. Perhaps the at-
wributes are Project Leader, Project Due Date, and Percent Accomplished. All four subjects
would have identical atributc names. Perhaps Category B is Information Systems, with sub-
jects and autributes defined in a similar fashion. The forward relationship might be Projects
ACCOMPLISH Information Systems. Reverse might be ACCOMPLISHED-BY,

Figurc 4.8 shows another cxample of the elcments that make up a data-dictionary database.

In this case we have the category Business Funciion (or department) related to the Processes

of the arganisation such as Provide-Materials. Remember that the subject name fooks like
this: P, Provide-Malcrials,0. Remember that the P is the status code, which in this case
stands for Production. The two adjacent commas means the subject cede is not uscd for this
" dind of catzgery, and the zero is the occurrence (only this occurrence exists).

System Requireme
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Business foncuam

Accounting Depr

. Purchaging Pepl ~

Keep Minaneinl records

Buy materialy

Manager ¢
- Locaton s
Phonec ¥ :

Minsger :
Location :
Phone @ @

Werchouse

Manufaciuring Brepl,

Storc malerisls and

Make finished goods

| design Tacilities

Mnished goode from materiale
Manager 5 Mansger
Lecation : Location :
Phonc ¥ : Phanz ¥ :
4 Doex
It dome by N \l,
Proceas
Plan facilies  |Provide matedinls] Track matesials
Forezast and Purchase and Sporc, acceas, and

rocave malerinly

tansler materinls

Ferson resapopaible § | Porson

ble ;| Powc

Plome # : Phooe 83 Pocos # 2
Person erporaiblo | Porion responsible || Penan
Phero # = Fhage 3 ;

Fhooc 81

Fig. 4.8 Example of Data-Dictionary Elcments

The IBM data diclionary, which is actually six linked damba.;.cs, each with many Segments,
consists of standard categorics and the infrastructure nceded W “customize” installation
calegorics. The standard categories have the auributes prebuilt and ready for the user to fill

in. These standard categorics arc:

DATA-BASE
SEGMENT
ELEMENT

PROGRAM COMMUNICATION BLOCK

IMS SYSTEM DEFINITION

APPLICATION SYSTEM
JOB .

PROGRAM

MODULE
TRANSACTION

PSB

These categorics are all related 10 servicing the data processing function and are not suffi-
ciently broad in scope 10 support a dictionary for the entire organisation. The strategic ‘plan
cannot be documented with just thess catégories. It is the ability of this data dictionary to
allow the creation of other user-defined categories that allows us to consider the dictionary a
scrious ool for systems analysis and documentation in support of the current and new system

applications.

44 HIPO

HIPQ stands for Hierart::hy plus Input Process Output. It consists of Iwo types of diagrams:

(i) Visual Table Of Contents (VTOC)

(ii} Input Process Ouput (IPO)
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Togcther these diagrams assns.r. in designing programs and their functions. Specif ; o m:lj Amalyels
- Following the structured approach that begins with generalities and descends to details,

VTOC diagrams break a sysiem or program down into increasingly detailed levels. There-

fore, the name of the system appears at the top of the YTOC, the names of the major func-

tions within the system lie on the sccond [evel and even smaller subfunctions lic on the third

and succeeding levels. .

When used to diagram a program, the YTOC arranges the program modules in order of
priority, and it reads from the top down and from left to right Each module of the program
appears as a rectangle which contains a brief description-of the module’s purpose (lwo 1
four words, beginning with a verb followed by an object i.e. “compule net pay”). |

“The VTOC for the correct assembly of a bicycle might include five ‘major tasks:

(i) open the carton,

(i) remove the parts (that is scparate them),
(iti) group similar parts,

(iv) assemble the wheels )

(v) finish assembling the bicycle (ligure 4.9)

BICYCLE-
ASSEMBLY
l_ A
OPEN .| SEPARATE WEHEEL FINISH
- CONTAINER PARTS ASSEMBLY ~ ASSEMBLY
FRONT- . REAR
- WHEEL WHEEL

Figure. 49 VTOC for the modules to assemble'a bicyle.
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SYSTEM : Bicycle Assembly
MODULE : Finish Assembly

LB

Compare this diagram with the one figure 4.10.

( doIs )

ATENISSY
HSINIL

ATUISSY
TITHA
“avid

ATHINESSY
TIIHM
INOUL

S14vd
ALVHvdIs

HANIVINOD
Nado

( Lavis . )

Fig. 4,10 : Flowchart of bycycle assembly —-

Both indicate hicrarchy but the VTOC offers a more complete picture of the overall process.
When assembling something, no matier how clear the instructions are, it helps to refer to a
picture of the finished product, Within the VTOC, each task must be performed in the order
specificd, and each task may involve several subiasks, For example, wheel asscmbly invol-
ves the separate subtasks of fronl—and rear-wheel assembly.

An IPO chari defines the inputs, processing, and outputs for each module in the program. Fig-
ure 4,11 is an IPO for the “[inish assembly™ module, inputs for which include the frame,
front-wheel assembly, rear-wheel assembly, seat, handlebars and chain, The precessing re-
quirements are bolting wheel assemblies o the frame, and attaching handlebars, chain, and
scat. The output is the completed bicycle.

INPUT

- Frame
Front-wheel assembly
Rear-wheel asscmbly
Seat
Chain
Handlcbars

Author : Jancy Manuel
Date ; 12/02/94

PROCESS OUTPUT

Bolt front-and rear-wheel 1. Completed bicycle
assembly Lo frame

Auach handlcbars

Aunach chain

Atach seat

—

P

'Fig, 4,11 : Examnls of gn TPO

T




44.1 Constructinga VTOC

Now let us leam how w prepare a VTOC for the computerisation of a manual accounts payable
syslem. We first assign all the major outputs {reports) 10 modules as shown in figure 4.12.

System Requilrement
Specificatlons and Analysly

ACCOUNTS
PAYABLE
PRINT NUMERIC ALPHABETIC QPEN - CHECK VENDOR DISTRIBUTE
AP YENDOR VENDOR ITEM Rmm _ ANALYSIS TO GENERAL
CHECK LIST LIST REPORT REPORT LEDGER

Fig, 4.12 VTOC for an accounts payable sysiem begins with assignment of modules to each

output report.

. We name modules according to their function so the reader can tell exactly the purpose of the
module (again using the verb-object format). Afier naming, we choose a number [or the sys-
tem (T), we give each module a sub or level number, beginning with 1 for the most general
or highest level function, Therefore, we would identify the overall system as 1.0, the-ac-
counts payable check module as 1.1, the numeric vendor list as 1.2 and so on (Figure 4.13).
Such a number systen clarifies the relationships between modules, and allows anyone. read-
ing it easily (o locate detailed IPO chans with comresponding numbers,

accounts | 0
PAYABLE
11 12 13 14 15 1.6 1.7
" PRINT . NUMERIC -ALPHABETIC OPEN C.l-IEc:[{' VENDOR DISTRIBUTE |.
AP VENDOR VENDOR ITEM REGISTER ANALYSIS TO GENERAL
CHECK LIST LIST REPORT - REPORT LEDGER

Fig.4.13 The VTOC for the AP cheék-pﬁnﬁng system with Iéve.! number

Alter assigning level numbers 10 cach module, we can consider whether fusther decomposi-

tion is necessary. Take the accounts payable check module, for instance. It must be decom- -

posed (o a fower leve) because it represents two tasks (remember, a module must e single
purpose), one for each part ar stub of the check (figure 4.14).

39,
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YENDOR : 00902 CHEQUE NO.
OUR INV.NO. | YOURREF. KO.| INVOICE | INVOICE | AMOUNT | DISCOUNT NET CHEQUE
DATE AMOUNT { PAID- TAKEN AMOUNT
001013 257upd | 15000 150.00 00 150.00
001014 H) 24584 | 263.00 200,00 .00 20000 °
CHEQUE TOTAL 350.00
]
CHEQUE NO,
CHEQUE G | CHEQUE DATE | VENDORNOZ:
000301 25/106/94 000002
_ 19
PAY
T g B OR BEARER
T
B RUPEES ,
5. l
st ® |[Rs. . |
Afec No
10,:SANSADMARG,POST BOX 5, NEW DELHI 110 001
" Chequo Ne, 1201
“642150" 110038002 ~
(2) Two-part cheque sent 1o vendors.
ACCOUNTS 1.0
PAYABLE
L1 12 13 14 1.5 1.6 17
PRINT NUMERIC { ALPHABETIC|. OPEN CHEQUE VENDOR DISTRIBUTE
AP VENDOR VENDOR ITEM REG Q ANALYSIS | |TO GENERAL
. CHEQUE LIST LIST REPORT ISTER REPORT LEDGER.

(b} This VTOC fevea]s'me two component modules within the PRINT AP CHECK module.

CFiF 414




The upper stub is the remiuance advice, which conlains the date, number, discount, balance System Requirement

a.d total of each invoice covered by Lhe cheque. The lower stub is the cheque itself, com-
plete with cheque number, payment amount, and vendor name and number. Applying the

. top-down concept to the cheque module, we can add another level of medules: one for print-
ing the remittance advice and one for printing the cheque jtself (figure 4.15). We assign this
third level of modules a third set of numbers (1.1,1 and 1.1.2). Decomposition ends when
all modules are single purpose, single entry; and single exit.

PRINT 16
AP
CHEQUE
: T
1.1 | . ' | 12
- PRINT
PRINT
REMITTANCE
ADVICE CHEQUE
{ I L
111 112 12.1 122 : 123

PRINT PRINT TOT, PRINTDATE | | FRINTAMOUNT | | PRINT VENDOR
DETAIL LINE LINE - LINE TO WORDS NAME ADDRESS

Fig. 4.15 Module development of the AP ¢cheque system from the programmer’s perspective

© A far as the analyst is concerned, decomposition of Lhe accounts payable cheque writing
sysiem can cnd at the thind level of rodules. However, the programmer who eventually
receives the HIPO chart probably would decompose the modules to even lower levels, thus

- establishing a new series of numbers (figure 4.15). Programmers sometimes call their
VTOCs structure chans, hicrarchy chans, or treg charts. 'When finally programming the ac-
counts payable check system, the programmer would begin at the 10p left, programming cach
level before moving down and to the right. Thus the programmer [irst would code “remit-
tance advice” 1.1 followed by “print dewil” (1.1.1) and then "print totals” {1.1.2). Having .
coded all of module 1.1, the programmer would tackle module 1.2, beginning with “print
date line” (1.2.1), moving on to “print amount in words” (1.2.2), and finishing with “print
vendor name address” (1.2.3).

Figure 4.15 shows three levels of modules, but complex syslems may requirc many more.
Regardless of their number, modules should receive unique and brief names that contains just
encugh detail for readers to understand their purpases.

442  Constructing an IPO

* Let us add the sccond part of the HIPO diagramming system, the IPO chart. Whercas the
VTOC dizgram graphically shows an overview of the system, the 1PO charls depict program
logic, illustrating the steps required to produce desired outpuls. ’

SYSTEM : Accounts Payable- Date : 12/02/94 Author ;: Santosh
MODULE: 1.0 Name : AP Cheque ’
DESCRIPTION : Prints the stub-over-cheque sent to suppliers..

INPUT PROCESS OUTPUT

Specifications and Analysls,

1. Vendor master file
2. Invoice File

1, Read Invoice record

2. Match with vendor

3. Total emount

4, Print detail line

5. Print total line

6. Print date line

7. Print vendor name and
address

1. Pdnl remiltance advice
, ontap swb
2. Print cheque on botiom
stub -

Fig. 4.16 The IPO chart detail or program logic.
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As figure 4.16 shows, the top of the IPO chart identifics the module with its number, title, a
brief description, date, and the analysi's name. The chart itsell is divided into Lhree units;
data input (the names of the files used), processing activities that will require programming,
and oulput, which, in the case of our accounts payable system, would be the printed remit-
unce advice (1.1) and the check (1.2). In the body of the chart, we use a narrative form 1o
describe the.input, process, and output as a list of activities, It simply lists activites, not
necessarily ordering them in the sequence they should occur.

The HIPO sysicm forms valuable sysiem documentation and helps the analyst prepare
repords as the system is being designed and developed. These charts ofer several ad-
vantages, Firs, they can be drawn or modified rapidly. Second, they allow the analyst
graphically 1o convey the system 1o non computer people. Third, standarised symbols enable
some future analyst (0 grasp the system quickly. Finally, HIPO chans facilitate efficient
schedules because they make it easy to estimate the ime it will tike 10 program a module,
thus, simplifying programming assignments. The VTOC offers the analyst an alternative o
the system flowcharts whereas the 1PO replaces the program or detail flowchart

45 DECISION TABLES AND DECISION TREES

Decision tables and trees were developed long before the widespread use of computers,
They not only isolate many conditions and possible actions, but they help ensure that nothing
has been overleoked.

451 Decision Tables

The det,;ision table is a chart with four sections listing all the logical conditions and actions.
In addition the-top section permits space for title, date, author, system and comment.

The condition stub displays all the necessary tests or conditions. Like the diamondina -
Nowchart or the IF in psendocode, these tests require yes or no answers. The condition stub
always appears in the upper lefi-hand comer of the decision table, with each condition num-
bered to allow easy identification,

Thus Condition stub s a list of all the necessary tests in a decision table. In the lower lefi-
hand comer of the decision table we find the action stub where one may note all the proces-
ses degired in a given module. Actions, like conditions, receive numbers for identification
purposes. Thus Action Stub is a list of all the processes involved in a decision table.

The upper right comer provides space for the condition entry - all possible permutations of
yes and no responses related 1o the condition smb. The yes or no possibilities are arranged as

a vertical column called rules. Rules are numbered 1,2,3, and so on. We can determine the

number of rules in a decision table by the formula:

Number ol'lrulc.s =2AN=2" where N represents the number of conditions and A means
exponentiate. Thus a deciston table with four conditions has 16 (2M = 2x2x2x2 = 16) rules
ane with six conditions has 64 rules and eight conditions yield 256 rules.

Thus Condition entry is a list of all the Srw'no permutations in a decision wble. The lower
right comner holds the action entry. X's or dots indicate whether an action should occur asa

conscquence of the yes/no entries under condition entry: X's indication acuon. dots indicate -

no aclion.

Thus Action entry Indicates via dot or X whether something should happen in a decision table.

o ey e |




— ————

Five seclions of a decision table: System Requirement
. Speclfications and Analysls

TITLE : . Date:

Author ; Systern ¢

Comments :

Condition Stub Condition Entry

Action Stub Action Entry
Fig.4.17

.Reluming to the assembly of a bicycle, let us assume we must assembic ayariety of con-
- tainers full of parts. Since a bike can have either hand caliper or oot coaster brakes;-the

decision table must show the 1wo conditions and five actions (figure 4.18). The two condi-
Lions necessitate four condition entries, and the five actions produce 20 possible action”
cntries,

When®ve build the yes or no rules for the condition entry, we must construct all possible pat-
tems of y’s and n’s. An arrangement that guarantees tharoughness is 1o place [wo y's is suc-
cession followed by two n’s. In the second row, we place allernating pairs of y’s and n’s.

(a} Decision table for bicycle assembly:

TITLE: Bicycle Assembly ' DATE :

Author: System :

Comments : More than one carton of parts needs o be assembed

1 2 3 4
1. LaslCarton? y ¥ n n
2. Hand brakes ? y 1] y n
[}

1. Open container X x
2, Stack pans X x
3. -Asscmble whells x X
4. Finish asstmbly . . x x
5.. End of assembly aperations x X

Fig. 4.18 ; Decision table for bicycle assembly

A decision 1able with four conditions (24 = 16) would have 16 different sets of y'sandn’s
and would result in the following pauern of yes and no responses.

" The first row therefore will have cight y's followed by eight n's. The second row (cor-
" responding Lo the second entry in the condition stub) has four y’s, four n's, foiir ¥’s and four

n's.

The complete four-condition entry would read:

Y YYYYYyynnnnananmnn
YYYY YA ROnnyyyyannon
yynnyynanyynaonyynrn
YynNynynynyRynynyn

This form ensures that the analyst includes all combinations with duplication.

If large number of conditions exist (four conditions result in 16 condition entries, six cond-
tions in 64}, decision tables can become unwieldly. To avoid lengthy decision tables,
analysts must remove redundancies and yet still take preCautions not Lo overlook anything.

. On occasion, two or more rules may be combined to reduce or eliminate redundancy, In

figures 4.18 and 4.19, rules 1 and 2 cause the last action in the action stb Lo occur. 63



Syatem Analysls Therelore, these two rules conld be combined to climinate redundancy. To indicate redun-

dancy, we put a dash (-) in the condition entry to show that this condition stab is irrclevant
and can bg ignored.

The decision Lable in figure 4,19 depicts the AP cheque meodule. Compare with figure 4.16

(IPQ). Although this format is fairly typical, in practice you will encounter several different -

kinds of decision tables. Figure 4.19 called limited eniry, because the condition entry con-
tains yes or no responses for cach rule.

Limited Entry; A type of decision able listing a y or n response for each condition.

AP chegue decision table:

TITLE : AP Cheque DATE : Sept 25,19%4
Auther : System : Accounts Payable System
Comments : Two files are to be read until the end of file.
1 2 3 4 5 6 7 8
1. End of vendor master file ? Yy ¥ Yy y n n non
2. End of sorted invoice file ? Yy ¥y nn Yy ¥y nn ‘
3. Do vendor numbers maich ? y n y n y n y Gt
1. Read a vendor master record . T
2. Read an invoice record . e+ . .« . =x
3. Add amount 1o totak T
4. Print invoice detail line B T
5. Print data linc . . . .+ .+ . %
6. Printamount in words T ¢
7. Print vendor name/faddress .+ e« e . . X
8. End of module X X

Fig. 4.19: A limited cniry decision table

Extended Entry: Type of deciston table displaying values o be tested in the condition entry
{Figure 4.20). ) -

AP cheque written as an extended-entry decision table:

TITLE : AP Cheque DATE :Sept. 25,1994
Author : System : Accounts Payable Sysiem
Commenls : Two [iles are 1o be read until the end of file.
1 2 3 4 5 6 7 B
1, Vendor master file ? End End End End More More More More
2. Sorted invoice file ? End End More Mae End End Mo More
3. Vendor numbers ? End More End More End More End More
1. Read a vendor master record | . . . . . . . x
- 2. Read an invoice record : . . . . . x
+3. Add amount to to1al . . . . . . x
4. Prin| invoice detail line . . . . . . x .
3. Print data line . . .o . . . b
6. Prin[ amount in words . . . . . . . x
7. Print vendor nasme/address | . . . . . . . x
8. End of module X x

Fig. 4.20: An exlepded-entry decision Lable

Mixed Eniry: A type of decision table mixing values in the condition and action entries.




AP cheque written a5 a mixed-entry decision table: Shown below in Fig. 421

TITLE : AP Chegque DATE : Sept. 25, 1994
Author: - System : Accounts Payable System
Comments : Two files are 10 be read until the end of file. o .
1 2 3 4 5 6 7 8
1. Is vendor master file at end? | y ¥ y y n n n n
2. Sorted invoice file 7 End End More More End End More More
3. Vendor numbers ? End More End More End More End More
1. Read a vendor master record | . . . . . . . x
2. Read an invoice record . . . . - - X
3. Add amount o total . . . . L. x
4. Print invoice detail line . . . . . . x .
5. Print data line . . . , . - . x
6. Print amount in words . . .. . . . x
7. Print vendor namefaddress | . - . . . . . X
8. End of module X b ;

Fig.4.21 : A mixed-entry decision tzble

Open ended (1) A type of decision table that permils access to another decision table. (2)
Questionnaire iterns that respondents must answer if their own words,

A mixed-entry decision table combines the values and yes or no (figure 4.21), while an open-
-ended one aliows 2n action entry specifying an additional decision table(figure 4.22). An
analyst may want 1o use one of these other types of decision tables to make the table more
readable for a user or manger or 10 decompose a large (seven conditions leading to 128 rules)
table into a series of smaller ones.

AP chieque decision table (open-ended):

* TITLE : AP Cheque. DATE : Sepl. 25, 1994
~Author: , System : Accounty Payablc Sysicm
Comments : Twao files are to be read until the end of [ile.
1 2 3 4 5 6 7 8
1. End of vendor master file 7 Y ¥ Y ¥Y n nnan
2. End of sorted invoice file 7 - Y ¥ nn.y y nr n
3. Do vendor numbers match? Y Ny n y ny n
-+ L. Read a vendor master record e
2. Read an invoice record ' - e ... x
3.-Add amount 1o total : P &
4. Print invoice detail line T
. 3. Print date line . T
6. Print amount in words e e L x
7. Pint vendor name/address e
8. End of module b I ¢
9. Go o next moduyle Eox

Fig 4.22 : Aopen-ended decision table

Fesides designing screen layout formats and determining screcn specifications, the design
sgwust develop input controls for interactive dialogue and illustrate the way in which screcns
and menus are linked together, Three tools which help the design team in doing this are
dlialogue trees, decision trees, and picture-frame analysis. With dialogue and decision trecs,
thic team is-able to show the flow of control in processing, including the actions users can
take (o halt or stop an input procedure. With picture-frame analysis, the design team is able
to provide a walk-throngh of how screens will appear once a design becomes operational.

) System Requiremnent
Specifications and Analysy
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. Constructing a Dialogue Tree

A dialogue tree maps the static and dynamic messages that take place between the computer
and the user. Figure 4.23 shows the design of a ree fora simple file processing menu.

St

DO YOU WANT TO
1. ADD A RECORD?
2, DELETE A RECORD?

3. CHANGE A RECORD?

4. RETURN TO MAIN MENU?

Zig. 4.23 Dialogue Tree showing branches from prompting menus

As shown, a dialogue tree has multiple branch points when menus are used, and forks at yes
or no points. If we trace the steps shown in figure 4.23, the dialogue tree should lead you to
conclude the following:

1. When an initial response of 2 is received, the program branches 0 a procedure to -
DELETE ARECORD from the employce masler file. :

2. Before arecord is dcleted, the user is asked to verify that the employee name is correct.
The message reads: EMPLOYEE NAME OK?

If the name is correct, the Lree forks and asks: SURE YOU WANT TO DELETE?
4. If the name is incomect, the tree forks ang asks: NAME OK NOW?

5. If the name is correct (is OK now) and the user responds yes 10 the guestion SURE YOU
WANT TO DELETE, the record is removed [rom the filc. . : i

&. If thc name is not comect, or if the name is correct but the user decides not to delete
control is shown as “retun (o start” - namely, a loop back Lo the start of the trce.

sn’t this tree incomplete? If the employee name is nol correct at node 2.0, how could it be
correct at node 2.17 an expanded dialogue wee like the one showm in figure 4.24, helps fli in
the missing messages. The more detailed tree shown a node with an X, Thisisa non-

restricted node, meaning thal it is not restricted to prescribed number of choices. The first -

nonrestricted node indicates that it is necessary 1o find an employee record before tesiing Lo
determine whether Lhe name is correct. Moreover, if a record is found but the name is incor-
rect, a second atempt (as noled by a second unrestricted node) is made (o find the correct
employee record. If this second search is successful, the user is aksed: NAME OK NOW?

R

BRI REE (T




" Find employee
. record

EMPLOYEE

' SURE YOU
WANT TQ
DELETE

Fig. 4.24

4 5.2 Deciston Trees

At times, a dialogue tree is too spcclﬁc for design teams to work with. What they prefer is

_ an easier-to-follow mapping of a complex design. This mapping should show branch points
and Forks, but not the details of the user dialogue. A decision tree helps o show the paths that
are possible in a design following an action or decision by the user. Figure 4,25 illustrates
this second type of tree. As indicated, if the user selects 1, followed by M and A, the algebra
menu would be displayed. .

Language Mequ
5 4 Sofiwaro Mema

H

‘(s:u_mput:r Hardware Mo
cience E
Menn
EXIT
Ruriness
Menn 3 Finance Meau
' Mackcting Menu
A
Accounling Monu
E .
EXIT .
Algebrn Menu

C C,ll‘:u!ul Menu

C
Othens Mo
E

EXTT

Fig. 4.25
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What is the valuc of a tree such as this? It helps the designer visulaize how the user will
move through the design Lo reach a desired location. Thus, a decision tree provides an over-
view of the flow of control 1o be built into compaier programs.

Decision trees tum a decision table inio a diagram (figare 4,28), This tool is read from Ielt 10
right, decisions result in a fork, and all branches end with an outcome. Figure 4.26 shows the
decision tree for printing (he accounts payable check. Trees can be easily read by nontechni-
cal users who find decision tables too complex. Users readily grasp branches, forks, 4nd out-
cormes. .

Add amount to total
" Same - Print deiall line

Read invoice record
Are
Yendor .
numbers —— End of file End medule
Differeat
Prict date lino _
L Records exist = Priot amouni in words .
- Print vendor namefaddress
Resd vendor rreord

Fig. 4.26 Decision trees ate graphic equivalents of decision tables.

46 WARNIER-ORR DIAGRAMS

Wamier-Orr diagrams are another tool aimed at producing working and comrect programs.

‘The Wamier-Orr diagram takes its name from its codevelopers, Jean-Dominique Wamier and -
Kenncth Om. Unlike VTOCs, pseudocode, ar flowcharts, which read from the top down and
tien from left to right, the Wamnier-Orr diagram reads from left to right, then from'the top 1o
down. Whereas a flowchart requires many symbols, Warnier-Omr diagrams employ brackels,
circles, parentheses, dots, and bars. Diagrams can depict data-dictionary-type delnitions
(Figure 4.27) or detailed program logic (Figure 4.28). ) ’

The Wamnier-Orr uses brackets to group related elements following the sequence control
structure, Technically the symbol for a bracket is *[* and a brace is *{” but Warnier-Orr calls
“{" a bracket. Thus we see that three elements in Figure 4.27 make up the single element
“Systems Process”. Two elements, preliminary and detailed, make up Analysis.

Tteration structure {called repetition in the Wamnier-Orr notation) is depicted by a'parenthesis
1othe lefi of the series of elements to be repeated (Figure 4.28). A Number inside the paren-
theses indicates the amount of times the fteration should be performed. Thus we will repeat
the four bracketed elements unti! there are no more bicycles to assemble.

‘ (a) Ti:e systems process drawn in Warnier-Orr [2shion.

. . { Preliminary
. Analysis Detailed
Systems pracess (1) Design
Development
Figure-427




{b) Warnier-Orr diagram for bicycle assembly. Spr-clﬂsc{ﬂil:‘sl::?l“l\r:::;st

Opc'n container
Process Stack parts
0,E
©,End) Assemble wheels
Finish assembly
- Figure-4,28 ‘

(c) Warnpier-Orr dingram for the accoﬁnts payable stub-over-cheque module. This
dizgram shows the three control structures of sequence, selection, and repetition

( ‘Read invoice record
Begin - Initialise totals 10 zero (1)
1) _ Read vendor record
(— Disconnt taken

Caleulate amount of discount
Subtract from amount of invoice
' Print invoice line on stub
0.End) Discount not taken

Print invoice line on sib

Add amount of invoice 1o 1otal

chad invoice record

Print date Line on check
End =, - Print amount of invoice in words
(1) i Print vendor name and addres
Fig. 4.29

A plus sign enclosed in 2 circle indicates an alternation or selection structure. A bar
separates the decision into true ’

(above the bar) and false (below the bar) (see Figurc 4.29),

For our AP cheque-printing logic, the Wamier-Orr diagram (Figure 4.29) has brackels sur-
rounding the repefitive operations and a decision point inside the process section to deler-
mine whether a discount will be taken. This diagram also has beginning and ending logic
that qur bicycle example does not require,

Wamier-Orr diagrams show the beginning, processing, and ending parts of the detailed logic
quite explicitly. In keeping with the structured methodology, they have a single entry and a
single exil, they support the three control structures, and compared with other tools, they
employ few symbols, Disadvantages of the Wamier-Orr system includg its icft-to- right, (op-
down construction (the opposite of all other tools which are lopdown, Iefi to rdght) and its
focus on processing versus data Mow. ‘

Introduced by Warnier and tater modificd by Orr, Warnicr-Orr diagrams are thus used to
decompose and partition the contents of a data store, much like D)=Ds are used to decompose
the functions of a system, )

. Figure 4.30 illustrates how a Warnier-Orr diagram would be drawn for the employee master
file. Asbefore, the empiloyee master file is defined as a set of employee records, thus leading
1o the equation: :

69
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Employee_masier_file = 1{employce_records}n
However, the Warnier-Orr diagram tells us how to define an
employec record. We can wrile (as belore):

Employee_recod = Employee number+ employee_name_and
' " address + personne]_information + wage_
and_salary_information + lcave_and_pension
_history + current_payroll_history

Lct us suppose nexl that we want to know which atributes make up the category cmployee

nume and address. The Wamier-Qrr diagram informs us that

Employce_name_and_address - = Employee_name + employee_
' ! home_address + employee._
plant_address + telephone_
extension_number

Fig. 4.30 .

Warnier-Orr Diagram Showing Decomposition of the Employee Record

(- (PO_boxfapartmen

t-number).
rEmplnyec . name +  Sucet_pddres
F Employee_number | . Fenployee_home._ J City_sddress
: address
Employeg nehe_ 'ﬁ Emplayes_plant_ Sure address
and_address nddrecs )
Employes '< Personnel_informat Telephone_cxiensio L Pin_code
mooed i n_number
.
Wage_ond_selary
informalica

Leave_and_pension
_history

Curment_payvoll_
information

\ N

1f we wanted to know which auributes make up employee home address, further decomposi-
tion would be necessary. The ‘Wamier- Orr diagram (ells us that

Employee_home_addiess = {[PO_box _japartment_number}) +
street_address + city_address +
state_address + Pin_code

where the post office box or the apartment number is optional.

Aunique feature of Wamicr-Orr diagrams js that they show sequences, either or conditions,
and repetitions of a process. As illustrated by Figure 4.30, most Warnics-Orr diagram stale-
ments imply a sequential order. For example, Employee name_and_address is equal to the
employee_name plus the employee_ home_address, plus the employee_plant_address, plus
the telephonc_exicnsion_number. Finally, repetition of a process is indicated,
Cument_payroll_history is shown as a variable [or cach employce.




The Warnier_orr diagram continues Lo be pushed to the right until all right-hand auributes
. can be defined hy their field length, or physical storage requirements.

City addrcss might be dcﬁncd as
City_address = 2[character) 12

or as requiring from Lwo W twelve characters, Telephone exiension might be defined as )
Telephone_exlension =;1 digits,- 1 -

where an extension always consists of @ four-digit number.

As this cxamfalc suggests, there are several good reasons for using Wamicr-Orr dingrams (o
describe the contents of data stores. First Warnier-Orr diagrams are casy [o construcy, read,
and interpret. Second, they permit larger, complex terms to be decomposed into constiluent
parts. Third, Wamicr-Orr diagrams describe the three logical constructs used in program-
ming. Fourth, they can be used to analyse both actions and things. Filth, they simplily-the
definition and order of terms to be entered into the data dictionary. The main disadvantage
ol a Wamicr_Orr diagram is that it does not show relationships which exist within and be-
tween data sLores.

47 NASSI-SHNEIDERMANN CHARTS

Nassi-Shneidcrmann (N-8) charts offer an altemnative to gither pscudocode or program flow-
charts. Named after their anthors, N-$ charts are much more compact than program (ow-
charts, include pseudocode-like statcments, and feamre sequence, decision, and repetition
constructs. Figurc 4.31 illustrates an N-S chart designed for processing payroll cheques.

Nassi-Shneidermann Chart

Erto: cheque-number

Set control sum =0

Enter cheque total ) Sequence

Get current payroll record

Until EOF = Yes

Increment controlsum

- Write paycheque

Increment choque-number Repetition

(el next recond

-~ Contralsum = Chequetotal
Yes - No
Print : Pl:inl : Decision
Cheque tolal isok - Warning :
Cheque : total in crror

Fig. 4.31
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Nasst-Shncidermann charts are also‘sometimes called the Chapin charts. This system was
developed by and named tor L Nassi and B. Shneidermann in the early 19705 and differs
markedly from those we have examined thos far. It uses rectangles divided into halves with
an angular line for seleclion, a horizontal recmngle for sequence, and the word DOWHILE
for iteration. The bicycle-assembly chart appears in Figure 4.32, and the AP check-printing
system wilh discounting in Figure 4.33.

Nassi-Shneidermann charts are winning wider acceptance in the computer ihdustry because
they so simply illustrate complex logic. Perhaps as analysts evaluate the various tools at
their disposal, these charts will gain even more followers. As with other structured tools,
they are single entry and single exit, and efficiently accommodate modules. However, they
are not as uscful for conveying system flow as they are for detailing logic development and
they are difficult (0 maintain.

Nassi-Shneidermann chart for bicycle assembly

DOWHILE there are containers

Open container

Stack parts

Assemble wheels

Finish assembly

Fig. 432 /

Nassil-Shneidermann chart for AP cheque-printing logic °

Read a record from invoice file

DOWHILE there are records in the vendor master file

Initialise totals to zermo

Read a record from the Vendor master file

DOWHILE vendor numbers are the same

Is there a discount
T F
Calculate amount
of discount
Subtract from Print invoice line
amount of invoice on stub. :

Add amount of invoice to total

Read an invoice record

Print date line on cheque .

Print amount of invoice in words

Print vendor name and address

Fig. 4.33
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48 ~SUMMARY ,‘ Specifications s Analyss

Alfter the rigorous study on feasibility of a project, this study on syslem requirement
speciftcation is necessary. For this, you have studied in the unit DFD, Data Dictionary and
their various characterisations, Next in scction 4.4 you have studied HIPO with several ex-
amples. In scction 4.5 you have studied two important techniques, Decision Tables and
Decision Trees with some examples. Finally yon have scen how o make Warnier-Orr
diagrams and lo construct Nassi-Shretdermann charts,
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BLOCK INTRODUCTION

This block deals with the issues and practices involved with the design of systems, The first
unit explains the imporance of Lthe structired approach to systems design and the advantages
of folléwing a modular approach towards development. . A sysiem is reflected by ils input,
output and the processes. The second unit, therefore, addresses itself to the different aspeets
of input design and the checks and controls that can be applied o it so that it is meaning[ul
and dependable. The next bnit enumerates the oulput devices and the considerations in the
design of output reports. The importance of forms and presentation graphics which is now a
fairly common part of outpul design is explained. Before the input data can be processed to
give the required output, the infermation must be held in certain organised forms. The fourth
unit of this block talks of file and data base design and therefore reflects upon issues with a
practical touch and flavour to which the students would otherwise also have had oecasion to
leamn in some of the other courses which form part of this programme.







'UNIT1 STRUCTURED SYSTEM DESIGN

Structure

1.0 Introduction
- 11 Obijectives .
12 System Design Considerations
1.2.1 Design Objectives
1.2.2 Constraints ’
1.2.3 Processing Techniques
1.2.4 Operalion
1.3 Design Methodologies
"14 Strucwred Design :
1.4.1 Major System Design Activitics
1.4.2 System Interface Specification
1.43 Audit Considerations
1.4.4 Audit Control and Documentation Control
1.5 Modularisation
" 1.6 Design Process
1.7 System Specifications
1.8 Prototype Design
1.9 Summary
1.10 Model Answers

1.0 INTRODUCTION

The systems objectives ontlined during the feasibility study serve as the basis from which the
work of system design is initiated. Much of the activities involved at this stage is of-
technical nature requiring a ceértain degree of experience in designing systems, sound
knowledge of computer related technology and thorough understanding of computers
available in the market and the various facilities provided by the vendors. Nevertheless, a
system cannot be designed in isolation without the active involvement of the user. The user
has a vital rele o play at this stage too. As we know that data collected during feasibility
study will be utilised systematically during the system design. It should, however, be kept in
mind that detailed study of the existing system is not necessarily ovér with the completion of
the feasibitity study. Depending on the plan of feasibility study, theslevel of detailed study
will vary and the system design stage will also vary in the amount of investigation that still
needs t5 be done. This investigation is generally an urgent activity during the system design
-as the designer needs to study minutes details in all aspects of the system. Sometimes, but
rarely, this investigation may form a separate stage between Feasibility Study and Computer
System Design. Designing a new system is a creative process which calls for logical as well
as lateral thinking. The logical approach involves systematic moves towards the end-product
keeping in mind the capabilities of the personnel and the equipment at chch decision making
step. Lateral thought implies encompassing of ideas beyond the usual functions and

- equipment. This is to ensure that no efforts are being made to fit previous solutions into new
simations. .

1.1 OBJECTIVES

Al the conclusion of this wnit, you should be able to:
«»  define the system design considerations
«  listout various design methodologies
«  know the brief outlines on structured design
«  explain modularisation, compuler system design proceas and sysu:m specilications
«  understand the importance of prototype design
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1.2 SYSTEM DESIGN CONSIDERATIONS

The system design process is not a siep by step adherence of glear procedu.rcs and gt-ﬁdclines.
Though, certain clear procedures and guidelines Kave emirged in recent days, but still much
of design work depends on knowledge and experience of the designer. -

When designer starts working on system design, he will face different type of problems.
Many of thesc will be duc to constraints imposed by the user or limitations of the hardware
and softwarc available in the market. Sometimes, it is difficult to cnumerate the complexity
of the problems and solutions thercof since the variety of likely problems is so great and no
solutions are exactly similar. However, following considerations should be kept in mind

" during the system disigning phase :

1.2.1 Design Objectives”

The primary objective of the design, of course, is to deliver the reqﬁlremcnts as specified in
the feasibility report. In gencral, the following design objectives should be kept in mind: -

{a) Practicality: The system must be stable and can be operated by people with average
intellipence. S .

{b) Efficiency: This involves accuracy, timeliness and comprehensiveness of the
syslem outpur

() Cost: It is desisable to aim for a sysicm with a minimum cost subject to the
condilion that it must satis(y all the requirements.

(d) Flexibility: The system should b modifiable dcpmding on the changing needs of
the user. Such modifications shnuld not entail extensive reconstructing or
recreation of software, It should also be portable to different computer systems.

{c} Securily: This is very importan: aspect of the design and should cover areas of
hardware reliability, fall back procedures, physical security of data and provision
for detection Bf fraud and abuse.

System design involves first logical design and then physical constniction of the system,
The Iogical design describes (he struchie and characteristics of features, like the outputs,
inputs, files, databases and procedures. The physical construction, which follows the logical
design, produces actual program softwazre, files and a working system.

'1.222 Constraints

‘The designer normally will work under following constraints:
Hardware : The existing hardware will obviously affect the system design.

Software  :  The available software (operating system, utilities, language efc.).in the
ma:ket will consirain the design.

Budget :  The budgetallocated for the project will affect the scope ard depth of design,

Time-scale ;  The new system may be required by a particular ume (e.g. the startof a
. financial year), This may put a constraint on the designer to find the best

_ design. -
Intedace The new systein may require some data from another computezised system
with ather or may provids: data to another system in which case the files must be
syslems : compatible ir. format and the system must operate with a certain processing
cycle. .

1.2.3 Processing Techni¢j ues
The processing options availat] e o the designers are:

— Baich processing
— Real-time processing -
—_ l_)__n_-I,i.nepmcessing




— A combination of all the above “ Structured System Dealgn

You are already aware of these techniques, Tt is quite interesting to notc, however, thata -
combination of these is olten found to be ideal in traditional data processing applications.
This increases through-put of the system as also brings down the response time of on-line
aclivities, In most of the business applications, 24-hour data js acceplable enough and hence
it is possible to update voluminous data after office-hours in batch mode,

1.2.4 Operation

Typically, the flow of data through a system has been shown in Figure 1, Throughout the
design process as described in the next section, the system designer must consider and
specify the requirements of each of thesz operational areas,

User " Daa Dan i . Qurpm Action
Raising | _, | Preparstion — | Validation 1" _, | Processing ~ | Handling { _, on
Input . . Output

Figure I: DataFlow -

1.3 DESIGN METHODOLOGIES

The scope of the systems design is guided by the framework for the new system developed
during analysis. More clearly defined logical method for developing system that meels uscr
requirements has fed to new techniques and methodologies that fundamentally atiempt to do
the following: t

— improve produclivily of analysts and programmers _

— improve documentation and subsequent maintenance and enhancements.

— cutdown drastically on cost overmuns and delays

— improve communicetion among the uscr, analyst, designer, and programmer.
~— standardize the approach to analysis and design

— simplify de.-sig-n by segmentation.

1.4 STRUCTURED DESIGN -

, Structured design is a data flow based methodology. The approach begins with a sysiem
specification that identifies inputs and outpuis and describes the functional aspects of the
system. The specifications, then are used as a basis for the graphic representation.  The next
step is the definition of the modules and their relationships to one another in a form called a
structure chart, nsing a data dictionary and other structured tools.

Logical design proceeds from the top down. General features, such as reports and inputs are
identified first. Then each is sdied individually and in more detail. Hence, the structured
design partitions a program into small, independent modules. They are arranged in a
hierarchy that approximates a model of the business area and is organized in a top-down
manner. Thus, structured design is an atterapt 1o minimize the complexity and make a
problem managesable by subdividing it into smaller segments which is called Modularisation
or decomposition. In this way, structuring minimizes intuitive reasoning and promotes
maintainable provovable systems. -

A design is said 1o be top-down if it consists of a hicrarchy of modules, with each module
having a single entry and a single exit subroutine. The primary advantages of this design are
as follows: ) '

+  Critical interfaces are tested first.

«  Early versions of the design, though incomplete, are useful enough to resemble the
real system, : : :
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‘e Siucturing the design, perse, provides control and improves morale.
«  The procedural characteristics define the order that determines processing.

1.4.1 Majdr System Design Activities -
Severnl development activities are carried out during structured design. They are data base

design, implementation planning, system (est preparation, system interface specification, and

user doéumeniation.

(2) Data base design: This activity deals with the design of the physical database. Akey
is 1o determine how the access paths are to be implemented. .

() Program design:In conjunction with database design is a decision on the programming
language to be used and the flowcharting, coding, and debugging procedure prior (0
conversion. The operating system Limits the programming languages thal will run on the
sysiem.

{c) System and program test preparation: Each aspect of the system has a scparate test

requirement. System testing is done after all programming and testing are completed.
The st cases cover every aspect of the proposed system, actual operations, uset
interface and 5o on. System and program 1est requirements become a part of design
specifications - a pre requisite Lo implementation.

Tn contrast to the system testing is acceptance testing, which puts the system throngh a
procedure design to convince the user that the proposed system will meet the stated
requirements. Acceplance lesting is technically similar to system testing but politically itis
different. Acceptance testing is conducted in the presence of the user, audit representatives,
or the catire stafl.

1.4.2 System Interface Specification

This phase specifies for the user how information should enter and leave the system. The
designer offers the user various options. By the end of the design, formais have to be agreed
upon so that machine- machine and human-machine protocols are well defined prior to
implementation. Before the system is ready for implementation, user documentaton in the
form of a operator’s manual must be prepared. The manual provides instructions on how to
instalt and operate the system, how 10 provide inpul, how to access, update, or retrieve
information, how lo the display o print output, in what format, and so on.

1.4.3 Audit Considerations |

A well designed system should have controls Lo ensure propet operation and routine auditing.
A proposed system’s failure often restilts from a lack of emphasis on data control. When
designing the system, standards of accuracy, consistency, and maintainability must be
specified to eliminate errors and control far fraud. A system design introduces new control
elements and changes the control procedures. In a manual system, internal control depends
on human judgement, pexsonal care, and division of labow. Ina computer-based system, the
number of persons involved is considerably reduced. A software packages is an effective " -
substinne for human judgement in processing routines and error checks,

1.4.4 Audit Control and Documentation Control

An important fanction of system controls is to provide an audit wrail, An aodit wrail isa
routine designed to allow the analyst, user, or anditor 1o verily a process of an area in the
new system, In amanual system, the audit trail includes joumnals, ledgers, and other
documents that the auditor uss 1o trace transactions through the sysiem. In & computerized
system, record content and format frequently make it diffficult to trace a fransaction
completely. The systems analyst must be familiar with basic anditing or wark closely with
an auditor to ensure an effeclive xudil trail during the design phase. For auditing a system in
a proper way, documentation is required. Documentation is the basis for the review of
internal controls by internal or independent auditars. It also provides a reference for system
maintenance. Analyst take Jot of time in preparing the documentation.

Thus the main aim of auditing is to check that controls built into the design of proposed
syslems ensure its integrity. Audit considerations niust be incorporated at an early stage in
the system development so Lhat changes can be made in time.

(29) 20-¥DH
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1.5 MODULARISATION

._Iﬁmcmmdsim(akpadyuphmedinsecﬁoii lA)npiugmmlssegmemedinmms]l,

. independent modules. ‘These are arranged in a hierarchy that approximates a model of the ~

businwsmaudison‘ganisedina@-dmmanncrwiﬁdicdctaikﬂ:ewnatﬂwbo'ﬂom;
Thus, in structured design, we try 1o minimise the complexity of the problem and make it
manageable by sub-dividing it into smaller segments which is called modularisation or
decomposition, This has been shown in Figure 2. . .

Figure 2:' Decomposition - A Framework

Check Your Progress 1
1. Name the five objectives of system design.

2. List out some of the constraints under which.a system designer has to work.

Btructored System Design
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6] Oﬁtpu; design; The starting point of the design process is

4. What do you onderstand by structiired design? .-

So structurcd design arises from the hierarchical view of the application, The top level as )

shown in tix: Figure 2 shows the most important division of work; the lowest level at the
bottom shows the details, . -

.

.

L¢ DESIGN PROCESS

The complutcr system design process is an exezcise of specifying *how' the system will
work. It is an iterative process which is based on “what" the system will do as shown in the
feasibility repart ' ' I

Mainly, follqwiliﬁ five parts have been included in the system design process: '
\h¢ proper knowledge of
system requircments which vill rormally be converted in terms of output. :

out what data need to be made available to the system Lo produce the desired outputs.

The basic documents in which thesé data are available need to be-identified. I

necessary; these documents may have to be revised or new documents may have 1o be
" inroduced. . .

(i) Tnput design: Once the outpul requirements have been finalised, the next step is to.find

(iii) File design: Once the input data is.captured in the systern, these may have to be
preserved either for a short or long period. These data will generally be stored in files in
a logical manner. The designer will have o devise the techniques of storing and
© retrieving data from these files. : ' :

(iv) Procedure de.sign:. This step involves specifications of how processing will be
performed, In this, there are two aspects: :

— Computer procedure .
— Non-computer procedure

The computer procedure will specify what functions will be carried out on computer,
what will be different programs and in what sequence the programs wilt be run. The
non- computer procedure will specify the manual procedures for feeding input data,
receiving ontputs elc. : }

.(v) Coatrol design: The conwrol design indicates necessary procedures which will ensure
_comrectness of processing, accuracy of data, timely output eic. This will ensure that the
system is functioning as per plan. - '

Generally, these steps as mcnﬁoﬁecl shove are inter-dependent and some of therﬁ may have 10
be used together and traversed many times until a satisfaclory design is prepared. Itis just

like the sitpation of “Two-step forward - one step backward™ kind. In the Figure 3 we have

-wied to present an ideal sitnation about the progress of a project. But this situation occurs
rarely in day-to-day life. Most of the time progress of a project takes different shape which
is shown in Figure 4. . . T




(Analysis) gn Rroction Impleraentation

Figure3: “Ideai” Project Progress

Siudy (Amlysis) Design Conatruction Implementation

Figure'd: “Reality” of Project Progress

The system design process is, therefore, an iterative process where decisions made or
changed at one step will have a “ripple effect” on other sicps. For example, if an output
report is modified, it may necessitate changes in input design, file design and control design.

In designing a system, if one tries to design a perfect system, it is his wrong conception. He
may perhaps land up with no system at all. Whatis tobe aimed at is the mast satisfactory
a.d operable design of a system and then gradual improvements over lime.

1.7.SYSTEM SPECIFICATIONS -

The result of the system design process is a document known as “system specifications™.
The complete details of design about the proposed system have been included in it. It serves
ps a blue print and helps in developing and implementing the new system. This also forms
the primary documentation on which the systam maintaifiing persons will fall back upon
after the system is in use. Later on, this document is normally divided into diffecent parts for
casy reference. Thus we get system manual, user manual, operational manual. Since the
system specifications are prepared as a plan, it becomes sometimes necessary to medify it
after taking into consideration the practicat difficulties or bottlenecks or ermors found during
Iater stages of development. System specifications should include all the details necessary o

implement the system and to understand the whole working of the sysiem.

1.8. PROTOTYPE DESIGN

Prototype is a working system that is developed 1o test ideas and assumptions about the new
system. 1.ike any computer-based system, it consists of working software that accepls input,
performs sbme operations on it and gives the output. Itis the first version of an information
system - an ariginal model.

The protal ype is acwally a pilot or test model. Tt is designed 10 be easily changed.
Informaticm gained through its use is applied 1o a modified design that may again be used as
a prototype 1o reveal still better design information. The process is repeated as many times
as necessary to reveal cssential design requirements, In genefal, prototypes are considered to
be most useful under the following conditions: .

+ Mo system with the characteristics of the one proposed has yet been constructed by
it developers. A )
« Tt essential features of the system are only partially known; others are not identifi-
_ ab'= even through careful analysis of requircments. .

- Experience in using the system will significantly add to the list of requirements the
syslem should meet. '

Structured System Design
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+  Altemate versions of the system \wll evolve lhrough experience and admﬂonal
devclopment and refinement of its features.

+  The system users will paruc:pal.u in the dcvclopmem process.
The unda‘lymg principle of prototyping is as under:

. Umcanpomoutfeammsﬂwyhkemdm]&eandsomdmwshaumumman
existing and warking system more easily than they can describe them in a theoreti- .
cdl or proposed system. Experience and use produce more meaningful comment
ihan analysis of charts and namative proposals.

. Systems prototyping is an interactive process. It may begin with oaly a few func-
tions and be expanded 1o include others that are identified later, It may also start
with what both ana.lystanduwbe.lwve:sawmplm set of functions that may ex-

* pand or contract through use and expe.nence :

Typlmﬂy.mescarethos:cpsmlhepmtotypmgprm
. !dcnufymeusersknownmfmnreqummtsanuxmmmsmededinmgsys-

. Devclnp a working prototypc.

. Usolhepmtotypenoungneededmhmcememsandchmges.ncscexpandthchst
ofmwnsys:.cmreqm:emcnls. .

. Revme the prolotype based o mfo:mallion ﬁained thmugh user experiénce.
"‘= Repeat thess steps as needed to achieve a satisfactory systen; ;.

As thess sieps suggest, prototyping is not a trial-and-ecror development proccss. Before .
starting the system design work, usexandsysmnamlystmmgethuandd:smsstmdmufy

. the requirements. Thescmmmsfmmﬂwmfmmcmnsmuonoﬁhcpmmpe

System a.nalym is fully responsible for the development of the wo:hng prototype..

‘Check Your Progress 2
1. hstouldwvanouspansofsystemdesugnpmoess
2. Define ¥syslem specifications” briefly.
-------------------- l.uuu-uuuuu--“-.u-q-!nuu-_uun-uln-u---—-on--l----------u:lun--ull::ll-l-""-'-
. LR 1
3, Whatdoyouhmwabout"PmtotypeDeagn"?
.................................. Aressrmtorrasssrsenns worbentaneres
L AERAANARNAANERESAN L1} ‘—; ]

19 SUMMARY

The role of sys&em analyst is cuns:dered to bc very sxgmncant in desngnmg v systcm.
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During this stage, he applies his understanding of the procedures and converts them into an Struclored System Pevign
efMicicnt system. The design is a solution-translation of requirements into ways of meeting -

them. The design phase focuses on the detailed implemeniation of the sysiem recommended

in the feasibility study. Emphasis is on translating performance specifications into design

specifications. The design phase is a transition from a user-criented document to a document

oriented to the programmers ot data base personnel, System design is not an exact science

like programming where a set of instructions would lead o a desired result. As the subject

involves lot of interaction with the users, it has to be flexible and dynamic to meet the

changing needs of the users pver a period of time, :

1.10 MODEL ANSWERS

Check Your Progress 1

1. Five objectives are:
(i) Practicability (i) Efficiency
(i) Cost (iv) Flexibility
(\r_) Sccﬁ.rily

2. Some of the constraints are: .

(a) Hardware () Software  (c) Budget

(d) 'I'lme-scale. {c) Interface with other system:s
3. Various processing lcchniqﬁ:s.m'c:

@ Batch Processing

(i) Real-time Processing

(iii) On-line Processing

(iv) A combinaton of all lhe; above

4, Structured design is a data flow based methodology. This approach begins wilh a
system specification that identifies inputs and outputs nnd describes the functional
aspects of the system. The next step is the definition of the modules and theit
relationships to one another in a form called a structure:d chart, nsing g data dictionary
and other structured tools.

Check Your Progress2
1. Five parts of system design process are:

(i) Output design
(i) Input design
(iii) File design
(iv) Procedure design
{¥) Control design
2 The result of system design process is a document knowm as system specification, The
complete details of design abow : the proposed system have been included in it It serves
as a blue print and helps in deve loping and implementin g the new system.

3. Prototype is a working system th at is developed to test iieas and assumptions about the
néw system. It is actually a pilol or test model. It is designed to be easily changed.

13
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UNIT2 INPUT DESIEN AND CONTROL

Structure-

2.0 Introduction
2.1 Objeclives
- 2.2 Processing Transaction Data
2.2.1 Batch Processing -
2.22 On-line Processing
23 Elements of Input Data
23.1 Input Data
2.3.2 Source Documents
24 Input Media and Devices
2.5 Input Design Guidelines
235.1 Contolling Amount of Data
252 Avoiding Delay -
253 Avoiding Errors in Data
2.5.4 Avoiding Extra Steps
2.5.5 Keeping the Process Simple
2.5.6 Major Concems regarding Input
2.6 Input Verification and Conirol
26.1 Key Verification
2.62 Use of Self-Checking Numbers
2.63 Visually displaying an identifying Characteristics
2.6.4 Hash Totals
265 Checking Between a Range of Numbers
2.6.6 Reasonableness Test
2.6.7 Verilication of Codes
2.6.8 Verification of Data Type -
2.6.9 Yetification that certain Combimations of Data Exist
2.6.10 Sequenco Check
2,7 Data Dictionaries
2.8 HowtoLayout Terminal Screen |
2.8.1 Designing of CRT-Input Display Screen
. 282 Basic Rulcs for CRT-Input Display Screen
2.9 Major Concerns regarding CRT-Input Screen Design
29,1 Ease of Use .
'29.2 Improved Procassing Speed
2.93 Menu Driven Sereens
29.4 Emphasizing Infarmeation on Display Screens
295 Colour Use in Screen Design
29.6 Colour Selection
2.9.7 Editing through Display Screens
2.10 Summary
2.11 Model Answers

2.0 INTRODUCTION

. rd

Once the analysis and design of the system has been done, it would be necessary to identify the
" data that are required to be processed to produce 1he outputs. Tnput is one of the most expensive
phases of the operation of a computerised gystem and creates sometimes a major problem,
Different type of problems with & system can usually be iraced back to faulty input design -
method. Negsdless in say, therefore, thar the input data are the lifeblood of a system and heve to
be analysed and designed with utmast care and coasideration, Input design features can ensure
the reliability of the system and generate correct reports from the accurate data, The input design
also determines whether the user can interact efficiently with the system,

2.1 OBJECTIVES

Aller studying this unit, you should be able to undersrand the following:
Tmportancs of innw desipn for rroducing th) ~ceréct report.
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+  Criteria for selecting the most appropriate input method and tnedium for an applica- Irgut Design and Control
" tiom, ’ ’

+  Development of a system for validating input to a computer application.
= Prepaxing layout for terminal screens.

2.2 PROCESSING TRANSACTION DATA

Tronsaction System: Co.
The transaction processing system keeps records of routing business activities, follows
standard operating procedures, and does not require complex decision making, These
systems also depend on accumate and detailed data and must be able to process large volumes
of data in shorl periods of time. Examples of ransaction system arc accounting, inventory,
sales-order entry, banking and airline reservation systems. All of these applications follow a
transaction - processing cycle, which begins by entering the data, continues by processing
the data, and concludes by presenting the cutput Data can be entered into a computer systcm
in many ways. At a bank, customers can enter their transaction throuph an automatic teller
terminal. Ata super market, prices may be read by an optical scanning device. Ata travel
agency, airline reservation are entered through a terminal. Regardless of the method used,
the data must be entered accurately as well as elliciendly. Once the data have been entered
inlo a transaction system, it must be processed. Mainly there are two ways of processing the
date. One is batch processing and other method in on-ling processing.

. 2.2.1 Batch Processing

In the batch processing the data are collected for a given period of time, and the resulting
“batch™ of data is processed as a single job. Baich processing is useiul when most of the
reconds in a large database must be processed at the same time.

‘Many organizations also use batch processing methods for billing. Telephone, gas, electric,
and cable TV companies, for example, prepare their bills using batch processing. Even
Payroll—whether processed weekly, or monthly—is almest handled throngh baich
processing. .

2.2.2 On-Line Processing

Although batch processing is still used for some applications, today an increasing number of
companies choose on-line transaction-processing systems. On-line systems can reduce data-
processing costs, offer beller customers service, and provide a strategic advantage over
competitors.

In on:line systems, data are processed instanty by the CPU. As a result, whenever a user
wishes to enter or access data, the request is accomrmodated within a few seconds. Unlike
batch processing, each request is processed individimlly - there is no waiting while groups of
requests are batched and processed together. On-ling systems are thus, preferred when
selected records must be processed at any single point of time or when the user and compuier
syslem must interact.

Because on-line-transaction-processing sysiems can access data instantly and because many

. transaction systems must accommodate large volumes of data, larger systems gencrally )
include severnl disk drives with capacitics of several billion bytes of data. Tapes and optical
stcrage, if used at all, serve as a backup medium, storing additional copices of the data in the
evaint Lthat those stored on disk are lost or damaged.

But an OLTP {ON-LINE TRANSACTION PROCESSING) systcm that brings data within
instantaneous reach can also, if it breaks down, brings many of an organization®s activities o
a screening halt. Imagine the consequences of the failure in & bank deposit sysiem. Not only
would it be difficult, if not impossible, to contihue serving customers,but the cost to the bank
for even a few hours of service interruption could be very high. Because many organizations
have become so dependent on OLTP systems and because failures can be dramatically
distuptive, some firms have chosen to purchase fault-tolerant compuicr systems, These
systems use additional hardware and software to help avoid a system failure, One key
ingredient is the use of disk mirroring, a scheme in which the system maintaing a mirror
image of critical disk data on two physical separated disk drives. Whencver data are entered
inlo the system, they are automatically entered into both devices, in the event of a disk : 15




System Deslgn

16

failure, the system will automatically retricve the data from the working disk. In addition,
fault-tolerant computer systems can through hardware and software, circumvent portions of

the hardware if the electronic circnitry breaks down. Two other important characteristics of
an OLTP are its multi-user and multi-lasking capabilities. A multi-user, OLTP serves many -

users, each executing a different JOB, at what appears to be the same time. For example, it
allows several people o sit at terminal scattered throughout an organization and work on - -
problems that may be totally unrelfaied to one another. One user may be entering accounts
reccivables transactions, another may be entering accounts payables; and a third may be
producing &n inventory report. Each user has the impression that no one else is using the
system, thanks to complex on-line operating system software that keeps the separate uses of
the system disentangled. o

2.3 ELEMENTS OF INPUT DATA

Inaccurate input data are the most common causs of errors in data processing. Errors entered
by data cniry operators can be controlled by input design. Inputdata are collected and
organized into groups of similar data. Once identified, appropriate input media are selected
for processing.

2.3.1 Input Data

The goal of designing input dala is to make data entry as‘easy, Iogical and erfor free from
errors as possible. In entering data, operators need to know the following:

» The allocated space for each field,
«  Field sequence, which must match that in the source document.

. The format in which data fields are entered; for example, filling out the date field is
required through the edited format mm/dd/yy. '

When we approach input data design, we design the source documents that capture the data
and then select the media used to enter them into the computer. Let us elaborate on cach
step. '

2.3.2 Source Documents

Source data are captured initially on original paper or a source document. For example, a
cheque wrillen against an account is a sonrce document. When it reaches the bank, itis
enceded with special magnetic ink character recognition (MICR) so that it can be processed
by a reader that is part of the information system of the bank. Therefore, source documents
initiate a processing cycle as soon as Lthey are entered into the system, Source documents
may be entered into the system from punch cards, from diskettes, or even directly through

" the keyboard. A sonrce document may or may nol be retained in the proposed system. Thus,

each source document may be evaluated in terms of: :
— its continued use in the proposed system;
— the extent of modification for the proposed system &
— replacement by an altemative source document.

A source document should be logical and easy to understand. Each area in the form should
be clearly identified and should specify for the user what to write and where to write it. Fot
example, a field as simple as date of birth may be written in four different ways:

— 5December, 1994

— Dec. 51994

— 12/5/94 .
— 5/12/94 (European style)

Unless it is clear in a source document that two digiis are allowed for the month, day, and
year (MM/DD/YY), we could expect such combinations of responses.

2.4 INPUT MEDIA AND DEVICES

‘Source data are input into the system in a variety of ways. The following media and devices
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are suitable for operation: Input Design and Control

a) Punch cards are either 80 or 96 columns wide. Data are arranged in a sequential and
logical order, Operators use a keypunch to copy data from source documents onto cards.
This means that the source document and card design must be'considered simultaneously,

b) Key-to-diskette is modeled after the keypunch process. A diskette replaces the card and
stores upto 325000 characters of data - equivalent to the data stored in 4050 punch
cards, Like cards, dala on diskelies are stored in sequence and in batches. The approach
to source dacument and diskette design is similar 1o that of the punch card, Data must
be in sequence and logically cohesive.

¢} MICR translates the special fonts printed in magnetic ink on checks into direct compufcr
— .input

d) Mark-sensing readers automatically convert pencil marks in predetermined locations on
a card to punched holes on the same card,

¢) Optical character recognilion (OCR) readers are similar to MICR readers, except that
they recognize pencil, ink or characters by their configuration (shape) rather than their
magmetic pattern. They are often used in remote locations as {rec-sianding input
preparation devices or direct input media to the system. \

[) Optical bar code readers detect combination of marks that represent daia. The most
widely known system is the Universal Product Code (UPC), which codes retail items in
stores. Automatic 1ag reading is a major breakihrough in speeding up customer service
and eliminating costly data input esrors at the point of sale. It is virually impossible for
the sale clerk to enter incorrect merchandise information such as department and class’
type data, Auntomatic 1ag reading is the ideal way (o collect unit inventory information -
fast, accurately and economicalty. .

g) Cathode-ray tbe (CRT) screens are usad for on-line data entry. CRT screen generally
display 80 characters simultaneously on a television-like screen. They show as many as
24 lines of data.

In addition to determining record media, the analyst must decide on the method of input
and the speed of capturing and entering tha data into the system. Processing may be
patched (a group of records handled as a unit}, on-line (records processed direcdy),
sequential (sorted records), or random. (unsorted). For example, magnetic tape may be

- suitable for batch sequential processing, whereas diskettes are ideal for on line
processing and random inquiries.

2.5 INPUT DESIGN GUIDELINES

‘The design of input play very significant rolé in getting the comrect output. It covers all
phases of input from creation of initial data (original recording) to actval entering the data to
the system for processing. The input design is the link that ties the information system into
the world of its users. Some features of design may vary depending on whether the system is
bach-oriented or on-line. Here, wé will discuss the various objectives of input design. They
focus on: o B : .
- — Controlling amount of input

— Avoiding delay .

— Avoiding errors in data

— Avoiding extra steps

— Keeping the process simple
Each of the five objectives of input design is briefly discussed below:

2.5.1 Controlling Amount of Data _
An effective design controls the quantity of data for input for the following reasons:

Firstly, data preparation and data eniry operations depend on people. Since labor costs are
: ’ . 17
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high, the cost or preparing and-cntering dala is also hagn. itis quite evident, then, that
reducing data requirements mean lowering costs through reduced labor expense. Secondly,
the input phase of computing can be a slow process and take many Limes longer than that
nceded by computers o carry out their tasks. In fact, the computer ftself may sit idle undil
data is preparcd and input for processing. By reducing input requirements, the analyst will
speed the entire process from data caplure (o processing Lo provide results 1o users.

2.5.2 Avoiding Delay

~ When pmc&ssing is dclaycd owing to data preparation or data entry, the cause is called a

boutlencck. Avoid boltlencecks when designing input should always be one of the objective of
the analysL )

2.53 Avoiding Errors in Data

The third objective deals with errors. In one sense, the rate at which errors occur js
dependent on the quantity of data. Since the lower the amount of data is inputted, there are
fewer opportunitics {or the ervor to occur. i

Firstly, the analyst can reduce this numbcer by reducing the volume of data that must be
entered for each teansaction. '

Sccondly, the analyst can also affect error rates of an operation throuph design. The manner
in which data must be entered can reduce the chance of errors,

Still, a third aspect of error control is the need (o detect errors when they do occur. Checks
and balances in the data entry programs, called input validation Lechniques, also detect crrors
in input. ’ )

2.5.4 Avoiding Extra Steps

Somelimes the volume of ransactions and the amount of data preparation or data entry jobsl
resulting from them cannot be controlled. For example, in bank cheque processing runs or in
large retail sales firms, the number of transactions to process runs into the tens of thousands.

When the volume cannot be reduced, the analyst must be sure that the process is efficient.
The experienced analyst will also avoid input designs that canse extra sieps. The effect of
saving a single st2p when feeding details of cheque into the banking process is multiplicd

many limes over in the course of a working day. So is the additions of a single step.

2.5.5 Keeping the Process Simple

Perhaps the best advice 1o analysis is to achicve all of the objectives mentioned in the
simplcst manner possible. The best- designed system fits the people who will use it in the
way that is comforiable for them, and at Lhe same Kime it provides the emmor control methods
management acceptable to the users. Tn contrast, one will have to work to gel users tp accept
complex or confusing input designs, and there is no gearantee he'will succeed in installing
and running complex sysiem. S0 it is advisablc to avoid complexity when there are simple
altematives. .

2.5.6 Major Concerns Regarding Input
Important points (o be considered here are as follows:

—  What inpat is needed?

— How and where is the input crealed?

— How should the source documents be designed?

— What format should be used for the input records?

~— What medium should be used for recording the input?
We will discuss cach of the major input concems briefly:

The Inputs Needed

The input necded for any program is determined by the output desired. The analyst must ask
the following questions. What information is already in (he master [ile or database? What
constant data is required that can be entered from some kype of control record 7 What
information must be supplicd by using some type of uransaction file? What data should be

]
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stored in and aceessed from tables? What information can be calculated by the program? Tnput Deslgn and Control

Any ime the use of a transaction [ile is being considered, or the daia is to be cntered from a

terminal, the analyst must check each field to determine whether the data is already ina

master file or might be included in a table. The analyst must be concerned that all of the data

required to produce that output is entered into the program in the most cfficicnt and
cost-effective manner.

How and where data is generated

How the data is gencrated, and where it is gencrated, has a direct impact on a number of
other questions. In & cost- accounting system, much of the data is generated when material is
put into production. The analyst should attempt to provide a reliable means of entéring data
directly into the system [rom the factory. Data collection devices or special terminals can be
used to enter some of the data,

In a retail sales system, a type of scanaer device - Bar Code Readers may be used to read
price tickets. When charge sales are made, special readers are available that make it possible
10 use the data stored on the customer’s charge card, Whenever possible, the manual kecping
of data should be climinated. In a retail sales application, the'only variable data that a clerk
might need to key in on a Point of Sale (POS) Terminal having special key for various iteim
categories is the quantity of a given item that is purchased. For processing of electricity
bills, the computer system itself first generates an input sheet containing House Number-wise . -
table covering street (0 street the consumer detils - Meter No., reading of Last Cycle, Type
of Consumer - Domestic/Charitable Society/Govt./Business keeping the single field blank -
present meter reading. This input sheet facilitates the Meter Reader to enter single blank
entry after verifying correciness in other columns of Lable.

Railways Rescrvation System presents an input screen simply on entering the Train code,
Travel Class and Date of travel whercin if reservation is asked, the clerk has to enter
passenger’s details almost in same way as given by him in the reservation stip.

In large Tea Gardens of Assam spread over several kilometers, Hand held terminals in
Mobile Vans are used to enter leaf Phreker’s code and weight of leaf plucked on daily basis
moving from one garden to another and entire data is updated remming back 1o Computer
Centre which generates vweekly payment reports for forced workers and next days schedule
for 1abour deployment in new gardens.

Designing the source document and the Input Format

The formats for the input records and the source documc.nls should be determined
simultaneously.

The source document can be designed as soon as itis determined what data is needed and
where and how it is to be entered into the system. The analyst should work with the data
entry supervisor. The design of the documenis should permil the personnel recording Lhe
data to do so as gasily and rapidly &s possible. Check boxes can be used, which reduce the
time needed to fill out documents and minirize recording emors. Take the case of
Electricity bills. It has two parts. The first is called "MAIN' on which cash/cheque receiving
clerk enters the amount received with details including the date-and hands over to the
customer gs a payment madeé by him, The second is calicd *STUB’ which arc bundled
together on day end and sent to Computer Cenire for data updation of payments received
from the customers for future accounting for case in transcribing data into a
machine-processable form, the locations for each field with the record should be specified on
the documents, Identical design of source document and related Data Entry Input screen
facilitates Data Entry Operators 1o enter data at high speed since locations of data to be read
are casily identfied.

The input record should be designed so that the flow of data on it is the same as on the
sgurce document This decreases the time needed to mcord data and also reduces emors.

The input format must be designed concurrently with the source docoment. The factors that
must be considered arc: record length, field size, use of codes, and the relationship of the
source document to the input record. When a terminal is used to make the changes or 10 add
new customers to the file, o formauted screen should be designed that looks very much like
the source document. The operator fills in the blanks and these may be used to indicate the
number of characters that can be entered in much the same way the form would be filled in

Iy.
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The analyst must understand the characteristics of the data entering the system and determine
the ficld size that should be used. For example, if each customer is assigned a number-and
the firm now has 9,945 customers, the analyst should allow five positions for the field. If
five positions are not reserved for the field, as soon as 54 more records are added, the field
will not be large enough 1o handle the account number. Field sizes are usually determined by
studying historical data, projecting future nceds, and providing for growth.

Input Medium

An inpul method that requires a minimal amount of data conversion should be selected.. If
punched-card recorders (keypunches), disketle recorders, key-to-key tape recorders, or
Lerminals arceesed, the daa is usually recorded on a source document and then transferred to
the machine-processable-medium (cards, diskeues, ape, disk, or directly into a transaction
file). Incase of process control however, these media based programs directly control-the
target machines.

2.6 INPUT VERIFICATION AND CONTROL

If incorrect data enters the system, it is usually very costly to make l.lwﬁecessary comections.

Also, how expensive would it be to have your operator record a quantity of 100 rather than
10 [or a shipment of sports cars? The shipping charges for sending the cars to the customer
and then of having them returned would be only one of the cosis. While the 90 extra cars
were in transit, they would not be available 10 other customers (which could result in a loss

. of sales) or conld be damaged. There are many methods which are commonly used Lo verify

Jz.& entering the system as input Some of the Lhcm are:

.

2.6.1 Key Verification

A second operator rekeys the data already recorded. This method is used for verifying data
recorded in punched cards or on diskeules and magnetic tape. Then two lloppies are
compared 10 correct record by record which mismatched durinig comparison afler verifying,
from the original documents. This is most aficctive method used by Computer Service
bureaws for data validation. -

2.6.2 Use of Self-checking Numbers

_The compuoter can be programmed 1o reject numbers that have been ransposed or have one

or more wrong digits. Check digits and self-checking number reutines can be effectively
used {or numbers in a sedes, such as swdent roll numbers, account numbers, part numbers,
or invoice numbers are popular for'such jobs.

2.6.3 Visually Displaying an Xdentifying Characteristics

When using a terminal, a part number is entered. Displayed in the VDT is the description of
the part, which is then visually confirmed by the operator.

2.6.4 Hash Totals

Sometimes numbers are added 1o produce a meaningless iotal called a hash total. For
cxamjple, totaling is made of the quantity of all items purchased. When the recards are

entered and processed, the hash total is compared to the original total. If the two totals agree,

it i5 an indication that all quantilies were entered correctly and all recards were processed,

2.6.5 Checking Between a Range of Numbers

The numbers on the orders being processed on a given day should fall between, say, 4999
(the last number from Lhe previous day) and 6001 (the next ordes number that will be on all
of the orders processed by the next day). If the order number recorded on the input record
does not fall within that rangg, 2n eror message will be generated.

; )

2.6.6 Reasonableness Test

Based upon past history, some input can be checked to see if it is reasonable. For example,
because of long-standing company policy, it is unlikely that any employee will have more
than 20 hours of overtime. If more than 20 hours of overtime are recorded in an employee’s
current ransaction record, an emor messape will be generated as the data is being ediied,




- Similarly iri *Date of Bmh' ficld, itis checkccl that ng date is more than 31, month number is
not more. than 12 and the year is not more than the current year Or current year minus
) nummum agc presm’bed. .

2.6.7 Venl‘-t:on of Codes

The pay and Innge benefits are calculated for employe::s based: upon their payroll status,
Assuming that the valid status code must be either an H (hourly), S (salaried), T (trainec), or
aP(parl-nme).anermrmcssagewouId be gcnemledll'lhccodcused was notanH.S T orP.

'2.6.8. Venﬁmhon of Data Type

Some mput fields should contain only numeric data while others shiould contzin only
: alphabeuc data’ The fields can be edited to make ccnmn that only the right type of data is
recorded in éach field.

2,69 Venf‘whon That Certam Combmahons of Data Exist .

For example, all studems may be coded with eithera W ora V. The V denotesa” . -
non-work-stnay. smdem while the W indicates that'the student ison work-smdy. The only
valid account nambers far 8 work-study smdent are 2155 and 2156. Any other accoxmt
number for; aW—coded smdenl is invalid. -

26,10 Sequence Che_ck

IF the rumbers i the source dociimeénts are serial and the doctiments are in order, the inpot -
records will also be in nummmlsequence Acheckmnbcmadebylhepmgram o
; der.m-mmc whell er Lhe records are m either ascendmg or descmdmg order.’

Check Your. Prognss 1.
1: Listiout vanous mput de\um for l'eedmg the mw data into the systcm

............................................................

....‘.--‘-.-.....-u-...'-........'....-.-.--......uuouu [T LTI TT LY
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27 DATA DICTIONARIES

Data dicticnary stores dcscnpuun of data ilems and structures as well as syste.ms PIOCESSES.
It is intended 10 be used to understand the system by analyst who retrieves the details and
descriptions it stores. He takes the help of data dictionary dusing system design, when
information abqut such concerns as data Ilength, alternate names (aliases) and data use in
particular processes must be available. The data diclionaries have also validation
information in storage to help the analysts in specifying controls for the system’s acceplance
of data. The dictionary also contnins definitions of data flows, data stores and processes.
Data dictionaries can be developed manually or using automated systems. Antomated

systems offer the advaniage of antematically producing data element, data siruchwre and

process listings. They also perform cross-reference che-cking and errar defection.

- Aulomated dictiopary systems are becoming the norm in the development of computer
- information systems. For further study about data dlCl.lOl'Iﬂ:l’y please consult unit 4 of

block 1,

2.8 HOW TO LAYOUT TERMINAL SCREEN

Software Is available that make it easy to layout screens. The progmmumer keys in the
requircd format on the screen, gives the format a name and then stores the format Ina file.
Whenever the format is to be used as a display in & program, il can be called into the
program by using its name, Apmgrammercanalsocrealed:splaymwuhmapmgmm.

2.8.1 Demgnmg of CRT- Input Display Screen

Special consideratjons are needed for input designs in on-line environments. The analyst
must design CRT screens tha tell the user what to do and what steps (o take nextin a way
that is brief, yet easy to understaad, Menus are often used to present options to users and data
fields are marked to show their Iength while telling the user where to enler the data. Data
entry in on-line systems also includes the ability to edit data. In each of these cases, valid
entries must be identified and communicated to programmers so that they Jevelop the’
software 10 accept comect entries and reject those that are invalid.

2.82 Basic Rules for CRT-Input Display Screens

There are a few basic rules that must be [ollowed in displaying information on a streen. The
important poinis to remember are:

»  Clear the entire screen between formats. Theremusuallya clears:reen command
that can be used. -

«  Format Lhe output-so lhm it is casy W read, For example, don t clutter up the screen
with nnnecessary information, Always display directions ar error messages in the
same place on the screen, and leave spacebemae.n items so that the mformauon is
easy o read.

»  Prevent scmllmg.‘,Un]ess delays are coded into programs, informalion is displayed
on a VDT faster than most people can read. One screen of information should be
displayed at a time, Whanmeopaamnsready.aspeuﬁadkeylsdeprﬁscdanda
new screen of information is displayed.

» Don't overuse color. Often monitors that display mformauon in color are used for
terminals or for microcomputers, Carefully controlled use of color can make the i in-
farmation mare understandable; uncontrolled use of color adds confusion,

s  Beconsistent, For example, all ms_u-uqums may bcdwplayadauhebpuom of the’
* Develop end use simple conventions such as having an operator enter 8 ‘1 or *Y*
l‘cr a posmvc Tesponse 10 2 question or a statement. '

. Mak;,cenam Lha:alldnecuons arcclearly stated.

‘s Testall screens. Havesomeonetotallyunfanuha:mlh t.heprogmmtoloadl.hepro—
' .gmmanduucrthcmquueddamwuhoutusmgmehelpopnonbefmsamem
released commercially, -




2.9 MAJOR CONCERNS REGARDING CRT— o Dt a0 e
INPUT SCREEN DESIGN

Major concems regarding CRT - input screen designs are as follows:
+ Easeofuse '
= Improved processing speed
. Mcm:l driven screens
« Emphasizing information on display screens
»  Colour use in screen design
»  Colour selection _
» Editing through display screcns
We will discuss each of them below:

B

2.9.1 Ease of Use

One of the most common approaches in designing easy-to-use CRT screen displays is the
fill-in-the-blank approach. The analyst simply formats the initial input display so that all the
rcquired data elements are clearly labeled and a space is provided for data entry.-The display
should be acsthetically designed and all descriptions and error messages should be
meaninglul in clear stalements. In other words, carc shonld be taken to avoid symbels and
over abbreviations.

2.9.2 Tmproved Processing Speed
Some of the ways 10 reduce daia cntry requiremnents include:

— Designing the screen display so that responses can be abbreviated(for example,
entering ‘Y™ instead of *“Yes™).

— Designing the screen format so that the order of data entry-is consistent with the
business ransaction. This featire eliminates unnecessdry “tabbing" around the screen,

— Designing the screen format so that data can be changed are "unpmlcclcd" and data
that cannot be or should nnt be changed arc protected.

— Using program function keys, which are dvailable on many of the sophisticated
terminals and can literally trigger a transaction when a single button is pushed.

— Using terminals that have additonal application-specific features {for example, a
number pad can be helpful for accounung systems, Point of Sale Terminals in Hotels,
Super Bazars ete,

2.9.3 ‘Menu Driven Screens

Since or-line systems provide sevcral input and processing options to users, a method of
showing the options the user can choose from is needed. Menus serve Lhis purpose. A menu
is a screen of information displayed on the CRT that shows the uscr what functions can be
performed and how to select them.,

Menus that provide selections (o users in a top-<town fashion enasure that systems are easy to
use, while making the choice of what 10 do next should be a simple procedure. The system
leads the user through a series of decisions until the correct procedure is selecied. For ,
= sace, a nammative dialogue to lead someone through the steps in editing sales budget dala
would probably sound something like this:

— You are using the sales system. 'Which function do you wish Lo select? (The user
depresses 3" for the EDIT MENU aption shown on the main menu.)

— You have sclected the edil option from the main menu. Which of these editing options
do you wish? (The user depresses “1™ for the EDIT BUDGET option shown on the
edit menu,

— You have selected the edit budget option from the edit Menus accomplish the same
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thing with Jew words, This is why analysts and users alike prefer them 1o write
instructions or the display of narrative information on the screen. Notice the
unclutiered Jook of the screen, even alter all headings and options ase displayed. It
would be difficult 1o preserve the easy-lo-read displays if the narrative above was
shown instead of the meau oplion. .

294 Ernphasizing Information on Display Screens

Oftcn the analyst will use features built into hardware and softwareto call information or
messages 1o the attention of users. For cxample, error messapes or reports of unacceptable
actions (such as submilting invalid daia or asking Lhe system to perfopm a funciion now
cxpected by the program) arc best displayed by using one of the emphasis techniques listed
below. Likewise, when the user enters data for processing, the analyst may display a
message informing the user the data has been accepied and processing has begun.

The methods of emphasis that many sysiems offer are:
- Blinking
— Underlining
- Incr@@uwﬂ light intensity

— Inverse video (black letters on light screen)

2.9.5 Colour Use in Screen Design

‘When large amounts of information must be presented on a display screen, the analyst may
use color to provide betier structure and meaning to the information. Related items can be
tied Ingether by color so the user can spot them more quickly. For instance, a report showing
sales, costs, and profits for various regions may be presented using colors 1o show each ype
of cost across depaniments,

If propexly used in the design, color will assist the user in understanding information on the
screen, delermining what sieps are valid, and reducing errors. ’

Color has four primary uses; (1) identifying valid operations the user can carry out {2) typing
relaled data ogether (3) highlighting information about organisation performance and (4}
communicaling messages aboul system performance.

2.9.6 Color Selection

Color'meaning ars lost if they are used improperly or if excessive color is used. No more
than four colors can be quickly recognized by users. The most uscful colors are red, preen,
yellow, and blue. Conirasts are most cffectively preseated through the color pairs of red and
green, yellow and blue, or white and blue.

Color can be effective when there is a reason for its use. However, if the analyst specifics
color only for the sake of color, the impact of information may be lost through the distraction
of color. Thus its utilization must be carefully planned. The relative contrasi/order of
legibility amongst most popular colour ways and the background have been shown in the
tabular form as given below:

QOrder of Legibility Printing Colour . Background Colour

1 Black Yellow
2 Green ' While

3 Red White

4 Blue White

5 While Blue

6 Black White

7 Yellow ) Black

e ]




White e . Red
9 . Whits - Green
AL |1 White - Black
R T U _— Red ' Yellow
12 'l -~ - Green “ Red
13 : ‘Red - Green

2.9.7 Editing Through Display Screens

Editing refers to any changes made 10 records that are stored in the system or that have been
submitted for processing but have not yet been stored. Editing also includes deletion of
reconds. - : '

To design an edit function, you must first provide a way for users 1o tell the system which
record of data they wish to edit. Deleting records in on-line systems requires the analyst to

- provide & way for the users to indicate the proper record, as well as instructing the system
that the transaction is a deletion,- .

Two ways are common. The first allows the uscr to depress a key that instructs the system lo
delete the current record on the screen. The other way analysts build delete procedurres asks
the user to identify the proper record by entering the record key (such as item number) and
then depressing a key telling the system to delete the' record.

Both methods are. common, although the first one is preferred since the user views the record
hefore telling the system to‘delete the record.. . : : :
o ' .

‘Check Your P'rgg.re.ss 2
1. 'What do you understand by ‘Data Dichonary™?

P T

" 2. Explain briefly major concerns regarding CRT-Input screen design.

3. 'What is the importance of color use in screen design?

e L L L LTy T T
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2.10 SUMMARY

In this unit, we have discussed the responsibilities of analysts for the design of input. )
specifications. Various methods for capturing data and validating its accuracy have alsobeen
studied. The overall objectives of input design stress minimizing the quantity of daia for

jnput while controlling errors and delay. An effective design will also avoid extra steps in
input while ensuring that the cntire process is quite simple for uscrs and data entry operators.
Data dictionary and input screcn design have also been discussed briefly. ’

2,11 MODEL ANSWERS

Check Your Progress 1
1. Various input devices are:

(i) Punch card reader
(i) Key-lo-1ape, key-to-disk, key-to-diskette
{iii) MICR
(iv) Mark-sensing reader
{v) OCR
(vi) Optical bar code reader
(vii)CRT
2. Various ohjectives of input design are:
i) Controlling amount of input
(i) Avoiding delay
{iii) Avoiding errors in data
" (iv} Avoiding extra sieps
(v) Kecping the process simple _
3. Various methods used for input verification and control are:
(i} Key ;.reriﬁ;:m.ion
(i) Use of self-checking numbers
(iii) Hash totals
(iv) Checking between a range of pumbers
) Rca.én nableness Lest
{vi) Verification of codes
(vii) Verification of data type
(viii) Verification tha cestain combinations of dala exist
(%) Sequence check |

Check Your Progress 2

1. Data dictionary stores description of data items and structures as well 85 sysiems
processes, It is intended to be used to understand the systern by analyst who retrieves”
the details and descriptions it siores. .

2. Major concems regarding CRT-input screen designs are:

(i) Easeofus




(ii) Improved processing speed

(tii) Menu drven screens

(iv) Emphasizing in.fom;ar.ion on display scre.cns .

(v) Colour use in search design

(vi} Colour sclection

* (vif)Editing through display screens

Main uses of colour are;

(Ii) ‘ Identification of valid operation properly

(i) Typing related daia together

(iii) Highlighting information about the achicvements of organisation

{iv) Communicating messages about system performance

Input Deslpn and Cuntrol
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UNIT3 OUTPUT SYSTEM DESIGN

Structure
3.0 Inwoducluon

3.1 Objecuves

32 Typesof Output
3.2.1 Application Culput
3.22 Operating Cutput
3.3 Qutput Devices
34 CQuiput Design Consideration
3.5 Design of Quiput Reports
36 Designing Screen Quiput
3.7 Menu Design
3.8 Fomn Design and Control
+  3.8.1 Farm Design
3.82 What is Form?
3.8.3 Classification of Forms
3.8.4 Factors to be Considered in Form Design
3.85 Forms Conirol
3.9 Computer Graphics
39.1 Preséntation Graphics
3.9.2 Decision Suppont Graphics
3.93 Graphics Hardware/Software
3.10 Summary
3.11 Model Answers

3.0 INTRODUCTION

Presenting Lhe data processed by a computer-based information system in an attractive and
usable form has become very essential these days. Success and acceptance of a system to
some extent depends on good presentation. Therefore, sysiem analyst must kmow fully how
to design output report in an altractive way. Many new output devices are being introduced
in the mrket because of recent development in computer technology. System analyst must
be aware of these new technology and iry to use these new output devices if possible,
Currently, excellent graphic displays are widely available. Speech output systems are also
[ast emerping. '

There are three main reasons why oultputs from the computer are required. They are:
(1) For communicating to the persons concemned.

(ii) For re-inpat to the computer for being connected with other data and further
' processing.

(iii) For permanent storage.

3.1 OBJECTIVES

Alter going through this unit, you should be able to leam:

«  the devices used 10 oulput information from a computer
=  the design consideration

e the [omm design

- the design of screen output

+ therole of graphics in output _ ]

«  the record strucinre and rapért Iayout consideration.




Qutput Systern Design

3.2 TYPES OF QUTPUT

Outpuis of a system can take different forms. The most common are reports, disploys on
screen, printed forms etc. The outputs also vary in terms of their contents, type of stationery,
frequency and timing etc. Besides, due consideration also need to be given as to who will
usc the output and for what purpose. All these pomLs must be kept jn mind while designing
outputs so that the objectives of the sysicm are met in the best possible way. Qutputs of a
data-processing sysiem can be placed into two categorics:

=  Application Qutput
= Operating Qutput

3.2.1 Application Output -
These are the outputs desired out of the system 1o meet its objectives. These arc of three
types: .
() Output as a basis for decision making. This type of output is generally required by
management for decision making purposes,
(i) Output as a requirement to meet a functional objective. Invoices, Excise Gale
Pass, Purchase Orders are the examples of such output
(iif) Statutory Qutputs: All erganisations are required to produce a certain amount of

reports and forms as required by law. Examples are *‘C’ forms, *3A” and ‘64’ forms
for provident fund, income tax certificates etc.

3.2.2 Operating Output .

These outputs are mainly generated for use of E.D.P. staff and give various indications as to
how the system opggates. System logs, error messages, status indicators elc. are the
examples of such output. These types of output are not concerned for the users.

3.3 OUTPUT DEVICES

The most important output devices are printers, video display units (VDUS) computes ouiput
microfilm {microfiche). Printers are mainly used in the following situations:

= when large volume of output is required :
«  when output is to be distributed to various persons inside/outside the organization
»  when batch processing systems are used.

Printer is one of the most common ontput devices, It provides the user with a permanent
visual record of Lhe data cutput from the compulter. Printers can print on ordinary paper or
on specially designed forms such as dispatch notes invoices or packing slips. Printers can
print 150 2500 lines per minute, each line consisting of as many as 150 characters.

Printers are mainly of two types : impaet printers and non- impact printers. In impact
printers, a print head strikes a print ribbon which prints a character on paper. Non-impact
-printers have no mechanical print head. Characters on such printers are printed using ¢ither a
jetof ink or a laser beam. These printers arc liftle bit costlicr. For example, laser printers are
widely used in Desk Top Publishing (DTP) system because of producing excellent quality
primts. Impact printers are of twa types: line printers in which a whole line is printed at 2
time and character printers which allow printing of one character at a time. Line printers arc
quite impact and fast in printing. Generally these printers print in the range of 1000-1200
lines per minute, They are litle bit expensive and mainly used for large volurhe of printing.
Characier printers are cheaper but slower in speed {(around 80 1o 90 characters per minute),
They are generally used for low volume printing such as in word-processing.

Video display units use Cathede Ray Tubes (CRTS) for display purposes. They have )
keyboard which is used for entering data. Twenty four lincs, each BO characters long, can be
+ displayed on the display unit. VDUs are widely used in on-line systems to display results
and answers 1o queries. Colour display units can display different colours, The information
displayed on a VDU may be plotted on a plotier or recorded on a floppy diskette or vidco
Lape recorder.
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Computer Output Microfilm(COM) is an output technique that records output from a
computer as microscopic images on roll or sheet film. The images stored on COM are the
same as the images which would be printed on paper. The COM recording process reduces
the size of character 24, 42 or 48 times smaller than would be produced from a printer. The

-information is then recorded on sheet film called 16mm, 35mm microfilm or 105mm

microfiche. The data to be recorded on the microfilm can be retrieved directly from the
computer (on-line) or from magnetic tape which is produced by the computer (off-line). The
data is read into a recorder where, in most of the system, iLis displayed intemnally on a CRT.
As data is displayed on CRT, a camera takes a piclure of it and keeps it on the film. After
this, the film is processed, either in the recorder unit or separately. Then it can be retrieved -
and viewed by the user. )

Ancw type of outputl unit emerging in the market is an audio oulput init. Such an output
device can be used (o announce a result on adoudspeaker. Currently, the most commeon
audio ouiput gives digits or numbers. Short words are also synthesized by the computer.
The pattcm of bits corresponding to a word is stored in an audio output buffer siorage. With

_ the help of speech synthesizer, it is converted to spoken words. Presently, the speech output

of synthesizers does not sound in a nawral way. Lot of improvement is expected in this
direclion,

The most commen audio culput unil answers enquirics such as a request for lelephone
number, balanee in one’s saving account number in a particular bank eic.

3.4 OUTPUT DESIGN CONSIDERATION

Output to be produced usually dcpcnds upon the k'o‘.llowmg consideration:

Type of user and purpose ~ : Genemlly different levels of users will havc dL[fcrent
o requircments from the system. Some want exceplion |

reporis {e.g. when sales fall below a certain level), some
want summary reports (e.g. sales quantity and value for
each region) while some want details (e.g. list of invoices
for a period). Again statulory repornts will normally be as
per requirement specified under the law and the designer
will not have much flexibility 1o change the format.

Content :  The data that are needed (o be included in the output.
: These will be related Lo the purpose of the output.

Format :  This refers to the arrangement of data on the report, size
qf the paper, titles, headlines, colour of the paper ete.

Frequency and uming : At what frequency (daily, weekly, monthly, annuatly eic.)
and-when (afler annual closing of accounts, after the end
of the fiscal year, before the last day of every month éte.)

Volume :  Oiten sheer volume of the outpat dzters one from using
: the output. The sheer bulk of the report may also create
problems for handling, filing or printing lime. -

Sequence :  The usefulness of an oulput very ofien depends on the
sequence of data printed, A proper sequence will also help
distribution of outputs 1o different users (e.g. pay-slips
printed depariment-wise facilitales easier payment):

Quality ! Thisrelates to Lhe confent; appearance and accuracy of the
output. Outputs generated for external users should be
given special attention in respect of its get-up, quality of .
paper eic. '

“Type of stationery :  Reports can be generated on ordinary blank stationery or

on specially printed stationery -which is useful when most
of the contents of the output (¢.g- Invoice, Pay-slips elc.)
are constant. This type of sr.auone.ry has the following
advantages:




—  Saves computer ime, Qutput Systern Deslgn

— Attractive appearance convenient to use by
the uscrs.

Howevér, these stationery will normally be costlier than -
ordinary stationery.

3.5 DESIGN OF OUTPUT REPORTS

A report normally has the following structure.
»  Arcport heading which generally appears only on the first page of the report.
+ A page heading and sub heading are given at the top of each page of the report.

*  Aselof records containing some common features may be grouped together. Such a
group is named as control group. Conirol heading can be named as for this group.

Table 1: MNlustration of terminology used in defining the structure of reporis

INDIRA GANDHI NATIONAL OPEN UNIVERSITY
ROLL LIST OF MCA STUDENTS

ROLL LIST OF STUDENTS FOR DIFFERENT SUBJECTS

OF SEMESTER 1/1994-95
LIST OF STUDENTS IN PASCAL
ROLLNO, NAME OF STUDENT
1001 Pankaj Kumar Goel
1002 . ‘ Dinesh Kumar
. 1003 ' Upma Rani
1004 - Rajesh K. Aggarwal
1005 Shoba
1006 . Devender Garg
1007 Suman .
1049 Bimla Devi
1050 Hari Om
1051 ' . Chand Aggarwal
1052 B.L. Goel

TOTAL NO. OF STUDENTS IN PASCAL = 52.

LIST OF STUDENTS IN ‘C’ LANGUAGE

ROLLNO. NAME OF STUDENT

- 1070 " KRISHNAGUPTA
1071 - : NARENDER KR. GUPTA
1072 _ ATMA RAM
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1073 ) " RAM KUMAR

1074 ' 'RAMESH KUMAR
1075 KUSHUMRANI
1076 _ ANITA KUMARI

1077 , SNEH LATA

1078 SURENDER KUMAR
1079 PRADIP KUMAR

1088 ANGURI DEVI

1089 “PYARELAL

TOTAL NUMBER OF STUDENTS IN *C'LANGUAGE = 20
TOTAL NO. OF STUDENTS IN SEMESTER 1/1994-95 = 570
END OF IGNOU ROLL LIST FOR SEMESTER 1/1994-95

Using 1able 1, we will explain the ierminology:
(_i) The report heading appearing once for the report is ;

INDIRA GANDHI NATIONAL OPEN UNIVERSITY — ROLL LIST dF MCA STUDENTS
{if) The page heading which will appear on wop of each pa-ge is: '

ROLL LIST OF STUDENTS FOR DIFFERENT SUBJECTS OF SEM. 1/ 1994— 95
(iif) The control headings and sub headings are as follows:

LIST OF STUDENTS INPASCAL

ROLLNO. - NAME OF STUDENT
Another coniro! heading and sub headings in the same table are:
LIST OF STUDENTS IN C LANGUAGE ‘

'ROLLNO. NAME OF STUDENT
(iv) In the above table the line
_ 1001 : Pankaj Kumar Goel
appearing below the heading
ROLLNO. NAME OF STUDENT

is called a detailed line.

{¥) Abstracl of the information at the end of a control group is called the control footing. In
the above Lable, the following lines

TOTAL NO. OF STUDENTS IN PASCAL
TOTALNO., OF STUDENTS IN ‘'C' LANGUAGE

50
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We have final control footing also in the report. = . Output System Design
The line .
TOTAL NO. OF STUDENTS IN SEMESTER 1/1994-95 = 570
is callcd final control footing.
(vi) Informaltion written in the cnd of cach page is called page footing.

(vii)Information printed in the end of cach report is called report fooling. The report footing
in the said report is

END OF IGNOU ROLL LIST FOR SEMESTER 1/ 1994-95.

Having decided what report groups shonld appear in a report, n analyst decides the layout of
the report in a print chart which depicts the no. of columns and lines in a report. A sample is
shown in Fig. 1. The chart has a number of colums normally equal to that in a printer, The
report headings, eic. are entered on the chart by the analyst to examine the way in which the
printed outpul will appear. The most important ¢onsideration in designing the print chart is
proper form layout for easy readability. ‘The print chart helps in selecting appropriate
headings, entering headings, picking control headings, etc. Once a form layout is determinied
using a print chart, it may be handed over to a.programmer who may use an appropriate
report generator program. For example, COBOL has a report generation program with its
own rules of syntax and semantics. In the print chart,%he no, of columns reserved for each
detail line to be printed by the program, including control footing and repost footing, is
indicated. One may use a convention used in a language such as COBOL to describe the
format of the individual {ields. In the Fig. I, for example, the convention used is 9 for digits,
X for characters, B for Blank, Z for digit or leading zeros and $ for currency symbol.

'Ihcﬁeneml principles to be used in designing outpuls reports are:
—  The design must be such that it can be read from Icft to right and from top to bottom,
—  The most important item, such as the key field, should be easily available.

- All pages must have 2 heading and a page nember. The date on which the report
was prepared should also be printed.

- _All columns must be labelled with meaningful labels,
— Teo many details should be avoided.

~  Control fodting abstracts information about groups of detail lines must be effectively
used.

- Similarly, page and report footings must be properly defined.

Reporis are often sent to government agencies such as the tax department periodically. The
format for such reports are specilied by government agencics and must be stricily followed.

There are situations in which a large number of forms are 10 be printed, e.g. Lhe marks
record of high school examination may have to be printed for 10 lakh candidates. In
such a case, the name of the board which conducted the examination, subjects offered,
etc. can be pre-printed in the form and only marks obtained by the candidates are printed
by the computer. Similarly, to print documents like sharg certificates, dividend warrant,
cic., pre-printed special siationery is used and only amounts, name, etc. are printed by a
program. ’
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System Design . PRINT CHART FOR THE PAY REPORT EXAMPLE
S ' PAY REPORT

EMPLOYEE.NO. NAME DAY MON YR - TOTALPAY

99999 - xooooowcouo 99BYIBYY T 99,999.99
1 A ' 1
1 1 1 1
1 N | 1 1
1 1 1. 1
1 1 1 1

«* PAY-TOTALS ** 999,999.99

Figl: A Sample for Print Chart

Chetk'i’curhmgre.ss 1
1. Fillin the blanks.

(i) Outputs of a system can take different feuins.. They are
E:V 11 [ ' '
(i) Outputs of a data processing system cad be categorised as ....and
(ili) TWO types OF Prinlers &fe wonrmsd and ...

() oot .. e widely used in DesKTop Publishing system because of producing

excellent quality prints.
(V) +roeomeosimmmesmeneens 1S &0 ORIpUL technique that recards oatput from a computer as’
_ microscopic images on roll or sheet film.
2. List out various coasiderations on which output 1o be produced usially depeads. -

3.6 DESIGNING SCREEN OUTPUT.

1]

Most of the principles for designing printed outputs as discussed in the previous section are
valid for displaying screea output also. However, some differences are there. Avideo .
display scréen has normally 80 columns and 24 rows. Active involvement of the user is

- required as it is displayed on-tine.. User must be given proper instructions for retrieving the
required information. : : o o
A screen layout for MCA student information system is given below: -

A
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'SCREEN FOR MCA STUDENT INFORMATION

INDIR A GANDHI NATIONAL CPEN UNIVERSITY
MCA STUDENT INFORMATION SYSTEM

ROLLNO. NAME . SUBJECTS TAKEN SEMESTER

1001 'PANKAJ KR. GOEL PASCAL I

1060 RAJ RANI JINDAL 'SADP I
1230 SURENDER KUMAR ORACLE v
1231 NITIN C++ i

PRESS D FOR DETAILS OF A STUDENT
PRESS C TO CONTINUE
PRESS X TO QUIT

As we have seen in a printed report, it has a sceen heading and headmgs for various fields.

At the bottom of the screen, instructions are given 10 help the user-in getting the next screen.

By followmg these instrrctions, he can exit the system also. The system shonld beina

position to recover if the user presses the wrong key by mistake. For example, in the above ‘

case (MCA swdent information system), i a user presses E by mistake, the system should
give a message that a wrong key is pressed and provide the altematives again to the uscr,
Now we illustrate a screen for detailed information about a particular student.

Screen for Detailed Student Information

INDIRA GANDHI NATIONAL OPEN UNIVERSITY
MCA STUDENT INFORMATION SYSTEM

ROLLNO. 1001
NAME PANKAJ KR, GOEL
DEPTT. o COMPUTER SCIENCE
YEAR ' 1994-95
ADDRESS 162 K. VIHAR PITAM PURAM,
| NEW DELHI. ‘
PRESS D FOR MORE DETAILS

PRESS ANY KEY TO COME TO MAIN MENU

3.7 MENU DESIGN

Designing menu for a system is relatively easy exercise, However, following points should
be kept in mind while designing menu: '

(i) Hierrchicak Menu should be designed in a structured hierarchical manner [mm
higher level of functions to Jower levels. For example, in an order- procc&smg
system, the menu should look like as given beIOw

ORDER PROCESSING
DATA ENTRY

FILE MAINTENANCE
PROCESSING
INQUIRY

MIS REPORTS

EXIT

WHICH ONE ?

S W
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" Depending 9!1/ the selection, the pext 1dvel will be displayed. For example, if we select 2,

{he screen may be as follows: : ,

s
ORDER PROCESSING
(FILE MAINTENANCE)
1. CUSTOMER MASTER

. 2. PRODUCT MASTER
3. DISCOUNT MASTER
4. EXIT
WHICH ONE 1

Again depending on the selection, the screen for the next level will be displayed. For
example, if we select 1, the screcn may be as follows:

FILE MAINTENANCE
(CUSTOMER MASTER)
1. ADD ARECORD
2. MODIFY
3. DELETE
4, EXIT

WHICH ONE?

Depending on the selection of option, the next level of screen can also be displayed.

(i) Termination: When a particular program under the control of a menu is aver, the menu
screen from which the program was initiated should be displayed again. The principle
to be followed is that termination from one level should lead 1o the menu of the next
Ievel. However, it ir desirable to provide an option in each menu screen to terminate the
seiting completely of to revert (o the highest level screen. This makes the processing
faster and operation becomes easier, : -

(iif) Skipping Menu: Sometimes it happens that certain functions are restricted to particular
individual. In such situations, navigating through levels of menu may be trritating and
may affect efficiency of operation. In such cases, it is desirable to provide facilities for
jumping to the particular screen directly depending on the user-code. -

(iv) Security control: Generally, all the individuals will not be allowed to carry out gll the
functions. For example, a clerk in the Income Tax Deple may be allowed only to enter
income tax returns. In such cases, menu may be segmented by function o control
access o the system {unctions. :

3.8 FORM DESIGN AND CONTROL

3.8.1 Form Design

We know that data provide the basis for information systems. Without data there is no
system,but data must be fed in correct way so that the information produced must be in a
format acceplable o the user. In either case, it is still data - the basic element of a printed
form, '

3.8.2 What is Form?

People read from forms, write on forms, and spend many hours in handling forms and filing
forms. The data the forms carry come fram people, and the informational output of the
system gocs 1o people. So the form is a tool with a message; it is the physical carrier of data
- of information. It also can constitute authority for action. For example, a purchase crder
says BUY a customer’s order says SHIP, and a paycheck says PAY TO THE ORDER OE
Each form is a request for action. It provides information for making decisions and
improving operations. . .

'With this in mind, it is hard to imagine a business operating without using farms, They are
the vehicles for most communications and the blue print for many activities. Asimponant as
a printed form is, however, the majority of forms are designed by poorly trained people.
People are puzzled by confusing forms; they ask for directions on how (o read them end how °
to fill them out. When a form is poorly designed, it is a poor (and costly) administrative tool.
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3.8.3 Classification of Forms Quiput System Deslgn

A printed form is generally classificd by what it does in the system. There are three primary
classifications: action, memory, and report forms. An action form requests the user to do
something - get action. (Examples and purchase orders and shop orders) A memory form is
a record of historical data that remains in a file, isused for reference, and serves as contro on
key details. (Examples are inventory records, purchase records, and bond registers.) A

. report form guides supervisors and other administrators in their activitics. Tt provides data on
a project or a job. (Examples are profit and loss statements and sales apalysis reports.) Fig,
2 is a summary of the characteristics and examples of these forms,

Class Characteristics Examples
Action 1. Orders, instructs, authorizes Application form
2. Achieves results " Purchase order
3. .Goes from one place(person) to another Sales slip
Shop order
Time card
Memory 1. Represents historical data Bond register
2. Daua generally used for reference Inventory record
3. Stationary and remains in one Journal sheet
place, usually in a file Purchase record
4. Servesas control on certain details Stock ledger
Repont 1. Summary picture of a project Balance sheet
2. Provides information about job Cperaling staterment
or details that need attention
Profit and loss statement
3. Uscd by a manager with authority Sales analysis;
1o effect change Trial! balance

4. Used as a basis for decision making

Fig 2: Three Classes of Forms - A Summary

3.8.4 Factors to be Considered in Form Design

Form design plays an imponant role in data processing. Form must have the eppearance of a

well conceived and attractive design. Some of the importan

care of are given below:

t factors which should be taken

(i) Size and shape of the form should be such that it is convenient for handling._ﬁimg,

sorling ete,

(i) Arrange the material in a logical order so that it becomes easy to fill it up.

(iif) The form title must clearly identify its purpose. Columns and rows should be labelled to

avoid confusion.

(iv) Precisc contents should be recorded. Adequate and compact space should be provided
far items 1o be recorded, Pre- printed entries should be taken care of,

. {¥) Special feamres like security and control are 1o be considered.

(vi) Introduce emphasis by shading columns, heavy lines, etc. 1f the form is to be used for
specific clerical operation, for example copying or checking, sec that the delail is
amanged and spaced to provide maximum help 1o the operation.

{vii)The form designer should design the form in such a way so as 1o cover the specific

needs of the purpose for which it is designed.

‘ 37
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3.8.5 Forms Control / ' _
Controlling the number as well as the qua]ity OIS in an organisation can be a substantial
work. Forms have a tendency 1o mul6iplyand unless they are checked, it can be a costly -
affair in many organisations. To control this type of s:manon, most large orgams.auons
establish a formal forms control program. .

The first ob;ecuvc of this form control program is to establish standards, Different
departments using different forms to accomplish the same task is an unneceswy expense,
The job of farms control spec:al:st is to eliminate redundancies among forms to reduce
clerical cost. -

‘The forms control spectalist also sceks Loreduce. the number of copies of each form used.
Routing one copy of a form through several departments is probably the best way to achieve

Forms should be titled, numbered and contain the date of the most recent revision, Tt is quite
helpful 1o have the form numberso:ganmdsothmaﬂfminagiven sysiem can easily be
located when that system 1s under study.

Nommally, a form is designed-originally by a systems analyst working with the users. ‘Whea
the original supply of the form is reduced to a reorder level, a forms control specialist is
genesally responsible for ils reorder and possible revision. The form is routed 1o the usecs for
comments and suggested changes. The forms controller Coordinates these suggestions and *
arders the most economjcal list. For routine office forms wlnch are not likely to chauge
frequently, a reorder of one year's supply is normal

Check Your Prog're_ss 2
1. Listout various points to be considered in designing menu.

3.’ Desaribe various factors 1o be considered in Form Design briefly: -

4. What o you nderstand by “Fom Cortrol? Explain bricfly.
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3.9 COMPUTER GRAPHICS

When designing an information system, it should be considered carefully about how the
output can best be presented. ‘Text output in many cases is O.X. But for many applications it

..does not look nice to present the user with pages and Ppages of textual cutput. It may take
hours together 0 go throngh such a large cutpul., o '

‘When it is not desired t0 present volumes of textusl data but only summary of data is
required, the data are often best-presented'in graphical form, =~ - : -
Presentation of data in graphics forms was little bit difficult in earliér computer systems, But
with the advent of end-user computing, DBMS, electronic spreadsheets, sophisticated =

- graphics software and high-resolution output devices, the use of graphics has Increased
tremendously. ' ;

Presentation dt‘-oﬁtput ih_grabhiﬁ_foqnaiha_s ihé following benefits: . -
-+ More effective conversion of data into information
» ° Easier mcogmnon of:relhﬁonslﬂps and trends
+ " Quick decisipns can be takén (o make decisions’
. Bcuer p;eéen'tﬁt'iqn of output - .
» - Ability to focus'attention on important issncs . . ,
e Capability of piwamirfg ideas in an atfractive format that may readily receive atten-
- Cfom. v o - .
'Behind thess beriefits lies the fact that the mind can absorb information mare rapidly from an
efective picture than it can from words or numbers. If they are used when appropriate,

computer graphics ¢an bridge the gap between computer data and the human mind. ‘To the
“business professional this means more information in less time. ’

' Using the graphic capabilities provided by integrated spreadsheet packages, data can be
graphed in different ways. But some users need more. For example, it can be helpful to

. construct graphs from the company’s cantrat databases, 10 design more customized grephics
than those offered by standard packages, and to use graphics for a wider rimge of .
epplications than mezely spreadsheats. And indeed, a host of more sophisticated computer
graphics paclages is available, Computer graphics soltware can be divided into two
categories, presentation graphics and decision support graphics. We will briefly describe

how each is nsed.

‘3.9.1 Presentation Graphics .. : *

Presentation graphics are used to communicate ideas to those who might be unfamiliar with a

sitsation or who need a simple but highly effective overview of a topic. For example

presentation graphics might be used by a sales person [o show 2 customer how several

insuramce policies compare, by a markering manager at a leng range planning session to

. show the change in market share between competitive products, or by manufacturing
management at & budget session to give an overview of the expected work load in the next

quarter, . .

Those who used presentation graphics nesd a system that can
- Produte high-quality iliustrations.
-« Produce a range of colors.
* . Allow the user to ;Iiopsc among a variety of print styles or “fonts™,

»  Reduce and enlarge illustrations. : 39
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Produce high-quality 35-millimeter slides or transparencies.
The data used in presentation graphics may come from dilferent databases in the
organisation, from non-compuler sources in the organization, and from outside sources. B
Most illustrations are accompanied by explanatoty text, and so any graphics system must be
capable of mixing text with graphics. '

A simple exgiple illustrates how a pie chart-is construcled. The tser first types the title for
the chart on the keyboard and then enters the following infarmation for each “slice” of the
pie : label, value, whether or not the slice should be “exploded” out of the pie for atiention
purposes, color, and design code (exuure). Provided wilh this input, the graphics software

"docstherest - - )

'3.9.2 Decision Suppqrt Graphics _ _
The second computer graphics catcgory is decision support graphics or analytical graphics.

Here graphics are used as a vehicle for understanding patterns, trends or relationships in data.

Because the objeclive in using decision suppost graphics is to leamn something about data, the

demands made on the quality of the graphics, the type of presentation, and the source of data
are quile different from the demands made on presentation graphics.

 First, the quality of the illustration is not nearly s0 important as its ability to present the

information in a way that cen support the problem solving and decision making process.

Second, the color and special graphical effects are not usually necessary. Third, the data for

decision support graphics usually come fron: spreadsheets, Jocal datebasss, of the firm’s .
«central database, If the daia are stored centrally, then the graphics system must be able to
access the data and use thein 16 produce graphs with a minimum of user involvement. The
effective use of graphies offers fincly “distilled” information for quick comprehensionby
decision makers. The speed of comprehension is not merely a matter of convenience but
also of being able to make Gmely decisions. - B N

13.93 Graphics Hardware/Software o _
The hardware used in a graphics system falls into several categories, including graphics -
terminals, graphics bozrds, graphics printers, and interface devices. : SRR

In addition o hardware, a graphics system needs software. 1t is the software that provides .
the capability of using different fonts, adjusting the size of the fonts, selecling colars, moving
the image from one location on the screen to another, incorporating graphics into the 1ext, .
and supporting the use of interface devices.’ U T )

A wide variety of software packages is available in the market. Many provide a standard set

of line, bar and pie charts; some offer the option of displaying these in three dimensions; and
r_)Lﬁers atlow scvcm;chan._smbcmphed on a single plot . ST

Chicck Your Progress 3

1. Listout various benefits for presenling the output in graphic format

2. Define the following terms briefly.
{(a) Prescntation Graphics

(1) Decision suppoit Graphics

3.10 SUMMARY

In this unit, we have discussed the responsibility of system analyst for output system design. :

Different type of output devices have been discussed. Output to be produced usually °
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depends upon many cbifsidcral.ions. They have been explained in details, Designing screen
output or menu design play quite significant role in business epplications. Compulter
graphics are also very helpful in presenting the output in an efective way. )

3.11 MODEL ANSWERS

Check Your Propress 1

I. (i) Repor, display on screen and printed forms
(i)  Application output and Qperating output
{iii) mpact printer and non-impact printer
(iv} Laser priniers
) Com'puLcr Output Microfilm

2. Various considerations are:
(i)  Type of user and purpose
(i) Contents
" (ili) Format

div} Frequency and timing
(v} Yolume

{vi) Sequence

(vii) Quality

(viii} Type of stationary

3. The general principles are:
O The'dcsign must be such Lhat it can be read from left 1o right and from top to bottom.
Gi)  Animportant item, such as the key field, should be easicst to find. '
(iii)  All pages must have a heading and a page number,
{(iv)  All columns must be labelled with meaningful Jabels.
(v) Too many details should be avoided. '

{(vi) Control footing abstracts information about groups of detail lines must be
effectively used.

Check Your Progress 2
1. * Variouspoints to be considered in menu design are:
iy Hierarchical '
(i) Termination
(iii) Skipping menu
(iv) Securily control

2. Three primary classifications are:

(i) Action
(ii) Memory
(iii)) Report

3. Various factors 10 be considered in form, design are:
(¥  Size and shape of the form should be such that it is casy in handling, filing, sorting, etc.
(i) "Amange the material in a'logical order so that it is casily filled up.
(iii) The Form ﬁﬂe must clearly idenlzify its purpose.
{iv) Precise contents should be recorded.
(v)' Special features like security and control are to be considered.
(vi} Inwoduce emphasis by sharing columns, heavy lines, etc.

-Output Systera Deslue -
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4. Form control is a procedure for (i) providing improved and effective forms (i) reducing
printing costs, and (iii) securing adequate stock for all times, - .

Check Your Progress3 -
Various bepefils are:

1.

®
@D
(iii)
W)
W

. (@

®

More effective conversion of data into infarmation

Easier rocognition of relarionships and treads

Quick decision is passible

Beuer prescntation of output

Important issues can be highlighted

Presentation graphics are used (o communicate 0cas (o those wha might be
unfa:mhnr with a situation or who nced a simple but highly affective overview of
a topic.

" Thesc graphics are used as a vehicle for understanding patterns, trends or

relationships in dala
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UNIT4 FILE AND DATABASE DESIGN |

Structure
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4.2.1 File Concepls
4.3 TypesofFile
43.1 Master
432 Transaction
433 Table
43.4 Report
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43.6 Archival
43.7 Dump
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4,42 Random ot Direct
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"4.5 File Design
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© 4.63 Sub-Schema .
4.7 Typesof Database '
4.7.1 Hierarchical Model :
.4.12 Network Modzl
4.73 Relational Model
48 Coding System
4.9 Typesof Code
. 491 Clessification Code
492 Function Code .
‘493 Card Code
494 Sequence Code
493 Significant - digit Subset Code
4.9.6 Mncmonic Code
4.9.7 Acronyms
4.10 Summary’
4.11 Model Answers

4.0 INTRODUCTION

After designing the inpul and output, the designer bogins to pay his attention on the work of
file designing or how data should be organised arou~d user requirement. How data are
organised depends on the data and responst requiren: :nis that etermine hardware ]
configurations. System anslyst is responsible for de:igning the files and sclecting their
conlents, selecting from options available fur organising the dara. ‘File crganisation may be
sequential, index sequential, inverted list or yandom, Each method has jts own uses and
abuses. .

An integrated approach 1o file design is the Jatabase. The gencral theme is 10 handle
information as an integrated whole, with a minimum of redundancy and improved
performance, Various sofiware techniques are applied to manipulate, describe and manage
data. Irespective of type of data structure used, the main objectives of database are accuracy
and integrity, successful re;overy from failure, privacy and security of data.
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4.1 OBJECTIVES

After going through this urit, you will be in a position o leam:
= file concept and its different type
»  various mcmod§ of sclecting data storage medivm
«  file Organisation
» * [ile design
»  database design
+  coding system

4.2 SELECTING DATA STORAGE MEDIA

In theory, there is a wide seleclion of devices and media available for file storage,
ranging from punched cards to high specd internal memory. In practice, system analyst
is interested with bulk storage devices using magnetic media such as magnelic tape and
exchangeable magnetic discs. Magnetic drums and fixed discs are also very helpful but
these are generally used for special purpose files. Magnetic card devices, although
provide large storage capacily, are slow and not so much reliable. Punched cards and
paper tape have become obsolete now-a-days and arc not considered for bulk storage of
data. Magnelic tape units generally used reels holding plastic tape 0.5 inch wide and
2400 it in Jength. K has magnetizable coating on one side. For reading or writing
purpose, the tape is transported from one spool to another. 1t is not possible at all o read
from and immcdiately write on to one reel of lape. Therefore, when we update a file, it
becomes necessary 1o read the existing file from one reel ang to create an ealirely new ©
version by writing on the another reel, When dealing with a master file updated from
time 10 time, the file being read is said to be the brought- forward file and the newly
created one is the carried-forward file (because the former has been brought forward
from a previous updating process and the letter will be carried-forward 1o a future one).
Apart {rom this, these diflerent versions of master filc referred to as "generations’ are
very helpful for recovery purposes in case the latest versions get corrupted. Three

gencrations (grandfather, father, son) are commonly created and retained belore rc-usfng
the oldest versian. )

The magnelable surface of the tape is densely packed with spots of magnetism measured in
bils per inch (bpi) along the length of tape. They are arranged in rows across the tape-
commonly either seven or nine spots per row-cach spot representing a bit. These
arrangements are also known-as seven or nine track tape. Each row or frame represents a
characier or byte. Data is recorded on the tape in terms of blocks and size of the block is
specified. -

4.2.1 File Concepts

Files are the heart of a computer application. Before constructing liles, we must understand
the basic terms used to describe the file hierarchy. The most commonly used lerms are data
item, record, file and database.

Dala Item: A basic or individual element of data is called data item. Each data'item is
identified by a name and is assigned a value, For example, in a payroil system, Employce
Name, Employee Identification Number are the data items assigned the values PANKAJ and
1775 respectively. Data item is sometimes referred 1o as a field. ’

Record: The collgction of related data items is called a recard. For example, in a payrall
system, each employee record may have eight separate fields, which are related to print a pay
chegue, such as Employec Name, Employee Code, Sex, Designation, Basic Pay, HRA, DA,
and Deductions. The analyst also determines the length and type of each field while
designing the record. For example, layout of an employee record in a payroll system can be
as follows:
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Name of Data item Type Length Decimal File and Databax Design
NAME © 20

CODE N 5

SEX C 1

DESIGNATION C 15

BASIC N 8 2

HRA N [ 2

DA N 6 2

Deduction N 6 2

It is necessary 1o distinguish one specific record from another. System anelyst select one
data item in the record that js likely to be unique in‘all the records of a file which is.used 10
identify the record for further processing. This item is called the key field or record key.

File: File is a collection of related records. Each record in a file is included because it
pertains to the same entity, In the payroll system, employee file will contain only cmployee
details records and the inventory or stock records will not be kept in the employee file
becauss these are not related 10 employee details.

Database: The highest level in the hicrarchy is the database. It is a set of inter-related files
for real time processing. It contains the necessary data for problem solving and can be used
for several nsers who are accessing data concurrently.

4.3 TYPES OF FILE

There arc various types of files in which the records are collected and maintained. They are
categorised as: - .

— Masler file

~— Transaction file |
— Tablefile

— Report file

— Back-upfile
— Archival file
— Dump file

— Library file

4.3.1 Master

Master files are the most important type of file. Most file design activities concentrate here.
In a business application, these are considered to be very significant because they contain ihe
essential records for maintenance of the organisation's business. A master file can be further
categorised. It may be called as a reference master file, in which the records are static or
unlikely to change frequently. For example, & product file containing descriptions and codes;
a customer file containing name, address and account humber are example of reference files.
Alternatively, it may be described as a dynamic master file. In this file, we keep reconds
which are frequently changed (updated) as a result of transactions or other events. These two
types of master file may be kept as separate files or may be combined, for example, a sales
ledger file containing reference data, such as name, address, account number, together with
current transaction and balance outstanding for each customer.

4.3.2 Transaction

A transaction is a temporary file used for two purposes. First of all, itis used to accumulate
data about events as they occur. Secondly, it helps in updating master files to reflect the
result of current transactions. The term transaction refers'to any business event that affects
the organisation and about which data is captured. Examples of common transackions in the
organisation are making purchases, hiring of workers and recording of sales. '
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4.3.3 Table

A special type of master file is included in many systems to meet specific requirements
where data must be referenced repeatedly. Table files are permanent files containing
reference data used in processing transactions, updating master file or producing output. As
the name implies, these files store refecence daa in tabular form, Thble files conserve
memory space and make the prograr maintenance easier by storing data in a file, that
otherwise would be included in programs or master file records,

4.3.4 Report

Report files are collected contents of individual cutput reporns or documents produced by the
system. They are created by the sysiem where many repents are produced by the system but
printer may not be available for all (he reports. This simation frequently arises when the
computer cary out three functions - input, processing and output simultaneously, rather than
executing cach function in sequence. In this case, the computer writes the report contents to
a file an a magnetic tape or disk, where it remains until it can be printed. That fileig called
the report file which contains the unprinted output data. The process of creating it is known

_ as spooling which means that output that cannot be printed when it is produced is spooled

into a report file. Then, depending on the aveilability of printer, the systemn will be instructed
1o read the report file and print the output on the printer.

4.3.5 Backup

Iusacopyofnmster transaction or table file mansmadctoensmacopylsaw.lablc:f
anything happens 1o the original.

4.3.6 Archival

) 'Iheheﬁlesarsmp&madcl‘orlongtmnsmrageofdatalhatmaybereqmrada.tamuchlaler

date, Usually, archival files are stored far away from the compuler centre 50 that they cannot
bc easily retricved for use.

4.3.7 Dump

This is a copy of computer-held data at a particular point of time. This may be a copy of
master file to be retained to help recovery in the event of a possible cormuption of the master

ﬁleor1lmaybepanofaprogmmmwh1chenor:sbemgtraoed.

438 Library

Library file generally contains application pmgmms ulility programs and system software
packages.

2 Sy e ey e

4.4 FILE ORGANISATION

A file is organised (o ensure that records are available far processing. Before a file is
created, the application to which the file will be used must be carefully examined. Clearly,a-
fundamental consideration in this examination will concern the data to be recorded on the
file. But an equally imporiant and less obvious consideration concems how the data are to
beplacedonlheﬁle. .

4.4.1 Sequential

Insmesxmplcnmemwtosm:eandmedam&omaﬁle. Sequmualorgnnmmn
simply means storing and sorting in physical on tape or disk. In a sequential organisation a

reccrdscanbcaddedonlyatdleendofmeﬁle._'I'hatishaseqnentiélﬁlc.rwm'dsareslmcd-'

one after the other without cancern for the actual value of the data in the records. It is not

pessible to insert a record in the middle of the fle without re-writing the file, Ina sequential

file update, transaction records are in the seme sequence as in the master file. Recudsfmn
bomﬁlesmwmched.oncrecordaumne.mulnngmanupdmed master file,

T is a charscteristic of sequential ﬁlauma]lrecordsarcsmmdbyposnmn,meﬁmnncm‘
at ihe first position, the sccond one occupies the second position and third is at third and so.
on. Therearenoaddmsesorlocanonmgnmmmmsequmnalﬁlw.




To read a sequential file, the system always starts at the beginning of the file. If the record Flie and Database Design
sought is somewheze in the file, the system reads its ways upto it, one record at a time, For

. ¢xample, if a particular record happens to be the fifteenth one in a file, the system starts at

" the first one and reads ahead one record at a time until the fiftegnth one is reached. It cannot
jump ﬂ.irecl.ly to the fifteenth one in 2 sequential file without starting from the beginning.

Using the key field, in a sequential file the recards have been amranged into ascending or
descending order according to a key field. This key field may be numeric; alphabetic, ora
-combination of both, but it must be occupy the same place in each record, as it forms the
basis for determining the order in which the reconds will appear on the file.

Yhen we start searching for a particnlar record in a sequential file the sysiem do not use the
physical record key. The system assigns the value of the particular record key as & dearch
“key, For example, let a sequential file consists of the records of employee number from 1200 -
10 1250. Then how 1o locate or retrieve a record for an employes number 12347 Here
employee number 1234 ig the search key. When searching for the employee number 1234,
the program controls all the processing steps that follows. The first recard is read and its
employes number is compared with a search key. 1200 versus 1234, Since they do not
match, the process is repeated. The employee number for the next record is 1201, and it also
"does not match the search key. Therefore, the process of reading and comparing records
conlinues until the employee number match the search key. If the file does not contain the
-employee number 1234, the read and compare process will continue untii the end of file is
reached. Sequential files are genemlly maintained a magnetic lape, disk or a mass storage
system. The advantages and disadvantages of the Sequential File organisation are compared

and given below:
Advantages Disadvantages

Simple 1o understand this approach Entire file must be processed even when
. the activity rate is low,

Locating a record reciuires ouly the record key. Transactions must be soried and placed

in sequence prior to processing
Efficient and economical if the activity rate Timeliness of data in file deteriorates
ishigh - while batches are being  accumulated
Relatively inexpensive IO media and devices
may be used.
Files may be relatively easy to reconstruct, Data redundancy is typxcally high since
since a good measure of built in backup the same data may be stored in several
is usually available. files sequenced on different keys.

4.4.2 Random or Direct

For a proposed system, when the sequc.nual files are sssumed as a disadvantage, another file .
organisation called Direct organisation is used. As with a sequential file, each record ina
direct file must cantain & key field. However the records need not appear on the file in key
ficld sequence. In addition any ‘record stored on & direct fils can be accessed if its location
or address is known, All previous records need not to be accessed. The problem, however is

: wdete:mmehowmstu'elhcdmmmrdssothal,mven the key field of the desired record,
its storage location on the file can be determined. In other words, if the program knows the
record key, it can determing the location address of a record and retrieve it independently of
any other records i in the file,

It would bo ideal l.tthebyﬁeldocmld also be the location of the record on the file. This
method is known as direct addressing method, This is quite simple method but the
requirements of this method often provents its use. Because of many other factors, this
method could not become popular. Hence it is rarely used,

Therefore, before a direct organised file can be created, a formula or method must be devised
to'convert the key field value for arecord 1o the address or location of the record on the file,
- This fermula or method is generelly called an algorithm. Otherwise called the Hashing
,addressing. Hashing refers to the process of deriving a storage address from a record key.
There are many algorithms to determine the storage Iocation using key field, Some of the-
algonmmsare:
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Division by Prime: In this procedure, the actal key is divided by any prime number, Here
the modular division is used. That is quotient is discarded and the storage location is
signified by the remaindes, If the key ficld consists of large number of digits, for instance, 10
digits (e.g. 2345632278) then strip off the first or last 4 digits and then apply the division by
prime method. - )

For example, the key field is 2345632278 strip off first 4 digits. Then the new key is
632278. Divide the new key by a prime number. Let it be 41. The quotient is 15421,
remainder is 17. Hence 17 is the storage address. '
Various other common algorithms are also given as under

— Folding '

- Extraction

— Squaring

The advantages and disadvantages of direct file organisation are as follows:

Advantages . Disadvaniages

Immediate access to records for inquiry. Records in the on-line file may be exposed

and updating purposes is possible, the risk of a loss of accuracy and a2 procedure
for special backup and reconstruction is
required.

Immediate updaﬁnj of several filesasaresult  As compared to sequentially organised,

of single transaction is possible. this may be less efficient in using the storage
space.

Time taken for sorting the transactions can Adding and deleting of records is more

be saved. difficuit then with sequential files.
Relatively expensive hardware and software
esources are required.

4.4.3 Indexed

The third way of accessing records siared in the system is through an index. The basic form

-of an index includes a record key and the storage address for a record. To finda record,

when the storage address is unknown it is necessary to scan the records. However, if an
index is used, the search will be faster since it takes less time to search an index than an
entire file of data.

Indexed file offers the simplicity of sequential file while at the same time offering a
capability for direct access. The records must be initially stored on the file in sequential
order according to a key field. In addition, as the records are being recorded on the file, one
or more indexes are established by the system to associate the key field value(s) with the
storage location of the recard on the file. These indexes are then used by the sysiem t ellow
a record to be direclly accessed. '

To find 4 specific record when the file is stored under an indexed organisation, the index is
searched first to find the key of.the record wanted. When it is found, the comesponding
storage address is noted and then the program can access the record directly. This method
uses a sequential scan of the index, followed by direct access to the appropriate record. The

" index helps 1o speed up the search compared with a sequential file, but it is slower than the

direct addressing.

The indexed files are generally maintained on maguetic disk or on 8 mass slorage system.
The primary differences between direct and indexed organised files are as follows:

Records may be acoessed from 2 direct organised file only randomly, where as records may
be accessed sequentially or randomly from an indexed organised files.

Direct organisb;i files utilise an algosithm to determine the location of a record, whereas
indexed organised files utilize an index 1o locate a record to be randomly accessed.The
advantsges and disadvantages of indexed sequential file organisation are as follows:

¥
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‘Advantages Disadvantages Flle and Database Deslgn

Permits the efficient and economical vse of Less efficient in the use of storage space than
.sequential processing techniques whenthe - some other allematives,

activity rate is high.
Permits quick access to records in a relatively  Access to records may be slower using
efficient way this aclivity is a small indexes than when when transform algorithms

fraction of the otal workload. are used.

Relatively expensive hardware and software
refources are required.

4.5 FILE DESIGN:

are:

Each of these factors is briefly described in the following paragraphs.

The basic factors 1o be considered in the selection of file media and file organisation method

the method of processing for updating files.
size of the file

file inquiry capabilities

activity ratio of records in the file

file volatility and -

the response time,

In batch processing, the sequential method of processing, using magnetic tapes, is employed.

-This method of bpdating involves re-creation of the master file every time the file is updated.
In order to reduce the set-up time, the updating of Lhe file is done after sccumulation of a
fairly large batch of transactions. Fig.1 illustrates the updating procedure.

01d Mester
File
Updating
nsaction Output

File Report

Flgd: Updating Flie lu Batch Processing

The method of random processing is used to update the files as the mansactions occur. This
is a widely used method for on- line processing of files through remotz terminals, Fig.2
illuserates this method.
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Transaction Updati ' Curput
File pd.u.ns - report
Master
fila

Flg2: Updaling Dlrect AccesaFlle

On-line processing allows for dispersing input/output terminals throughout the organisation,
50 that various users can have access to the files, This can also be used in a batch processing
mode where several (iles can be updated simullancously, as illustrated in Fig.3. While the
new.open order file is created from a batched file of current arders, the customer file and the
product Ml are accessed simultancously and updated.

. Open
order
file

Customer
file

" Simultaneous cw open
updaling order
file

Product
file

Magnetic tape and magnetic disk can accommodate Jacge files. Magnelic tape is more
convenlent and economical for holding large files, particularly when the records are;
processed scquentially in a batch mode. The magnetic disk can also hold large volumes of
data, but it is relatively expensive. However, it is really suited for oa-line processing. In
designing the files, the growth potential should be taken into account.

Fig.3: Simultaneous Updating of Multlple Flles

The inquiry capabilities relate 1o the ease of refeqring to a specific record in file without any
alteration. Direct Access Storage Devices {DASD) can quickly handle file inquiries. A

teletype or CRT is used o enter the inquiry specilying the record and the infermation .
desired. After the record in the file is accessed, the desired information is communicated by

" the CPU 1o the CRT or the teletypewriter. All these sieps are completed within a few
seconds after entering the inquiry. This inquiry capabilities were severely restricted before

the advent of DASD. The inquiry capability of the DASD can be advantageously used
without interrupting the normal processing operations.

The time interval between entering an inquiry and geating the reply is called response time.
applications require a fast response as in the case of airline ar hotel reservations, stock quotations
in stock exchange, eic. The most suitahle medivm for such pusposes is the DASD.

The aclivity rtio of a (ile is an important feature in file design. It isa measure of the
proportion of records processed in an updating run. A file with high activity ratic can be
pracessed more economically using the sequential processing method. If more than thirty
per cent of the records in a file are used for updating, the activity ratio is considered high.
Random or direct accessing is more suitable for updating files whose activily ratio is low,

€., less than thirty per cenl.

Another characteristic of a file is its volatility, which indicates the additions, deletions and
changes to the file. When a file is accessed frequently, as in banks, stock exchanges, airlines,
ete. in a working period, the file is regarded as highly volatile. )
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" Before designing the fﬂe. the analyst should consider specific aspects relating to a file,
~ These aspects shonld be recorded on a work shect as shown below:

File Wark Sheet
File Name : Analyst:
1. File update: Bach [ -]  Diret [ ]
2. File Orga:uisation: Sequential I:l

Indexed Sequential [ |

_ : . Direct _ )
3. Processing frequency: Ondemand ]
' Dally :l
Weekly - :‘ [
Monihly i
_ " Any other :l _
4. ' Activity ratio;- Low[ | “Moderate |:|-f1igh- 1
5. Direct access: Yes [ L] No ] 6cca_s1'onal[:|
6. Volatliy: | Low[ ] Moderate ™ JHigh . [ ]
7: Recurd Cha:acl.msucs
‘ Type: Fixed :l Variablc|j
Bloclciﬁg Factor ’
‘ Number of Characters
-8 'Fﬂe Dynarmcs .
'G) * Number of récords
(i) . Yearly additions
(iii) Yearly deletions
(iv) Percent growth
9. . File media: CTpe[ ] Disk [}

10 Sou:ces of data.

11. "l'ype of mennnuon required and rcponed

LAV

The above file work sheet stfould be accompanied by detiled record layouts, which describe
“in detail the layout of Lhe records in the file.

Check Your Progress 1
- 1. Explain the file concept briefly.
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2. List out various types of file.

3. List out the three methods of organizing a file.

4, Listout the basic factors responsible for selecting |hc appropriate media and file
orpanisation melhods

4.6 DATABASE DESIGN

As we have discussed that the organization selected for a particular file mainly depends on
the nature of the application for which it will be used. Histarically, files have been designed
based on specific application, Payroll files are created containing all the data periinent Lo a
company's payroll system. Similacly, individual files are creatéd for use with the company’s

pessonnel, accounts receivable, inventory, and other systems. If the dala contained on these

files are not carefully delincated, it is very likely that the same data will appear on'several of
these files. In other words, these files would Contain redundant data. For example, both a
company's personnel file and payroll file could contain the name und address of each .

. einployee. This would mean that a simple change of address would have to be processed
twice and possibly three or four times, depending on the number of otber files on which lhcse‘ -

data appear. Clearly, it would be more practical to have each employee's namc_and address

-on one file from which it can be accessed by all programs requiring these data.’ This would .

reduce the amount of redundant daia and minimise the possibility that data contained on'a ¥

file might be inaccurate because they were never updated. This is but one of the reasons that -

dalabase lech.nology was developed.

ADATABASE can be thought of as a set of logically related files o.rganned to 1acilitate
access by one or more applications programs and to minimise daia redundancy.” In other
words, a database can be defined as a stored collection of data, organised on the bas:s of
relationships in the data rather than the convemcnce of storage structures. It is not a’
replacement for files,

Some general objectives in establishing a database are as follows: -
— Eliminate redundant data as much as possible.
— Integrate existing data files.




— Share data among all users. Flie and Datahase Destign
— Incorporate changes easily and quickly.

— Simplify the use of data files.

— Lower the cost of storing and retrieving data.

— Improve accuracy and consistency.

— Provide data security from unauthorised use.

— Exercise central control over standards.

In addition 1o the dainbase itself, a set of programs is necessary to facilitate adding new data
a5 well as modifying and retricving existing data within a database. This set of programs is
referred o as a Data Base Management System (DBMS). A data base system merge data

- into one pool shared by alt systems so that any change automatically affects all relevant
systems. The following figures defines the difference between the traditional file systems
and database rnanngcment system,

Fig4 shows the 'I‘radiﬁonal file systems in which each system is responsible for its gwn data.

Fig4: Tradluonsl Flle System

Fig. 5 shows the Data Base Management Systems in which data is centralised.

+

i "Accoums . Accountsé;}
Rccewablc < Payabl¢- -

Fllgs: Data Bam Mnmg-tment System
Specific advantages of data base are:

1. File Consolidation: Pooling data reduces redundancy and inconsistency and promotes
- cooperation among different users. Since data bases link records together logically, a
data change in one system will cascade through all the other system using the data.

2, Program and file independence: This feature separates the definition of the files from
their programs, allowing a programmer to concentrate on the logic of the program
instead of precisely how 1o store and retricve data.
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3. Access Versatility: Users can retricve data in many ways. They enjoy the best of both
worlds - sequential access for reporting data in a prescribed order and random access for
rapid retrievel of a specific record,

4. Data Secority: Usually a DBMS mcludas a password syster that controls access Lo
sensitive data. By limiting their access Lo read-only, write-only, or specified records, or even
ficlds in records, passwords can prevent cerain users from retrigving unauthorised data.

5. Program Development Programimers must use standard names for data items rather
than invent their own from program to program. This allows the programmer to focus
- on desired function.

6. Program Maintenance: Changes and repairs to a system arc relatively easy.

7. Special Information: Special-purpose report generators can produce reports with -
minimum effore

4.6.1 Logical and Physical view of Data

In database design, several views of data must be considered along with the persons who use
them, In gddition to dala structuring, where :elauonshlm are reflected between and within
entities, we need (o idenlify the appllcauon program’s logical views of data within an overall
loglcal data structure. The loglcal view is what the data look like, regardless of how they are
stored. The physical view is the way data exist in physical storage. It deals with how data
are stored, accessed, or related to other data in storage. There are four views of dala out of
which three are logical and one is physical. The Jogical views are the user’s view, the
programmer’s view and the overall logical view, called a schema,

4.62 SCHEMA

Once a database system has been designed, it will be possible to identify each Lype of data
item, data aggregate, record and set by a name or code. It will be possible to state which data
ilem types go together to make data aggregate types and record types, and to identify which
record types are members and owners of settypes. A coded setof tables describing this
information and stored in the computer systein on direct access devices is called a
SCHEMA. Itis a description of the data struciure which is scparate from the data itself.

The schema describes the areas, their identifiers and page sizes, and indicates how these are
related 1o the records and sets. In other systems, & different set of tables is used for this,

The schema therefore, is the view of the data, the overall logical data structure which is held
by the DBMS. Each time a program requires dala, the DBMS will look up in the schema for
the details of the structure of the data requested. For example if the program requires an
occurence of a set, the DBMS will look up in the schema which record types are required,
how to find lherelevantrecords given a certain key by the program, and perhaps also which
areas the pages containing the relevant data are stored in.

4.6.3 Sub-Schema

In a database system, it is not always possible to allow progremmezs to wrile the data
division of their choice for reasons of security or control. It is more useful to provide the
programmer with a standard description of the logical data 1o be used in a particular
application. All references 1o data within the program will be for this description, which is
called a SUBSCHEMA and is similar to the Schema in structure. The DBMS has the job of
matching data requests on a subschema and data requests based on the schema.

4.7 TYPES OF DATABASE.

In conventional file systems, groups of bytes constitute a field, one or more fields make a
record, and two or more records make a file. In a database environment, a group of bytes
conslitutes a data item qr segment, 2 collection of segmentsa data entry, and a scries of data
entries a data set. The complete collection of data sets is the datsbase itself. With traditional
processing of files, records are not avtomatically related, so a programmer must be
concemed with recordrelationships, Often the files are stored and processed by record key,
just as we sGrted the transaction file. Databasesrdamdamsetsmomofth:eemodels:
hierarchical, network, or relational.
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4.7.1 Hierarchical Model -

In a hierarchical strycture, sometimes referred 1o as a free structure, the stored data get more
and more detailed as one branches further and further out on the tree. Each segment, or
node, may be subdivided into two or more subordinate nodes, which can be further
subdivided into two or more additional nodes. However, each node can have only one
“'parent” fromt which it emanates. The Fig.6 shows the hierarchical structure.

Fig6: Hiersrchlcal Structure .

4.72 Network Model

The network related data sets are similar to hierarchical ones, except that a node may have
more than one parent. Thus a hicrarchical DBMS is a subset of network DBMS, The trade
off between the simplicity of design of a hierarchical structure and the storage efficiency of a
network structure is a very important consideration in database implementation. The Fig.7
shows the Network structure, -~ .

Flg?: Network Strocture

4.7.3 Relational Model

The retational structure, however, organises the data in texms of two dimensional tables,
Thiat is, Relational data sets order data in a table of rows and columns and differ markedly .
from their hierarchical or network counterparts. There are rio parent or node data sels as
shown in Fig.8. Ina relational database management systems, we have the same concept of
files, reconts, and fields. Fiies are represented by two-dimensional tables, each of which is
chlled a “relation”, "Records, which can be visualized as rows in the 1able, are called
“Luples™. Fields can be visualised as columns, and are called by attribute names, or
domains. |

» For example, note that in the. supplicr table in Fig.8 we have three luples, or rows, and three
attribute names or columns, If we need to know the name of the supplies of blue chairs, the
relationsl DBMS searches the type and color columns of the Fomiture, Table and finds
‘supplier number 30, and then it scans the supplier table for number 30, which tums outto be
" PANKAJ'S. Since each “record” is a row in the table and each “field” a column, an
‘inventory system of 1600 Luples, each with 5 attributes, wonld create a table of 1600 rows
and 5 columns, . .

Flie snd Databage Bvigy
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FURNITURE

Product ' Type " Color Quantity Supplier
Number instock Number
2589 Table White 4 2
2892 Chair Blue 6 30
un - Chair Lighit Green 20 133
3678 Desk Brown . 9 150
3689 Stool Brown 25 159
SUPPLIER
Supplier Number Supplier Name Amount of Purchases
This year
30 : PANKAJ 26,035.00
26 DINESH 13,960.00
159 RAJESH = . 75.286.00

Filg$: Relationa Struclure

A relational DBMS ¢an perform the following basic operations!
— cmreale or delete tables
— update, insext, or delete rows
— add or delete columns
— copy data from one table into another
-— retrieve or query & table, row or column
-— print, recognize, or read 2 table or row
— join or combine tables based on 8 velue in a table.

Since the relational structure organises the data in terms of two dimensional tables, they offer
great flexibility and a high degree of data security. The relational structure uses relatively
little memory or secondary starage, Unfortunately, the process of creating the tablesisa

rather elaborate procedure, Another disadvantage of this strucpure is that it generally requires

more time to access information than either of the other two struclures, This is because
much more information must be searched in order (0 Answer queries posed 10 the systems. In
addition, some implementation use a fixed amount of storage for each field, resulting in
insufficient storage utilisation, In spite of these disadvantages, the relational structure has
gained rapid acceptance and is.currently the most popular of the three strucmres. Many
expens predict that it will eventually replace the others completely. -

The information systems are designed with space,time, and cost savings in mind. The coding
systems are used 10 reduce the input, control errors and speed up the entire process, So
coding systems are methods in which conditions, words, ideas or relationships ace expressed
by acode. A code is an ordered collection of symbols designed to provide unique
identification of an entity or attribute. It may be a brief number, title or symbol. The main -
purpose of codes is Lo facilitate the identification'and retrieval of items of-information from
the system.

4.9 TYPES OF CODE )

There are many possible coding structures. The main types of codes are described below;

4.9.1 Classification C-o_'de

Classification is the best described as the establishment of categories of entities, types and
attributes in a way that brings like or similar items together according to pre-determined.
relationships. A classification is by nature an ardered systemaltic structure. So the
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classification code places separate entities like events, people, or objects, into distinct groups
called classes.” A code is used 1o Mentify one class from another, Using this code the user
classifies the event into one of several possible catogaries and records the code.
Classification codes vastly simplify the input process becaiiss cnly a single-digit code is -
required. ‘The need for writing lengthy descriptions or making judgements is eliminated.-

4.9.2 Function Code

Function codes state the activities or work to be performed without spetling out all of the
details in narrative statements, Analysts use this type of code frequently in transaction data
to tell the system how 10 process the data. For example, the design for file processing the
codes given like the following to perform cenain activities.

A — To add record
D — To delete record
U — To update record
E —_ To edit record
otherwise, )
B —  Addition of records
2 —_ Modification of records
3 — Deleton of records

4.9.3 Card Code

Card codes allow the program to distinguish between the typc of card and to determine
whether the contents of a specific card are correct. These card codes are used in the punched
cards-only which is used for batch process. '

-

4.9.4 Sequence Code

Sequenee codes are numbers or letiers assigned in series. They tell the order in which events
have occurred. This code is simple to use and apply. For example, employee numbers might
be assigned consecutively to employees as they hired, It makes no Pprovision for classifying
groups of like items according 1o specific characteristics. An advantage of the sequence code
is that it can cover an unlimited number of items by using the fewest possible code digits. As
‘new items occur they are simply assigned to the next higher unused number in.

4.9.5 Significant-digit Subset Code

A well conceived coding scheme; using subcodes within larger codes or numbers, can
provide a wealth of information to users. Suppose item number willbe assigned to the
different materials and products a firm stocks or sells. One way is (o assign numbers in
sequence, starting with the first and going through to the last one. Ora prefix can be added
Lo the identification numbers to furtker describe the type of item. For example:

PL — refers the product is Plastic and
ST — refers the product is steel.

The codes can be divided into subsets or subcodes, or chareclers that are part of the
identification number that have special meaning. The subcodes tell the user additional
information about the item. For example, in a bank examination, the registration number is
assigned 10 each candidate which gives many informations,

Let the assigned number is 11021978

11 — centre where the examination is to be held
02 — ‘The post number for which the candidate has applied.
1978 — The number assigned to the candidate,

A frequent method of coding is by abbreviation of the name of en entity or atiribute, The
main ways of doing this are by mremonic codes and acronyms.

Flie and Database Disle
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" 4.9.6 Mnemonic Code
Mnﬂnuﬁccodecmsmﬂmischdrm&ﬂedbquuseorehhulmqnumbm;d’:;
leﬂmandnmnbersounbinations.whichdm‘be;hcimsmded. the combinations having -
becndaiyedﬁnmdwaipﬁonsofmei:emsmselv@s; Mnemoaic codes produce fewer - -
_en'orsl.hnnoumtypcsofcodcwhucthcnumbuofiwmismlaﬁvdysnaﬂqnd'ﬂnblc: For
examplc.MandFa:emorcreliabIéforWeandFemlnhml'andz.andendeorYas
and No respectively. Another example for combination of letters and numbers is, to describe
16 inch color television sct, a use code is TV-CL-16, ‘Also the unit of measure codes are .
frequiently mnemonic codes. Forexample.umoenﬁmel&.m-memj.hnlki_l_p@et& '

4.9.7 Acronym

THemymisapa'ﬁcMMtypcofmmonicrcpmmﬁm formedn'ommc[irstlcucrlor
lesiess of several words. An acronym often becomes a word in itself, For example,

MCA — Master of Computer Applications
RADAR -— Radio Detecting and Ranging

Check Your Progress 2
1, Listout the specilic advanages of database,




410 SUMMARY Filesmd Databanm Do

. In this unit, we have discussed file concept and several categories of data files. Three most )
important methods of file organisation have also been explained in a systematic way. Basic '

factors to be considered in the selection of file media and file nation have been pointed

outin this unit. Dawbase design, its various types are also includefl. Coding design also :

play significant role in business data processing system. Different types of code have been

defined, ° '

4.11 MODEL ANSWERS

Check Your Progress 1 _ .
1. File is a collection of related records. Each record in g file periains to the same entity.

- 2, Various types of files are;

(i) Master - (i) Transaction " (iii) Table
(iv) Report (v) Back-up (vi} Archival
{vii) Library {viii) Dump

3, Three methods are:
(i) Sequential (i) Random (iii) Indexed

4. The basic factors to be considered in the selection of file media and file organisation
method are; - ) : :

(i)  Method of processing for updating files
() Sizeofthe file :
(iii) File inquiry capabilities

(vi) Activity ratio of records in the file

(v) File volatitity

{vi) Response time

Check Your Progress 2
1. Specific advantages of database are:
(i) File consolidarion
(i) Program and file independence
(iii) Access versatility
(iv) Data security .
. {v) Program development '
(vi). Easier way of program maimicnance

2. () Hierarchical (i) Network (iif) Relational

3. The coding systems are used to reduc: the input, control errors and speed up the entire
process. Coding systemns are considerad as methods in which conditions, words, ideas or
relationships are expressed by a code, A code is an ordered collection of symboly
designed o provide unique identification of an entity or altribute, It may be a brief

number, title or symbol

4. Various types of code are: _ '
()  Classification code (ii) Function code
(iii) Cardcode (iv) Sequence code
(v} Significant digit subsetcode .  -*vi) Mnemonic code
(vii} Acrcaym
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BLOCK INTRODUCTION

After the requirements of a system have been spelt out and the design considerations
finalised, the task of the development and implementation of the system is 10 be taken up.

This block covers the different aspects of this phase of the systems life cycle. The first unit
focuses on the different tasks-involved in system development and outlines the relevant
factors to be considered prior (0 the beginning of the developmental wurk. Attention is
drawn towards the importance of benchmarking for this purpose. ‘The second unit reflects -
the issue of quality, which-is becoming more and more imporiant in current times. In fact,
there is a clear shift from attiludes of quality control to quality assurance, because failnre of
software in mission ¢ritical applications is just not acceptable. The work of the development
and implementation could never be carried out successfully if it is not accomparued by
proper documentation, which is necessary for programmers and software engineers as well
as thg users 10 understand clearly what is being anempted. This important issue of
documentation is covered in unit 3-of this block. The fourth unit of this block add.rcsses
itself to the issues involved in the implementation, Many of these are not
programming-oriented, but related to criteria for selection of hardware and software,

alternative ways of obtaining the required services and the 1ssue of drawmg out contracts for .

computer relar.ed TESOUrces.
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UNIT1 SYSTEM DEVELOPMENT

Structure

1.0 Introduction

1.1 Obijectives ]

1.2 Tasks of System Development

1.3 Prototype Installation

14 Hardware and Software Selection and Performance
14.1 Hardware Selection
142  Sofltware Selection

1.5 Benchmark Testing

1.6 Preparing Sofiware Development Cycle
1.6.1 Idemifying Programs
162 Program Logic and Flowcharts
1.63 Contol Stracture” ;

. 164 Pscudocode .

1.7 Soliware Specification Language Se]ecuon Criteria
1.1, VolumeofData . -
1.7.2  Complexity of Processing

. 113 Compatibility with other Systems

1.7.4  Types of Input/Output
1.75 Development Efforts

1.8 Summary -

1.9 Model Answers

1.0 INTRODUCTION

The fourth phase in the life cycle of a system is the software development. In this
development phase, the computer- based business system is developed to conform to the
design specification prepared in the preceding phase. This phase involves heavy expenditure
because of recruiting additional staff for the purpose of soltware developrent, purchase of
machine, materials and the use of computer facilities. The principal activities performed
during the development phasc are: (a) External sysiem development and (b) Internal system
development. The major activities that comes under extemnal system development are
implementaiion planning; preparation of manuals and personnel in-house training; and
equipment acquisition and installation. Sofiware development and performance testing are
considered o be the principal activities of intemal system development.

1.1 OBJECTIVES .

After completing this unit, you should be able to:
+  undersiand different tasks of system development
*  know the importance of prototype
+ find out various factors to be considered prior lo system selection
* understand the term ‘benchmark” ~
*  define the various parameters responsible in considering the selection of a langnage

1.2 TASKS OF SYSTEM DEVELOPMENT

Major tasks of system development have been summarised below:

(i} Implementation Planning: After the initiation of development phase is approved,
implemeniation planning starts. Essential paris of implementation plan are;

(8 " Aplan for testing the computer program component, both as the integrated
assembly of its individual programs and as an element of the overall business
system.
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(bj ‘A plan for training the personnel associated with the development of software
on the new system. This includes persons who will provide inputs o, receive
outputs from, operate of mainwain the new sysiem.

© A conversion plan that provides for the conversion of procedures, programs
_and files preparatory 1o acwal changeover from the old system Lo the new one.

(i) Software development phase; Software development phase can work along with the
implementation planning cfforts. IF iL is necessary, system flowcharis are expanded Lo
show additional detail for the computer program components. The complete datlabase
is developed. Input and output files are identified and computer program logic .
flowcharts are preparcd for cach computer program comp?)nan

(iii) User Review: Reviews arc held with the principal user throughout the development
phase. A review of test plans, training plans, and conversion plan is quite important
because users are directly involved in implemeniation activities. Users’ concurrence
with the implementation plan is extremely important to carry on the sofiware
development work in an eflicient way. )

{iv) Equipment acquisition and installation: In the design phasc, special hardware required

: 10 support the sysiem may have identified. If the hardware is not ordered during the
design phase, it is proper time Lo go for it. Tuis also true that all hardware components
are not required at a particular time because the needs vary depending upon the type of -
software being devcloped. Tt is, thercfore, necessary that a proper schedule should be
prepared for acquisition of hardware components. .

(v} Coding, debugging and testing of computer program: Each of the computer programs

that make up the entire system is coded and debugped. This means that each computer
program is compiled eror free and successfully executed using the test data prepared
by the programmer. : -

(v1) System Lesting: System tests are performed to verify thal the computer based business
system has met its design objectives. )

(vii) Reference manual preparation: Proper reference manual for the various jndividuals
: who wilbbe associated with the new computér based information system must be

prepared.

{viii) Personnel training: Opcrating, programming ‘and uscr personnel arc trained using the

.. reference manuals, forms and procedures as training aids. Al sort of training activities
must be completed prior (0 the user acceplance review which occurs at the ¢nd of the
development phase, .

(ix} Useracceptance review: At the end of development phase, the computer based system
is reviewed by the management of the user organisation. Representatives of the
information service arganisation and other affected organisations take part in this
review, Design phase report, development phase report and Lest reports are some of the
important documents which are responsible for the acceplance rEview.

13 PROTOTYPE INSTALLATION

A prototype is the process of creating,.developing,and refining a working model of a final
system. It does not contain all the features or perform all the necessary functions of the final
system. Ralher, it includes large number of elements to enable individuals to nse the

' proposed system to determine what they like and do not like and to ideniify featnres 1o be

added or changed. Application prolotyping, the process of developing-and using the
prototype, has the following characteristics: .-

. (i) The prolotype is a live, working application. ~

(i) Its main purpose is (o test out the assumptions made by the analysts and users about the

featres of required system.
(ili) Prototypes can be quickly created.
(iv) They follow an iterative process.

(v} They are relatively cheap.
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' Applicalioh prolotyping has wo primary uses, The first one is that it is an e(fective device

for clarifying user requirements. ‘Written specifications are typically created as a vehicle for
defining application features and the requirements that must be satisfied.

A sccond use of application prototyping is to verify the feasibility of a system design.
Analysts can make experiment using different application characteristics, evaluating user

reaction and response,

The rationale for application prototyping is a direct outgrowth of (he need to design and
develop information systems quickly, efficiently and effectivély.

Application prolotyping is a proven technique that improves the overall effectiveness of the
development effort for the benefit of user, analyst and the organisation ‘as a. whole.

1.4 HARDWARE AND SOFTWARE SELECTION AND

PERFORMANCE

1.4.1 Hardware Selection

The decision 1o acquire computer hardware or software must be handled in {he same way as
any other business decision. “The variety of sizes and types of computing resources available
puts a burden on the analyst who must sclect suitable hardware, software or services and
advise the top management-accordingly.

Today, selccling a sysiem is 2 serious and time-consuming business. The time spent on the
selection process is a function of the applications and whethcr the system is a basic micro-
computer or a mainframe. In cither case, planning system sclection and acquiring

. experienced help where necessary pay off in the long run.

There are various imponant factors which should be considered prior 1o system selection.

"They are;

(a) Definc system eapabilities that make sense for the business, '1.

(b) Specify the magnitade of the problem; tha is, clarify whether selection entails a few
peripherals or a major decision ¢onceming the mainframe,

{¢) Assess the competence of the in-house staf, ‘
(d) Hardware and sofiware should be considered as a package,

{(¢) Develop atime frame for the selection process.

" () Provide.user indoctrination. This is erucial, especially for first-lime users, Selling the

system to the user staff, provide adequate training and creating an environment
conductive 10 implementation are pre-requisites for sysiem acquisition.

The selection process should be viewed as a project and a project team should be formed
with the help of management. The selection process consists of several steps which are
discussed below: :

1. Requirements analysis: The first sicp in seiection is understanding the user’s
requirements within the framework of (ke organisation's objectives and the
environment in which the system is being installed.

2. System specifications: System specifications must be clearly defined. These
specificalions must reflect the actual applications Lo be handled by the system and
include system objectives, flowcharts, input-output requirements, file siructure and
cost.

- 3. Request for proposal: Afier the requirement analysis and syslem'spcciﬁcatiuﬁs have
“been defined, a request for proposal is prepared and sent to selected vendors for .
bidding. :

4. Evaluation and validation: The evaluation phase ranks various vendor proposals and
determines the one best suited to the user’s requirements. It looks into items such as
price, availability and technical support. System validation ensures that the vendor can,
in fact, maich his/her claims, especially system performance.

System Dovelopmant
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5. Vendor selection: This step determines the vendor with the best combination of
reputation, reliability, service record, training, delivery time, lease/linance terms. The
selected vendors are invited to give a presentation of their sysiem. The system chosen
goes through contract negotialions before implementation. )

1.4.2 Software Selection

Software sclection is a critical aspect of sysiem development, There are two ways of
acquiring coftware: custom- made or “off-the-shel(" package. Today, there is great demand

“for thesc packages because they are quite cheap, There are other benefits also. -

(@) A good package can get the system running quickly.
(i) MIS personnel are released for other projects.
(i) ‘'Home-grown' software ean take more lime and its cost cannot be predicted.
(iv) Package can be tested before purchasing it |
Some drawbacks of software packages are:
(i) These packages may not mect user requirements in all respect. h

(ii} Extensive modifications of a package usually results in Ioss of the veador's
support,

It can be observed Lhat price alone cannot del.cnﬁine. the quality of software. A systcmatic -
review is crucial for sclecting the desired software. Prior to selecting the sofiware, the project
team must set up criteria for selection. The criteria for software selection are:

(a) _Reliaﬁility: gives consistent resulls without any failurg-. for a‘speciﬁed time.period.
(b) Functionality: func-t.ions to standards.

{c) Capacity: satisfies volume requirements of the user,

(d} Flexibility: adapts io the changing needs

(¢) Usability:is user-friendly.

(D Security: mainlains integrity and prevents unauthorised uscr.

(g) Performance: delivers the results as expeciled. .

{(h) Serviceability: has good documentation and vendor support.

(i) Ovwmership: has right.l.o modify and share vse of package.

() ~Minimal costs: is justified and affordable for intended application.

Check Your Pragress 1
1. List out the major tasks of system dechOpﬁenL
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2. 'What arc the important factors to be considered prior o system selection?
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3. Explain brie(ly about the ¢riteria [or software selcction.

1.5. BENCHMARK TESTING

The term “benchmark™ was derived from the days whicn the machinist in a factory would use
measurcments at cach bench to determine if the parts he was machining were satisfaciory. In
the compuling field, lo compare one system with another, you would run the same set of
“benchmark” programs, through cach system.

A benchmark is a sample program specially designed to evalvate the performance of
different computers and their software. This is necessary because computers will not
generally usc the same instructions, words of memory or machine eycle to solve particular
problem. As regard, evaluation-of software, benchmarking is mainly concerned with
validation of vendor’s claims in respect of following points:

— minimum hardware configuration needed 10 operate a package.

— lme required 1o exccule a program in an ideal environment and how Lhe performance
of own package and that of other programs under execution is aiTected, when runring
i’la multi-programming mode, )

The more elaborate the benchmarking, the more costly is the evaluation, The user’s goals
must be kept in mind. Time constraints also limit how thorough the lesting process can be.
There must be a compromise on how much 1o test while still ensuring that the software (or
hardware) meets its functional criteria.

Benchmarks can be run in almost ali tfpc of systems environment including batch and
on-linc jobs strcams and with the users linked to the system direcily or through
telecommunications methods,

Common benchmarks test the speed of the central processor, with wypical insirections
exccuted in a set of programs, as well as multiple streams of jobs in a multiprogramming
cnvironment. The same benchmark run on several differcrit computers will make apparent
any speed and performance differences attributable to the central processor.

Benchmarks can also be centered around an cxpected language mix for the progranis that
will be run, a mix of different set of programs and applications having widely varying input
and ouiput volumes and requiremenis. The response time for sending and receiving data
from terminals is an additional benchmark for the comparison of systems.

Benchmark is one of the evaluation techniques used by the compuiter prirchasers 1o delermine
which marking is best for them in marking ot their requirements in Lerms of both speed and
Cosk. .

1.6 PREPARING SOFTWARE DEVELOPMENT CYCLE

Soflware development, which involves writing of programs, begins alter sysicms design has
been completed. Again, the work donce in the previous phasc is the foundation on which the .
work in this phasc will be built. Aslong as sysicm design has foliowed Lhe principles of
structured design, sofltware development phase will start properly. But if the structured
principle have not been properly followed, the results may be disasirous.

In the steucture chart (Fig. 1), itis quite clear that an information syslcﬁl can be decomposed
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into a group of related modulcs;, each of which represents a sall-sufficient function within the

new system. This modular approach, together with certain programming guidelines and
regular reviews, represent the fundamental working concepts of structured programrming.

Sales Order

Entry
Enier Order for I File
Trunsaction file up daie Output Muintenance
Data Data Cusomer Shipping " Sales Add New Modify
Entry Validution credit check docoments Report Accounts Exi:lingl Da

mn

Flg. 1: A Suructure Charl of a Sales Qrder Entry System

1.6.1 Identifying Programs

Every large sysiem consists of number of small programs bccause these smaller programs are
easier to write, modify, roubleshoot and maintain as compared {o very large and complex
program. The modular approach serves as the basis for identilying separate programs.

1.6.%2 Program Logic and Flowcharis .
‘As we move closer 1o the Lime when programmers will Stant writing programs called coding.-
“The detailed logic behind each program is generaily the program flowcharts, data flow
diagrams or in a more English-like form called pscudocode. . )

. The program (lowchart is a detailed graphical mpresentﬁlion of the logical flow of data

within that module. It scrves as the logical road map that the programmers will use to wrile
programming code. When following structured programming principles, the program
flowchart must use the standard symbols as shown in Fig. 2 and certain guidelines
conceming control structures which willnow be described:

Processing Symbol

Input/Qutput Symbol

[T
©
(L

Terminal

Connector -

Off-page connector -

Fig. 2:-Slandard Symbels Used to Construct a Program fowchart

| ) )




1.63 Control-Structures

Any program whethey it rr_léy be simple or.éomplmﬁ-.‘can be developed using only three basic

control stuctures: (i) simple sequence (i) if-then and (iii) do-while. Let u< describe each -
brieQly. .

Simple Sequence: A simple sequence structure is used when a series of steps must be carried
out in linear sequence. These steps begin with the first and end with the last, Fig. 3 showsa
simple Sequence containing some of the Steps necessary (o validate cmployee wage data, one
module in a payroli sysiem, ’

, Enter wage data ’

F ) 4
_ Validate wage .
: data
r

Print error
report .

r

END

112. 3: A Simple Sequence Structure Example

If-then Structure: The if-then structure is used 10 tmansfer control from one point in a
pregram (@ ancther. This wansfer is based on meeling oul certain condition, Suppose we want
lowrite a program which all employees with more than 10 years of experience are to be lisied in
a specific repor. Fig, 4 shows how the if-then structure can be used to perform this test

Is the No-
cmployce . ¢

= hsving more >
than 10 yrs
of cap,

Yes
-

Print '
employee name

Flgure 4: Il-then Structure Example

Syster Developrysme
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Do-while Structore: The do-while structure is used when it becomes necessary (o 1oop
through or repeat over and over a scquence of steps. Looping starts at the entrance of the
structure and continues while a pre-specified condition stll exisLs.

It is important to remember that a do-while structure tests immediatety for a pre-specified
condition and does not allow any processing between the entry of the do-while structure and
this test. Processing within the structure can only be done after the test has been made and in
the line that reums to the top of the do-while structure. Therefore, a record must be read
before a do-while structure is catered for the furst lime, .

Suppose we want L0 access an cmployee file, read cach record and print its contends. As you
can see from Fig. S a record is read before the Jo-while structure is entered for the [irst ime,
Immediately upon entering, the Lest for more record is made and if there are more record
then the contents of the first record will be printed and another record will be read. This

. process continues until the last record. At thal ime, control pnsscs out of the structure and lo

the nexi program siep.

[

ko

Read arecord- J ’

[ 3

Read a
record

Enuy inlo -
do-\{'hilc . Print contents
struclure of record

Is I
there

more
records?

Tcs_l

Flg. 5: A Do-while Structure Example

Combining Control Structure: Each of these three control struclures can be combined 1o
form complex flowcharts and complete programs. Fig. 6 is a complete program flowchart
for a process that reads accounts receivable records from a file and prints a fist of all those
cuslomers whose accbunts are more than 60 days overdue and whose balance is greater than
Rs. 1000.00.

e T—




r

Rend an aceount
recejvable record
of a cuslomer

No

Is
Bajance >
Rs. 10,000

Resd n rext
record

Print customer's
name

Flg. &: A Complete Program Flowchart

1.6.4 Pseudocode

These program flowcharts show the logic of a program. Pseudocode often used as an
alicmative to this technique, expresses the logic ol a program in English stalemenss. Itisa
verbal rather than a graphic in nature. Fig. 7 shows various Steps necessary Lo reéad and print
‘the contents of a file with the help of flowchart and pscudocode., -

One advaniage of psendocode is that it closely resembies the form that the actual
programming code will take, Another advantage is that it avoids laying out symbols on
paper. .

"System Dovrlopraent

13

T m— e




System Development and
‘Implementation

14

Pscudocode

Read a record
Do-while more data .
_ Write record

Read record
End do

END

Read a record

' Y

|

Read a
record

Print contents
«- of a record

yes ¥

Is
more
records?

Flg. : Pscudocodeand n Flowceharl Equivalent

17 SOFTWARE SPECIFICATION LANGUAGE
. SELECTION CRITERIA

After the program flowcharts or pseudocode have been completed, a programming language
must be chosen. Often that choice will depend on the language in whichmostofan -~
organisation’s other programs are written. -This ensures consistency and cases the
maintenance problem. Nevertheless,a number of diffcrent languages are currently in use,

only a few of them need 1o be considered for the purpose of appreciating the issues involved
in choosing a programming Janguage. The languages that are discussed are: FORTRAN,

- COBOL, BASIC, C and dBASE.

FORTRAN (FORmula TRANGslation) is a compact language that serves the needs of both”
the Scientists and Economists. Main advantage of this language is that it supplies large-
library of Mathematical and Enginegring sub-routines being utilised by the programmer in °
solving different type of problems of numerical and scientific in nature. Handling files .
containing voluminous data is definitely nota strength of this language. )

COBOL(COmmon Business Oriented Language) is one of the most popular languages
used for large data processing problems. Its main strengths lie in handling files of large size
and the ease of understanding and editing the program. COBOL can solve simple arithmetic
problems but does not help in solving any complex mathematical problems. .

BASIC (Beginners’ All-purpose Symbolic Instruction Code) is the most popular
conversational programming language. It is simple to understand, Various versions of
BASIC have been developed by computer manufacturers for their computers. It is suitable
for both mathematical and business problems. It has been specially désigned for use in
L.ne-sharing environment but can also be used as a standard programming languageina .
balch-processing environment. The main problem in BASIC language is that most versions
of this language do not support indexed files. i

C is 4 quite powerful programming language which is as compact as its name. C can'be used

" where programmer wants tg have more control over the hardware because it provides

feawres that would typically be possible with machine/assembly languages only. This




- language is quite popular among people who arc engaged in déveloping system sofiware lke
operaling sysicms or other ulilities. The disadvantage of this language is that the pregram is
not too casily decipherable and it takes a long time 10 leam. . :

dBASE is a Fourth Gencration Language which is more an application development tool
rather than a programming Janguage. It pravides features to store and retrieve data, The
major advaniage of this Janguage is the query and reporting facility which helps in

" generating the report quickly. Itis quite simple and easy to understand.. If the volume of
data to be processed is very large, the program can become quite slow. .

Numbers of parameters responsible in considering the sclection of a language are:

» " volume of data

- complexity of pré_cessing
"s.  compauibility with other sysicms
= types of input/output

* development efforis

'1.7.1  Volume of Data
This covers wo-aspects: -

{i} Number of files
(i) Number of records

Some languages put a restriction on the number of files that can be accessed at a time. For .
example, dBASE III + can open ten data files-only whereas COBOL does not have such
restriction. ILis also observed that most languages tend to beconte slower when the file size
become larger. This slowing down feature due to large number of records is nsually found in
Fourth Generation Languages. There is also the other extreme where cerain tools are not
defirable for a very low volum of data, ‘This is typically true of DBMS based producis,
Ao
172 Complexity of Processing
Some applications take litle bit input, do small calculation and generate output. There are
quite simple reporting programs. These programs would not require much computation
work. On the other hand, some applications involve plenty of computation, for example
analysing data from a drilling rig exploring for oil. These would also benefit from the usé of
mathematical co-processors. FORTRAN is a language that is desired for such type of
applications. Some spreadsheets also help in doing complex computations, In case the
application docs not involve complex computation but require repelilive computations, a .
Janguage like COBOL or dBASE H! would be desirable.

1.7.3 Compatibility with other Systems

Any new system cannot exist in isolation but has to co-¢xist with other systems. Generally
we face the problem that some data files may have to be accessed by the old and new
systems. IF this is not adhered to, 1he result could be chaotic and may also require additional
overhicads. Itis also possible that it ¢ two sysiems, if in diffcrent languages, may nol be able
to read the same data files ¢.g. COBJL programs cannot directly read a dBASE 111 file. This
compatibility issue has to be kept in mind even when two parts of the system are wrillen in
different languages. In such a siwation, it may not sulffice that sharing of data is permitted,
and two programs may need to invoks; cach other.

1.7.4  Types of Input/Qutpui,

Two issues involved are:
(i} Types of Inpuy/Outpnt dev.ce
(iij Complexity of Format

While considering the typies of inpul/output devices that are required, the answer is normally
yes or no, For example, if a prograni needs 1o give output to a plotier, dBASE may not be
suitable, , ) .

System Deyelopmehl
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Complexity of formal is little i more difficult to decide. Some applications may definitely
need graphic output, in which case the oplions are Lo usc an integrated package like LOTUS
1-2- 3 or VP Planner, which have the capability of giving graphic output. There may be
some applications which require complex formatted screens or printouts. In such cases, one
method 1o be explored is “How critical is the format? Can it be madified 1o make
prograrmming efforts simpler?” :

For cxample, the user nay have asked page number at the bottom of the report whereas the
REPORT FORM of dBASE would print the page number on 1op of the page. Printing the
page number at the bottom of the page may mean program writing instcad of using the 1ools
available. If the user wanis adhoe querics then a powerful query Janguage like dBASETII
would be svitable,

1.7.5 Development Effort

The parameler could sometimes be the decider. The main reasons for differcnt languages
taking different amounts of effort for the same task are:

(i} features available in the language
(i) learning Lime

A simple example of [cature availability is that most veisions of BASIC do not support
indexed files whereas COBOL supports indexed files. The leaming time required to gain
proficiency could become a critical factor if soflwarc has Lo be developed in a language that
the development taken is not familiar with. It is possible that even a parlicular language
offers many good features but might 1ake enough time (o leam. Ttis very possible that
programming language is chosen based on what language the peopie in (he organisation are
familiar with. " -

Check Your Progress 2 _
1. Describe “Benchmark Testing” bricfly. *

3. Lisiout various parameiers responsible in considering the sclection of suitable
‘language in a big organisation. )

1.8 SUMMARY

“System analyst play very important role in developing information syslems that are useful 1o

management and cmployees in business systems, The systems development life cycle, the
set of aclivities that analysts and designers carry out o develop and implementan

information system.

Prolotyping is an appropriate development strategy when predicling the'user’s requircment is
not possible. A prototype, a version of an information system having the essential feaftures
but not necessarily all details of the user interface or performance efficiency, is developed
and put into use. ; -




In hardware/software selection also, system analyst should-act very carelnlly, He must
consider all important factors prior to system selection.

Systems analysts rely on a wide varic(y of 1001 to fulfill their responsibilitics. These tools
can be very helplul in the process of system development ard implementation.

1.9 MODEL ANSWERS

Check Your Progress 1

1.

Major wasks of system devclopment are:

(a) Implementation planning

(b) Sofiware devclopment phase

(c) User review

(d) Equipment acquisition and installation ‘
{e) Coding, debugging and testing of ¢compuier program
() System testing

(g) Reference manual prepacation and training

(1} User acceptance review

Imporwant factors ta be considered are:

(2) Definc system capabilities

(b) Specily the magnitude of the problem

(c} Assess the competence of the in-house staff

(d) Consider hardware and software as a package

(e) Devcelop a lime frame for selection process

(F) Provide user indoctrination

Crileria for software sclcclion arc:

{a) Recliability (b) Functicnality (c} Capacily (d) Flexibility
(c) Usability (0} Sccurity (g) Performance  (h) Scrviceability
(i) Ownership () Minimal cosls

Check Your Progress 2

L.

A benchmark is a simple program specially designed 1o cvaluate the performance of

different computers and their software. This is nccessary because computers often do-

not use the same instructions, words of memory or machine cycle 10 solve a particular
problem.

Various parameters responsible in considering the scleclion of suitable language are:
(a) Yolume of daia '

{b) Complexity of processing

(c) Comparabtlity with ather sysicms

id) Types of inpulfoulput

{eJ Development elfons

) System Developinent
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UNIT 2" SYSTEM CONTROL AND QUALITY
ASSURANCE

Structure
2.0 Introduction

- 2.1 Objectives

2.2 Quality Assurance in Software Life Cycle
221 Quality Factors Specilicaions *
222 Software Requirements Specilications
223  Software Design Specifications
224 Soltware Testing and Implementation
225 Mamnicnance and Suppori

2.3 Levels of Quality Assurance
23.1 Tening
23.2 Verificalion with Validation
233 Cenification

24 Design Objectives : Reliability and Ma.mtcnancc
24.1 Designing Relieble Systems
242 Designing Mainiainable Sysiems

2.5 Maintenance Issues

26 Maintainable Designs

2.7 “Tesling Praclice and Plans

2.8 Levelsof Tests
281 Unit Testng
282 System Testing

2.9 Special Sysiems Tesls -

2.10 Designing Test Data -

2,11 System Control
2111 Objective of Sysi=m Control

. 2112 Typesof Control

2.12 Audit Trail

2.13 Summary

2.14 Model Answers

2.0 INTRODUCTION . ,

" The amount and complexily of software dbve:lopcd today stagger the imagination.

Software development stmtegics have not come up with the standard and because of this
software producls de not meet the application objecrives. Subsequenl.ly control mustbe
developed to ensure a quality product. Basically quality assurance is the review of
software products and its related documentation for completeness, correciness, reliability
and maintainability. This unit deals with vanous issues involved in the quallty

assurance, testing and system contrel,

2.1 OBJECTIVES

The objectives of this unit are as follows:
—. To highlight varius issues involved in quality assurance, testing and system control.

— To point out the role of quality assurance in-various stages of a Software Development
Life Cycle.- .

- Toillustrate the significance of various levels of tests and their different functions,

- To explain the role plajr;d by system control in a computer system.

[}
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22, QUALITY ASSURANCE IN SOF’I‘WARE LIFE Qality Assuranct
CYCLE

The software life cycle includes various stages of deveIOpment and each stage has the goal of
quality essurance. Steps taken in this regard are summansed below:

2.2.1 Quality Factors Specifications

The goat of this stage is o describe various factors mainly rcspons:blc for quality of the
proposcd systcm. They are as follows:

.() Correctness: The extentto whicha Program meets system specilications and user
objectives.

(i) Reliability: The degree to which the system performs its intended funétions overa time.
(iiiy Efficiency: Computer resources required by a program to perform a particular function.
(iv) Usability: The efloris required 0 understand and operate a system,

(v)' Maintainability: The ease with which the program errors amdcleclcd-and removed.
(vi) Testability: Thé effort required to (est a program (o e:nsme its comrect pecformance.

(vii) Portability: The ease of transporiing a program from one hardware conliguration 1o
another,

" (viii) Accuracy: The_requi.re,d precision in input, editing, computations, and output.
{ix} Error tolerance: Ermor deteclion and corretlion versus ermor avoidance.
(x) Expandability: Ease of expanding Lhe existing dalabas&

(x1) Access control and audit: Control of access to'the system and the extent to which that,
" access can be audited.

(xii) Communicativeness: Usel'ulness and effectiveness of the inputs and om;mls of thc
system.,

2.22 Software Requirements Specifications

. The quality assurance goal of this stage is to generate the requirements document that helps
in providing technical specifications for developing Lhe soflware,

2.2.3 Software Design Specifications

In this stage, the software design document defines the overall architecture of the software
that provides (he functions and features gi\n;en in the software réquirements document. ’

2.2.4 Sofltware Testing and Implementation

The quality assurance goal of the testing phase i 10 ensure that completeness and accuracy

- of the system and minimize the retesting process. In the implementation phase, the goal is to
provide a loglcal order for the creation of the modules and, in turn, the creation of the
sysiem. \

2.2.5 Maintenance and Support

This phase provides the necessary softwan: development for the system to continue to
comply with the original specifications. The quality assurance goal is to develop a procedure
for correcting errors and enhancing software.

2.3 LEVELS OF QUALITY ASSURANCE :

Analysts use three levels of quality assurance: testing, verification with validation and
certification.

19
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2.3.1 Testing

System 1esting is quite expensive and .ime consuming process. The common view of
1esting held by users is that it is performed Lo prove that program is error {ree. But
this is quite difficuli since the analyst cannol prove that sofllware is free (rom all sort
ol ecrors. -

Therefore the most useful and practical approach is with the understanding that lesting is the
processing of executing a program with the explicit intention of finding errers, thatis, -
making the program fail. A successful test, then, is one that finds an emor.

2.3.2 Verification with Validation

Like testing, verification is also intended to find errors. Itis performed by executing a
program in a simulated environment  Validation refers 1o the process of using sofiware in a
live environment 1 find errors. -

When commercial systems are developed with the main aim of distributing them 1o dealers
for sale purposcs, they first go through verification, somelimes called alpha testing. The
feedback from the validation phase gencrally brings some changes in the software 1o deal
with errors and failures that are uncovered. Then a set of user sites is selected for putting the
syslem into use on a live basis. These beta test sites use the system in day-to-day activities;
they process live mansactions and produce normal system output Validation may continue
for several months. During the course of validating the system, failure may occur and the

softwarc will be changed. Continued use may bring more failures and the need for still morg: -

changes.

2.33 Certification

The last level of quality assurance is o certify that the software package developed conforms -
(o standards. With a growing demand for pyrchasing ready-to-use software, importance of

certification has increased. A package that is certified goes through a leam of computer
specialists who test, review and determine how well it meets the user's requirements and
vendor's claims. Ceniification is issued only if the package is successful in all the tests.
Certification, however, does not mean that it is thé best package 1o adopl. It only autests that
it will perform what the vendor claims,

2.4 DESIGN OBJECTIVES: RELIABILITY AND
MAINTENANCE

The two operationa) design objectives continually sought by developers are syslems
reliability and maintainability. This section will discuss about the importance of these
objeclives and ways Lo achieve them. :

2.4,1 Designing Reliable Systems

A system is said 1o be reliable if it does not produce dangerous or costly failures during
its normal use: The definition recognises that systems may not always be used according
to the designer's expeclation. There are changes in the ways users use a sysiem and also
in business operations. However, lhere are steps analysts can follow to ensure that the -
system is rcliable at the installation stage and its reliability will continue even afler

implementation. .

There are two levels of reliability. The first level shows that the system is meeting the right
requirements. This is possible only if a thorough and effective determination of systems
requircments was performed by the analyst. A careful and thorough systems study is
required for this aspect of reliability. The second level of systems reliability involves the
actual working of the system delivered to the user. At this level, systems reliabilily is

- interwoven with software engincering and development.

T}




Reliability has three approaches shown in the Table 1.

Table 1 : Approaches to Reliability

Sl.No. Approach ' ~Description Example
1 Emror avoidance Prevents errors from It is impossible
occuring in the sofiware  ~  in Jarge sysicms.
2. Error detection Recognises errors when Traps and medilics
and correction they are encountered and illegal arithmetic steps :
comects the error or the Compensates for
effect of the error so unexpected data values,
Lat sysiem does not lail.
i Emor Tolerance Recognises errors Shuts down part of the
. when they occur, but system. Does not ’
enables the sysiem to perform some processing
keep running through but keeps the system
depraded performance. operational.

2,42 Designing Maintainable Systems

When the systems arc installed, they are nommally used for a considerable pcnod The

_ average life of a system is generally 4 [0 6 years, with the oldest applications ofien in usc for
over 10 years. However, this period of constant use brings with it the used 1o contimually
maintain the system. When system is fully implemented, analyst =ust take precautions 1o
censure that the need for mainienance is controtled through design and tesling and the ability
10 perform it is provided through proper design practices.

Ch;:ck Your Progress 1
1. List out various faclors which are responsible for te qualily of a system,

3. Explain bricfly the importance of sysicm reliability.

System Control and
Quallty Assurance
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2.5 MAINTENANCE ISSUES

Many studies at the private, University and government level have been conducted to leam
aboul maintenance requirements for information systems. These studies reveal the following
facts:

(a) ' From 60 to 90 per cent of the overall cost of software during the life of a system is
speént on maintenance.

(b) Often maintepance is not done very cfficienuy.

(¢} Soltware demand is growing at a faster rate than supply. Many progammers-are
spending more time on sysiems mainienance than on new soltware development.

Several siudies of maintenance have examincd the type of 1asks performed under
maintenance (Lientz and Swanson, 1980). Table 2 summarizes the broad classes of
mainienance found in information sysiems environments.”

Table 2: Types of System Mainlenance

Catcpory Aclivity Relative Frequency
Comreetive Emergency fixes, routine 20%
debugging.
Adaptive Accommodation of changes 20%
1o data and files and to

hardware and system sofiware.

Perfeclive User enhancement, innpfovcd 60%
documentation, recording for -
computational efficiency.

2.6 MAINTAINABLE DESIGNS

. The keys to reduce the need for maintengnce, while making it pessible to do essential tasks

more efficiently, are as follows: :
(a) More accurately defining Lthe user’s requirements during systems development.
(b) Making beuer systems documentation,

(¢) Using proper methods of designing processing logic and'cornmunicéling it to project
team members.

(d) _Uu'lising the existing tools and techniques in an effcclive way.
(ej Managing the sysiems engineering processin a better and effective way.

Now it is clear-that design is both a process and a product. The design practices followed for
software has a great effect on the maintainability of a sysiem. Good design practices produce
a product that can be maintained in a belter way.

2.7 TESTING PRACTICE AND PLANS

- It should be clear in mind that the philosophy behind testing is to find errars. Tesl cases are

devised with this purpose in mind. A test case is a set of data that the system will process as
nomal input. However, the data arc created with the express intent of determining whether
the sysiem will process them comectly. For example, test cases for inventory handling should
include situations in which the quantities to be withdrawn [rom inventory exceed, equal and
are less than the actual quantities on hand. Each test case is designed with the intent of
finding errors in the way the system will process it There are two general strategics for
testing software: Code testing and Specification testing. In code testing, the analyst develops
that cases to execule every instructions and path in a program. Under specification testing,

‘the analyst examines the program specifications gnd then wrilgs tegh data lo determin® how
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the program operates under specific conditions. Regardless of which strategy the-analyst - Sg;’ntc;"&;:"r’;::
[ollows, there are preferred practices Lo ensurc thal the testing is useful. The'Tevels of tests Y

and types of test data, combincd with tcslmg librarics, are important aspects of the aclual test

process.

2.6 LEVELS OF TESTS

Systems are not designed as entire systems nor are they tested as single systems. The analyst
must perform both unit and system testing.

2.8.1 Unit Testing

In unit testing the analyst tests the programs making up a sysiem. For this reason, onit

lesting is sometimes called program testing. Unit testing gives stress on the modules

" “independently of onc another, to find errors. This helps the tester in detecting errors in
coding and logic that are contained within that module alone. The errors resulting from the

-~ interaction between modules are initially avoided. For example, a hotel information system
consists of modules to handle reservations; guest checkin and checkout; restaurant, room
service and miscellancous charges; convention activities; and accounts receivable.billing.
Forteach, it provides the ability to enter, modify or reirieve data and respond (o different
types of inquirics or print reports. The test cases needed for unit testing should excreise each

_ condition and option,

Unit testing can be performed from the bottom up, starting with smallest and lowest-level
modules and proceeding onc at a time, For cach module in bottom-up testing a short program
is used to exccute the module and provides the needed data, so that the module is asked to
perform the way it will when embedded within the Jarger system.

2.82 System Testing

The important and essential pan of the syslem devclopment phase, afler designing and .
developing the software is system Lesting. We cannot say that Every program or system

.- design is pcrfcct and because of lack of communication between the user and the demgner,

some ecvor is there in the software development. The number and nature of errors in a newly

designed sysiem depend on some usual factors like communication between the user and the .
designer; the programmer’s ability (o generate a code that reflects exactly the systems

specifications and the time frame for the design.

Theoretically, a néwly designed system should have all the parts or sub-systems are in’
working order, but in realily, cach sub-system works indepéndently, This is the time to
gather all the subsysiem into ene poel and test the whole system (o determine whether it
mccts the user requirements. This is the last change to detect and correct errors before the
system Is installed for user acceptance testing. The purpose of system tesling is to consider
all the likely variations to which it will be subjected and then push the system to its limits.

Testing is an important function to the success of the sysiem. System tesling makes a logical
assumption that if all the pans of the system are carrcet, the goal will be successfully
activated. Another reason for sysiem testing is its utility as a user-oriented vehicle before
1mplcmcnlauon
System testing consists of the following five steps:
*  Program testing '
String wsting
' System esling
System documentation

»  Usecraceeplance westing

Program Tesling

A program represents the logical clements of a sysiem. For 2 program 10 run satisfactorily, it
must compile and test dala correctly and tc in properly with other programs. It is the
responsibility of a programmer 10 have an error free program. Au the lime of testing the
system, there exists two lypes of errors that should be checked. These errors are syntax and -

,
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logié. A syntax error is a program slatement that violales one or more rules of the language in
which it is writicn, An improperly defincd ficld dimension or omitted key words are
commen syntax crrors, These erors are shown through emor messages generated by the
computer. A logic crrorqon the other hand, deals with incorrect data (iclds out of mnge

items, and invalid combinations. Since the logical errors arc nol detecicd by compiler, the
programmer must examine the output careluliy lo detect them. .

When a program is Lested, the actual output is compared with the expected output When
there is a discrepancy, the sequence of the instructions, must be traced (0 determine the
problem. The process is facilitated by breaking the program down into self-contained
portions, each of which can be checked at certain key points.

String Testing

Programs are invariably relaied w one another and interact in a total system. Each program
is tosied 1o sec whether it conforms 10 related programs in the system. Each partof the
system is tested against the entire module with both lest and live daia before the whole .
system is ready to be tesied.

System Testing

Syslem testing is designed 10 uncover weaknesses that were not found in earlicr tests. This
includes forced system failure and validation of total system as it will be implemented by its
user in the operational environment. Under this testing, gencrally we take low volumes of
transactions based on live-data. This volume is increased until the maximum level for cach
transaction type is reached. The 1ol system is also tesied For recovery and fallbagk afier
various major [aitures to ensure that no data are lost during the emergency. All this is done
with the old system siill in operation. When we sce that the proposed system is successful in

the test, the old system is discontinued.

System Documentation ' .

All design and test documentation should be well prepared and kept in the library for future
reference. The library is the central location for maintenance of the new system.

User Acceptance Tesling

An acceptance test has the objective of selling the user on the validity and reliability of the
system. It verifies that the system’s procedurcs operaic to system specifications and that the
integrity of imporiant data is maintained. Performance of an acceptance test is actually the
user’s show. User motivation is very important {or the successful performance of the sysltem.
Alier that a comprehensive test report is prepared. This report shows the system’s tolerance,
performance range, cror rate and acturacy. :

iy oy .=

2.9 SPECIAL SYSTEMS TESTS

There arc other six tests which fall under special calegory. They are described below :

(i) Peak Load Test: It delermines whether the system will handle the volume of activities
that occur when the system is at the peak of it processing demand. For example, tesl
the system by aclivaling all terminals at the same time,

(i) Storage Tesling: Itdetermines the capacity of the syslem 1o store rransaction data on a

disk or in other files. For example, verify documeniation.statements that the system
will slore 10,000 records of 400 bytes length on a single flexible disk.

(iii) Performance Time Testing: Il detcrmines the length of time system used by the
system Lo process transaction data. This test is conducted prior o implementation Lo
determine how long it 1akes {0 gcl a response 10 an inquiry, make a backup copy ofa

- file, or send a transmission and get a response.

(iv) Recovery Testing: This testing determines the ability.of user 1o recover data or re-start
system after failure. For cxample, load backup copy of dala and resume processing
without data or integrily loss.

(v) Procedure Testing: It delermincs the clarily of documentation on operalion and use of
system by having users do exaclly what manvals request. For example, powering down
system al the end of week or responding 10 paper-out fight on printer.




(vi) “Hutman Factors Testing: Tt determines how users will use the system when processing
data or preparing reports. '

Check Your Progress 2 -

1. Whatare the different fypes of system maintenance? Explain them bricfly.

2. Describe briefiy about “Unit Testing".

' T
3. What do you know about various special sysiems lesis? Explain bricily.

210 DESIGNING TEST DATA

The proper designing of test data is as important as the test jtself. I test data as input are not
valid or representation of the data to be provided by the user, then the reliability of the output
isdoubtful. Test data may be live or artificial. The live data is that which is actually
extracted from the users files. After a system is partially constructed, the programmers or
analysts ask the users 1o key in a set of data from their normal activities. It is difficult to
gblain live data in sufficient amount (o conduct extensive testing.

The artificial test data is created solcly for test purposes. Properky created anificial data
should provide all combinations of valu~s and formats and make it possible Lo test all logic
and control paths through the program. Unlike live data, which are biased toward typical
values, ariificial data provide extreme values for testing the limits of the proposed system.

211 SYSTEM CONTROL

[na computer system, controls essentially mean the extent to which the system is'secure
aginst human crrors, machine malfunction or deliberate mischief. The amount of control to
beapplied can vary depending upon the importance, crilicaily and voiume of the cutput.
Dxpending on the nawre of the system or the amounts of money at stake, the designer will
need to build in different type of controls within system procedures, programs and
operations.

211.1 Objective of System Control
Control mechanisms are designed to achieve the following objectives:

r

System Control and
Quality Assurance
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(2) Accuracy: The system should provide information and reports which are accurate inall
respect.

() Reliability: The system should continue o function as it is designed 1o function, It
should not break down due to malfunction of equipments.

(¢} Sccurily: Files and programs in the system must be secured againét accidental damage
orloss. Procedures must be cstablished to restrict access to data by autharised user
only.

(d) Efficiency: Efficiency of the system will essentially mean performing the tasks in the
best manner and producing output of highest quality with least efforts. :

(¢) Audit: System controls should cover the aspect of auditing procedures. Facilities
~should be designed so that a ransaction can be traced from its creation 10 its final use.
This aspect of control assumes added significant in case of on-linc systems where
written documents may not exist for somé transactions.

(D Adherence Lo organisation policies: System confrols should not conflict with
organisation policies and must promote such policies. For example, by ensuring that
payroll is produced accurately and by a specified time, the organisation objective of
paying all employees in time will be promoted.

Tt may not always be possible to provide adequate controls in the system 1o meet the above
objectives fully. Sometimes, it may happen that too many controls may adversely alfect the

.performance of the system. On the other hand, lack of adequate control may creale chaos

and dissatisfaction. It is, therzfore, a question of trade-off beiween the control and their
objeclives and as stated earlier, the decisions will depend on the nature of the system and
criticality of its functions.

2.11.2 Types of Control
Two types of conirols which affect the operation of a system are:
— Extemnal control
— Intemal control

External cqm:gois 10 a System, as the name implies are laws, regulations, procedures and
policies oyiside the scope of the system which affect the operations of the system.

. Intemal t:dnlm_ls are basically plans, procedures, guidelines, rules and checks under which

the sysiem must function. Much of these internal controls will be specified as a part of
system design, but some of these may be internal contrels of the organisation - with or
without compulerisation, :

212 AUDIT TRAIL

In on-line systems, unlike batch environments, there may not be copies of input source
documents 1o falf back on if the system fails during processing.” It js 2lso possible for on-line
users to Sign on 10 a system, make changes in data already stored in files and sigm off again
without leaving a visible clue as'to what happened. Unless th.: sysiems analyst develops an
audit trail, no such protection exisls in on-line systems. -

Audit trail is the path which a transaction fraces through a dz'a processing system from
source documents Lo summary repans. In other words, it refers to the facilities or procedures
which-allow a transaction to be traced through all stages of data processing beginning with
its appearance on a source document and ending with its transformation into information on
a final output document. The audil trail contains complete details such as reference numbers,
dates, names which are recorded in files, ledgers and journals so that trailing of these records
Lo source documents becomes easier. It is generally available in manual acconnting system.
But in computerised system, it is generally not available unless the system is specially ’
designed to do so. - .

Audit trails are not primarily for the use, of auditors. Rather they are quile imporiant tools
that are designed to help the management, The auditors use these tools which management
has found necessary for internal plirposes. Co




Check Your Progre§9 3 .
1. List oul the objectives of sysiem control, )

2. Whatisthe difference berwean internnl and external conirel?

2.13 SUMMARY

It is thus scen that quality assurance, testing and system control play a vital role and each of
them contribulz to the development of an cfficicnt software, Quality assurance hastobe
implemented atevery stage of the sofltware development life cycle. Implementation at each
level thus paves way for a better step in the next stage. Both the system lesting and the unit
testing should be done so as'to avoid the occurrence of error during implementation siage.
Using Audit trail all the rransactions occurring during a period of time can be tracked.

2.14 MODEL ANSWERS

- Check Your Progress 1

1. Various factors are as follows:

(1) Comeciness (i) Reliability (ili) Efficiency (iv) Usability
(V) Maintainability (vi) Testability (vii) Poriability ~  (viii) Accuracy
(ix) Emrtolerane  (x) Expandability (xi) Access control and audit

(xif) Communicativeness
2. Different levels of quality assurance are;
(i) Testing
(i) Verification with validation
(iii) Cenification

Systemn Contvy mnd
Quality Assvenpsr
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A systen is said 10 bc reliable if it does not produce dangerous or costy f; ailu:é/s during

its normal use. There are two levels of reliability. The first level shows that system is

.mecting the right requirements. This is possible only if 2 thorough and elfective

determination of system requirement, was properly studied by the analyst. The second
level of system reliability involves the actual working of the system delivered to the
uscr. Al this fevel, system's reliability is inlerwoven with soliware engineering and
development.

Check Your Progress 2

1.

Dilferent types of system maintenance are:

(&) Coreetive

() Aduptive

(c) Perfective

In unit tecting, the analyst tests the programs making up a system. Unit testing gives
stress on the modules independently of one anothet, to find errors. This helps the iester
in delecting emors in coding and logic that are contained within that module alone. The
errors resulting from the inleraction betwegn modules are initially avoided.

Various special syslem tests are:

(i) Peak load test (ii) Storage Lesting (iii) Performance ime Lesting
(iv) Recovery testing {v). Procedure (esting (vi) Huoman faciors testing

Check Your Propress 3

1.

Objective of system control are as under:

(i) Accuracy  (ii) Reliability (i) Security  (iv) Efficiency
{¥) Audit (vi) Adherence to organisation policies

Intemal controls: They are basically plans, procedures, guidelines, ules and checks

_ under which the system must function.

External controls: They are mainly laws, regulations, procedures and policies outside
the scope of the sysiem which affect the operations of the systent.

Audit trail is the name given 1o the facility to trace individual transactions through a
system from source L0 completion. -

a
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3.0 INTRODUCTION

A system cannol be completely effective unless it is adequatcly documented, 1t should be
documented as it is being created. That is, at various stages of the system development,
status reports should be prepared [or those management personnel for whom the system is
being designed. Such reports could include Noweharts, decision tables, output forms and
other documents thus far developed. It also includes various problems encountered,
suggested solutions and resulting schedule revisions. In this way, management remains fully
aware of systcm's progress so that they can ofler criticisms or suggest change while it is stll
tconomically and physically possible 1o make these changes without it being necessary 10
revise the entire system, Thesc progress reports provide an cxcellent basis on which to build
additional documentation.

Instructions and narrative descriptions must be prepared for every phase and part of the
syslem, including system logic, tunings, user insiructions, guidelines for operations staff in
the data processing centre and insuructions relatng 1o transmission of daia and results, Much
of this can be incorporated into procedures manual, This manual stipulates the relationship
between personnel in the application areas affected by ihe system and the data processing
cenwre. It should relate in delails, exactly what procedures must be employed by the user to
operate the system efficiently and efTectively.

3.1 OBJECTIVES

The following are the objectives of this unit
To explain the characteristics of good documentation and iis varios Lypes
= The tools needed for documentation

The guidelines/format to be followed for preparing good documentation package.

L

3.2 CHARACTERISTICS OF A GOOD
DOCUMENTATION

Documentation is considered to be good if it has the following qualities:

(@) Availability: It should be accessible to those for whom it is intended.

29
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(b) Objectivity: 'I_t must be clearly defined in a Janguage that is easily understoad.
(¢) Cross-referable: It should be possible 1o refer to other documents.

(d) Easy to maintain: ‘When the sysicm gets modificd, it should be easy to update the
documentation,

(e) Completeness: It should contain everything needed, so that those who have gone
through it carcfully can understand the system.

33 TYPES OF DOCUMENTATION

These are five major types of documentation. They are:
(iy  Program Documeniation |
(i) Operation Documentation
(iii) User Documentation
(iv) Management Documenlalion

(v) Systems Documentation

3.3.1 Program Documentation

Many companics discuss about programming documentation but fail to provide it
adequately. Before a program is devcloped, the systems analyst shouvld provide the
programmer with the required documentation. The logic in some programs is best described
by a flowchart. Sometimes, decision tables are most appropriate for cxplaining the logic of a
program. Programmers should insist on proper documentation before, starting a job.

Four jtems constitute normal documentation required for each program. Y i
+  Copying in final form of all input/output dacuments affecting the program.
«  Statement of siandards for coding struclures and inpub'outpu,{ layouts.
«  Clarification of the program’s interfacce wi;h other related pn:)g:am .

+  General flowchan or decision table. i

The programmec's responsibility in documentation is to provide infd‘nnali pn to enable fu-
lure programmers o make necessary changes. Persennel tumover isI normal feature in any
business, and turnover is particularly high among programmers. A compahy can never
think that a programmier assigned 1o a specific program will be available ih two years,
_when some modifications to that program arc required. For continuity of information a

'company must insist on complele and meaningful documentalion. ‘Typically a documenta-

tion folderis provided for cach program which contains all the inputfoutput forms as-
sociated with the program, a detailed flowchart or decision table for the program use a set
of operator and user instructions. : | :

Maintaining this type of documentation is costly and time consuming, for, programmers do
not take interest in spending Lime:for this type of work. Rouline changes oceur frequently in
a program and all changes must be covered in the documentation folder. But the very
changes which require the updating of cxisting documenLation are the reasons for
maintaining accurate documentation. .

332 Operations Documentation

A well designed system may run fora long Uime with litde or no assistance from the systems
department.. This can happen only when the system has been documented in a proper way.
For smooth running of the sysiem, the console operator must have complete knowledge -
about the job. Providing the computer centre with a set of operating instructions will not
serve the purpose. The instructions must be in a form readily accessible 1o the console
operator and writien in simple and understandable style. A sysiems analysi must thoroughly
discuss ali the requirements of new jobs with the operations staff before the job can be
properly transferred. )

T e et 1§ s




The run book is traditionat in computer centres. It is a collection of operator instructions for
cach program at an installation and typically contains:

(i) Namative, describing the run
(i) Listing of the programmed error conditions
(ii) Detailed information for rﬁnning the job, including:
oL input/output forms to be used '
- anLicipau‘:d problem areas and how to handle them
—  detailed description of file assignment of each input/output device
— dispositicn of data files af;tcr completing the job
- general block diagram ofthe programming logic
— restart procedures

The run book generally takes the form of a loose leaf notebook because of the case of
substiting sheets as programs change. It should be kepl in mind that an operator in &
multiprogramming cnvironment must monitor many programs simultancously. Instructions
must be simple and complete enough for executing the job correctly.

3.3.3 User Documentation
Systems users requite proper documentation (o prepare a developing system and to smoothly
carry oul existing ones. To mecet this requirement, cach system should have a manual that -
spells everything the users must know 1o do (heir job comrectly. Users require two gencral
types of information; complete details to handle each case the sysiem processes, and overall
picture of the system so that they can see their role in the to1al gperation of the company.
The manual should supply the following information.

»  General flowchart of the sysiem '

*  Assignment of responsibility for specific tasks

= Standards for work flow, including warget dates and deadlines for specific tasks

=  Simple input and outpul documents

- Deailed procedures _
*  Anticipated exceptions and instructions on how to handle them
= Accuracy standards for data in the system

The systems depariment musk write a thorooghly detailed namative of cach system, including
the proper handling of routine cases, as well as ex¢eption handling, A staff member in the
user depariment must have an authority (o consult- when faced with a case not handled
before. Properly prepared manual which is always available can provide the information
needed by the user. Supervising staff in user areas must undersiand the overall picture in
cach L sysiem just as staff members must understand the details of their function. This
requires documentation, in the form of chaiis, graphs and illustrations, so Lhat the supervising
staff have a clear grasp of Iheir depariment’s role in the 1otal system.

3.3.4 Management Documentation

The documentation required by corporate mianagement diflers guile a Iot from that required
by users. The sysiems designer must know 1he rcqulrcmenls of the management and provide
documentation to enable management to pe.:form three functions:

(i} Evaluate progress on sysiems dev: lopment
* (i) Monitor cxisling systems
(iii) Understand the objectives and mei10ds of new and existing systems

Management is primarily interested to know- in general the system"s overall objchi\-.rcs and
basic operations. A bricf manual highlightir, the key steps in each system may be prepared
for management. Goed managers have an exceptional ability 10 get to the root of a system

Documentation
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and, their experience should enable them 10 retrieve information from a syslems summary or
chart which may not be apparent Lo the sysiems analyst.

3.3.5 Systems Documentation

Each phase in the sysiems development cycle is accompanicd by appropriate documentation,
The systems request, even if it is initially mark verbally, eventwally must be written. Tt is
desirable for the client and 4 systems analyst 10 work jointly in writing the request since each
can contribute knowledge the other does not have. The wrillen system’s request is merely a
statement of the user’s problem. ' '

In documenting the results of its dclibcraﬁons. the sclection committee must specily the,
following: .

(a) The objectives of the impending feasibility study
(b} The extent of the authority of the feasibility team
{(¢) The individual or group responsible for completing the study

A feasibility report is probably the most important form of documentation in the sysiem
development cycle. Tt accomplishes the following two purposes:

(i) Ttdefines the objeclives of the proposed system’s change in reasonable delail after
a sullicicnily detailed study.

(ii) It gives a plan o auain these objectives.

The documentation of this plan must be thorough enough so that system designers could -
produce a complese and effective sysiem. Al various points during systems design, the
designing team produces the following additional forms of documentation:

(i} File Specification: detailed definitions of each file in the system, best done m
graphic form.

(ii) Transaction Specifications: detailed descriptions of each type of inpul in the

system, including a layont of each wansaction and a narrative description of how it
is used.

(iii) OutpuLSbcciﬁcaLions: detailed descriptions of all output anticipated from the
syslem.

Documenlation also includes plans [0 test the system and convert frém the old o the new

one. The systems analyst must also provide a plan 10 train the personnel affected by the
changes. - : : ’
During the life cycle of the completed sysiem, the system itself must provide documentation

of how welk it is operating and consequently should be designed 1o yield data aboul itself as 2
normal by-producL

Check Your Progress 1

1. Deseribe the characlenistics ol a pood decumentation.

2. Listoat various 1ypes of ducumentalion,




What is user documeniation? o, ) Documentation

3.4 SOFTWARE DESIGN AND DOCUMENTATION
TOOLS '

Well designed, modular sol't'wa}c is more likely to meet the maintenance, reliability and - .
tesling requircment, Three specific tools are described below ¢

- Svuctured {lowchart
-~ HIPO diagrams

-~ Wamict/Om diagrams

3.4.1 Structured Flowchart

Struciured Mowcharts, also called Nassi-Schneiderman charts, arc graphic tools that force the
designer 1o structure sofiware in modular as well as top-down form. They provide a proper
struclure that can be retained by the programmer for developing the application software.
The programmer should be expert in using the structured flowcharts.

The basic clements arc used in developing structured [Iowchal;ls are :
- Process
- Decision
- Icration

Process; Simple processes of steps in a program are shown by a rectangular box, the process
symbol. This symbol rcpresents initialisation of values, input and outpul opcrations and calls
to cxecuie other procedures. -

Decision: The decision symbol sepresents altemative conditions that can occur and that the
program musL have a mannce of handling. The'decision symbol may show actions for more
than lwo alternatives at the same Lime.

Tteration: The itcration symbol represents [ooping and repztition of opcrations while a
_certain condition exists or until a conditivn cxists.

The structured flowcharls use no amows or continuations on scparale pages. Each strectured
Mowchart is shown on a single sheet of paper. When designing a structured {lowchant, the
sysiems analyst specifics the logic in a top down fashion. The firsl consideration in a process
is the 10p element. The second in sequence is next one shown and so forth. Similacly, there
is a singlc exist lrom Lthe process.

3.4.2 HIPO Diagram

it is another toof commonly used for developing systems soflware. Itis an acronym for
Hicrarchical Input Process Output. This.method was originally developed Lo provide
documentational assistance for programmers/analysis.

The major concept upon which HIPQ is based is the highly siructured modular design. Fhe

HIPO documentation uscs a struciure that is similar (o0 an organisation chart. This type of

structure ailows the enforcement of major principles to HIPO, a top-lo-boltom approach to

design., The cmphasis is made on forcing the flow of dota down through the system, not in ' 23
Lhe opposite dircction.
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The main idea behind the top-to-bottom approach is the elimination of “output-oriented”
systems solutions. An output- oriented system is concerned with providing output and does
not bather aboul the sound principles of syswem design. In essence, an cutput-oricnted
system often geis the job done withoul delay.

Unfortunaicly, many data processing organisation try to cmploy this type of rationale in their
system designs. Quiput-oriented sysiems arc often frapmentary, with large gaps evident in-
the logic and flow of data throughout (he system. Proprams written for this type of system
ofien duplicate each other in part. The net effect is that more programming eflorts are
required, with a resultant, loss of manpower and time. ’

The HIPO concept, wilh its highly ordered structure and top- wo-botiom approach, tries o
climinale piccemcal system design. A view of general HIPO structure is shown in Figure 1.

Lo
0.
1 2 3
ai | ] ] -
1 12 13 21 22 3] 32
[ ] P ! [ | | ]
111 112 113 131 |21 | |21z |221| {222 [311] |312| |321] | 322
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11112
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ms] fniq2 22131 22132

Figure 1: Structure of HIPO chart IldenUfying atl of the components wthln Lhe chart
by number at each of l.he sub-lTevel.

As you can observe that HIPO structure is quile sumlar 1o that of a manager’s orgamsalmnal
chart. The numbers shown in various boxes of HIPO chan provide a means of idéntifying,
each of this sub-levels dnd component blocks on the chart. The rationale-of subdividing and
identifying the component blocks within a HIPO design is extremely important. Applying
this concept, the a.nalysl is capable of defining and completely laying oul the overall
structure of the entire sysiem under study. The HIPO appmach is mainly designed to
aocommodar.c the development of a system.

3.4.3 Warnier/Orr Diagram .

Wamier/Orr diagrams, also known as logical construction of programs/logical construction
of systems are power{ul tools aimed at designing of program structures by identifying the
cutput and processing resulis and then working backwards 10 determine the steps and
combinations of input needed to produce them. The simple graphic methods used in
Wamier/Orr diagrams make the levels in the system evident and movement of the data
between them vivid.

‘Wamier/Orr diagrams clearly show the various processes and sequences in which they are
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performed. Each process is defined ina hicrarchical way. At each level, the process is
shown in a bracket that groups its components {figurc 2). Since a process consists of
different subprocesses, a Wamier/Orr diagram employs a set of brackets to indicate each

level of system clearly,

Brackets denote set and subscts

Brackets denote
sets and subsets

Monday
Tuesday
Wednesday

Thursday
" Days of the week Friday

Week days

Week cnd days Saturday
. Sunday

The set of days in the week has week days and week end as subsets.

Figure 2: Sct Notatlon used in-Warnler/Orr Dlagrams

Wamier/Orr diagrams are very powerful design tools and offer some distinct advantages to
':syslcms cxperts. They are quite simple in appearance and easy to understand.

Check Your Progress 2

List out various software design and documentation tools,

H

= Whatdo you mean by HIPO diagram? Explain brictly,

Documentation
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3.5 NEED FOR DOCUMENTATION'

Preparation of documentation is guile important as it depicts what the system is supposed to
be and how it should perform its functions. It illustrates both technically and economically
how a system would better scrve the objectives and goals of the company. Documcntation
improves overall operation in addition 1o management and audii control,

T also serves the following purposes:
(i) Reviews the progress or development of an application sollware,
(ii) Communicates lacts aboul syslem o users.
(iti) Communicates batween personnel working on a devclopment project.

(iv) Provides ndccssa:y guidelines to allow correction or revision of a system or its
compulcr programs.

(v} Provides operaling instruction 10 uscrs and operating stall.

(vi) Assists in the reconstruction of the syslem in case it is desiroyed.

(vii) It helps the management to delerming if the new design achicves the objectives of
the company within the established constraints and if it is justiliable from a cost
standpoint.

(viii) Documentation scrves as a focal point from which the analysts” désign canbe
assessed and as a standard 10 be utilised as a reference once the system is
implemented. .

3.6 GUIDELINES/FORMAT FOR PREPARING
DOCUMENTATION PACKAGE -

Jhere are, as yet, no universal documentation standards, ‘since sysl'cms vary greatly in form,
contents and requirements, The formal of each documentation package will be bascd on the
lollowing points: :

(i) Characteristics of system: Some designs require descriptive while others can be
explained with the help of diagrams.

(i) Management’s attitude toward documentation: . The analyst must prepare the
documentation package within Lhe limitations established by the management.

(iii) Equipment restrainis: A company with large and inlcgrated computer sysiem
having teleprocessing facilitics will require ma-e formalised and technical
documentation than a company with a more conservative and small compuler
syslem.

3.7 ELEMENTS THAT COMPRISE A

DOCUMENTATION PACKAGE

A ;iocumenlation paci:agc consists of the [ollowing elements :
— Cover lenier ‘
~ Table of conlents -
~ Nammative
— Flow chans
— File specification
~  Program specification
~—. Costol the ﬁroposcd syslem and of its alternatives

—  Test brochures
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(i) Cover letler: The cover letier is a comrespondence primarily to management, that Ducamentation

describes the benefits of the new design and that gencrally helps in selling the
sysiem. Tushould be kept in mind that unless the documentation is approved, the
new system will never be implemenicd and the an'plysls‘ work will be of no use.
Thus the analyst must try to coavince the managerment that the new design,
presented isfeasible and approprialc to satisfy the gbjectives of the company, The
cover letter should describe the purpose and furction.of the new system clearly. It
should be writien in concise language to facilitie executive undersianding,
without requiring complete Eamiliarity with the intricacies of the system,

(i) Table of Contents: The inclusion of a table of conlents is an absolute necessity,
Pages in the documcntation package must be numbered and cross referenced in this
table of contents. . :

(i) Narrative: With the namrative, we begin the detailed formulation of the new
system.

(iv) Flowcharts: Each subsysicm within the ahalysl's formal design should be
explained with the help of flowchart. .

(v) File Specification: Each filc within the formal design must be deseribed with
regard (o; '

— Purpose-

— Programs that will use the file

- VYolume

- Frequency of use”

- Source-[rom which the file is obtaincd
— Description of ficlds N
- Layour and samples

(v} Program Specification: Atthis point, the analyst must segment the new design
5o that each unil will have scparate program, assuming that the design is itsclf
approved by the management, '

(vii) Cost of the proposed system and of its alternatives: The details of cost must be
shown as part of documentation. o -

(viii) Test Brochures: The analyst should describe the operations and procedures
{including test data) that will be employed 10 test the new system, once it is
apnroved.

Check Your Prapress 3

IR
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Why i decumentation needed ? -




System Dcvelﬁpmml-and )
Iinplenentation

38

'3.8 SUMMARY

The unit swesses the need [or cifeclive documentatien at all stages of the software
devclopment. The various type of documents discussed above are helplul 10 varicus
personnctin their respective functional arcas. It also sresses (he need L0 wse varions tools
lor designing and documenting a software package.

3.9 MODEL ANSWERS

Check Your Progress 1

1.

Various characteristics of a good documentation are:
(i}  Availabiliry

(i)  Objcctivily

(tii} Cross-referable

(iv)  Easy to maintin

(v} Complelencss

Major types of documentation are:

{i) Program documentation

(i)  Operation documentation

(iii) User documcniation

(i) Management documentalion

(v)  Systems docurnentation

Systems users require proper documentation to preparc or developing system and to

smoothly carry out existing oncs. ‘To mect this requirement, each system should have a
manual that spells everything the users must know to do their job cormeetly, :

Check Your Progress 2

1.

Various soliware design and documeniation tools are:

(i} Strucwured Nowchast | -

(i) HIPO diagrams

(iii) Wax'niefIOrr diagrams

It is an acronym [or Hierarchical Input Process Output. It is quite imporant tool

commonly used for developing systems sofiware. This'method was originally
developed Lo provide documentational assistance for programmers/analysts,

Wamicr/Orr diagrams are power[ul tools aimed at designing of progeam ' structire by
identifying the output and processing results and then working backwards (o determine
the steps and combinations of input necded to produce them, They are imporiant -
design tools and offer some distinct advanlages Lo SySIEmMS CXPEris.

Check Your Progress 3

1

Preparation of documentation is quile important as it depicts what the system is supposed o
be and how it should perform its functions. Itillustrates both wechnically and cconomically
how a system would better scrve the objectives and goals of this organisation.

A documcntation package contins the following elements:

(i}  Coverletler (i} Tablc of conients (iii) Narration

(iv) Flow chars’ (v) File specification (vi} Program specification -

(vii) Cost of proposed system and of its alternatives (viii) Test brochures
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UNIT4 SYSTEM IMPLEMENTATION

Structure

4,0 Introduction
4.1 Objectives
4.2 Training of Personnel involved wnl.h System
421 System Operutors Trammg
4.22  User Training ~
4.3 Training Mcthods
43.1 Vendor and In-service Training
432 In-house Training
4.4 Conversion Methods
4,4.1 Parallel Sysicms
442 Dircet Conversion
443 Pilot System
444 Phasc-in Mcthod
4.5 Conversion and Operation Plans
45.] Sitc Prcparation
452 File and Data Conversion
4,6 Post-implementation Review
47 Review Plan
4.2 Sysiem Mainienance
49 Drawing up Compuler Contract
49.1 Respective Responsibilities of Yendors and Buyers
492 Documentation
493~ Hardware
494 Delivery and Accopiance
4.95 Right of Use of Equipment from Other Vendors
496 Warranties
497 Guaraniees
498 Paymenls
4995 Banlmumpicy
24 10 Hardware Acquisilions
4.10.1 Tender Evalualions .
4.10.2 Costing Facior
4,103 Equipment Characteristics - -
4.104 Potential for Growih
4105 Vendor Support
4.11 Criteria for Vendor’s Sclection
4.11.1 Economic Faclors
4,112 Hardware Factors
4.113 Software Faclors
4,114 Service Factors
4,115 Reputation of Manulacturer
4,12 Acquisition for Proprictary Soltware Packages
4.12.1 Technical Aspect of Proprictary Software
4.12.2 Approaches to Software Evaluation
4.13 Scrvicc Burcaux
4,13.1 Advanlages of Using Data Centres
4.13.2 Disadvantoges of Using Data Cenires
4,14 Financing use of Computers -
4.]14.]1 Renting
4142 Leasing
4.143 Ouuright Purchase
4.15 Summary
4.16 Model Answers

4.0 INTRODUCTION

A cnucial phase in the system life cycle is the successful implementation of the new system
design. Implementation includes all those activities that {ake place (o convert from the old
‘system o the new one. The new system may be completely new, replacing an existing 39,
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manuzl or automated system or it may be major modification 1o an cxisting system, In clther
case/ proper implementation becomes necessary so that a reliable sysiem based on the
requirements of the organisation can be provided. Successful implementation may not
guarantee improvement in Lhe organisation using the new sysiem, but improper installation
will prevent it Tthas been observed that even the best sysiem cannol show good result if the
analysts managing the implementation do not aicnd to every important details. This is an
arca where the systems analysis need o work with utmost carc,

This unit discusses the three aspects of implementation:
»  Training personnel
«  conversion procedurcs
«  Post-implementation review

In cach area, the-particular clements of that aspect are discussed, along wilh the methods of
handling each aspect efficiently-and elfectively.

4.1 OBJECTIVES

Afer completing this unit, you should be able 10:
» undersiand Lhe importance oftraining of pcrsonndl involved with systcm.
= get familariity with various training methods conversion and operation plans.
= cxplain post implementaton reveiw.

»  highlighls various issues involved in syslcm mainienance and desgning of compuler
contract.

«  get proper understanding about various faclors for ha.rdwarclsoflwa:c acquislion
: and vendor's sclection., . b

+  understand the importance of service bureamand financing use of compulers.

4.2 TRAINING OF PERSONNEL INVOLVED WITH
SYSTEM .

Even well designed sysiem can succeed or fail because of the way they are operated and
used. Therefore, the quality of training received by the peesonnel involved with the system
in various capacities helps or hinders and may even prevent the successful implememation of
management information sysiem. Those whe are direcily or indirectly related with the-
system development work must know in detnil what their roles will be, how they can make
efficient use of the system and what the system will or will not do for them. Both sysiems
operalors and users need training, '

4.2.1 Systems Operators Training

Running of the system successfully depend on the personnel working in the computer centre.
They are responsible for providing the necessary supporL. Their trining must ensure that
they are able 1o handle all possible opcrations, both routing and extrx-ordinary in nature.

If the system calls for the instatlation of new cquipment, such as a ncw computer system,
special lerminals or different dat entry machines, the operators” trining should include
such furilamentals as how o tum the equipment on and use i1, how 1o power off and a
knowledge of what consLituies normal operation. The operators shonld also be trained on
different type ol malfunctiening, how 1 recopgnise them and what sieps should be taken
whenever Uicy arise. As part of their training, operalars should be given both a
traubleshooling list (hat idenlifies possible problems and remedies for them, as well as the
names and lelcphone numbers of individuals 1o contact when unexpecicd or unusual
problems arise. Training also invoives familiarsation with run procedures, which involves
working through the sequence of aclivilies necded 10 use a new sysicm on @n ongoing basis,

4.2.2 User Training

Uscr may be trained on wse of cquipment, particularly in the case where, [or cxample, a
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micfo-coﬁpulcr is in use and the individual involved is botn opérator and user. In such
cases, uscr must be given trdining on how (o operate Lhe system also, Questions that may be
trivial 1o the analyst, such as how 1o [urn on a terminal, how (o inscrt a diskette into a
micro-computer, or when it is safe (o tom ofl cquipment without danger of dala loss, are
significant problems to new users who are not familiar with computers.

In most of the cases, uscr training deals with the operation of the system itsell, with proper

attention given 10 data handling lechniques. Ttis imperative that users be properly tmined in

metheds of eniering transactions, editing daa, formulating inquirics, deleting and inserting

of records. No training is compleic withoul familiarising users with simple systems

; mainienance activitics. Weakness in any aspect of raining may lead 10 awkward siluations
that creale user frusiralion and crrors. -

4.3 TRAINING METHODS

Training of operators and users can be organised in several different ways-Maost imponant are :
(i) Vendor and in-service training

(ii} In-housc training

4.3.1 Yendor and In-service Tram:ng

Often the best source of Iraining on cquipment is Lhe vendor who supplics the equipment.
Most vendors offer extensive educational programs as part of their services. For cxample,
IBM offcrs complimentary two or three days shorl-femm courses to purchasers of many of
their mini and mainframes. The courses, offered by cxperienced trainers and sales personnel,
cover all aspects of using the equipment, from how to turn it on and off, to the slerage and
retricval of data. One session'is kept for hands-on training also so that the participants can
frecly use the system in the presence of the trainers,

" If special softwace such as teleprocessing package or dalabase management system is being
installed, sending personncl 10 off-sile short lerm courses providing in-depth training is

. prefcrable 1o in-service training. These courses, which are gencrally provided by charging a
fee, are presented 1o personac] [rom many organisations tat are acquiring or using the same
system. The benelit of sharing questions, problems and experiences with persons from other
companics is subslanlial

-4.3.2 In-house Training

The main advanmgc of olfering in-housc umnmg is LhalmsU'ucuon can be Lailored according
to the requirements of the organisation. Often the vendars negotiale fees and charges that are
more cconomical so thal company can involve more personnel in the training program than
is possible when travel is required,  However, the disadvartage of distrcting lelephone
calls, busincss emergencics and other interruptions marst not be overlooked.

The other common approach is to evaluaie by taking  casc- study example that contains ul
sort of frequently encountered sinations 1hat system is able to handle. Then (he user must
use the sysiem 1o handle the actual siluations; that is, enter data as required, prn.c.\-.\ the dota
angt preparc Lthe desited reports.

Although high-quality training is an essential sicp in syslems implemenuion, yel il is not
sulficient by ilself.

4.4 CONVERSION METHODS

Conversion is the process of changing [rom the old system Lo the new one. Tt must be
properly planned and exccuted. Four methods are commion in use. They are: pavallel
systems, dirccl conversion, pilot system and systems phase-in. Each mcthod should be -
considered in the light of the opportunities tha it ofTers and problems that it may create,
However, il may be possible that sometimes, we mity be forced Lo apply one method over
others, even though other methods may be more bencficial. In general, systeins conversion
should be accomplished in shortest possible time. Long conversion periods create problems
for all persens involved including both analysts and users.

e
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‘4 4.1 Parallel Systems

- .;The most secura methiod of converting from an old Lo new system i$ 1o run both sysr.ems in

parallel. Under this upproach uscrs conlinue o operate the old system in the usual manner
‘but they also start using the new syslem. This method is the safest one because it cnsures
thal in casc of any problems in using the new systcm, the orgamsauon can, sull fall back 1o
the old system wnhoul lnss of time and maney.

The disadvantages of the parallel sysiems approach are:
= It doubles operating costs
» The new system may not gel {air trial, ;

4.4.2 Direct Conversion

This method converts from the old 1o the new sysiem abruptly, sométimes over a weekend.or
even overnight. The old system is used until a planned conversion day, when it is replaced
by the new system. There are no paralle] activities. The organisation relies fully on the new
system. The main disadvantages of this approach are: no other system to fall back on, if

dilficulties arise with ncw system. Secondly, wise and careful planning is required.

4.4.3 Pilot System

Pilot approach is often preferred in I.hc case of the new sysiem which involves new:
techniques or some drastic changes in organisation pcrl‘on'nance In this methed, a working
version of the system is implemented in one part of Lhe organisation, such as a single work

- arca or deparument. The users in this area arc aware that they are piloling a new system and”

that changes can be made to improve the system. Based on the feedback, changes are made -
and the syslem is installed in the remaining dcpanmcnls of the organisation, either all al once
{direct conversion method) or gradually (phase-in method). This approach provides
experience and live test before 1mplemc.ntauon

4.44 Phase-in Method

This method is used when it is not possmlc 1o mslall anew system throughout an
organisation all at once. The conversion of files, training of personnel or arrival of
equipment may force the staging of the implementation oves a period of time, ranging from
weeks (o months. Tt allows some users 10 take advantage of the new system early. Also it
allows training and installation without unnccessary use of resources.

4.5 CONVERSION AND. OPERATION PLANS

After tie system conversion is completed psing any one of the methods mentioned above,
the conveesion plan stans. In the conversion plan, all the activities that must occur o
implement the new system are properly defined and put it into operation. Tt identifies the
persons respansible For each activity and includes a time schedule for each activity.

During thé pre-implementation stages, when the convérsion is being planned, analysts should
prepare a list of all tasks, including the foltowing:
= Listall files of conversion’ -
»  Identify ali data required 1o build new files during conversion |
*  List alinew documents and procedures used duﬁng CONVErsion
.+ Tdentify all controls to be miade during conversion
»  Assign responsibility for each task
. Verify _convcrsi-on schedules

“The conyersion plan should anticipate possible problems and methods for controlling them.
The missing documents, mixed data formats between current end new files, errors in data
translation and siluations that were overlooked during systems development are the common
problems. The conversion manager must guard agamst the omission of steps in the
conversion. This manager is also rcspons1b1c for reviewing conversion plans, verifying the -
delivery of equipment, software and preparing the site.
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4.5.1 Site Preparation. System Impleracntailon
A major aspect.of conversion is the preparation of the systems site, Preparation aclivitics

include clectrical and air- conditioning preparation, sitc layout and installation of the

equipment. Itis the best to have the sile preparation completed prior to the ammival of the

cquipment, since vendors are not in favour of delivering the system if the construction work

‘Is going on. ' :

If the system is micro-computer, lite site preparation work is needed. However, the electric
lines should be checked to ensure that they are free of static or power fluctuations. I1 is
desirable to install a “clean™ line that is not shared by any other equipment. Static elecimicity
is very harmful for computers. Carpet should be avoided in the computer room, If carpet is
mecessary, it should be the anti-static type that will not allow static build-up.

The site layout should allow sulficient space for moving equipment in and selting it up for

noermal operation. Vendors will provide clearance requirements for performing service and
" maintenance and for air circulation. These requirements must be strictly adhered 1o or

warranties ¢an be voided and majntenance discontinucd entil specifications are met.

. 452 File'and Data Conversion

.Dataand [ile preparation consumes a large proportion of conversion time, Not only mst the
data be converted 1o a format acceptable in the new system, but analysts must ensure that this
is due without loss of detail or accuracy. ‘By-using record counts, financial controls and hash
totals, analysts are able to detect correct problems quickly, before they get outof control, " -
even if the conversion involves data ransmission, :

4.6 POST IMPLEMENTATION REVIEW . o -

Alicr the system is implemented and conversion is complete, a review should be conducted
to determine whether the system is mecting expectations and where improvements are

- meeded. A postimplementation review measures the syslems' performance against -
pre-defined requirements. Tt determines how well the'system continues to meet performance
specifications, It alse provides information to determine whether major re-design or
modification is required, '

A post-implementation review is an evaluation of a system in erms of the exicht to which
the system accomplishes stated objectives and actual project costs exceed initial estimates. It
is usually a review of major problems that need conventing and those that surfaced during
the implementation phase. ) )

. The post implementation study begins with-the review team, which gathers and reviews
requests for evaluation. Unexpected change in the system that alfects the user or system

_ berformance is-a primary facior that prompts sysiem review. Once request is filed, the user is
asked how well the system is functioning to specifications or how well the measured benefits
have been realised. Suggestions regarding changes and improvements are also asked for.

Check Your Progroess 1
. 1. List out the various wmining methods for imparting training 1o operators and uscrs.

2. List out the four methods of sysicm convesion.
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3. Explain the importance of post implemcniation Jeview briclly.

47 REVIEW PLAN

" The review team prepares a formal review plan around the objectives of the review, the type
of evaluation to be carried out and the (ime schedule required. An overall plan covers the
following arcas: .

() Administrative Plan: Revicw area objectives, operating costs, actual operating
performance and bencfits. . ' .

_ {ii) Personnel requirements Plan: Review performance objectives and uainihg
performance (o data, '

{ii) Hardware Plan: Review performance épeciﬁcaﬂons .
' (iv) Documentation Review Plan: Review the system development effort.

The review not only assesses how-wcll the current sysfem is designed and implemented, but
also is a valuable source of information that can be applied Lo the next syslems project.

The revicw leam prepares a formal review plan around the objectives of the review, the Lype
* of evaluation to be carried out and the lime schedule required. The revicw plan cover the
following arcas: -

(i) Administrative Plan: The l'ollo'wing (wo activities are reviewed under this plan:

(@) User Objective: Thisisan extremely critical arca since it may be possible that
over a period of time either (he system docs not meet the initial objectives of
the user or the user objectives get changed as a result of changes in the overall
objectives of Lthe organisation. The results of Lhe evaiuation are documented
for future reference.

(b) Operating Costs and Benefits: Under the administration plan, current l:nidgct
designed to manipulate the costs and savings of the system is closely
seviewed. :

(ii) Personnel Requircme.nt Plan: Under this plan, all activitics involving sysiem
personnel and stall members associated wilh he sysiem are evaluated, After the
plan is developed, the review group gvaluates:

fa) Personnel pecformance objectives compared with current performance levels

() Training performance through testing, conducting interviews and olher data
gathering technigues.

- (iii) Hardware Plan: The hardware of the new system is also reviewed including
terminals, CRT and communication network. The main target is a comparison of
current performance specifications with design specifications. It also points out

neeessary modiﬁ_calion to be made.

(iv) Documentation Review Plan: The reason for review plan is o evaluate the *
accuracy and compleieness of the documentation compiled Lo date and 10 its '
conformity with documentation siandards established earlier.
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4.8 SYSTEM MAINTENANCE

The last part of the system devclopment life cycle is system maintenance which is actually
the implementation of the post- implementation review plan. When systems are installed,
\hey are generally used for long perieds. The average life of a system is 4 10 6 years, with
oldest application oficn in use for over 10 years. However, this period-of use brings with it
the need to continually maintain the system. Programmers/Analyst spend sufficient time for
mainkaining programs. ‘The study on the maintenance requirement for the information
system révealed that

(2} 60-90 pér cent of the overall cost of sofiware during the lifc of a system is spent on
' maintenance, :

(&) Indocumented cases, the cost of mainienance, when measured on the basis of writing
" each instruction in coding form, is morg than 50 dmes the cost of developing a system.

() The software demand is increasing at [aster rate than supply. Many programmers arc
devoling morc time on systems maintenance than on new soltware development, There
is a backlog of new development work,

The maintcnance can be classified as correclive, adaption or perfcclive. Corrective
maintenance means repairing, processing or performance failures or making altcrations
‘because of previously ill-defincd problems. _

Adaptton maintenance means changing the program {unclions. Enhancing the performance
or modifying the programs according 1o user’s additional or changing needs are included in
perlcctive maintenance. The greatest amount of maitienance work is for user enhancement
and improved documentation of Lhe system for benier cflicicncy. More time end money are
spent on perfective than on corrective and adaplive maintenance together,

Maintenance covers a wide range of activities including correcting coding and design crrors,
updating documentation and (cst data and upgrading user support. Many activitics classified
as maintenance actually falt under enhancements. Mainienance means restoring somcthing
Lo its original position. Unlike hardware, software does not wear oul; it is comected. In
contrast, cnhancement means adding, modifying or re-developing the code to support
changes in the specilications. It is o keep with changing vser needs and the operalional
environment.

The keys to reduce the need.for mainenance while making it possible to carry on with
csseatial tasks more clficiemly are as follows:

(a) More accurately defining the user’s requirement during sysiems developmentL
(b) Preparation of system documentation in a.beiter way.

{c) Using more cifective ways for designing processing logic and communicating it t
project team members.

(d) Making better usc of existing wols and techniques.
(¢) Managing the S};slcms cagincering process cicetively,

An addition factor in the success of the maintcnance programmer is the work environment.
Maintcrance programmers have gencrally been paid less amount and receives less
recognition than other programmers. Littde attention has been paid 10 their training and
carecr plans within the MIS function, Maintenance demands more orientation and training
then any other programming aclivitics, especially for eniry-level programmers. The

* environment must recognize the needs of the mainlcnance programmer [or tools, methods
and Lraining, RN

4.9 DRAWING UP COMPUTER CONTRACT

Generally itis observed that vendors have their own standard form of contract which is
prepared keeping into mind the interest of the vendor only. But during final discussion with
the vendor, it can be negotiated to add, delete or modilying certain clauses so that terms and
conditions of the contract become reasonably ¢quitable for both the sides.

System Implemeniatien
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The buyer just look into the following provisions in the contract (o safeguard his interest..

491" Respective Responsibil{ties of Yendoré and Buyers

The responsibilities and remedics available 1o the wwo sides in.the event of non or faulty
perlformance of the sysicm should be ¢learly defined in the contract. The remedies include
special remedies, damages (actual, consequential and liquidated) and specilic performance.
*special remedics’ may be invoked when the vendor Nills to give the delivery on time or is
found deficient at the time of carrying ouL acceplance [ests. Allernatives 1o special Temedies
are claims for actual consequential and liquidated damages. 'Actual damages’ compensate a
party for the advaniages lost in the actual bargain. ‘consequential damages’ compensate the
partics in respeet of all foresecable losses because of breach of contract. 'Liquidated
damages’ fix a certain amount in the cvent of breach of contract condition. *Specific
performance’ clauses arc auracted when a system [ails the acceptance tests because of
memory storage. In this situation, buycr can ask for additional memory at nil or nominal
cost within a specilied time. .

4.9.2 Documentalion

The customer should have the right to stop payment il proper documentation required lor ihe
elfective running of the sysiem is not provided by the vendor.

4.9.3 Hardware .

Tt is necessary that cach component of the contracted hardware is identified and its
performance criteria s clearly stated in normal operating condilion.

4.94 Delivery and Aéceptance

~ Tishould be clearly described about the delivery schedule and the aceeplance lest/standards

10 bé met by the computee during normal operating conditions troughout a specific period

. ol use.

4.9.5 Right of Use of Equ_ipmeilt from Other Vendors

The customer should have liberty to link peripherais from other manufacturers o the CPU.
The vendor must have protection from any damage or €xira cosis resufting therefrom., .

4.9.6 Warranties
Warranties should be included in the contract.

4.9.7 Guarantees

- For assuring reliability of the sysiem, guaranices should encompass the following poiﬁl,s:

. »  minimum hours of usable time.per day.”

+ mean-lime-beiween [ailures (MTBF).

+  maximum Ume o repair.

4.98 Payments

It should be clearly explained in the contract whether the renial/lease payments made by the
customer are in respect of number of hours actualiy used per month/shilt or they arc 10 make

ata flat monthly rate. In lease contracts, provision of buying the cquipment at cerlain
stipulated prices should also be kept. . .

The contract should provide the facility Lo protect the alrcady negotinied prices. Also, if the
vendor insists on escalation clauses, the customer should have the right [0 lerminaic the
contrct and recover compensatien for costs incurred on preparation,

4.99 Bankruptcy

~ The contract should provide explicit brolccﬁon 1o the customer in the cvent of the vendor

becoming bankrhipl.

-1t is fact that all the ascas of problems and disputes bclwccn‘ vendors and customers of




computer hardware éanno; be covered in the contract. Still, the aforementioned check-lists
Iry to cover the problems areas usually encountered. T

4.10 HARDWARE ACQUISITIONS

Once a decision has been reached 1o inswll an in-house computing device, the next step is 1o
prepare a list of specificatioris of the proposed system so that suitable vendors wotild be
invited for meeting the specific requirements. - .

The tender specifications are prepared as per norms of approved feasibility report. Main
lechnical parameters of the various units of the required hardware objectives of the project
and implementation schedule are also included in the tender specifications. Vendors may’
also be asked to quote separately in respect of *leasing® and "buying’ options. In addition to
this, the vendors may be required to fumish the details of the infrastructire which the
customer will have to ammange and the likely cost thereof.

4.10.1 Tender Evaluations

It is olten seen that requirements as indicated by the customer do not maich with the offer
made by individual vendors where the specification given by the vendors ace far below the
essenlial requirements of the customers, such offers may be rejecied siraightway from the

purview of short listing. Marginal shertfalls may be considered on merits. However, incase -

-of additional features in the offers which could be catcgorised as 'desirable’, it becomes
necessary 10 assign appropriate weights 1o such features, in order to bring all the bids on
equal footing. The additional features include quantifiable differcnces are:

* One lime costs as well as in the continually running and maintenance costs. .

*  Equipment characteristics such as storage capacities, speeds of various units of com-
puting device. - ‘ :

*  In-built spare capacity as well as capability of the sysiem to support additional
peripherals, : '

* Additional support to be provided by the vendor. "

4.10.2 Costing Factor
Cost consideration is quite important factor in computer acquisitions, Costs are of two Lypcs:
(i} One-1ime costs such as cost of site preparation (space, false ceilings, spé_cial
{loorings, elecirical fittings, air- conditioning etc.)

(i} Continucd running and maintenance costs of the entire installations. -

4.10.3 Equipment Characteristics

Hardware device which provides higher transfer rates (that is arrange number of bytes
passing between various functional units per unit of imé), or has large storage capacity or in
case of priniers, if the printed characters per line are quite high, then such additional
characieristics get entitled to weightage 1o the exlent off their praciical utility to the buying
organisation. Appropriate weightage can also be given (o such characteristics as high '
mcan-lme-bewween-failures (MTBF), compatibility wilh the equipment, peripherals ele,
available in the marker . o

4.10.4 Potential for Growth
Following feawres can be considered ity this category:

*  Poteniiality of the system to grove beyond the currently specificd capacity by adding
- On ccritin componcents,

*  Powcntiality of growth within a p:rticular family of compuier models,
*  Capacity of the system 1o handlc; a large {faricty of peripherals,

*  Abiliy of the system 1o handle : dditional workloads after considering the peak hour
load. :

‘System Isplementation
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4 10.5 Vendor Support
The l'cauucs to be given weightage under the vendor support include:

hardwarc maintenance facilitics offered,

trnining facilities provided

assistance to be provided in sofiware development

back-up Facilities provided by vendor in case of system [ailure
comparative delivery periods offered by differcnt vendors.

4.11 CRITERIA FOR VENDOR’S SELECTION

Mandatory requircment is that, if a vendor fails 10 mect them, he would be screened out
without any reason. The desirable characieristics would surely be litde bit diflicuit o
cvaluate because he may offer scveral alternatives in licu of them. The criteria of vendor
sclection may be listed in descending order by importance as below:

4.11.1

4.11.5

Econcmic Factors
Cost compnnsons
Retum on |nvcsuncm

Acqu:smon method

‘Hardware Factors
Hardware performance and its reliability

Facilitics for modularity-

Provision for back up [acifilics
Firmness of delivery date
Compatibility with existing systems
Expandability

Software Factors

Performance of software and ils price

Efficicncy and reliability of available software
Programming languages available

Availability of well documented package programs

_Finnness of delivery date for a promiscd software

Ease of use and modification as per user reguirements
Porability and its capacity 1o inicrface with the environment.

Service Factors _
Facilitics provided by the manufacturer for detecting errors in the new programs
Providing of good raining facilitics

Assistance in sot‘lware development and convc.rsmn facilities provided
Maintenance terms and quality

Reputation of Manufacturer
Financial siability
Past history for keeping promises

* These critcria may have o be further sub-divided particularly for hardware performance and

Support services.
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4.12 ACQUISITION FOR PROPRIETARY SOFTWARE
PACKAGES

Apart from few cases where software packages are developed by outside agencies as per
rcquircment and at the expenses of the uscr organisation, the proprictary rights in the
package remain with the original developer. This means that software package devcloped by
outside agencies can only be licensed for use, ‘The mode of payment for the purpose can be
possible in one of the following ways: -

+  Ofl-the-shelf a.a'cquisition of programs stored in a floppy or in 2 plug-in ROM

*  module. (These modes arc quite popular in the case of software to be used on PCs).

«  Acquisition of the right 1o usc a package by means of a monthly/periodical licence

B :

*  One-off payment for a [ixed period. '

«  Lump-sum payment in the beginning and periodical service charges later on.
Some computer vendors are also interested 1o supply software packages along with the
system and thus they form an integral part of computer operations. However, they like to
charge a nominal fee for the use of such packages just to establish ownership.

4.12.1 Technical Aspect of Proprietary Software

While considering Lhe acquisilion of a proprietary software package, following technical
characlerislics must be taken into account:

Amount of memory required when resident in the CPU.

Memory 'size
Run time Some programs may occupy.lcsser memory but much larger run times.
Adaptabil-ily Ability to mix into a multi-programming environment and to utilise the
existing resources such as peripherals, operating systems, various
utility programs, etc.
File storage File storage requirements and how efficienly it can store and retrieve data.
Modularity A package with a high degree of medularity has the capacily to operate
on various machine with different configurations.
Expandability It emphasizes the sensitivity of a software package to handle an
’ increased volume of ransactions or 10 integrale with other programs.
Reliability Slgmf cant retiability related aspects also include:
+ the extent to which a package can still be used when a parucular
module [ails,
= types éf errors on the pant of the user which affect performance of
the packages,
= east. of recovery in case of failure,
= capahiility of the package to run on different configuration,
Efficicncy : . ‘This aspe:t encompasses capability of the package to perform under
peak load >onditions. Efficiency of a package much depends on the
Janguage i,y which it is written and the operaling system used.
Ease of Implementiition of an application package refers to all the associaled
Implementation activities and vendor support up to the point where the package salisfies
users needs and the user can run it independently.
Usability It refers (o ¢ ¢ effort required 10 operate, prepare the input and

Yendor support

interpret the -output of a program. Additional poinis 10 be considered
are portabilwty and unc}crstandability.

This is critics 'lly imporiant in such areas as documentation, software,
modificationy* enhancement/maintenance and educating the user stafl at

different [eve]ls-clerical, technical, operational and manogerial.

T
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- Seccurity : Thisreférs t.o the in-bailt capability of the package (0 prevent

unauthorised access to software and data and 10 maintain preper integrity
of the system.

4.12.2 Approaches to Software Evaluation
For software cvaluation, following approaches have been discussed:

(a) DBenchmarking: Benchmark is nothing bat a sample program épecially designed to
evaluale the comparative performance of hardware or software.

(b) Experience of other users: Vendors gencrally gi,vc'.s a list of uscrs who are satisficd
with their work. But it is advisable W seek the apinion independently from the existing
users whose confliguration and operational environment is ¢losely identical.

(&) Report of independent research organisation: Now-a-days many research
organisations undertake project of evaluating the proprietary software offered by
various software agencies. These evaluations are objective and comprehensive in
nature. They publish the report at regular interval. The prospective buyer of a-software
package can have faith in their evaluation.

4.13 SERVICE BUREAUX

It has been observed that installing in-house computer is quite costly alfair. Thus a small
user faces the problem of justifying such a large amount in the initiat siage and recurring
expenditure later on, It may also be possible that he may not like to get involved in the
setting up and siaffing of a computer department until a few applications have shown results.

_ For such a user, number of consulting and service bureaux cxist that provide computéer

faciliies to their clients on a fes basis. This service is available on an as-nceded basisorona
continuing contract basts.

Large number of such service bureaux are functioning in our conntry. Quality of service
rendered by these vary widely. Some bureanx are run by companies who have acquired a
computer for meeting their own requirements and rent out the spare lime. Their raes are low
but customer service is negligible. The user has to arrange for his own computer operator
and related computer stationery. This type of bureanx is good for persons having knowledge
of EDP and is available at a cheaper rate. On the other hand, some service bureaux provide
everything such as compuier operator, Lapes and disks elc. Such burcaux are Title bit
expensive but they are customer criented. )

Alternatively, the usercan entrust his entire job Lo a service burcau or data centre. The
charges of such bureaux vary considerably depending on the responsibilities taken by them
and the reputation of the Grm. The charges are made up of the {ixed cost for systems
development work and also variable.cost which depends on the volume of the data
processed.

4.13.1 Advantages of Using Data Centres

The various advantages of using data centres instead of an in-house cbmpulcr facility are
given below:

(i) The major benefit of using data centre is that they can make use of cnmputc[-‘
without spending large initial amount. .

(i) It climinaics staff and management problems caused by the empleyment of a Leam
of highly paid technical professionals in a rapidly changed field of computer.

- (iii) The small organisation can utilise the expertise knowledge of experienced and
qualified staff of data centre in his data processing job which is not available

within the organisation. )
(iv) There is no (ear of equipments becoming cbiolete.

(v} The small organisation can get valuable experience of working on computer before
deciding whether or niot o install an in-house computer.

T Wiy e )




4.13.2 Disadvantages of Usmg Data Centre . SyotemImplementatic

(i) . Using data cenme services rehnqu.lshes control of vital business data whercas
in-house computer offers the possibility of strict security measure.

{ii) Loss of control over the time (aken to process data is suffered by an organisation
due to data centre, Ol'f-premma COMPULEr PrOCceSSing may be inconvenient

(iii} In vsing the data centre, stalf members of the orgamsauon are not getting
famitarity with woﬂnng on computers;

(iv) Use of data centre makes Ihe organisation dcpcndent on a second party whlch is
not aware of the necd of the orgamsauon

4.14 FINANCING USE OF COMPUTERS

_After deciding which computer o acquire, the basic confi gurauon and a general plan forits
expansion, a further decision has to be taken as how to finance the use of computers. There
are three major approaches for financing the use of computers: renting, Jeasing or ontright
purchase. Determining which approach is appropnate depends on the characteristics and
plans of the organisation at the time the acquisition is made. Nonc of the above approaches
have an edge over others. The featres of each method of acquisition have been summarized
in the following table:

Comparison of Computer Systems Financing Options -

Method of Acqﬁistiun Advantages Disadvantages
Renting Short-term commitment Most expensive option. Little
’ High level of flexibility. control of equipment

Does not require cash up change. All vendors are not
front. ) in favour of renting,

Leasing Pre-determined payments for | More expensive than
lixed period. Docs not purchase. May have
fequire cash up front, limitations on hours or
Usually better service from equipmenl use. 7

vendor than under rental.
Litde risk of obsolescence.

- !

Outright purchase Least cost in the long run, Risk of obsolescence.
Distinct tax advantages in Permanent commitment Full
casc of profit-making firm. A | responsibility for all types of
business investment. Full problems. Immediate and.

control over equipment use. | more requirementsas
compared 1o other -options.

4.14.1 Renting

The reniing methed is generally popular. Rent is paid for using the system on a short-term
duration, gencrally from 1 to 12 months, It is paid on a monthly basis. Both the user and
supplicr have the option of cancelling the rental with advance notice, nsually 30 or 60 days
ahead of the termination date.

Because of shori-term commiument, the renter {user) has lot of flexibility. The decision for
purchasing a sysiem can be delayed until financing is adequate, Flexibility can be
particularly imponant when an organisation is experiencing planned rapid growth and will
oulgrow a specific system in a short period. Another advantage is that the vser can obtain
belter maintainability, as the manufacturer is responsible for the mainienance of the
equipment.

Rental is quite expensive as compared with other acquisil:iun-memods. Monthly payments
are higher and the user organisation does not get any Lax benefits, other than deduction of the
monthly rental as a business expense.

51
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A lease is a commilment 1o use a system for a specific time, generally from three to seven
years. Paymenis are pre-determined and do not change throvghout the course of the lease,
Depending on the terms of the lease, payments ane monthly, quarterly, semi- annual or annual
and include the cost of equipment service and maintenance. At the end of lease period, the
lessor generally does not become the owner of equipment.

Leasing is less costly as compared with rental. Because of commitment for a longer
duration, the supplier will genarally provide better services and facilities to user. ].casmg
protects against technical absolescence also.

No capital invesiment is required 10 lease a compuler system, Leasing offers specific tax

- beneBis. In addition to deducting the cost of the lease as a business expense, tax credits are
somelimes available for the investment, which directly lowers the income tax a business
pays. : .

4.14.3 Outright Purchase ~

The ownership of computers through outright purchase is the most comrmon method of
compuler acquisition and is becoming popular as lease cosls rise. In due cours of time, the
purchase option frequently costs the least, especially in the light of the iax benefit that can
sometimes be achieved.

Under purchase, the vser organisation takes litle to the equipment. Of course, the money for
the purchase must be taken from operating funds or borrowed. And, ina sense the user
organisalion is locked into the sysiem it purchases, since changing to a different system is
dilficult problem.

The user organisation must arange its own maintenance, either by engaging his own
maintenance staff, of by entering into maintenance contract with the manufacturer. The
former method involves stocking of components and all the associated attendant problems,
In addition, if the equipment was financed, payment on the loan must be made periodically,-

the cash outflow stiil may be lower than with renting or leasing, depending on the terms
arranged by the purchaser. In retum for the outgoing cash, purchase offers some tax benefits

~ Check Your Progress 2
1.  What do you know aboul sysiem mainiengnce?

2. Whatis the crileria for vendor's selection?

3. List out the different approaches for software evaluation.

2

e O TR




Systerm Implemeniati

What are the advantages of using Data Cenures ?

....................................................................................................................

415 SUMMARY

This unit c;g:lams the significance of the implementation phase of the software development
life cycle. Bven though it occurs at the fag end of the life cycle, it can't be ignored because
by doing so, all the efforts that has been put till the previous phase will become void. Each
aspect of implementation i.e. training of personnel, conve.rung the system and reviewing the
system after implementation has a significant role 1o play in the successful implementation
of the system, ’

416 MODEL ANSWERS

Check Your Progress 1
1. Training of operations and users can be organised in several different ways. Most
important are: ) ,

(i} Vendor and in-service training
(ii). In-house training
2. Methods of syslqrr; conversion are:
(i) Parallel system
(1) Direct conversion
(iii) Pilot system
(iv) Phased-in method

3. A post-implemeniation review is an evaluation of a system in terns of the extent 1o
. which the systcm accomplishes stated objectives and actual project costs exceed initial
estimates. Itis usually a review of major problems thal nezd converting and those that
surfaced during the implementation phase.

Check Your Progress 2

1. The last part of the system development life cycle is system maintenance which is
actually the implementation of the post-implementation review plan. Maintenance
covers a wide range of activities including correcting coding and design errors,
updating documentation and test data and upgrading uscr support. - ,

- - . 5 >,
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The criteria of vendor selection may be as follows:

(i) Economic faclors

i) Hardware factors
(iii) Software factors
(v) Service factors

™ ﬁeputalion of manufacwrer

Dilfercnt approaches for software evaluaton are: -+

() Benchmarking

(i) Experience of other users
(iii) Report of independent research organisation

Various advantages are:

(i) One can make use of computers without spending farge initial amount.
(i) Expert knowledge of qualified stall of data center can be utlised.
(i) There are no fear of equipments becoming obsolete

(iv) It eliminates staff and management problems caused by employing highly paid
technical professionals in a rapidly changed field of computer.

Different ways for financing the use of computers are:
() Renting

(i) Leasing

(ili} Ouwright purchase

o iy it e Y
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BLOCK INTRODUCTION

This block consists of four units. Unit 1 develops the basie idea of Management System
(MIS) and our views on the contemporary role of MIS. It also traces the history of MIS over
the past four decades and provides a perspective for the futuce direction in MIS. Unit2
provides an overview of the Information Technology components that form the core of the
delivery vehicle for MIS. Unit 3 touches upon some organisational issues relevant Lo suc-
cessful application of MIS in an organisation. Unit 4 details the steps involved in building
successful information systems in contemporary organisations.
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-UNIT 1 INTRODUCTION TO MIS

Struclure

10 Inoduction

1,1 Objeclives

12 Whar is Management Infoxmauon Systcm (MIS)?
1.3 Historic Development

1i4 Compuler Systems and MIS

1.5 Organisational Systems and MIS
1.6 Logical Foundation of MIS

1.7 Typical Systems

1.8 The Future

1.9 Summary

1,10 Self-Assessment Exercises

N

1.0 INTRODUCTION

This unit introduces mc"subjcct.mauer. Since MIS is studied both by computer professionals
" and management professionals, both the technical and organisational perspectives are '

provided in this module. Further elaboration of these ideas form (fe rest of the course. This
unit will trace the history of computer applications in office management through Elecironic

"Data Processing and its evolution to Management Information System. Recent trends like

Decision Support Systems, Model Management Systems, Knowledge Based Systems will be
classified within the broad framework of an evolutionary trend. The significant impact of -
Information Systems on the society at large and the emesgence of Information Technology as
a dominant indusiry will be outlined along with future implications in the Indian context.

'11_OBJECTIVES

After going through this unit you sheuld be able to:
« understand the notion of MIS
» apprecinle the importance of MIS in organisation _
++  appreciate the relative role of computer systems & information sysiems
*  appreciate the importance of commercial applications of ‘computers

*  develop a perspective to the evolving concept of MIS through the myriad term llke
EDP. MIS, D53, ESS, KBS, etc.

» appreciale Lhe significance of Information systems to the society at Iargc

1.2 WHAT IS MANAGEMENT INFORMATION .
SYSTEM (MIS)? -

The term Management Information System (MIS) is familiar 1o most managers in the privae
sector, pl.lbllc sector and the governmnent sector. Many MIS systems are in widespread use:
by the managers atall levels: operational, middle and senior management. Substantially

large number of programmers and systems analysis are employed by many managers to build

a varicty of MIS systems. Naturally in the education of programmers and systems analysls
as well as general managers, the subject of MI5 occupies a key role,

The concepr of Management Taformation Syslem (MIS), however, is not clearly understood
by many developers as well as the end users of these MIS sysiems. Some consider any -
computer bascd system to be an MIS. In the govemmenml sector, MIS primarily means 8
variety of reports, thanks i the emphasis on report generation by several funding agencies.
For many, MIS is an evolutionary concept that evolved when the Electronic Data Processing
Systems (EDP) matured, Some others consider MIS to be a discipline of management
education similar to other disciplines like Accounting and Marketing, Many view MIS asa
philosophy of providing help to managers in decision making. With the revolution in
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microprocessors or ielecommunications and their impact on many of the MIS systems
developmen these days, many managers view MIS as a bunch of 1echnologies. The
traditional Organisation and Methods (O & M) specialists view MIS as an implementation of
the organisational systems and procedusces. For many of the students of Computer Science,
MIS is just a course on File Structurcs and File Processing with a relatively less demanding
intellectual component! . ‘

In our view, Management Information Systems (MIS) involve all these and much more. The
three sub-componenis — Management, Information and Systems — Logether bring out the
focus clearly and clfectively — Systems emphasizing a fair degree of integration anq-é
holistic vicw; Information stressing on processed data in the cantext in which it is used by
end users; Maragement focusing on the ullimaie usc of such information systems for
managerial decision making rather than mere technology. While many professionals may
like to substitute the tcrm MIS by relatively nascent ierms like Dcciﬁion Suppor Systems
(DSS) and Executive Support Sysiems (ESS), in ow opinion MIS i¢ the mosL widely used
and undersigod lerminology and retains the spirit of Management Information more -
comprehensively than most other 1erms. '

While the concepiual MIS docs not have to rely on a computational device, in the conlemporary
world wiere compulers are ubiquitous by their presence, il not use, any meaningful MIS would
exploit the power of compuling and communication devices to the maximum extent

For the pugpose of this text, we would mean Management Information Sysiem (MISy1obe

the set of computer based systiems and procedures, designed to improve the managerial

decision making process - that involve collection, organisation, distribution and slorage of
 information for analysis and control.

Fl

Needless to mention, such a definition only includes formal decisions that can be codified in
the form of systems and procedures. Carc must be exerciscd Lo roie that some decision

-sinations may have far reaching consequences and yet be out of the reach of MIS. This
includes innovative and inluitive decisions, emotional and personal decisions that may nol
lend themselves Lo formal frame work of analysis.

1.3 HISTORIC DEVELOPMENT

(deT) L0-V04

The modem digital computer was primarily designed for scientific calculations. Ever since
the use of computer for the American Census work in 1954, however, the commercial
spplication of computers far exceed the scientific applications. It is estimaled that the
commercial applications amount {or as high as 80% of the investment in hardware and
software. A signifttant portion of such commercial applications aims at providing the
management of an eaterprise, some form of information system support. The broad area that .
deals with such an information support came 1o be widely known as Management
Information System (MIS).

The concept of Management Information System has changed substantially over the years.
In the 50's and 60's, the management saw Lhe potential of computcrs o process large
amounts of data speedily and accurately. The speed and aceuracy of such data processing
equipment far exceeded that of human clerks, who used (o underiake data processing in those
days, The departments that were involved wilh such aclivitics were known as Elecironic
Data Processing (EDP) departments. The focus of EDP was Record Keeping — an aclivily
statutorily requited in many organisations. The majority items whose records need 10 be kept
were primarily accounting data — symbolically described by many users in India as Payroll
datz. So, many EDP dcpariments fell in the administrative control of Accountng
Departments. Interestingly in India, we had taken as carly lead in such applications. A
classic example in the Indian context is the extensive use of EDP by Indian Railways.

The next stage of development was concerncd more with the insight and analysis that can
possibly be provided by the routine availability of such accurate and timely data. “In the 707s,
when many organisations look to EDP with the availability of more nowerful computers,
there was a discernible shift from data to information. The focus was not on data per se but
on the analysis of corporate data. There was a shift in the philosophy. Such aconcept came
to be widely known as ‘Management Information System’. Our use of MIS in contemporary
world goes much beyond the MIS of the 70's but we retain the word as sugh. While many
new jargon words are being proposed we find the term MIS ragre widely accepted and well
undersioed (Davis[]). ’ : )




Without an exccllent record keeping mechanism provided by EDP, no meaningful analysis
of data would be possible. As such the, MIS Presupposes, even teday, an excellent record
keeping function, through it is no longer fashionable to use the term EDF. The blame for -
EDP falling into disrcpute lies squarely with the carly EDP enthusiasts themselves; they
were more intercsted in gencrating piles of data accurately than with their ultimate use of
management. The very cffort of such large data processing made it impossible 1o process the
" data in a timely manmer. This was in spite of spectacular progress made in the processing
cadpabilities of the computers of the 70's, Probably what went wrong with the EDP was their
tack of focus on levels of management. Particularly the top management had neither the time
nor the inclination 1o agsimilate the large volumes of data presented by EDP departments.
What was in fact needed was & mechanism of filtcring the data to suit the level of the
management. In the word of jargon what MIS provided was right information in right time
people and not just all information to all people. :

The 80's saw the Personal Computers (PC) revolution. In the 70 the lop management
relicd on the staff departments of EDP and MIS 1o supply the necessary information. Their
2ccess to information was always indirect, until then. The Personal Computer and the
desk-top mewphor changed the piciure completely. With new generation sollware tonsisting
of Word Processing, Database and Spreadsheet a new avenue of direct interaction with
corporate data was open. At least those managers who did not mind "getting hooked on' to
the Personal Computers saw an immense potential through this avenue. Their demands for
information were much highér, they were no longer content with indirect information-
support, The biggest pay-off for such dicect ust was the “whal-if”" analysis capability.
Suddenly, the execntives realized the “decision support” capability of the Personal '
Computer. This led-to the emerge of Deciston Support Systems — a new generation of
Systems wilh a new philosophy, pioncered by Keen [ ]. Such DSS had 1o be more {Texible,
demanded a belter user-interface and adaplable o the decision style of the decision maker.
The emergence of busincss graphics provided further boost (o the development of such
systems,

The spectacular growth in the Artificial Intelligence area, particularly in the Expert Systems
sub-area (in the 60’s and 70s) had to wai for the 80s for the arrival of powerful machincs.
Until'then the theoretical developments could not be translated into useful, value adding
products. The information and decision hungry managers of §0°s saw a huge polcntial in the
expert systems area. Combined with DSS philosophy the expert systems could supply a
superior class of managerial information support. Such sysiems generally come 10 be known
as Knowledge Based Sysiems (KBS).

The exciting results of Operation Research and Management Scicnce, in a similar vein, had
1o await the arrival of PC revolution, Withoul the power of desk lop computing and the
subsequent easy access to information, tangible benefits from the models could not be
derived. The philosophy of DSS, combined with the power of the OR models, working
behind the sereen arc transforming the “What-1f” capability io “"What-Is-Best” capability in
the past few years [ ]. Such systems that truly integrate Management Information Systems,
DSS philosophy and OR/MS models came to be known as Model Management Systems
MMS)H]. .

The EDP targeiedl the operational level of the management. The MIS/DSS/MMS target the
middle management. Very recently altempts have been made to provide information support
‘0 top management as well. Such systems arc known as Executive Infermation Systems
(EIS). The focus here is in the use of systems by direct end user whose Uime valee is
extremely high, Depending on the context of system may be MIS, DSS, EIS or KBS: but in
cither case the user interface must be superior. Somic of the interfaces thai are being
researched for such EIS applications are Natural Language Interface, Voice Processing and
Yoice Response, Mulli-Media like Graphics, Sound and Video images.

1.4 COMPUTER SYSTEMS AND MIS

The widespread availability of computer explajns 1o a large exient the extensive use of
computers Lo implement any meaningful MIS oday. Since the major applications of
compuicis today are for the design, development and operation of MIS sysiems, to a distant
abserver Computer Systems (CS) and Information Sysiems (IS) appear synonymous.
However, Computer Sys:ems provide only the technology component and successfal MIS
calls for understanding of the organisational systems and procedures. While the imporiance
of good Computer Systems for the success of MIS cannot be under estimated, one should not

Intorduction to IS
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make the mistake of over-cmphasizing Computer Systems component in the design of MIS
systems. Computer Systems (CS) and Information Systems (IS) are two disciplines that
sulficiently overlop and yet have quit independent existence. While the Information System
(1S) is man- centric, Computer Systems (CS) is machine-centric. IS isan applied arca while
CS has a strong theoretical foundation. IS is specific 1o manageriat and organisational
coniext, while CS is [ar more generic, The intellectual challenpe is very high in CS discipline
while 1S calls for a very high conceptual challenge. While many of the tools of IS are

_ comtext specific, the concepis of CS are by and large context independent.

1.5 ORGANISATIONAL SYSTEMS AND MIS

Since MIS is concemned largely with managerial applications, an appreciation of the theory
of organisation is a necessary pre- requisite for successful application of MIS. Some )
professionals in the MIS arca bring forth this point in the cryptic definition of MIS as “the
supply of right information, in right ime, ar right level”.

" The level of management in the context of MIS refess to a classification of management,

originally developed by Anthony. The diffcrent levels of manapement are generally referred
1o as a Pyramid in a pictoriz] form 1o emphasize the fact that in any organisation there are a
few top positions, a large number of supervisory staffand a much large number of ]
operational staff, Placing these three staff positions in order from top 10 bottom would lead
10 a structure Ioosely resembling the historic Egyplian pyramid.

Anthony classified the three levels as sirategic, tactical and operational. The stralegic
management is concemed with long term-policy decisions like new plant location, new
products, diversification, etc.; they typically need a summary of plant/organisational level

. information, but.need lots of unstructured and even vague information pertaining to the

envirorment — the competitors, fiscal policy changes of the Govemment, cmerging

" “technologies etc. The tactical management comprising functicnal managers would need

_ some external information but a lot of organisation-wide information o exercise control like
' budgeting, quality level, service level, inventory Jevel-ctc. The operational management is

* only concerned with plant/organisational level information but in a far detailed manner like

individual operator specific, machine specific and shify specific performance measres, The

* point will be further elaborated in Section 4.4 of this Block

" To be successlul, MIS is an organisation must explicitly take into account this classification

of management. Since the summary information W be provided to the 1actical and strategic
managesment must be culled out of operational information, the accwracy and timeliness of
information collection and dissemination is important at the operational level. However at
the tactical and operational Tevel, relevance is the watch-word. Arelevant but slightly
inaccurate data is betier than irrelevant but accurate data though the goal must be for the
relevant and accurate data. The context decides the tradeoffs, particularly when cost’
considerations in data collection and processing are involved. historically the failures of
early generation data processing depanuments arc attributed to the lack of appreciation of this
point. Some professionals call this process as the provision of Information Filter, meaning
that only filtered information called out of operational data must be presented to the middle
and top management. Somc others put it more effectively in the form of emphasizing
efficency at the operational level and effectiveness al the tactical and strategic level. In fact
there is a schoo! of thought that believes that data processing serves Lhe need of operational
management MIS serves the needs of lactical management and strategic level of
management cannot be supporied by information systems at all!

The point we would like 1 emphasize here, is the importance of mapping organisational
fevel and structure into the design of any MIS for successlul implemeniation. This once
again brings home the point we made earlier that knowledge of Compuler Sysiems comprise
only a small fraction of the design of MIS; the major part calls for a clear understanding of

the organisational dynamics.

1.6 LOGICAL FOUNDATION OF MIS~

_MIS as a discipline has o intrinsic-theory of igigwn. The data pn;cessing applicélions hada
- . simple goal of accuralz and efficient data prox sing needing just simple contrel mechanism.
With the refinement of data processing into MIS and later DSS there was increasing demand
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for “What-If capability. Such a demand necessitates the extensive use of mathematical,
statistical, optimization and simulatton models collectively known as the models of :
Operations Research and Management Science. While the models were powerful, they could
" not be applied to real world problems due to the non-availability of data. With streamlined
data available 10 the decision maker through MIS systems, the power of statistical and
operations research models could be very well explained. The classic example being the
extensive use of Operations Research in Airline Industry []. Recently 2 new generation of
spread sheet software with optimization capability reinforces this trend [ ). Thus the
quantitative tools of Operation Research and Management Scwncc form one of the logical
foundauon_of MIS.

-Since M]S is primarily concerned with managerial decision making, the theory of
organisation. behaviour and thé underlying understanding of human behaviour in the
organisational context from another logical foundation for MIS area. The socioeconomic,
impact of competition, globalisation, democratisation and their impact on organisational
structure must be well understood before one can design a successful MIS system today,

lntl:_rduulon o MG

Computing Science would form the third logical foundation to the MIS field, Since every
major MIS system developed today is built on some computational device (PC to mini to
mainframe to super computer with or without an underlying computer network), a clear -
understanding of the varicus facets of computing becomes a majqr pre-requisite to the
success of a MIS professional. While all areas of computing science direcily or indirectly
have significance in MIS work, data and file structnres, database theory, design and
implementaltion, computer networking; expert sysiems and antificial intelligence tools are by
far the most important arcas of computing sciénce that contribute significantly to MIS
discipline as of today.

Information theory [ ] would form the fourth logical foundation of MIS today. Information
theory developed independenily an ability to analytically quantify (he information context of
a message. This arca also developed related arcas like noise reduction, error detection and -
control, signal processing, image processing, compression schemes, image restoration and
enhancement et¢. In short it provides insight into the fundamental aspects of information
processing at an abstract level. With the emergence of Multi-Media, Recognition
Technology eic., Information Theory will play a key role in the future development of MIS.
The related arcas of systems design, systems analysis and system engineering [ ] provide
funther theoretical framework for structuring the information.

1.7 TYPICAL SYSTEMS

The typical MIS systems that will be in operation in any organisation can be classified in
many ways. One,classification is through the functional disciplines of management like
Marketing, Finance, etc. Typical systems with exm'nples in the operational, Lactical and
strategic level are as [ollows:

Example of Typical M[S System

Production Finance Personnel . Marketing
Strategic New Plant Alrgmative Welfare Competitor
Loc: wion Finarcing Policy Survey -
_Tactical Prudnction Variance Performance Advertising
Bottieneck Ainalysis Appraisal
Operational Draily Payroll . Leave Sales.
' Scheduling Records Analysis

While this classification convinces the reader of the usefulness of MIS in the organisational ,
context it still does not provide a perspective into the overall impactof MISinan -

orgenisation. Atypical youngexcculive entering an organisation is bewildered by a plelhm'a

of terms describing various computer hased systems -— Payroll, Inventory Systém,
Marketing Support, Word Frocessing, Electronic Mail, Bulletin Board, Board Room
Presentation, DBMS etc. YWhere and how do these systems fit into the organisation is not at
all clear to him/her. It take:s years of understanding of the organisation, reading manuals
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pertaining to the various systems and working experience in the actual design of one or more
sysiems before a clear picture emerges. The remaining unils in the block along with units in
the other blocks like Sysiems Analysis, Database Management are 1o be studied in - §
conjunction with the units in this block to get a better application of organisation-wide MIS
system.

1.8 THE FUTURE

The previous section brought to focus the increasing impact of information processing for
organisational decision making. The changing.employment scene the world over brings this
developmgnt into sharper focus. The dominant profession of ‘mankind throughout the world
used to be agriculture for marly centuries. This is still true of countrics like India which are
yet to altain full economic development, the scene, however, is far difficult in economically
developed countries, particularly afier the Industrial Revolution. In the past industrial
revolution years, the percentage of agriculture related jobs dwindled to a mere single digit
percentage. Until the seventics there was a substantial growth in manufacturing oriented
jobs. With the onsct of Information Revolution the percentage of manufacturing releted jobs
has also been reduced substantially. The fastest growing sector is the service sector which is
likely to account for almost 90% of the entiré job market [ .. The workers in this category
are generally known as “whitc-collar™ or “knowledge worker”. This sector precisely is likely
to be influcnced by the information service to a maximum extent.

Services include banking, financial organisation, health care, entertainment, travel and
tourism and education. All these scctors depend heavily on the information service for their
very survival, Consequently the share of total business by Information Technology (IT) .
industry is likely to foreshadow the Oil and Automobile industry by the turn of the century.
A recent publication — “IT - The Thrillion Dollar Opportunity™ [ ] brings home this point
very effectively. -

Even in India, the IT industry is growing at a very respectable rate. While we got on to EDP
in the early seventies, the overprotection by the political powers in the seventies and early
eighties kept India very much behind thie Iniemational scene in the IT area. Luckily we have

. been "catching up’ in the past six years and just this year the Indian IT industry crossed the
Billion Dollar Mark ). With the recent liberalisation policy of the Government, itis likely to

grow further. .

The impontance of IT to.a country is so crucial these days, countries like Singapore and -
Hongkong have identified IT as their “strategic importance” areas for development. Even

India has identified recently Software as the strategic area and plans to make it into a-priority .

ara.

‘The recent trends in the world scene also suggest a strong groiuth patem for the information
services, The collapse of Soviet Union, the emergence of Unified Germany, the thirst for

.democracy in several East European States, the unification efforts of Korea, Vietnam form a

political pattern, the globalisation trend also pre-supposes spectacular invesuments in
information services. The increasing competition and the resulting reduced product life
cycle bring further emphasis for information sector. It is clear that Information Processing
will form the dominant industry of the 21st century. s o

In the previous section we argued at length, the likely dominance of the information sector in
the future. A natural oif short of such a change will be a percepiible change in the quality of
life (other things remaining unaffected): Since transportation and communication generally
have thé primal and dual role, improvements in information and communication will lead to
substantial reduction in transpartation. Rontine travel 1o find, chase and expedite
information can be more effectively accomplished by communication. Already the
emergence of FAX service has reduced the ransporiation of over-night express courier mail -
substantially. With the wide spread access (0 information networks substantial information,
in the form of tables, reparis, eic, will be transferred electronically rather than through bulky
paper. Such developments will lead to reduced energy consumption, reduced pollution and a
belter ecological balance. While such ideas may appear far fetched in the Indian context at

. present, they are bound to improve the quality of life in futre.

. Even in the not so distant future, information management can substantially improve the

quality of life in the Indian context in the following manner:




@  better land record minagement leading to less litigation and violence in the rural
sector;

b)  better natural resource planning leading to optimum utilisation of water, oil,
electricity, coal, etc. and thereby reducing unnccessary inter-state tension, rivalry,
eic.; -

c)  betler banking and financial services with a superor service (o the customers;,
leading (o beticr money- management;

a4y’ lrnprovcd legal delivery system helping a large number of small farmers, business
and common man by way of speedy disposal of cascs;

¢}  networked educational institutions leading 10 better sharing of resources among
larger number of citizens.

Intorduction lo MIS

1.9 SUMMARY

This unit has provided an overview of the concept of MIS in an organisational context.
While it has not told you about the siens in Lhe development of a typical MIS, it has outlined
the context and foundation. The next units will provide more informaltion into the mechanics
of MID, The examples of Lypical systems will help you to relate the various MIS
subsystems. This unit has also provided an overvicw of the evolution of MIS over the past
three decades and the emergence of the powerful information iechnolofry industry. It
outined the possible implications of such developments in the global and the Indian context.

1.10 SELF-ASSESSMENT EXERCISES

1. Inyour own words define Management Information Systems.

2. Using your employment background argue abeut the relevance of MIS to your
day-to-day and long tcrm plenning.

3. Drmaw an Organisation Structure of your organisdﬁon. Map the Information
Organisation with respect to this Organisation Chart. :

What is meant by Anthony's Pyramid? .

In your own words define the u.artﬁs EDP, MIS, DSS, EIS & KBS,

What is the role of the Personal Computer (PC) in the information revolution?
Why is the IT industry emerging as the dominant industry?

Give two examples of the applications of ITin your organisation.

-
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UNIT2 THE TECHNOLOGY COMPONENT
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2.0 INTRODUCTION

Computers have fundamentally changed MIS rom an abstract concepl to ¢oncrele system
that provide insight, compelitive advantage and avenues to leverage business. The
unprecedented technology breakthroughs and the price performance advantages that
accompany these breakthroughs provide ample business opportunities (o adapt, innovate 2nd
modify existing MIS systems. This unit surveys these technology developments from a used

perspective so as (o provide insight into the ever changing scene. The database management -

system is covered in more detail; historically DBMS (Data Base Management System) and
their earlier incarnation of file processing systems provided the primary vehicle for
developing Management Information Systems.

21 OBJECTIVES - T

- Afier going throngh this unit you should be able to:

«  appreciate the ever changing hardwars and soltware scene
- appreciate dramatic developments in the telecom area
= getan insight into the toels of database management

. apprecialc'lhe impact of the emerging expert systems and the tools of artificial intel-

ligence.

2.2 OVERVIEW OF COMPUTING TECHNOLOGY

The engine that runs the management information systems is the medem digital computer.
Starting with the first ENIAC [ ] machine, computers have undergone spectaculer growth. in
specd, processing power; intercslingly there has been a steady decrease in costs and the size
lcading to what is generally known as micro-miniaturisation. To add to the atraction is the
sicady increase in reliability of the equipment. .

Starting with the first generation that was buiit on vacuum Lubes, the second generation
machines were duilt using Lransistors; the third generation made use of large scale
integration while the fourth generation machines (the current ones) use Very Large Scale
Intogration (VLSI) as the basls of the technology. Cusrent ressaich efforts are aimed at the
replacement of ilicon that forms the basis of VLSI technology of the present with
non-silicon materials. At icast two companies Croy & Convex have already built thelr first
GoA processar, ' '

Conccpluallf all the present day comliuters are bullt on an architetiure originally proposed
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by Von Ncuman. The concept is quite simple. It is a sequential processing machine that can The Technotogy Component *

store programs and data. Even though the programs-are instructions that operate on data they
both can be stored together and can change meanings contextually. Using primary memory,
control unit and arithmetic-Togic unit the system can eake data from an input data channel |
and output data on an output channel. Such a simple model is so powerful that it
encompasses the entire spectrum of the machines today (excepting the l‘ew parallel
processors being built in the recent ywrs)

INPUT ©
o e

Computers are being built in so many sizes, shapes and with varying capabilities that it is
difficult for any one including a professional to get a clear holistic picture. One
classification that is generally used Lo classify them as micros, minis, mainlrames and super
computers. Even though for convenience the classification is based on some specifications, it
gets very confusing with rapid strides being made in the processing power, Yesterday's
mainframe becomes today’s micro! Nevertheless Lhc rclauvc picmre siays even though the
individual spoclﬁcauons keep changing.

Micro Mini Mainframe Super
Cost . <Rs.1,00,000 | <Rs.1 Million <Rs 10 Million | <Rs, 20 Million | |
Powers in MIPS | 1+ 10+ 20+ - 100+
Data bus 8 bit 16 bit- 32 bit Colebit
Memory 1MB | 10 MB 100 MB 400MB -
Example IBM PC HCL Horizon IBM 3050 -CRAY YMP

Addqlg 10 the confus:on isthe supcr—mlcro super- nini classmcauons that describe pusmons )
in bctwccn

An mleruhng characteristic of computer technology is the rapid strides being made in every
sector. The processors are becoming more and more powerful. The microprocessors (which
are ectually a computer on a chip) from independent vendors like Intel, Motorola, AMD,
NEC, Hitachi, etc. are so dominant in the market that proprietary processors are practically
non existent the lower end. Even at the higher end the new generation RISC (Reduced
Instruction Set Computers) form MIPS, Sun, DEC, IBM, Apple elc. are becoming more

-~dominant. Only at the still higher end we find proprietary macro processors like CRAY and
IBM processors.

The memory segment is changing fast. While in the 70’s main memory (also known as
Random Access Memory — RAM) of 1 MB was considered large, today we 1alk of large
machines with 256 MB — 1 GB of RAM. In carly 80's the RAM chips used to be 16K chips
while today we mostly come across 256 KB DRAM chips and increasingly tend to use largc
capacity PRAM chips.

The secondary storage devices used to be dominaled by magnetic media, like the ubiquitous
magnetic tape. Miniaturised tape cartridges are slowly replacing the bulky spool type .
magnetic Lapes. While the lapes are sequential access devices, we have a whole gamut of \
direct access devices. The [loppy drive {(changeable media} is the most popular direct access
storage media, The early generation of 8" floppy disks have disappeared cven in the Indian
scene praclically giving way 10 5.257 disks in several categories (Double Sided Double
Density DSDD with 360KB capacity, ngh Density with 1.2MB capacity being the most
popular in India}. The new *pocket’ size 3.5 (1.44MB capacity) mini floppy drive will
definilely replace the 5.25" floppies in the next lwo or three years,” The 3,5" disk is better
made, wetl protected, more hendy and has larger storege capacity. Both the medla (ﬂoppy

- disks) and floppy disk drives (device to read the floppy disk) are locally manufactured in
India (Amkette, Verbatim diskettes and L&T floppy disk drives).

The hard disk scene also offers a bewlldering variety.” By the time the Indian vendors got
into the PC businoss the 10MB disks had become obsoleto, So, we have disks drives of
20MB, 40MB & 80MB capacity being manufectured locally (L&T). A large varicty of disk
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drives with capacitics up to 1.3GB (1 Gigabyle = 10,000 MB) are available in the market 10
suit the varying needs. - '
A new generation of optical storage technologics are slowly appearing in the market. These
devices being non mechanical have a superior reliability-and life. Once again we have a
varicty of technologies starting.from CD_ROM (a read only sequential device) to floptical
drives (optical floppy drives) to optical disks. This technology is yet to arrive in India (by
way of local manufaciure).

- The peripheral devices (incidentally no longer peripheral in overall investment) offera

bewildering varicty as well. Luckily card readers, card printers.have moved to the muscums.
The most commen péripheral, viz. a CRT based VDU, often called terminal is available from
a large number of vendors. Based on 2 standard emulation originally developed at DEC
(Digital Equipment Corporation) they are available as VI-1—, VT-220, VT-320 terminals.
The more sophisticated ones emulate Tektronics graphics terminals and are loosely called
Tek terminals. Specially designed to display local scripts we have [ndian Script Terminals
too, generally called GIST terminals. Terminals which can gencrate PC scan codes, called
PC terminals are also available.

While the terminal are both input and ostput devices we have a large number of output
devices like printers and plotters. Printers constitule a sizable peripheral investment
particularly in busincss applications that rely on “black and white” records. Starting from
low cost, draft quality 9 pin Dot Matrix Printers (DMP) to 24 pin Letier Quality Dot Matrix
Printers, we have line printers (300 1pm/600 lpm), line matrix printers {dot matrix printers
that print like linc printers) and the expensive pretty printing laser printers. In the Indian
context we have an excellent choice — Dot Matrix printers from Wipro-Epson, TVSE, Line
printers from Lipi, Data Products and Transmatic and Laser Printers from HCL-HP and Modi
Xerox. The plotter market is more focused on engineering scgment. -

A number of other devices like Mouse, Digitizerfablet, Scanner, etc. arc used for more
specific applications and are not covered in this quick overview. :

On the software side, there is an equally imf:rcssivc growth. The first generation machines

. needed 1o be programmed in their native machine language. The next generation could be

programmed in a more human {and hence higher level) assembler language. The third
generation machines'canld be programmed in a still more human application specific (and
hence called higher level languages) like FORTRAN (Scientific), COBOCL (Business),
ALGOL (algorithm), SNOBOL (String Processing), LISP and PROLOG (AI), Pascal
(instructional), making computer programming into a major learning activity with millions of
people acquiring skills-in programming using these languages. So much so, that many
people carry the feeling that Computer Science is nothing but learning a series of Cacophony
languages like COBOL, Pascal, C in street comer shops!

Recently there has been a generation of fanguages like FOCUS, Application by Forms, SQL,
QBE which make the job of developing applications much faster. These application
generalors are generally known as the 4GL (4th Generation Lanpguages).

To cater 1o the need of Executivg Support_Sysr.éms there are more specia.lisad languages like.
IFPS (Interactive Financial Planning Systems) from ExecuCom and INTELECT a natural
language based query system from IntelliCorp.

The programming languages and the applications interface with the hardware through .

another piece of software calleq Operaling Systems, information systems professionals may '

never program the operating sytems disectly but still need an appreciation of the capabilities
of such soltware. They vary in complexity considerably too. While there are proprietary
operating systems like JBM's MVS, DEC’s VMS many are converging towards the Unix
operating system or its varian.. Unix originally was developed in several academic/research
institutions under AT&T"s sponsorship.. Currently it is marketed by AT&T. Several vendors
port it on 10 their hardware platform and sell it imder their names like HP-UX from Hewelett
Packard, A/IX from IBM, Convex-OS from Convex. Unix like operating systems are mult

user operating systems allowing several people access the system simuitaneously. Onthe PC

side we have the Disk Operating System DOS (in several versions) that is primarily a single
user and single tasking. A graphical user interface GUI that permits multi-tasking and
provide a consistent interface across all applications is available as Windows Operaling
System on PC class machines. On the Unix O/S also GUT’s like open windows from Sun,
Molif from OSF (Open Software Foundation), NewWave from HP are becoming available.
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Among the application software that has the profound impact on business application is trio - TheTechnology Component
word Processing, Spreadsheet and Database. In the Indian context the dominant Word -
Pracessor is Word Star, the dominant Spreadshett is Lotus 1-2-3 and the dominant database

“is dBase. They are marketed respectively by Sujata, ITC and Wipro Systems. The business
graphics software is slowly catching up — thanks to the popelarity of Harvard Graphics

. {marketed by NIIT). As a desktop publishing sofiware Ventura from Xerox {marketed by

- Microland) is the most popular along with Indian Language support (Prakashak). The high

end database management sysicm (DBMS) markel is dominated by Oracle, Ingres, unify,

. Sybase and Informix.

The scene in this area will be changing continuously, What is atr.empted here is (o present
the carrent picture in a perspective that end users can develop an appreciation and insight
without getting lost in the immense varicly of oplions avaifable in every segment.

2.3 OVERVIEW OF COMMUNICATION TECHNOLOGY

The communication revolution has not logged behind either. The POT (Plain Old elephone)
got a metamorphosis with the advent of low cost phone chips intd a smart phone. Offering
such frills like repeat dial to start with they offer increasingly complex features Jike memory
dial, une/pulse changer, hands-free dialing, timer, wake up calls, hold features, elc.
Uliimately features like picture will also be supported in addition to cordless, radio ccl.lula:
and other feanres, leading to an Intelligent Customer Premise Equipment providing
integrated voice, data, fax and picture capabnhty Olhc.r value added schemes are answering
pagmg, erc.

As the exchange front lhmgs are moving too. The mechamcal exchanges are giving way to.
analog electronic exchanges and ultimately digital exchanges. They provide Speclal services
like call forward, conferencing, etc. that significantly help business. - Special services like
directory services, toll-free services, call-collect services along with itemized accounting are
natural by products of such exchanges with sngmﬁcam impact on business praclices. The
innovative experiment of C-DOT contributed significandly (o this arcna,

With the increase in sophistication of exchanges and computers the two are getting (o

influence each other significantly. The computer communication in a local area netivork

(LAN) does not make usc of elephone network, but wide area netwdrks (WAN) primarily :
make use of telephone network. Remote communication using a low cost PC & modem is

possible even in India today, ‘With the distance no longer the problem, emerging services

called network sauces like electronic mail, remote login, remole databases access and search

are beeoming possible. These also can affect business practices signilicantly.

2.4 DATABASE TECHNOLOGY ]

2.4.1 Introduction

At the heart of 1he iriformation systems of an organisation is the central repository of
coporate data that must be accessed and used by every section of the organisation. This data
resource is craditionally called the database of the orgenisation. ‘The modemn information
-System primatily aims at organising this data resource in an effective manner - for flexible
yet controlled access keeping the security and privacy issues in a cost effective yet very fast,
corporate wide access. ‘This is precisely the technology of the database. A typical analogy is
the management of corporate finance. The finan¢ial management structure of the
organisation provides for an operading procedure, authority, control in the form of budger and
security measures; yet with a flexibility that day-to-day operations run smoothly, Just as
financial management has evolved over the years - from barter (o currency trade to financial
market to instruments of finance, databases have evolved from traditional paper files 1o
compulter files to a modern sophisticated software widely known as database management
systems (DBMS).

The early generation of file processing system relied on islands of data across the

organjsation - every functional unil. maintaining its own set of application programs and data

- finance sub-system, purchase sub-system, etc. such an organisation was simple to operate

and had local control. Historically the functional units took to computerisation based on

individual initiative and this model was viable. With the corporate vision including

information system in its agenda this model has'to change, The data redundancy and the 15
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resulting inconsistencics had to go; the constantly changing corporate information musL
pe instantly available to every comer of the organisation thercby propelling the need for
DBMS.

The superiority of Database Management Systeins over conventional [ile processing sysiems
can be cxplained with the help of the following example.

Corsiderthe student record administration in a ypical College or University. Assume that in
our hypothctical university the DOSA (Dean of Sudents Affairs) mainlains all the personal

 record like permancnt address, scholarship status, medical records, hostel dues, eic. and the

DOAA (Dcan of Academic Aflfairs) mainiains all the academic information like courses,
grades, ranks, awards, summer projects, theses projects, etc. In a wraditional approach the
DOSA office and the DOAA office will have independent files and independent programs.

By the very nature of the gperation some information like student name, address, deparument, -
- eic. will have 1o be duplicated in both the files. Since the final certificales are printed by the

DOAA oflice the students are likely to point out any minar errors in their names like
misspellings, last and first name interchanges which are rather common among Indian
names. The same student may not take the same care (o correct the name erors in the DOSA
office because of its inconscquential position. Hence within the same  ~
institute/college/university. the same information is maintained 0 varying degrees of
accuracy. This obviously is not serious but an information about a student geting
terminated on academic efficicncy may not be reflected in the DOSA office Icading 10 a
lost of opportunity of not collecting a substantial amount of dues/fine from the
library/labs/hostels of the institute from the dismissed students. Even delay of this vital -
information is reaching DOSA office may lead to substantial losses for the institute.
Such deficiencies arise due 10 inconsistency of data among different units of the

- organisation. Replicating the same information in many-depariments also leads to

substantial data redundancy leading to large scale store inefficiency. Often such an

. redundancy is uncontrolled; the extent of redundancy may not be known at all. For

performance consideration some amount of redundancy may be introduced but that is™
controlled redundancy by design and not by defanlt, - T

Another drawback of multiplication of data may be mﬁ&sﬁnmﬁdh,inconsislcncy: for
example, one of the files may contain the address fields neatly decomposed into streel
address, city and postal address by a not so imaginative department may have kept the entire

'address ficld as single field making a query aboul all the addresses in a specific city nearly -

impossible. The data is there and yet not there!

A related but more common side effect of duplication is unit inconsistency; for example
DOSA office may mainiain the students annual scholarship vatue, while DOAA mainiain the
monthly scholasship value, while DOAA maintain the monthly scholarship amount
Unfortunately the files may not contain information about the unils, i.¢., annual/monthly, eic.
50 that a not-so careful application program involving both the files may generate 2 lot of
garbage outpud! .

The maore serious draw backs of waditional file processing system is the lack of
privacy/security/controlled access mechanism that modern DBMS provides. With the «
increasing importance attached (o daia and its view as corporate resource, such issues are of
paramount importance. The modem DBMS provide for precisely such features.

At a conceplual level gll these deficiencies can be auributed to just one short coming of
the file processing system. They impose a close dependency between programs that use
the data and data themselves. The modem DBMS on the other hand provide ’
program-data independence (hat basically separale a physical structure of the data (file)
from the logical structure of the data used inside programs. By providing such an -

independence DBMS piovide a superior system of file handling leading to a very high

level of fexibility, consistency and simplicity. Essentally they allow applications to
write programs that are general encugh 10 operate an files whose stractures can be made
available 1o the program. In other words DataBase Management Systems are generalised
file processing syslcms. ' ,

The precise distinction betwéén wraditional file sysiems and DBMS are explained through the
following diagrams: ' . .
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Another significant contribution of DBMS to the data processing field is the introduction of
concept of levels of abstraction of data. The physical and logical independence of data
permits multiple levels in which the end user/programmer/data administrator may view the
data, cvery view not affecting the other views of data. For example dala adrninistration
having to change the physical device or the media or location of a file may not bother the . .
programmer at all. Similarly the introduction of a new and more efficient data structure o~
stiee a file may not be seen by an end wser; in fact an end user may even able to view thé
data stored in a large DBMS like Oracle/Ingres using a more familiar Personal Computer -
database system like dBase. Such different views of data by different persons, generally
called schema permit a superior architecture for the organisation of corporate data that is at
once appealing. This permits multiple specialists like system administralor/programmer and
end-user to coexist rather peacefully. Such an architecture can be diagramatically pictured 23

follows [Date]. -
Application ‘ Level IV ~, [End User]
Program
Logieal Level IIT Programmer
Schema i
DBMS | ————————] Storage Level I Datzbase
Schema Administrator
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Such a division of responsibilities so familiar 10 organisation pundits also permit a clearly
distinguishable partition of the basis activitics of file processing: daia definition and data
manipulation. The data definition phase consists of describing the structure of the data and
not the.contents. Naturally the structure remains invariant over longer periods of lime and
need be the concern of only the system administrators (a minority). A large nomber of
programmers and end uscrs whose prime concern will be data manipulation
adding/deleting/medilying/viewing/querying/searching/sorting data that is subject o a
structure that is predetermined. -Since the lechnical back ground of people invelved in data
definition and data manipulation are likely to be significanily different it is possible 1o have
every specialised data definition construct but very {ricndly, simple yet powerful languages
like SQL (Structure Query Language), QBE (Query By Example), QBF (Query By Form),
ABF (Application By Form) which we will consider in later seetions.

To the typical user DBMS, which is nothing but a very sophisticated picce of software
appears like this - ‘

Application
Programs-

Devices:

2.4.2 Data Modelling

The database mariagement systems being generalised file processing systems need a model
of the dais that forms the internal siructure of the DBMS sofiware. The earlicst of the
DBMS viewed the data as a hierarchy — possibly a fall out of the nested level'structure of a
COBOL record. Sucha structure allowed daia 1o'be abstracted at different levels of
parentage: root, first level child, sccond level eic. and formed the basis of many of the early
implementation of large scale databases. The classic hicrarchical model based DBMS is
IBM’s IMS (Informalion Management Systems).

Hierarchical data model effectively use the idea of a hierarchy but cannot model the
many-to-one and many-t-many refationships that are common in many business examples.
The concept of a boss with several subordinates can be well abstracted by hierarchical model
but the same boss may be a subordinate of one of this subordinates, may.be in another

" context, commitice, clc. cannot be modeled by hierarchical data model, To circumvent tlds

~ of a set of rows and columns. Every row consists of a multiple luple with-values

difficulty the Network data mode! was introduced which can model the relationships as a
network that is more general than the hictarchy. However this extension also was also of
limited help only.

Both the hicrarchical and network models suffer from their inflexibility to handle anging
database structure. In addition querying the contents of the databases needed complex access
mechanism depending on the dala item that is being searched. The root level data iem could
be retrieved much faster than an item at the deeper levels of hierarchy, Over and above this
both the hierarchical and network models were not elegant.

2.4.3 Relational Model

Codd [ ] in a seminal paper in the mid 70’s proposed the relational model based on the
mathematical structure of the refafion. Intuitively in a relational model any database can be
viewed as a set of relalions with each relation having a simple structure of a rafle consisling
corresponding (o a every column. Every row consists of a tuple with values of the different
columns Laking valucs different from that of the different row. The values permitted for
every column (defined as domiain) is pre-specified so that every wple looks alike though
dilferent. Itis generally expected (hat the rows conlain values such that two entries contain
values different From each other at least {or one column, No ordering of the rows is implied
but the columns have specific order; but the column entries take values from a specified

* domain for every column, In the wraditional file processing sense every row is a record and

every column is a field (someumes-also.known as auribute). Such a simple construct is so
elegant it is at once appealing. Codd [ ] could also provide a mathematical foundation for




relational DBMS using the mathematical notion of relation. Naturally relational DBMS The Technoipgy Component
received substantial attention from the developers today almost all systems under
development are relational,

In addition to elegance relational systems have some deep conceptual beautifies also. The

" most striking is the completeness: that is in the relational system one operales on relations
and get the results of any query or update: in the form of relations. This is true for any
database that is modeled as a relational database. Because it is sufficient to have operalions
that can efficiently handle just one data object called table, relational systems have built in
simplicity and the accompanying elficiency.

2.4.4 Structured Query Language (SQL)

Another major atiraction of relational system is the simplicity of operation needed to
manipulate the relationt. Any query on a single table can be performed using just two
operations SELECT (hat selects a set of rows (intuitively 2 horizontal cut of the table),
followed by a PROJECT operator that selectively Limits the ficlds (columns) for displaying
(intuitively a vertical cut of the table). These two operations can be shown to be sufficient (o

perform any query or update of arbitrary complexicy.

When query or update involves more than one table we need one more operator JOIN that
creates momentarily a large table that matches the rows of two tables joined together over the
common field. A simple example will illustrate the point. Consider the relations

Course Swdent Enrollment
cno | ctitle sR0 | sname sne | cno
Join of Student & Enrollment would yield sno | sname | cno

The SELECT, PROJECI‘ & JOIN operators together are powerful enough that any query of -
arbitrary complexity can in fact be written in just one sentence though a complicated cne!
This triplet forms the core of a 4GL called SQL (Structured Query Language) that has
become the de-facto standard query language with even an ANSI (American National
Standards Institute) stamp. Every major database vendor provides a SQL capability.

Last but not the least SQL stores the tables and their columnar structure jtself as a able'so
that one can query the table of 1ables also usmg similar construct pBlTnllIlrlg a tremendous
flexibility 10 the end user.

-

2.4.5 Fourth Generation Language (4GL)

Because of the sheer size of applications of databases the large numbers of end users of
databases have been demanding special languages particularly fine mned for their .
applications. The early generation of Report Generators belong to this category. In the last
few years almost every database vendor is packing a 4GL product with his RDBMS engine.

These 4GLs typically include SQL. as their core product. SQL being primarily an *ad-hoc'
query language lacks formatting features. 4GL's provide formatting feawre 1o produce
quality reporis. Many of the 4GL's also provide a means of "quick application development®
like Application-By-Form. Here the user quickly design a few FORM screens for user input
and some other FORM screens for user-ontput. By filling (either full or part) of the input
screen the necessary oulputs can be generated even by an occasional end user who may be a
novice 10 computers and databases.

Facilitics exit to edit/format the user data (ke case conversion, numeric/character
alignment), databse validation (alpha, numeric, range check) databse look up and feed back
" (like code number decoding into the acteal values, €.g., Roll No. to name)

- 19
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2.4.6 Complex Database :

Recently data models that are more sophisticated are being rescarched. These models can
caplure more complex objects than the traditional DBMS could do. The iraditional databases
were limited to a few daia types numeric (integer & real), character strings and special cases
(Y/N character string for boolean, dd/mm/yy like characler string for date). However, the
increasing complexity of database applications calls for handling more complex data objects
like scanned images {maps, line drawings, pictures, photographs ctc.), audio and video
images. Databases to handle such compléx data objects are known as Multi- Media
databases.

2.5 DECISION SUPPORT SYSTEMS

Systems that support decisions are simply the Decision Support Systems (DSS). PSS
represents both a philosophy and a sel of tools. Al the philosophical level, it is the next stage
of evolution of EDP & MIS. While EDP concentrated on accurate and limely processing of
data, MIS emphasized the value added component of data, namely information. DSS goes
one step further in emphasizing the organisation and presentation of information in a manner
that has direet releance 1o the supporting phasc of a decision maker. Here the goalisto
improve the quality of decision making through information. Naturally the issue of access
and flexibility are also important in organising the information.

- A more deeper concept (hat also geis emphasized in DSS philosophy is the recognition of the

central role played by decision maker — a human manager. The salutary importance of this
philosophy indirectly removed by the possible threat posed by some carly passionate MIS

- professionals who proposed that large corporale wide databases would replace the managers.

DS$ disproved such a myth thereby creating a clearer picture of the role of the machine Vs
man. . . .- !

There arc several techniques of decision support. All of them involve an innovative - .
integration of *what-if” capabilities with data processing/information processing systems. In
his seminal text Keen [} refers 1o several sarly generation of DSS systems that took greal
pains 16 illustrate integration. Such an integration calls for multiple integration at different
levels man-machine integration, hardware-soltware integration and data- model integration.
One of the pioneering early DSS implcrmentation GDSS [ inlegrates a nawral resource
planner who will use maps — a natural information resource for his profession — with
models of location. GDSS [] also used an early integration of a computer graphics software
with &n OR modeling software. An excellent example of a similar work in the in Indian
context is the Gujrat [J. | ' :

One of the technique that evolved as part of the DSS growth is the influence diagram [Plane,
]. This is a graphical tool to document the decision process in the form of logical diagram. It
also allows an excellent top-down version of the documentation process of the logic. Using
very simple graphical symbols to indicatergoals, decisians and outcomes, influence diagrams
capture the essence of the decision maker excellently. Coupled with a powerlul decision -
analysis software like IFPS [], influcnce diagrams can be an cxcellent decision to0] for the
analysis oriented managess. - '

~ 2.6 KNOWLEDGE BASED SYSTEMS - -

Knowledge Based Systems (KBS) goes beyond the decision support philosophy to indicate
the expert system technology into the decision making framework. Expert Systems (ES)
have been the tools and the techniques perfected by artificial intelligence (AI) researchiers [0
deduce decision infliences based on codified knowledge. The codification of knowledge
uses the principles of knowledge represeatation (part of the large theoretical ideas of
knowledge engineering). Typically such codification uses rules like IF-THEN rules 1o
represent logical implications. Using first order predicate calciilus, it is fairly easy to

_construct inference engines that use forward chaining or backward chaining to pesform the
“induction. - :

Ono of the earlicst expert system that had considerable mcﬁcss was the MYCIN [] project

. that used expest system based inferencing to diagnose diseases using clinical measurements.

Fueled by the early success several successful systems have been buill 1o cater the different
applications the important one being PROSPECTOR [J for mineral exploration, XCON [ for




configuring VAX computer, DENDRAL 0. When many ather reszarchers wanted (o apply
the expen systems ideas for diverse applications, cxpert system shells [J were built.. These
shells have a flexibility that they are independent of the knowledge bases so that one can
build just the knowledge base and use the same shell for differcnt applications. Such
de-linking of the knowledge base from the inference engine using expert system shells has
helped significantly in the large scale application of €XpCrL systems o a variety of situations,

2.7 SUMMARY

This unit outlines the spectzcular developments taking place in the computing and
communication fields; these devclopments are also leading to changing the role of MIS Esm
a passive data support role 1o the role of providing new busincss opportunitics and a
compelitive weapon in the era of ever increasing compalitive world. While the mastery of
these technotogics takes years cven for specialized professionals the demanding job of a
contemporary MIS professional compels him/her to keep abreast with the changing scenario
to exploil the potential of these technologies in an optimal manner, -

2.8 SELF-ASSESSMENT EXERCISES

1) Briefly ouiline the computers and communication revolution,

2 Explain briefly the concept of independence-in the context of DBMS.
3) Define.DBMS in genéral and Relational DBMS in particular.

4)  Whatare DSS and KBS? ‘

5)  What is an Expert Systems?

The Technology Component
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UNIT3 THE ORGANISATIONAL IMPACT

OF MIS
Structure -

3.0 Inwoduclion
3.1 Objectives
3.2 Inlormation as a Resource
3.3 Information for Compelilive Advantage
3.4 Organisation, Information and Decision
3.4.1 Dale and Information
3.4.2 Informedon end Managemeni
343 Informalion Support and Naure of Management
3.5 MIS as a Profession
3.6 . Summary .o
3.7 Scll-Asscssment Excrci

3.0 INTRODUCTION

Unit 1 underlines the importance of undersianding organisation for a successful
implementation of MIS. In this Unit we reaffim some of the ideas and'provide a frame
waork ihat calls for viewing information as a corporate resource just as olher resources like -
Finance, Personrel or Machines. With the changing role of MIS Lhis unit also Gutlines that
competitive advantage that can accruc due to effective use of MIS.

3.1 -OBJECTIVES

Aficr goirig through this unit you should be able 1o :
. __vié;v information as a resource
«  understand the role of MIS in luture
« appreciate the iﬁaportance of MIS profession.

3.2 INFORMATION AS A RESOURCE

Traditional economists of the pre-industrial cra considered only land and labour and capital -

. as the resources. With the emergence of indusirial revolution and the availability of powered

engines the impartance of the resources changes relatively. The technology of mass
r_:pa.nufapl,_ure placed a premium on the “technology” which emerged as the major resource.
In facl this resource particularly in the context of changing job mix, as outlined in Unit 1,

completely overshadowed the Lraditional resousces. A shining example to illustrate this.point

is the emergence of Japan as the majar intemational power.

With the recent information revolv.tion, the prized resource is actally. information. This
point can be belter appreciated wh.en one considers the suctess or failure of products that
appeared-in the market at the rig ht lime or wrong lime. While the technology of wo -
products would be comparable, the vendor who brings in the product a few months ahead
of the competitor wins substantially more market than the later. Late introduction a new

technology product in the mark et may even iranslate 1o a virtual collapse of an
organisauon. .

The information being such a vi tl resource need 10 be managed just as other resource like
money. Formal methods to cont rol, monitor and evaluale this resonrce are needed o manage
the organisation successfully. YMe have discussed this issue in section 2.4.1. There is also a
need for corporate stralegy to ¢ nanage such a vital résource.
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3.3 INFORMATION FOR COMPETITIVE ADVANTAGE | Impact of MIS

Recenily organisations hive not only l'ound out the immense uuluy ol mrormauon systems to
belicr manage their organisations but are also feeling the potential of the competilive
advantage provided by information as aresource. The classic cxample of the use of
information for compelitive advantage is SABRE Airline Reservation System [ 1'of American
Airlines and the Frequent Filer Option inroduced by Airlines the world over. These are
examples that illustrate the use of information nol_lusl Lo run business effectively but to open
up new business vistas.

Even in the Indian contex., the Citi Bank's cxpansion into a larger market share compare 1o
Grindlays Bank js an example. Duc to Government restrictions Citi Bank had to contend
with their existing 6 branches compared (0 26 branches of Grindlays,. Using
telecommunication, Citi Bank could still manage to capture large percentage of the biisiness,

Information as a resource can provide new value added business prospects as well, The
reduction in Telephone Tarill at off peak hours by the Dept. of Telecommunications last year
is an example to illustrate this point. Based on the data collection capabilities of the new
generation trunk exchanges it was much casier 10 detect the poor utilisation of trank lines.
Stmilar exercises would not have been easily possible bul for the information capture
capabilities of the cleclromc cxchanges

.‘3.4 ORGANISATION, INFORMATION AND DECISION

Successful development of information systems call for a decp urderstanding of the _
organisational structure and dynamics of the enterprise. Some organisation are goal oricnted,.
the analyst must be clear as (0 what information exacty need to be collected, stored and
analysed. Since every tnformation must have a context, only operational information that
ultimately has some decision making contribution must be collected. Second the information
collecled and processed must be consistent with the level of (he orpanisalion to which itis to
bc presented. In'this context, a classification of organisation by Anthony [J is very useful,

Accordmg o Amhony s classification, there are basically three Tevels of managemeént, .
independent of Lhe size of the enterprise: operational fevel, middle level and top level
management. Operational decisions that call for large volumes of intemnal data (local to the
enlerprise). The middie management is conecmed with medium range (tactical) decisiofs
that-call for much less information. The top management being concerned with long term
(strategic) decisions calling for just a few vital intemal information but a lot of external
information as well. Any successful information sysiem should wake into account such a
patiern of informalion needs by the management. This is generally pictorially displayed in
the form of Management vs Information Pyramid..

Tactical
Data

Tactical
.. To

decisions P
Strategic

Strategic
Dala

decisions Middle
Dperational

Operational
Data

11 Operational
decisions '

The importance of in formaticn to management is further emphasized by the fact that much of
management is primarily decision making. While there are several views of what constitute
management, the generally accepted planning, organising, coordinating, directing and
control are all conce med with decision making. In this text we take such a view of

. management and we perceive management information systems (0 support such managerial
decision making. 'We also would like 10 emphasize that information systems should address
clearly (he sitatiens of programmed decisions and non-programmed(] decisions by
properly structuri ag the appropriate information. Failure Lo recognize intrinsic difference

may lead to a [z fure of the information system. 23
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Several functional areas of management viz. persomiel, marketing, production, finance and

services will be significantly influenced by the infonwmation sysiems that are 10 be

implemented in the orpanisation. Care must also be 1aken o recognize the fact that in every
functiona) area the mapping of the informational pyramid must be carefully worked ont.
Typical example of the three levels of information amung the functional areas of
~anagement are as follows (reproduded from Section L.7).

Example of Typical MIS System

Production Finance Personnel Marketing

Strategic New Plant Aliemative Welfare Policy | Competitor
' Location Financing - Survey

Tactical Production Variance Perlormance Adverlising

Bouleneck Analysis Appraisal
Operational Daily Payroll Leave Records | Sales Analysis

Scheduling '

Operational Information :

Daily schedules refers to the detailed assignment of jobs 10 machines or machines 1o
operators in a production environment. Ina service organisation like hospital it may be a
duty roster for nurses, doctors or other paramedical staff. Such schedules must be detailed,
unambiguous reports proguced in large number at relatively low cost. Most of the
information contained in such reports is internal - 1o the special shop or hospital.

The payroll represents a typical operational system for the financial management. Since
such systems must execute accurately data pertaining 1o a large number of staff ina Limely
manner, month afier month, cost based cfficiency and speed would be a major consideration
in the design of such a system.

Leava records constitute a major staiutory record that must be maintained for every
employee, through the many years the employee serves the organisation. The MIS systém
built for such an application has a primary aim of minimizing the chore involved in such
large scole mundane record keeping. Once again the speed and accuracy are the major . .
performance measures of such systems. '

Detailed Sales Analysis is a must for any sales and marketing function. This might involve a

very detailed data coltection and processing pertaining 1o every salesman, every praduct over

a long time span of an entire year or a quarter with cven details of the region, market
scgment etc. Naturally it is an involved data collection and processing function. Accuracy
and timeliness of (his effort would decide the qualily of tactical and strategic decisions that
may be based on summary information gencrated out of this data. Accuracy and

disaggregation would be the watch word for such detailed dala collection effort.

Tactical Information :

At the tactical one could visualize a production bottleneck analysts in a manufacturing
environment. Such analysis would call for senior management involvement by people with
years of cxperience. Results arsing out of such analysis arc likely to have medium range
impect. Naturally information sysicms to provide such information must have summary
information, with provision for detailed information when called for. Comparative analysis
shif| wise, plant-wise, machine-wise, operalor-wise etc. may be necessary. The watch word
would be insight and analysis and not mere reporting of data.

Variance Analysis for the finance function would call for systems that point out defliciencies,

cost over runs, budget excess by carefully matching goal or largel information with summary
information generated by operational data. Once again the accuracy is important; but what is
more important is the clear recognition and highlighting of pauems that can help the decision
maker Lo initiate action and bring systcms under control. Timeliness is & must as the sysems

must be re-sct before they are (oo late,

A tactical systems under personne! function is the Performance Appraisal which would 1oks
Into account among several other things, the individual employes leave records, The delails

‘mhy not be that impaertant but pattems ace. Whenever they are clearly visible, Certain policy

conformanco may also be checked through such analysis. Since ggcisions based on such
systems are likely to have medium to long term impact accuracy should not be
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underestimaicd, while keeping the priority of analysis.

Advertising Informaticn System is another cxamples of lactical information system for the
marketing function of management. Needless 1o say planning for advertisement would use
much of the information generated by detailed sales analysis (an operational MIS systemy).
But to be able 1o decide on the Ievels of adverlisement, mix of advertisement, budget for
advertisement ¢ic. calls [or cermain policy parameters as well as environmeneal (outside
organisation) information. This point must bc clcarly bome in mind in designing MIS for
tactical decision situations. )

Strategic Information:

A strategic decision by the production function of the management is a New Plant Location,
This would use much of the intemal information generated by the taciical system designed 1o
analyze the production bottleneck that is iniemal 1o the organisation. Butalon ) term
decision like location of a new plant is likely 1o be influenced far more by cnvmnmenlal
information like changing market, changmg technology, changing Jiscal and govoynmental
policy like de-regulation, wax incentive for backward area cte. Obvicusly strategic .
information sysiems should have a mechanism of scanning and assimylating cnvironnental
information that are likely to inlluence and strategic Jecisions in a systsmatic way.

For the inarce discipline Alternative Financing is a sirategic decision. It will use a sma mary

status information about the intemnal (inances of the company including payrol!, budget,
overruns, variance analysis ¢tc. but will be primarily governed by long terma policy, business
cnvironment cic. that are straiegically important to the survival and growth of the
organisalion. Information support for such sirategic decision would call for substontial
external information supplemented with internal financial health indicators.

Decision conceming Welfare Policy of an organisation is a sirategic decision that must be
faced by personnel (also known as human resource development) managemenz. it will be
tempered by internal information about stafT size, their quality, the compensation package
clc. but the stralegic decision will be govemed by the future vision for the Orpanisation as
scen by the top management as well as the labour market conditions of the environment.
Being a long term decision with major impact on the corporate heatth of the organisation this
siralegic decision need to be supporicd by a balance blend of external and internal
information,

A stralegic decision for the marketing function is a survey of competition and the resulting
sirtegy of gaining market share. While a detailed analysis of in-company sales and
advcntising is a necessary pre-requisite, much will depend on the present and {ulure strategies
of the competitors who are external to the environment. Once again this brings to the foens
the imparlance of extemnal for strategic decision.

While we take primarily the decision making role of the management in the design of the .
information systems, care must be waken 1o take into account the stark realities of managerial
work-style. The diversity of maragerial work, the inter personal dynamics, politics of
peaple, resislance o change, eic. must also be Laken into account. These are issues beyond
the scope of this text but must be taken into account in the actual implementation.

3.4.1 Data and Information

. Early generation of texibooks in MIS used 1o ¢labor. e in detail the definition of data and
information and the importani differences between taem. With so many information systems
it daity usc and access even by the com:non man (like the Banking Information Systems,
Library information Sysiems, Train, Air, Bus-Tickeiing and Reservation sysiems even in
India), most people understand and appreciate that clata is relatively raw and information is
refined form of dawa that is more useful for human understanding and decision processes.

The cxact form of refinement may vary according 19 the needs and the nature of the
applications. In some cases il is merely packaging in the form of a neatly formatted repon,
an gye-catching graphics on the TV or print media or a slide show presentation with brilliant
effects. - In some other applications it may be a form of summrizing data ofien using
statistical wols and technigues viz. mean, median, standard deviation, probability cstimates,
approximation of distribution eic. In yet another siluations, it may bo o detailed simulation
sludy using sophisticated modelling techniques. I all these cases the basic difTerence {s
clear - information provides insight into situatfons using-data culled out of the processes that
characicrize the situations, Normally information s ysiems should concentrale on information
and not merely data.

The Organisatlonal
Tmpact of M1S
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“From an information processing point of #icw there are some basic characleristics of dala

that must be kept in mind. Minimally the data must be accurate, timely and relevant,
Scveral other atiributes like reliability, sousce of data, consistency over time, value aspects
incloding threat 1o individuals, socicly and 1o the world at lasge, privacy, protection of
intelleclual property elc. are important but are needs specific to some applications. For

- brevity we will claborate only the [ormer three altributes viz. accuracy, relevance and

umeliness of data.

. Daln accuracy is obviously an important characteristic that any informatioa sysiem should

guarasitee to maintain. Inaccurale data-processed using analysis technigues however
sophisticaled in 1erms of tools is imtikely to be of use for any real waorldedecision making. In
computer jargon this is referred o as garbage in anc garbagc out (GIGO) rule. Itis lrue thal
data collection cosls money and morc accurale data colleclion costs more money. To
generatc dala up Lo an accuracy of tenth decimal digit may be prohibitively cxpensive, Yet
lare inaccuracics must be clearly avoided and a golden mean between cost of processing
and value of accuracy mus( be found. There can be no encral prescripiion about the
absolute accuracy if data in general. Many monetary wransactions gel rounded 10 just lwo
decimal digits (like Rupecs and Paise in the Indian context and dollars and cents in the
context of the U.S.). Such delinitions of accuracy ar¢ based on the definition of currency.
There may be no such cquivalents in many other forms of data. Even a financial daa like
imercst may have no fixed definilion of accuracy. In a compelitive hosiness environment
some bankers may compute interest rate to far more numbers ol digits. In millions of
transactions across the globe over eleciromic networks like SWIFIT, cven a fourth digit afier
the decimal point might wranslate to millions of dolars! This aspect of the applicalion
specilic aceuracy should be borme in mind in the design of information sysiems. As another
iTlustration of the needs of accuracy one can consider the lime able information of the Indian
Railways, The arrival and departure data of long distance express wains necd be stored Lo an
accuracy of five or ten minutes on even up o a quarter of an hour. However the lime table
concerned with commuter Lrains that operale over short distances within [requent intervals
accuracies of arrival departure information may go down to 8 minute. During peak hours
when the time gap between trains approach two minutes or so the arrival/depariure
information may even have to reach sub-minute accuracies! A related attribute of
completeness is cqually imporiant. Extending the example of the train ime table,
inflormation about the time and the lime zone may have to be provided, in a train system
operating over multiple time zones like EST, CST, MST, and PST in US or the time zones of
differcnt countres for trains that operate across Lhe continent crossing several countries.

The sccond aspect of the data is the timeliness. 'Data however accurate if not available at the

- right time is of little use. Large scale use of computers in the early census calculations was .

primasily due (o the power of computers (0 deliver data in a imely manner. Manual data
collection of large census data, taken onee in len years. in many countries including India,
does take more than a year if not many years. If the data of the decade spanning a ten year
interval laken 1en years to process, it would hardly be pseful, Thanks 1o the computers and
\he National Informatics Centre, for the first time in India, the census data of 1991 was
available to planners in early 1993, In th early EDP cra, there wero several examples of
daia processing cenlers whese enthusiaslic data entry personnel used to process large, even
accurate data-ofien out of tme and time. With large improvements in processing times of
computers over the past several years this is no longer a problem. Yel this aspect should not
be lost sight of. In the Indian context, clearing tax dues, duty collections.eic. take so long |
that by the ime the tax evasion or duty gvoidance is noticed the concerned entities may not
even be there. In such cases either the speed of processing must dramatically improve or the
data collected must be drastically pruned, and may be both the strategies must be attempted
simultancousty. Otherwise the information syslems will lack any practical utility. After all
insight is more important than numbers. -

The third aspect relevance is indeed the watch word for dun. The emerging Decision

- Support Systems and Execulive Support Sysiem thar are characterized by end user

computing underscores the imporiance of relevance in information systems. Thereisa .

.growing feeling among a number of scnior managers and end users that information systems

prafessionals are able to provide ccurate and timely information which are often not
relevant; thera is a whole bunch of information that the end users feel 1o be relevant but such
information is not capturcd by many information sysiems. This mismatch once again
underscores the importance of understanding organisations ant the information needs of the
organisation, which often may be outside the organisation, before designing information
systems, Many library infonftation sysiems provide selective dissemination service of the

. books and journals received recently in the library; often it takees months to prepare. What




the users want oflen is the current contents of the journals, that are subscribed to by the
Library as well as those not subscribed by the Library, They want information about all new
books in their area, not necessarily those the Library has. This explains the role of relevance
information systems. ) '

The unprecedented developments in data capture technologics over the past few years had .
re-defined the role of data and information. The low cost auto identification technology of -
Bar Codes has Iotally done away with Jarge scale data cntry that was necessary o process a
large number of Lransactions - sales data in super markets, issue and return of materials into
and out of stores, libraries, drug-houses, hospitals etc.- The smart cards will evenlually
replace Bar Codes and may lead to even funther reduced data processing. Such”
developments also change fundamentally the design of information sysiems. A large number
of examples of such automatic data capture and on-like access for verification in banking,
insurance and govemment services (passport, driver license, crime records, voter identity
card, Permanent Account Nember for Income Tax e1c.) will change information systems
radically. Coupled with the Re-engincefing excreise, one may witness such radical
developments like Ticket- less Travel in aircralt recently introduced by South West Airlines.

3.4.2 Information and Management

Much of the management is decision making, according to one of many approaches (o
management. While there are several views of what constilutes management, according 1o
1he decision oriented vicw, management mainly compriscs the foliowing :

-

Planning
Organising
Coordinating
Dirccting and
Control.

Each one of these functions may be at the swraicgie, tactical or operational level, To illustrate
this point we will use a series of examples of strategic, tactical and operational decisions and
the information needs, in each of these [unctional arcas.

Planning: Strategic level planning would call for a lot of environmental information like
shifting markets, changing technology as well as internal information like corc-competitive,
 strength of the organisation. Tactical planning activitics like vendor development,
make-or-buy decisions would catl for cost and availability information pertaining to
maierials, production capacities both internal to the organisation as well as outside.
Operational planning like staff scheduling would nced large amounts of internal information
like schedules, attendance, up- times of cquipment. - S e

Organising: Strategic Organising wou'd need external and internal data to decide on
re-structuring as well as forge strategic partnerships. Tactical organising would need

" changing wage level data of both the organisation as well as that of competitors. Cperational
organising would need data relating to skills and Lrining requirements of the operational
staff. ' - .o -

Co-ordinating: Suategic co-ordination would call for industry wide data corresponding to |
technology availability. Tactical co-ordination would call for plant wide and supplicr wisc
boulencck data which reflects the deficiencies both inside the organisation and outside.
Operational co-ordination would require itemized break up of plant and machinery
performance, failures etc,

Directing: Strategic directing functions like-introduction of office automation would call for
detailed cost, benefit analysis of new technigues. Tactical dirccting like innovating

marketing strategy would call for detailed market and production data. Opemtional directing

function would need dawa pertaining to the individual managers detailed skills.

Control: Sirategic control decisions like total quality management would need detailed ..
perfomance data and bench marking data from outside the organisation, Tactical control
decisions like mainiaining steady market share in the medium run would necessitate
contihuuus monitoring of plant data. Operational control may call for techniques of
statistical process control that involves tho colleclion of substantial sampling information -..
- thar must be collecied and processed continuously during the entire production period.

In cssence cach and every arca of managerial decision making would be it planning,’
organising, co-ordinating, directing or control, it calls for substzntial amounts of information
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processing. While these [unctions of managcmcnr. need informaticn suppor for decision
making, there are subtle differences between the decisions that can significan(y benefit from
information; equally there are decisions that are unlikely 10 be benefited substantially by the
availability of information. This subtle difference bewween the decisions, in a managerial

* context was very ably pointed out by the pioneering decision- theerist and Nobel Laureate

Siman in his New Science of Management Decisions. According to Simon, all decisions

cutting across the disciplincs and levels of management can be classified into two types of
decisions. ' ’

Programmed decisions are those that can easily be automated, like the determinaton of -
or;urnal product mix, minimum cost production schedule, optimal sequencing of machines Lo
minimize mean Now time ete. Generally such decisions are characierized by large data and a
few decision rules or algorithms that use the data in an automated fashion 1o arrive at an
optimal plan. Techniques of Operations Research like Linear Programming represents a
typical cxample of this category of decisions Lhat use formal dat and algorithms. Naturally
such decisions are casily programmed, In other words they can be represented as an
algorithmic procedure into unambiguous instructiéns whose step- by-step execution will lcad
the oplimal result. Since these algorithms are likely 10 be codified in the form of a computer
program and run on a digital computer, they care programmable or programmed decisions.
The key 10 such programmability is the underlying structere of these decision situations that
permit an algorithmic translation. By.no means it is imtended that such programmed
decisions are nnimportany, trivial or simple. There aré no value judgements to such
programmed decisions either. What is iniended simply is an appreciation of the nalure of
cognitive or mental burden associatgd with such decisions. Many of the programmed -
decisions may need the most challenging algorithms involving the best brains available at
that mement for their sclulion. Nevertheless they are translaiable into algorithmic
procedures. Simon's predictions of the fillies have practically come Lrue in (he nineties.
This is bore out by the large number of decision support systems that use data and modcls
to automate such decisions = re-order levels in materials and production control, control
limits for process re-setting eic. Information suppon for such programmed decisions can be
designed rather casily,

Non-programmed decisions on the other hand do not Iend themselves 1o easy automation.
The medel support for such programmed decisions would need more of heuristics rather than
optimal algorithms. Oplimization Algorithms as mentionced earlier also arc formalized
procedures readily implementable as a finitely lerminating, compuler programs with
guarantecd outcome of optimal solutions, whencever they exist Heuristics, on the contrary,
generally yield near optimal if not-the Dpl.lmﬂl solution but cannot guarariee optimality. The
heuristics themselves mav be implemented in the form of an algorithmic procedure and -
solved on a computer; however the decision sitation may not have admit any oplimal
algorithm. The inleresting developments in complexity theory of the theoretical computer
science also led 1o an interesling observation that for many interesting optimization
problems, heuristics are necessary as no optimisations algorithms with reasonable estimates
of computational performance are known to exist. This idea led 10 the heurislic problem
solving approach where one gets good solutions and even optimal solutions but optimality
cannoi be guaranteed. Such heuristic procedures for the solution of many real-world
problems in the arca of scheduling and resource allocation have been found (o be extremely
successful. Such heuristic problem solving vindicate a related theory, also proposed by
$imon in the form of satis(icing principle. Under this principle most decisions makers use a
model where they fix initially a se1 of aspiration level; a level on the optimization crileria -
like profit for which they aspire, They identify stralegics that ke them 10 the pre-specified
aspiration level. This re-evaluation process of the aspiration level stops after a while and the
decision maker declares the best solution obtained in the process as the satisflicing solutton.
Simon established thal in many decision situations the decision maker uses the satisficing
principle in place of optimizing principle. . Most of these decisions being to the

non-programmed variety. Olten times but not always, the tactical and strategic decisions
belong to this categery.

Information support for non-programmed decisions, naturally would be very different. The
programmed decisions often use the algorithmic approach using high quality (accurate and
precise), predominantly internal and low volume data. Non-programmed decisions, on the
other hand, would often use unstruclured and unceriain data. The programmed decisions like
statistical process control would need one type of data support; the non- programmed
decisions like the Just-in-time manulacluring process, Total Quality Management process
would need cnurely different type of decisions and naturally a very different information -
support. Over the years the programmed and non-programmed decisions have alse come (o
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be known as structured and unstructured decisions. Information systems designed should
keep this vital differcnce between the two types of decisions in mind. Flexible access 1o
data, vser friendliness, graphical user interfaces, nawral language support, what-if analysis,
capability, el¢. characterise information support for non- programmed decisions.

3.4.3 Information Support and Nature of Management

Office Automation Systems are characterised by repetitive, short-term, inpat-output )
oriented sysicms used directly by a large number of end users like clerks, Lypisls, accountants
cic. Alarge number of accounting systems like payroll, invoicing, billing, inquiry ete,
belong Lo this category. These systems are more funed to gencration of information rather
than the usc of information. Qffice Automation Systems generally form the bed rock of all
other information systems and the information generated by them become the corporate .
database. Information support for such systems must be simple, flexible and user- fricndly.
User [ricndliness in the Indian context would intlude provisions such as Multi-Jingual
support i.e. applications presented through Indian scripts like Tamil, Devanagari etc. The
contributiori of GIST (Generalized Indian Seript Technology) and its widespread use in large
systems like Railway Reservation System are prime ¢xamples of user Iricndliness in the
office automation context. Many organisations world wide are moving away from JBM

. Mainframes and VAX minicomputers (that were mainly used upto the eightics for office
automation)-to PC based software tools like Word-Processing, Spreadshect, Database,
Business Graphics and Communication sofiware, Standardization, Application Poriability,
Data and Format Compatibility etc. are the issues that must be resolved among various oflice
aulomation sysiem Components, particlarly in large organisation. Use of standardized
software for such purposes like Accounting is the current development in this area with an all
Lime high emphasis on cost reduction. The emergence of integrated software and the
bundled software bundles like Microsoft Ofice, WordPerfect Olfice, Borland Office suites -
along with electronic mail softwarc like cc: Mail represent this trend of chanpging profile of
applicalions in this arca. The emergencics of work Now automation through sofiware like
Lotus Noics represent 2 still further integration of softwarc over corporate network with
many applications becoming mail-enabled. Integration with other ofTice aids like copying,
phone, fax, diclation, equipment, TV and other projection represent yet another development
that will lcad 1o exciling applications, changing the very concept of office in the

organisations. Desk Top publishing and the emerging Desk Top Video including Desk Top - ‘

Yideo Conferencing represent another office automation trend.

Transaction Processing refers to the traditional applications of computers like invoicing,
billing, order entry, despalch, delivery, stores accounting etc. In all these application any .
single transaction like raising an invoice, accepting an order, shipping an item, receipt of an
item, payment of a bill etc. would nced an updating of multiple data stores (databases like
accounts receivable, order status, pending Jist etc. A transaction can be said to be complete if
and only if all the associated databases that are affected by this transaction are updated and
all the updales are completed, It is important to emphasize the necessity of completing the
updation of all databases before the transaction is complete. Any deviation from this would
lead to major disasters as incomplete information may have scrious consequences. Imagine
the casc of updating the line stats of a lelephone as disconnected but not updating the
customer datzbase o reflect the discontinuation of billing. The particular connection would

be provided to some ather customer and the old customer would keep getting the bill. More

cmbarrassing example would be the updating of the guest siatus as booked. The next guest
checking in may get the same room atlotted 1o him by the hotel information sysiem and the
poor guest may slip into the room occupicd already by the former guesis!” Naturaily major
corporate-wide information systems like Airline Reservations, Hotel Reservations, Library
Automation Systems cte. have to reckon with this problem of ransaction processing, and
account [or bulk of the applications. Many transaction processing systems also use very
large dalabases running on large mainframes and minicomputers. They also call for very
large processing of data by hundreds of uscrs using equipment distributed over dozens of
localion spread over a vast geographical area. By their very nature, issues like performance,
speed, accuracy, response lime, backup, recovery, security eic., are extremely important in
these applications. Nalurally such systems receive substantial awention from the rescarchers
and application specialisis. Each one of the issues mentioned here is important enough to
warrant scveral texts o discuss them in detail. For the sake of brevity, we shall discuss just a
couple of issues, -

Measurement of transaction processing speed and not mercly the processing power of the
processor is an important activity that must be continnously undertaken in any large scale
transaction processing environment. ‘The time taken Lo complele a ransaclion depends on
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the size of the databases, their distribution across the machines and/or across the network, the
rblative speeds of the processor, network, inputfoutput device speeds like data iransfer rate
¢lc. as well as the nature of applications like simple query using one or more table, selective
scarching, searching and sorting, special processes like compulalion of statistical measures
and the subscquent processing ¢lc. An Organisation Transaction Processing Council has
been developing a set of beachmalks in the form of TPC-A, TPC-B and TPC-C ratings for
various combinations of databases, scrvers and networks. Constanily :unning these test
suites, calibrating these test suites and actual benchmarking of the database applicalions
constitute a major activity. Backup and recovery issues including disasier management
{when data pertaining o thousands of uscrs, ransaclions, bills etc. are lost, damaged or
corrupted) is itself a major development activity. Securily issucs including encryption
schemes that crypt the data and the converse schemes to decipher the encrypled data form
another inicresting research and development activity. Consequently information sysiems
analysis should be able to deal wilh large scale, complex, organisation wide, mission critical
applications in this transaction processing area that demands substantizl hardware, software
and manpower investments. Because of the dominance of transaction processing systems in
many ocganisations, MIS professionals in these organisations associule information support
only with this area, often at the cost of other areas, While this may be a default it should not
be made out by design. Well planned information systems for office automation, decision
support and executive support are needed wilh the same priority, though ofien as a small
scale as well. In fact without the low lcvel office automation systems in place, organisation
wide ransaction processing systems may not take off: Without some decision suppori
sysiems in place many managers may not scc much value for the Lransaclion processing
sysiems. The handful of cxecutive support systems may be a posilive factor 1o geL op
management involvement, comimitment and investment approvals needed to continue the
ranning of organisation wide information systems. In passing it may be pointed out that
office automation and ransaction processing systems capture much of the information
needed for programmed decisions, described in the earlier section: Decision support and
exceutive support systems (o be discussed in the nexu set of paragraphs caters 10 the
non-programmed decisions.

. Decision support systems are iniended 1o help individuat managers in their decision making

capability, involving gencrally the decisions belonging to the non-programmed category.
Such sysiem would need access (o the large information generated by office automation and
Lransaction processing sysiems However, what they need is maiaty the summary
information, exception information or some patterns and trends. To generate such
summarised information like trends, paltems, exceptions cic. they may need access ©
analylical models. Since the decisions are non-programmed the exact report, formats and the
contents of decision support sysiems cannot be decided 'a priori’, The end users would, -
therefore, need 1ools that enable them 1o gencrate on the [y reports with ease in a flexible
manner. Since the end users are likely to be conversant with but not skilled in programming,
the interaction will have (o be at the higher level of abstraction. Fourth Generation
Languages, Menu Driven Packages, use of point and ¢clock or puil down menu bascd access,
form bascd database access (with a flexibility to paint screens casily with different dat,
format etc.) are likely 1o be more easily acceptable. The user must be convinced that he/she
is using his/her time productively to get insights into the decision processes without spending
100 much time in learning the commands of the computer packages. Related features that are
generatly demanded by decision support applications are the provisions for graphics
{generation of different Lype of charts), integration with other modules (presentation
software, stides preparation cte.). In short information for decision support calls for
sumemary information processed in innovative ways in a flexible manner by end users
directly. Decision support generators like IFPS (Interactive Financial Pianning Syslems), 1o
be discussed in the next chapler, were designed primarily with these features in mind.

Executive Support Systems provide yet another challenge 10 the information systems
prolcssional. These systems are meant 1o be used by senior managers directly 1o provide
support 1o non-programmed decisions in the strategic management calecgory. The
information needed will be largely external, unstructured and even uncertain, The exact
scope and context of the information needs is not likely to be known a priori, to the analyst
The requirement is for intelligent information market intelligence, invesument intelligence
and technology intelligence. This must ofien be collected and presenied to the decision
makes in a pro-active manner. Often the information is likely 10 be spread throughout the
organisation as well as in the oulside environment. Access to exiemal databases, technology
information like patent records, te. hnical reporis by consultanis and consultancy
organisations, market report by market inclligence agencies, confidential information.
regarding competitors, speculative informftion about markets, sources of financial
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information, like povernment policics clc. being to the category of information that must The Organisatlonnl
support cxecutive decisions. Onc can casily appreciate the extent of the lack of any structure Impact of MIS
among this diverse information needs. Since executives often work in groups, group

communication, brainstorming ctc. are often needed. Executive support systems, therefore,

provide the highest levels of challenge for the information systems design. Tools of -

Artificial Imelligence (AL) and Export Systems (ES) are often used to cope with some of the

complexity of excculive decision making. Natural Languages Support (o provide a natural,

inwitive and less demanding interface to databases and other sources of information is yet

another but difficult requircment of some of the executive support systems.

In the past few paragraphs, we have argued about the need of the analyst (o appreciate the
dilferences among office automation, Lransaction processing, decision support and executive
support systems. This is absolutely necessary as the requirements of quality of information,
quantily of information, access slrategics, presentation of informaticn ali vary substantially
across the different sysiems. The strategics, skills and resources necessary 1o succced in one
arca may not accessarily Iead (0 success in other areas, The carcful analyst should arm
onescll with all the necessary tools and apply the most appropriate (ools for the situation. It
may be noted that every organisation will have some clements of all the four information
processing systems; only the cxtent and refative proportions vary. For rcasons of brevity, this
will not address all the techniques of each of these systems. Being a basic lext, own
intention is to clarity the basics. The interesicd reader may refer 1o advance texts in cach one
of this areas. -

3.5 MIS AS A PROFESSION

What constitute a MIS professional? Aficr going through the speetacular growlh in the
Information Technology (Unit 2¥ one might tend 1o feel that 2-good compulter scientist can
makc a good MIS profcssional. Quite often sucli an assumplion is not true. Developing
information systems call for people interaction, organisational understanding and inter
personal skills that are generally not the thrust areas of the computer science professional,
Keeping this view in mind ACM Curriculum Recommendation [ clearly outlines a separate
profession with a mastery of organisation, viz. the Information System Executive. This text
. is clearly addressed lo such professionals with a strong back ground in technical computing.

3.6 SUMMARY

This unit provides the organisaticnal context of MIS, Afier reviewing the resource view of
information, the cmerging role of MIS as a possible competitive weapon is outlined. This is
- followed by a possible profile of an MIS prolessional.

3.7 SELF-ASSESSMENT EXERCISES

1) What is meant by “Information Revolution™?
2) How can information provide “Competitive Advantage™?

3) Explain in your own words the terms “Organisation Pyramid” and “Information
Pyramid".

4) What are the major aliributes of an MIS professional?
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UNIT 4 BUILDING MANAGEMENT
' INFORMATION SYSTEMS

Structure

4.0 Introduction
4.1 Objectives

- 42 System Analysis

4.3 Techniques of Systems Analysis
43.1 Requirement Analysis -
432 Disgramming Techniques
433 Data Dictionary
4.3.4 . Feasibility Repont
435 Deuiled Desipn
4.3.6 Daubase Design
43.7 System Implementation

44 Summary

4.5 Seli-Assessment Exercises

4.0 INTRODUCTION

This final unit outlines some of the steps involved in building MIS. A detailed siudy of the
technigues would be Laken up in a separate Block (System Analysis and Design). This unit is
intended o provide a quick averview and to enable the reader to appreciate the role of
System Analysis tbol in the broader MIS context, Such a coverage will provide an ove.rall
perspeclive to the bmad arca of MIS, the subject matter of this block. -

4.1 OBJECTIVES

Alier poing threugh this vnit, you should be able to:.

+  (ocus on the steps that form part of systems analysis that have special relevance w0
MIS

= appreciate the need for ‘re-engineering” an organisation rather than merely com-
- puterising existing manuat procedures :
*  realise that developmcnl of management information systems is fundamentally dif-
[erent (rom programming :

«  focus on the tools and techniques used in ectually building real world management
information sysicms.

4, 2 SYSTEM ANALYSIS

Bpilding computer | hased information system needs a careful analys:s and design before.
implementation. Detailed study 1o understand the information requirement forms the major
component of the analysis. Providing a sysiem that would meet the information requirement
in an efficient manner is the subjects of information sysiem design. With the increased
availability 6f new products and services ever-improving price performance ratio, such

analysis and design become far more challenging. The newer products and services provides’

new ways of daring business as well, Whiile the conventional analysis of information system
requirement may indicate some possible altematives, an alert analyst who is abreast of
current and emerging developments in information technology may propose entirely new

. syslems.: Such exercises known as.business “re-engineering” are the by products of good

systems analysis end design. It should be clearly undersiood that good systems analysis is
not merely an cfficient way of gelling computers (0 do what has been done manualiy for
years. Such mere mechanisation fall short of the real objectives of good systema design,

“particularly these days when Informaion Technology is moving leaps and bounds.

The uﬁchniques of systems analysis are the ones that get covered in courses an MIS. While
the techniques are definjtely important, * muss, be ¢lsarly bone in mind that systems analysis




is fundamentally different from programming. In the opinion of the author much of the ills Bullding Management
- of the customers getling obnoxious university results and atrocious utility bills, reported time Tnformation Systems
and again in the Indian media over the past few years precisely arise out of programming
elforts without going through the necessary systems analysis. As an analopy, systems
analysis can be viewed as the job of an architect, while the job of programming of
comparable to that of construction. Naturally systems anelysis is for more conceptual in
nature as contrasted to programming that is one of details, It is no way to belittle the
intellectual process that can be demanded by programming profession. Programming is
clearly analytical in nature but system analysis is far desper conceptually, The input of
system analysis nawrally is Far reaching compared to immediate impact of programming.
Yet another way of distinguishing between these twa dillerent, yet related disciplines is that
programming is skill criented but systems analysis is more knowledge oriented. Systems
analysis calling for very generoiis skitls in limited 1o a handful of successful individuals;
while programming skills being specific are easily acquired by fairly intelligence people.
Naturally mass preducing programmers is fairly casy compared to training a Jarge number of
analysts. In summary systems analysis is holistic in nature while programming is
' individualistic in nature.

Such detailed comparative study of programming and systems analysis was necessary to ~
reinforce the fact thal building information system gwc.s far beyond simple programming and

coding. With a substantial emphasis Jaid an pmgrammmg (thus strect comer shops to train

people in BASIC, FORTRAN, COBOL & C) in the Indian scene, this point can never bé

over emphasized. Teaching programming to develop on intellectual maturity is perfectly

fine. This is similar to training in basic mathematical skills. But simply providing training in

programming and cxpecung people to develop information systems in just not Lhe right thing

1w do.

The sr.cps in system analysis include the following cight steps generally known as systcms
life cycle.

1. Requirement Analysis
(8) Delermination
(b) Specification

2. Feasibility Analysis

3. Basic system specilications

4. Hardware/Software Stedy

5. System Design

6. Sysiem Implementation

7. Evaluation and Acceptance

8. Sysiem Mainienance

(for a detailed swdy of the activities involved in each of the sieps the reader is referred to the
excellent text [Rajaraman p. 291.)

43 TECHNIQUES OF SYSTEMS ANALYSIS

Over the past decades, based on. extensive empirical studies of the different steps of systems
apalysis cnumeraled in the Jast seclion, several lcchmqucs have emerged. 'We will brielly
" look at seme of the fundamental echniques.

4.3.1 Requirement Analysis

Requirement Determination is generally done though extensive study of the sysiem including
the understanding of (he goals, processes and constraints of the system for which information
systems are designed. Several forms are also designed and illustrated in the texts of system
analysis. In the view of the author such technigues must be lelt to the ingenuity of the
analyst; there is no straighl forward algorith to elicit the requirernent from the user. Itis an
iterative process which the analysts use while interviewing several user/users groups. It will
continue 1o remain an art rather than science,

For Requiremen Specification both at the preliminary as well as the detailcd stage, scveral .
diagramming techniques have evolved. In fact such diagrams have become the Janguage of 13
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the analysts just as blu prints have become the fanguage of the designer or balance sheet -
becoming the language of the accountant, We will dewdil below some of the diagramming
echniques.

4.3.2 Diagramming Techniques

Data Flow & Document Flow Diagrams represent perhaps the most widely used
diagramming technique of the sysiems analysis. The document flow diagram graphically
represents the various documents (typically paper devclopments in most cases) that flow
across the system; the information carricd by the paper documents must be generated and
processed by the proposed informalion sysiem. Olten the documents themselves may
continue in paper form for administrative control, archives etc. as the necessary imaging
technigues are still not cost cffeclive, at least in India. Given the conslraints of electrical
power, paper may continue to be the major source of documént, for many more years (o
come. . s

Data Flow Diagram (DFD) is a powcrful diagram that ¢an be used to document the
information flow. It also presemts itself to be broken down in lop-down fashion. At the tap
level, data flows are represenied at very abstract aggregate level. Each component of the
data flow is Further broken down 1o different levels, so that at each level we have jusl a few
entities Lo concentralc on.  DFED have developed a represcntation scheme 10 represent data

store (storage & retricval of data), processes (where some changes are made (o the system} ~

and entities (the player in the game) and the actual information flows.

The cxample data flow diagrams cicplains the concepl. Breaking down the DFDs inlo
different levels is generally known as Leveling and the DFDs are correspondingly termed
Top level DFD and Leveled DFD.

A diapram similar to DFD is the context diagram that is generally a summary diagram that
fully depicts the information flows and the entities involved. It is more useful to the end user
thar the analyst. The detailed DFDs carry enough details that the analyst can hand them over
to the progeammer for detailed coding.

4.3.3 Data Dictionary : :

Another powerful tool that is extensively used is system analysis is the data dictionary. DDs
as they are called provide a detailed reference to every data item - the different names by
which the item is represented, in different program modules, different data structures used to
represent the item in different modules, the modules where the data ilem is generated, where
it is stored and destroyed. In essence it provides a quick snapshat of every data item used by
the information system.. Necdless 10 say it is extremely detailed and very useful for
consistency checks, system modification und completciiess checking.

A typical daia dictionary appears as [ollow :
1 Page Daua dictionary (*** 777 **+)

While these techniques are general in nature apd used by the analyst in the different stiges of

- the sysiem lile cycle the following are specific 10 some of the steps of the system life cycle,

4.3.4 Feasibility Report
A typical structure of the feasibility report will be as under:

A preamble that sets the stage for the project, followed by geals satement that quantifies
precisely the goals of the proposed information system, This is followed Ly a short narmative
that describes in unambiguous yet jargon free language the present system. This must be
understandable to any intelligent person not necessary a computer professional or even a
computers literate. The proposad alternatives are then described once again in a reasonably
jargon free language. Being a feasibility study the altematives are unlikely to be detailed to
the full extent. Until the full systemn is developed in is entirety, the full details are unlikely
1o be known, Yet we cannot go ahead with the final system without doing a feasibly
analysis. In a sense the details of the system to be built will unfold gradually from feasibility

- study stage to system specification stage to final implementation stage. These steps must be

cleariy understood by the user as well as the-analyst. Based on ‘skewchy’ design of Lhe
proposed aliernatives, an-order of magnilude cost benefit siudy is prepared. It will be order
of magnitude only as the costs and bene(it are also unlikely to be in fully quantifiable form.
Based on the delailed humar/organisational/technological problems likely 1o be encountered




in the project detailed in the feasibility study the end uscr decides a particular allemative that B;'";""B “}mwmi‘nr
is worked out in detail for further implementation. The detailed design phase starts here. nformation Systems

4.3.5 Detailed Design

Roughly the detailed specifications are worked out followed by hardware/software plan.
This constitute system design which once again need to be whetted by the user. Once this is
done detailed system design starts. Effectively onc can say that the analysis phase cnds here
and the design phasc begins. Being a detailed design it may involve substantial effort on the
part of technical system analysts, hardware, software, communication specialists elc, A
major component of detailed system design is the database design covered in the next
section. Actual coding is undertaken afier the database design is complete.

4.3.6 Database Design

While DBMS permnit efficient storage and mampulauon ot‘ data files l.hcy do not cater to the
structuring of the database themselves. After extensive uses of database in real world -
applications, scveral early analysts have felt the neeg for the right abstraction of data into the
database so that any update/query operation capturcs the spirit of the meaning of the data
stored in the data bases. One of the basic obscrvation made by the early analysts was the
possible "loss of information™ by careless update operations on databases. This led to the
concepts of noemalisation pioneered by Codd {1. Intuitively normalisation leads 1o Lhe
decomposition in such a way that no information is Jost due to processing of dala.
Normalization ensures no loss of information and avoids insertion update and other
anomalies. A table (relation) is said to be in First Normal Form (INF) if there is an

" jdentifying key and there are no repeating groups of atudbutes. Intuitively First Normal
Form ensures that all the mble entries arc atomic. A formal deﬁmuon of a relation will be as

follows

Arelauon isin (lNF) iff auribules of non-key ﬁclds are dependem onakey.
F_or example, con51dcr a student wable with data as follows:

{Studcm Name. {Coursc No., Course_Name],
[Cou:se _No., Comsc_Name].. -}

with repeating groups. Obviously sucha vary-mg ficld leads to blank ﬁelds (l.hat do not
depend on the key). A simple way to transform a relation that is not in (INF) is to replace it
with a simple relation with as many records as the non-full repeating groups. For example, |

Student_Name, Course_No, Course_Name
Student_Name, Course_No, Course_Name

for as many courses as the student has. A further refinement of the First Nermal Form (INF)
is the Second Normal Form (2NF) where we avoid any dependencies among the
relationships. - For example in the earlier example course name depends on Course_No which
is not a key field. Such a structure may lead (o inconstancy where there could be different
Course_Name combinations for the same Course_No. To ensure that the relations (tables)
are free of such inconsistency we break down the relation further into

{Student_Name, Course_No.} {Course_No, Course._Title}
{Student_Name, Course_No.)

A still further refinement is Third Normal Form (3NF) where we [urther specify that there is
an identifying key, no repeating of atiributes, no atiribute exist that does not require the
whole of the key and there is no transitive dependency (ie., an attribute depending an
another non-key attributc) i.e., in general aliribule.s are mutually independent.

. The benefits of normalisation are the avmdance of update anomalies explained through the
followirig example :

Example  (™** 7177 “")

Note that the INF, 2NF, & BNF are upwards Inclusive, that is2NF relaﬂon js necessarily in
INF and a relation that is in 3NF is necessartly in 2NF. They represent progressively -

increasing refinement of data relationships represent, 3

-




Manegement Information Database my@,ms.’ Is Further degrees of normalisation including 4NF and SNF, While
y theoretically Sound, such funher refinements add(?) like, if any, o data modeling real world

data.~Since our text is primarily on Information System and not os Database theary we will

~Tiot furiher elaborate an edvanced normalisation. It may be mentioned in passing that a
slightly modified 3NF known as Boyce-Codd Normal Form (BCNF) Ieads itself 1o automatic |
decomposition from an un-nomalised form using Bemstein algorithm [].

Physical design of database includes the siomge devices and their management. This calls
for detailed knowledge of the specific hardware and software on which the information
system is likely to be implemented. Hardware/Software Selection is indeed a difficult job
considering the fact that many competing products are being inroduced in the market with
improved benefit cost ratio. An alert analyst has to keep himself posted continuously about
the trends in technology, ohsoleteness of technology, viability of emerging technology, future
trends and even the financial and market viability of the hardware/software vendor in this
fiercely compétitive drea of Information Technology. Access 1o specific experts in areas, 1se
of bench marketing literature and user group and peer opinion are some of the resources used
by most analysts in this diflicult task.

4.3.7 System Implementation

System implementation includes the detailed design of the process, tnewr validation and
thorough checking. While the formal methods of proving program correciness {Jare
evolving, they are still not uscful to test out large commercial software (o help information
system planning. Many of the analysts use experimental version using what is known as
“paralle] runs”, Here both the current system and proposed new system are run in parallel
for a specified time period and the current system is used to validate the purposed system.
(This ig like the practice of the incumbent senicr officer spending some time with me
outgmng oﬂ' ice before actually taking over the full responsibility. )

L& eV Py e ) P

4.4 SUMMARY

This module provides a quick introduction to the techniques of system analysis and design
that are 10 be used in actually building real world management information system. Where
the full details will be shown in dzlails in a separate course, this unit is intend to provide a
quick overview of all the issues involved in MIS development. Accordingly many of the
lools System Analysis are only louched upon.

4.5 SELF-ASSESSMENT EXERCISES

1) Outline the steps of syslem analysis.

2) Understand the difference belween programming and system :malys:s
3} Whatis a Data Flow Diagram (DFD)?

4) Briefly describe the structure of a Feasibility Report?

5) Explain the role of Normalisation in relational database design.
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BLOCK INTRODUCTION .

By now, you would have had some exposure 1o the fundamentals of computer hardware and
software. The usefulness of computers to organisations come about oMy when they can be
gainfully employed to facilitate the working of the organisation and help streemline ils opera-
uons, . ' :

The subject of systems analysis and design addresses iise!f 1o this very issue, Itis an inten-
sively practical subject and the analysts must be able to translate his tachnical knowledge
into real-world applications. The preceding blocks in Lhis course on systems analysis and
design have set the pace for what is conventionally taught under such a subject.

However, in order to have a lavour of the kind of work system analysts do, and the sur-
roundings and constraints within which they must perform their functions, it is desirable 1o
work through several case studies. This block, therefore, presents a series of case swdies
numbered as A to F which give such as favour,

The organisation in question is a gymnatorium, which is trying t0 modemise its operations,
and linds that mere investment of money is not enough. You can go through these case
studies at & number of stages of the course, in a manner of what is ca'led “Spiral Leaming”,
In other words when you read the same case again after a gap of sometime, you will be able
to appreciale il better and on a higher level. To facilitale your understanding, each of the
case sludies A to F also carries with it a model solution. These solutions are indicative and
not expected o close your mind to lurther thinking. Nor arc you expected 1o memorisce Lhe
solution and present them in any examination, They are for you to vaderstand it beter so
that you can handle the assignments, the prajects, the examinations, and more important ac-
tual real life problems in your employer’s organisation after you have completed the course,

" You will notice that the key players in these case studies are about 20 in number and all of

them play a signilicant role in the implementation of the new system, This is to specifically
draw attention 1o the fact that ercation and development of computerbased systems to help
any organisation is not the domain of the programmer alone or the EDP depariment alone.

For your convenience the dramalis personae in these case studies have been listed below
with their funclional ttles. .

If you follow this as you read through the case studies it will keep you aware of the various
interactions between different persons in the organisations.

DRAMATIS PERSONAE

Case and Frequency of
Occurrence
1. Muko! Gupta :  Director, MCG A-6,B-6,C-1,D-2,E-1,F4
2. Neera Tiwari ) :  EDPManager A-1,B-5,C-1, D-2, E-1,F-3
3. Anoop Sarin Head of Scheduling
- and Tickeling B-14,C-1,E-1,F-1

4. Sariia Kakkar :  Chief Systems Analyst B-11,C-8, D- 8, E-7. F-1

. Anil Abraham :  Systems Analyst B-12,C-6,D-8,E-3,F-2
6. Pran Sharma i Member Management

Committee . B-1

7. Feroze Ticketwallah Head Cashier, Ticket Sales -3, F-1
B. Suresh Srivastav Accounting Manager C-1,F1.
9. Dinesh Malik Aclivities Manager C-1,F-1
10. Balwant Singh Facilities Manager C-1,F-1
11. Nasrin Khan Chief Accountant C-1,F-]
12. Dilip Dalal Publicity Manager C-1,F-1
13, Snnjﬁy Sharma Prog. Coordinator C-1,F-1

oy o 3 o




14, Tirath Kumar
15. Keshay Dut
16. Minakshi Dutt
17. Rohan Kumar
18. Samir Rawat

Assistant
Assistant
Tickel Seller

_Ticket Scller

Assli. 10 the Program
Coordinator

C-1,F-1
C-1

C-1,F-1
C-1,E-1

“ Fel
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CASE (A)

MAHARAJA COLLEGE’S GYMNATORIUM (MCG)
INFORMATION SYSTEMS PLANNING

THE SCENARIO

Mukul Gupta, the Director of Maharaja College's Gymnatorium, sits at his desk wondering
how to develop solutions to the problems facing the gymnatorium (gymnasium cum :
auditorium). Since the expansion of the gymnatorinm was completed a ycar ago, the. number
of programs conducted have doubled, as college management wanls to capitalize on the addi-
tional facilitics available. Since the college is new and management has modem outlook the
gymnaterium is run as a profit centre and has various divisions to look after its nurmerous ac-
tivities. . 1

The information nceds were easily satisfied before the expansion when the gymnatorinm

hosted only basketball games, an occasional Youth Forum meeting, and three 1o four cultural '-

programs a year. Additional building space and scaling has attracted the promoters of mock
conceris, conventions, and professional matches o the gymnalorium,

Recently several programs have almest ended in disasters because of coordination problems.

On one occasion the advertising division leamed only a few days before the program thata |
souveneir 1o be sold at the door had not been produced. Although the printing was completed
on lime, the program resulted in a loss because the rush delivery charges levied by the printer
were large, and the adveriising division was unable to solicit the required number of adver- -

tisers for the souvencir,

For every event, the w.cilities planning division complaints aboul problems encountered

- prepasing the gymnalorium for a program. Requirements for the program, such as the scating

arrangement and the nuniber of chairs and tables needed, often are not communicated in a
timcly fashion. The facilities planning division has found itsell.short of chairs, tables and
other resources because lwo programs cvents are scheduled in different parts of the gym-
natorium at the same time, cach competing for the same resources. Personnel division has

- had difficulty in.scheduling ushers, attendants, and ticket checkers. To prepare properly they
fec] that they should be notified as soon as the program is booked by the aclivitics division.
The lack of information about the resources available has caused the activities division to
take up to a week to inform ali other divisions of the requirements for a given program. Even
the accounting division has had problems paying the promaters because of delays in receiv-
ing information concerning ticket revenue and CXPCNSes. ’

The worst problems seem to be in‘the ticketing division, The ticketing division handled only
general admission tickels before the expansion. Now, the division provides tickets for
rescived meating, special seating and §+ neral scating for difTercnt kinds of programs that have
viried seating nlans,

GETTING STARTED

Mr. Giupla knows he has (o address the se problems. The Managing Committee of the college
approved the expansion of the facilitic s assuming that the gymnatorium would host more
programs, in¢rease the varicty of prog-ams, and show a profit. At present, the gymnatorivm
15 fosing moncy and credibility with t:e promotcrs of programs. Staff members are also un-

happy becaudc they feel that the problems are a direct result of their performance. Mr, Gupta,

indced, recognizes that the only way b3 solve this growing problem is (o take action to-meet
the increased information requiremen's of the gymnatorium, . . . - :
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Case Studie<

PLANNING FOR INFORMATION SYSTEMS

Mr. Gupta realizes that the planned goal of increasing the business operations of the gym-
natorium has been met since expanding the fcilities. They could meet the goals set forth by
the Managing Committec much more efficiently, only if they could achicve beiter com-
munication between the various division in the gymnatorium. An informalion sysiem thal in-
tegrates all the division of the gymnawrium would provide the communication necessary 10
mect this requirement. . .

Mr. Gupta sends a memo to all his division heads asking them o mect with him and Neera
Tiwasi. the EDP Manager, next Monday for a strategic-level conference about the dévelop-
ment of a new information system. He also requires each division head to bring systems
project request forms (atached 1o his memo) filled out, ready for presentation and prioritiza-
tion. ’

On Monday, with zid and direction from Neema Tiwari and several assistants, the division
heads and Guptz hammer out a systems plan aficr some heated discussions. See Exhibit A-I
for the modular design of an integrated information systems project for the gymnatorium.

Alter the brainstorming that went into preparing the information sysiems plan, a consensus is
reachc that the highest-priority projects will solve immediate critical problems. The others
of lower priority will [ulfill {ong-term management goals. Based on this philosophy various
ratings are provided on a 10 point scale for TELOS (Technical, Economic, Legal, Operation
and Scheduling) feasibilities this listing is consolidated in Exhibit A-IL,

EXHIBIT A-1

LISTING OF PROPOSED MODULES

A. SCHEDULING AND TICKETING SYSTEM (STS)
1. Integrate the aclivities and ticketing functions.
2. Provide the aclivities office with a system for setup and management for cach program.

3. Provide the tickeling with a system for issuing tickets and provide the aclivities office
status on demand for each program. :

B. FACILITATING.AND SEATING SYSTEM (FS5)

1. Provide information to the facilities division necessary to prepare the gymnatorium for
each program, .

2. Provide feedback to the activilies office about availability of resources and progress
reports on facility set up for upcoming programs, .

C. ADVERTISING AND PRINTING SYSTEM (APS)

1. Provide informalion about printing and advertising needs to the advertising department

o prepare [or ezch program.
2. Provide feedback o the activitics office on the status of sdvertising and printing eflans.
D. PERSONNEL AND SCHEDULING SYSTEM (PSS)

1. Provide information &bout required staffing for each event o the personne] division 10
schedule staif, :

2. Provide feedback Lo the activities olTicb‘lon siaffing and scheduling status,
E. BOOKING TRACKING SYSTEM (BTS) -

1. Providelhe activities ofi‘ice with the information necessary to contact representative for
programs scheduled. - - -
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2. Provide the activitics office with the information necessary to manage current booking Information Systems Mannlng
at the gymnatorium.

'F.  ACCOUNTING AND TRACKING SYSTEM (ATS)
1. Provide accounting information to all levels of manigement in a timely manner.

2, Provide accurate reporting for all financial dala to Mahemja College Central financial
management division.

G. PROGRAM CATALOGING SYSTEM (PCS)

1. Provide master catalog of types booking criteria and other information for all | progmms
which may potentially be booked in the future,

2.  Provide cost information for all potential fuhme programs.

PROJECT NAME STRATEGIC FACTORS STRATE- FEASIBILITY FACTORS M&mk
. - e | O | TECHN- | EcONG- [ LEGAL | oPERA- | SCHE- o
PROFIT | SERVICE |DECISION| ‘Grppre | CAL MiC TIONAL | DULE
,MAKING '
A. Scheduling and © g 8 7 8.0 ] B 9 7 9 £2
Ticketing System . ;
(ST3)
B. Facilitating and s 5 7 60 6 3 9 7 5 40
Scaling System .
(FS3} ]
C. Advertising and 7 4 3 47 8 4 6 7 5 60
prinling System . g
{AFS)
D. Personssel and 2 2 2 20 E - 8 7 T 9 7.8
Scheduling .
System (PSS)
E. Booking Tracing 4 s T 53 7 3 9 3 1 46
Sysiem (BTS)
. Accounting and - 8 .4 6 6.0 - H 7 2 4 32
Tracking System
(ATS)
G. Progam N 1 5 3 3.0 2 3 2 4 9 4.0
Cualoging I
System (PCS)
EXHIBIT A-II -
PROJECT REQUEST PRIORITY WORKSHEET A~

*  Profiis: Increase Revenue and Diecrease Expenses .
** Service : Provide Organized ang Problem-Free Programs >
*** Decision Making : Coordinatior Between Divisions of MCG

A
ASSIGNMENT ON MCG 8.5, A)
3
" 1. Prepant a mission stalement I | systems goal list based on outline of MCG’s informa-
tion sysiems plan. '

2, Discuss the validity of varic. ¢ JACTOR rating given by Mr. Gupta and his information
systems planning team.

3. How can Neera Tiwari, the [ P Managcr can prioritize the various modulrs listed for
analysis and design? :

T 3 Ty
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S-S C R

ANSWERS T ASSIGNMENT
Ans

Mission Statement

To develop an information system {hat will increasc the. effectivenes. and cilicicncy ol the
planning and controlling functions of the gymnatorium by providing more timely, relevant
and accurate information 1o managers and their staff, '

Goals Listing

Belter communication between the various divisions of MCG
Adequale reporting to each division.

Centralised management reporting and decision support
Accurale and limcly control of programme

Timely reporting of accounting activity

Efficicnt and controtled ticket handling

Cost-elective sysiem

Auns 2!

Faclor ratings arc clubbed into two broad categories viz. Strategic Faclors and Feasibility
Factors. Strategic faclors include; profits, scevice and decision making whereas the
feasibility faclors comprise of TELOS—Technical, Economic, Legal, Operational and
Scheduling. - : -

Lct us take example of STS module listed as A in the Exhibit A- IL On strategic factors it
scorcs 9, 8.7 on a 10-point scalc. High stralegic factor scores were recommended by Gupla
and his team because this module has strong influgnce on strategic factors of profi making,
providing service and quick decision about the program selection. All these faciors are essen-
lial for a busincss to succeed in a competilive market (similar discussions can be done for
other modules also).

On TELOS feasibility also STS modute consistenty séems high resulling in an average score
of 8.2, The rcason again in Mr. Gupta’s mind is that STS is justifiable in terms of TELOS
feasibifity and is execuiable in wcrms of technical competency has sufTicicnt funding and
meets legal, operational and scheduling constraints.

Ans X

To priovitize Neera can utilise a system project priority grid (a corcept akin 10 BCG matrix -
analysis in marketing). .

This grid is shown as below:
{10, 10) 6. 10) (10, 1)
Law PrioriLy {iigh Priority
5
NG ®
= @ n 1 @
z 6.5 (o, 5)
-E Reject @ Low Priority :
T © ©
- fl v
(10, )
' {0, 0 5, m
————> Stralegic Factors

Fipurc A-1: System Priorily Request Grid

In this Grid projects in quadrent I are of immediate priority, ones in quadrents 1, TV can be
taken up stighty latcr and the ones in quadrant 111 can be puit on blackbumer.
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‘CASE (B) -

MAHARAJA COLLEGE’S GYMNATORIUM (MCG)
PREPARING FOR SYSTEMS ANALYSIS

GETTING APPROVAL FOR SYSTEMS DEVELOPMENT

The accounting division with guidance from Gupta and Tiwari, prepared a cost estimate of
Rs. 20 Lacs to support the Information Systems plan: Mukul Gupia then requested sanction
for this amount to support systems development effort. Realizing the urgency of this request,
the Management Commitice immediately altocated Rs. 12 Lacs, less than what was re-
quested, but possibly enough to complete some of the higher-priority modules over the next
‘year.

. Mukul Gupta was clated and quickly got in touch his divisional heads and Neem to el them
the good news. The budget of Rs. 12 Lacs enubles 2 substantial portion of the syslcms planto
be [unded.

Then Mr. Gupta gave a general dircctive for syslems work 1o begin immediately starting with
the scheduling and licketing system, and within two weeks, also the modules B, C and D.
Mr. Gupta also had a meeting with Mr, Anoop Sarin, Head of Scheduling and ticketing
department. He was told to get his people 1o interact w:lh sysiems pecple first thing in the
moming.

REQUESTING SYSTEMS ANALYSIS

Mr. Anoop Sarin called Neera Tiwari over the intercom and told her, *"'Well, il looks like we
arc ready to get staned on my scheduling and tickeling sysiem.” “Yes, I heard, "Neera said,
“What I'm going 1o do is 1o ask Sarita Kakkar, our chicf systems analyst to get in touch with
you. She will be able 10 get us off 1o a good starl. Why don't I ransfer your call o her of-
fice?" -

“QK, thanks.”

“Hello, Sarita Kakkar speaking.”

“Oh, yes. Hi! I'm Anoop Sarin, Head of schedulmg and tickel sales at the gymnalorium.
Neera told me that you are going lo do our sysiems work. Great to have you on our side.

“Thanks, I'm looking forward to working with you, "Sarita responded. “Acwally, Anil
Abraham, one of our systems analysts is all set 1o be with you this moming and prepare an in-
formation syslems service request.”

“Oh. I've already filled out one of those forms, "said Anoop.
“You know, the one we did [or planning.”

“No, that was a syslems project request fprm that you people use for planning; and for budgel-
ing purpose, "responded Sarita. “The information systems service request form that you fill
out for us is just that, a request from you for our service, It’s a litile more specific than what
you did earlicr, and it gives us a slarting point and serves as an agreement, if you will, "be-
tween our users and the information systems gmup It's a "meeling of the minds,' so o

speak.”

“Another form?” complained Ancop, “1 don’t know anything about it or how to fill it out.
And we just sltaned using the systems project request form.”

“Well, you know us, we cou]dn'i operate without forms, "laughed Sarita. “Don’t worry, Anil
Abraham will help you fill it oul. Then we can get staried.”
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“Thanks, that will help me a lor,” sighed Anoop, mentally relieved thathe was going 10
receive help. o

“By the way, "Sarila said, “As soon as my siaff and I go over your information systems ser-
vice request, we will start mapping oul our work. Ons thing we will nieed to do at the start,
I"m sure, will involve a great deal of interviewing of you and your people. Wilf you please
miake them available to us starting Tuesday at 8,00 AM.?”

“We're all set, "exclaimed Anoop. ’
“Fine, I'll see you Tuésday morning, "Sarila respo
“Good-bye.”

“Bye."

PREPARATION OF THE INFORMATION SYSTEMS SERVICE
REQUEST FORM -

Shontly after 10:30 that moming, Anit picked up his bricfcase and went to Ancop's office.

“Hi,I'm An_i.l Abraham, one of the systems analysts from EDP department. I guess Sarita
told you that T was coming to see you, "said Anil.

“Oh yes, pleased-10 meet you, "said Ancop. “I was on the phonc with Sarita a little earlier
this moming, and she told me that you were coming.” :

Great!" replied Anil. “If you're ready, we'll ﬁet starigd.”

 "“Well,” responded Anioop. “I've never been involved in a complete information systems

overhanl as we're doing here. Where do 1begin?”

“What would b¢ helpful, "Anil explained, “is if you could stari by telling me some of your
basic and common problem.” -

* “To begin with, "Anovp started, “we are having trouble with our sealing system. Thereare

limes when the same seat is sold 10 a1 Jeast two different people. All of us in this department
feel that once is once too often and we try (o do our best 1o keep the public happy. But this is
now a common problem.”

“'So, you are having a tickel sales pfoblem." said Anil.

“A problem?” exclaimed Ancop. “It’s becoming a catastrophel Some of our ushers came
back with reports from several people recently that this-was the worst program venuc Lhey
had ever been to. Another thing, I've had five people in the lastmonth personally call me up
and tell me that they were sold tickets for the wrong program! I looked into the matter, and
sure enough, they were sold tickets for the wrong program.”

“Oh! God” remarked Anil. “Ican see exaclly what you mean, That would be enough to

make practically anyone want o throw in the towel. You are having big problems with your -
- scheduling of events and Licket sysiem. Why don’t we call the first project Scheduling and

Ticketing System (STS).” .

“Sounds good to me,” said Anoop. “STS....I like iL"

“Why don‘i we gel started on the information systems service request form?” prodded Anil.
“OK, I'm ready. Whm do“you need to know first?” - |

Anil and Anoop spent over an hour filling ont the information systems service request form,
Tris displayed in EXHIBIT B-I., .
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III’REPARATION AND PRESENTATION OF THE PROPOSAL TO
CONDUCT SYSTEMS ANALYSIS REPORT

After going over the information systems service request form prepared by Anoop and Anil,
Sarita talked with Anoop and some of his staff to get a better fect for the problems, reasons
for the request and scope of the project She and Anil worked together to define the systems
project scope, (o determine the study facts they would need to collect, and the sources of
these facts. A schedule of inajor évents was also prepared. .

EXHIBIT B-I Information systems service request form for
INFORMATION SYSTEMS SERVICE REQUEST

SYSTEM NAME: Scheduling and __x__ NEW REQUESTED DATE:MM/DD/YY

Ticketing System (STS) __ REVISED REQUIRED DATE: MM/DD/YY"
ANTICIPATED BENEFITS:

*  Schedule with more accured and control ticketing for programs for gymnatorium.
*  Control the issuing and reserving of tickets.
*  Account for and control ticket revenue.

OUTPUT INPUT
1. TITLE: Program Schedule Report 1. TITLE: Program Input
FREQUENCY: Weekly quantity: 4 copies FREQUENCY! Random Quantily:
COMMENT: Lists name of program, cost, 200 per year ’
date and duration, Ticketing querics abbut COMMENT : Includes seating
the same ilems should be provided. requirements for program beginning]
date, ending date, and special
accommodations
2, TITLE: Reservation Status and Tickst 2, TITLE: Ticket Sales
Control Report FREQUENCY: Random Quantity:
FREQUENCY: Weekly quanity; 4 copies Thousands per week
COMMENT ; Lists reservation by name COMMENT : Reservation from
and event, tickets logged by number, should include name of patron,
tickets issued and receipts. Online inquires - number of reservations program
about same items should be provided. name, ticket transaction log should
contain ticzmt number, date and price.
3. TITLE : Profit and Loss Report . 3. TITLE: Plogram Revenue and
FREQUENCY : Weekly quanlity : 4 copies _ expense input
COMMENT : Lists revenue or expense ilem FREQUENCY : Random Quanlity
by cvent, data and 1ype of revenue or expense 200 pex year. -
incurred. . ' . COMMENT : Includes all expenses
incwrred for Program date for
expense and amount and type of
expense. o
4. TITLE : Resources Inventory Listing 4, TITLE : Resources Add/Change/
FREQUENCY : Weekly quantity : 4 copies Delete ’
COMMENT : Lists avaifable resources such FREQUENCY : Random Quantity :
as chairs, tables, lighting, siaging products. As needed. .

COMMENT : Input all equipment
in stock at the centre including
tables, chairs, lighting and staging
products for inventory,

REQUESTED BY: MUKUL GUPTA DEPARTMENT:  TITLE: Director )
MCG : APPROVED BY : PRAN SHARMA TITLE: Member, Mgmt Commiltee

—x— APPROVED

APPROVED ON CONDITION. REASON:

Preparing for Syctems Analysls
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* RESECTED REASON:

— SIGNATURE:” DEPARTMENT : EDP
’ CTITLE : EDP Manager
DATE : DD/MM/YY

COMMENTS: Sarita Kakkar is the Chief Sysiems Analyst and her assistant is Anil
Abraham, Systems Analysis begins next Monday. The systems analysis phase will take
epproximately two weeks. Pleasé notify employees at the event centre 10 make themsel-
ves available for Sarita and Anil Lo interview. Full cooperation will expedite the systems
analysis work and elp to ensure a successful systems project.

Sarita and Anil worked late in the night to prepare the Proposal to Conduct Systems Analysis
Report. Sarita knew from earfier bad expericnces that typically one type of prospective sys-
tems users don't know exactly what they necd, and the other type expects everything to be
computerized on a personal computer immediately,

Sarita knew thal if one tries 1o leaplrog several phases of the Structured Design Methodol-
ogy, one nearly always winds up with a sysiem nobody wants or needs. As a matter of fact,
following the lead of typical users, and in essence letting thbm guide systems development,

is similar to a doctor allowing a patient 1o guide surgical procedures or prescribe medicine.
So, 1o make sure that everybody is still on the same wavelength, the proposal to Conducl‘Sys-

tems Analysis Report, the [irst major decumented deliverable in the SDM Process was
presenied both orally by Sarila and backed up by a written decument.

ASSIGNMENT .

Consider yourself to be in Sarita Kakkar’s shocs. Based onthe na:rauve and the filled form
as shown in EXHIBIT B-L. Wrilc a crisp formal proposal to conduct systems andlysis.

" SOLUTION TO ASSIGNMENT IN MCG CASE (B)

A PROPOSALTO CONDUCT SYSTEMS ANALYSIS

Month xx, 19xx
To : . All Division Heads
From 2 Sarita Kakkar, Chiel Sysiems Analyst

Subject :  Scheduling and Tickeling System (STS)
Copics to : Mukul Gupua, Direclor, MC(_] and Nu:;a Tiwari, EDP Manager

Reasons for the Analysls

The recent expansion of the gymnatorium has increased the frequency of program which has
in tum, added to the complexity of hosting them. The current manual information system is
not meeting the information needs of those responsible for implementing the gymnamnum 's

. business plan,

FPerformance Requlrements of the Systems

The information systems plan previously completed provides the basis for establishing the
following users requirements for the information systems:

To increase organisation integration

To improve organisation communication

To provide more timely reporting

To improve the quality of service to the public at large
To reduce EXpenscs

A S o L

To increase revenues, .




Scope of Systems Analysis

The systems analysis work will determine the feasibility and direcdon(s) of the information
needs as outlined in the systems plan and the information systems service request form. The
" lindings of sysicms analysis will be subsequently be recorded-in the Systems Analysis Com-
pletion Report. We will be responsible for the delivery of this report within two weeks from
* beginning of the analysis. Responsibility for systems design will be dewermined at the end of
this systems analysis phase. We solicit your suppont [or this ¢ffort because it is critical to un-
dertake such a development if we are to improve our current management situation.

Facts (o be collected

Todevelopa complctc picture of the proposed system, scveral details must be investigated
further:
/
1. The sequence of sieps and lime requlrcd for each sicp in the process of hosung an evcnt
{Gantt or PERT chart).

2. Identify potential boulenccks and a critical path for cach type of event
3. Dewermine the feasibility ol"imcgralion of information between depariments.

4. Determine the type of report needed by cnch division and management for each type of
program

5. ldcnui'y problems that exist in the current system. -
6. Collect possible solutions from users.
1. Dectermine the feasibility of computerisation as the solution,

8. Determine the opportunitics and problems associated with each alicmative system.

9. Determinc the [casibility of in-house development.
10. Determine the impaci on the gymnatorium's work culture.

11. Determine the timetable for development and implementadion.

POTENTIAL SOURCES OF THE FACTS

The current organisation should be investigated first to provide baseline information neces-
sary [or identifying any proposed enhancements. This falls into scveral specific categories:

1. The Present Information System: The gymnatorium currently has separate systems
within cach division. All are manual systems with the exception of accounting. We
propose [0 cvaluate the cllectiveness of the present sysiem o determine whether a new
system should be developed or whether the current system should be modified. An
analysis of the old sysiem will provide a starting point for any new development and pro-
vide design ideas. Understanding the current sysicm enables us to evaluate the resoirees
necessary for medifying the current system or dcvclopmg a ncw one. Familiarity with
the current system will help in planning for the conversion to a ncw computer based in-
formation sysiem.

2. Management and Employees of the Gymnatorium: The use of questionnaires, inler-
vicws and informal discussions with the stakeholders of the gymnatorium allows us 1o
develop an undersianding of the needs of the users and how Lhe current system operates.

3. Current Paper Documentation: Accounting procedure manuals, financial statements,
management policies, organisational charts, job descriplions and other forms of paper
evidence will be reviewed (o detcrmine how the organisation is operating and how it
plans o operate. Current paper documentation will be used to reinforce the definition of
relationship between the various divisions of the gymnatorium, interdivisional functions
and people within the divisions.

Preparing for Sysems Analysts
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Contract with other Program Venues: Program Venues with similar characleristics
will be contacted 10 detesmine the type of system they use, This will provide an insight
to document the Iypes of problems which might be encountered with altemative sys-
tems. It will also enable o gain an understanding of alicmative solutions available.

SCHEDULE OF MAJOR EVENTS OR MILESTONES

The systems analysis will be underiaken as a serics of tasks, cach of which will have a
specific scope and completion date.

1.

Review of the current system, interviews with people and review of documentation will
lake approximalely one person lwo weeks to complete and will be performed by Sarila
Kakkar (80 person hours). ' -

Contacting other programs venue will lake approximﬁlely ONE person one week Lo com-

. plete and will be performed by. Anil Abraham (40 person hours) concurrent with Task 1,

Analysis of facts, determine of feasibility, definition of user requirements and direction
will lake Lwo people approximately (wo weeks to complele and be performed by both
analysts (80 person hours) afler completion of Tasks 1 and 2.

Study facts synthesis and the Systems Analysis Completion Report will another lake lwo
weeks 10 complete by both analysis (80 person hours) after completion of Task 3. :

GANTT CHART

3 \
)

—> Time Days

Based on our discussions in the past few weeks I fee] that we must give serious consideration

- to beginning this analysis for STS as soon as possible, ideally, we should begin our analysis

within the next two weeks so (hat we can have answers o the requirements issues prior to
our next financial year, :




CASE (C)

MAHARAJA COLLEGE'S GYMNATORIUM
SYSTEMS ANALYSIS COMPLETION

-INTERYIEWING

Sarita did mos1 of the interviewing. Some of ithe study facts thal carne out from these inter-
vicws are shown in EXHIBIT C-1 which was her interview with Feroze Ticketwallah,

Interviewee :  Feroze Ticketwallah
Jnterviewer ¢ Sarila Kakkar
Bulics : Head Cashier, Ticket Sales

Dawe :  Month dd, 192x

a

As cashicr at the ticket window, he sees that several obvious problems exist:

& Ofen difficult o determine from the charts how many seats are in a group {for
telcphonic reservations for a block of seats), customers tend to get angry when it 1akes a
few minutes 1o figure oul what's available. In fact more than once customers have be-
come angry and left withoul purchasing any tickets.

® Encouptered numerous problems with having several people selling tickets concurrently,
i’s tough 1o keep two people [rom sclling the same seal at the same time.

e The time delays are especially difficult with a group with young kids who ﬁu
problematic at having to wait while their parents get tickels.

® Gelting an accurate accounting of the money collected for each event only once a day is
incfTicicnt, management necds a more timely report but there just is not stafT to do it

& If they could only have a picture on a screcn of the layout of the center with a seating
chart for a given event which all of the cashicrs could sce simultaneously. It would make
it a lot easicr to give the customers tickets for good seals as [ast as they want them,

& Retuming tickels create a real problem beceuse you have to run around to all of the
cardboard charts and correct the blocked out seats.

#& Ticket takers are frustrdted (rom being bullicd around and yelled at by angry customers,
impatient management and nosy accountants who need the results of what they do faster,
faster, fastcr......

EXHIBIT C-I Sarita’s Inicrview Noles

QUESTIONNAIRE

A questionnaire for clients of gymnatorivm was sent ot to a random sample of users. Sarita
wanled to determine Ihe nature of complaints and gather additional study facts (o design the
system better. EXHIBIT C-II illustratcs this questionnaire.

MAHARAJA COLLEGE GYMNATORIUM
SCHEDULING AND TICKETING QUESTIONNAIRE

Dear Chient

$ you know, we have enjoyed major expansion in the MCG recenily. To serve you betier,
Wced your help by answering the following questions,

=i Pe—
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1. You have been able to buy tickets wuhuul having 1o wait

Strongly ' . Suongly

Disagree -1 2 3 4 5 6 7 8 _9 10 Apree
2. You lcam of coming programs in time to plan 1o attend

Strongly . ’ _Strongly

Disagree Y 2 3 4.5 6 7 8 9% 10 Agree
3. You always gel your assigned scat :

 Strongly - Strongly

Disagree 1 2°3 4 5 67 8 9 10 Agree
4, Yoﬁ can reserve seals easily ' . |

Surongly Strongly

Disagree 1 2.3 4 5 6 17T 8 9 10 Agree

5. When you enter the center l'or a particular event, your ticket is chccked and verificd
properly

Surongly ' Strongly

Disagree 1 2 34 5 6 7 8 9 10 Agree
6. You are dirccied 10 your scal cfTicicnuly and withoul hassle

Strongly - Strongly

Disagrce 1 2 3 4 5 6 71 8 9 10 Agree
Commenls:

EXHIBIT C-11 : Clients Questionnaire

GATHERING AND ANALYZING ADDITIONAL STUDY FACTS

One of Anll s first tasks was Lo delcrmine how the informaton flowed, or at lcast how it was
supposed (o flow in the present system, This general flow is represented in F'gurc C-1.

After some funther analysis, Anil prepared the HIPO visual table of contents (VTOC), il-

Justrated in EXHIBTT C-1I. Anil also included 2 scating chart and physical layout of the

event center which is shown in Figure C-2. An organisation chart for the gymnaltorium did
not exist, so Anil skeiched the one illustratet! in Figure C-3, '

Ticket Aflocation . Mnn:y Managcmcnl
and Printing ..and Acc.ounung
Secating Availability Siaffing
- Reparting STS Needs
Problem Reporting (potential Montoring of Status
sealing conflicts identificd by Mansgcment

Fig. C-1: Flow of Information in System

DETERMINING RELATIONSHIPS IN THE TICKETING

_ FUNCI‘ION

Anil and Sarila spent a great deal of time trying to delermine and put wogether relationships
in the total ticketing process. Aftcra great deal of frusiration and false starts, they finally _




* came 1o the realisation that tickets and tickeling was essentially an inventory control and Systema Analysls Completiun
_marketing system, Once this assumption was made, they developed two entity=relationship )
- (ER) diagrams that reflect this concept. EXHIBIT C-IV #llustrates an ER diagram that

models a ticket transaclion from a selling viewpoint, EXHIBIT C-V demonstrates an ER

diagram from an accounting and control viewpoint,

PREPARING THE SYSTMES AN_AI{YSIS COMPLETION REPORT

Sarita conducted most of the interviews and handled the questionnaire. Anil performed the
data processing and flow analysis. Both combined their study facts and aler several meet-
ings, hammered out the System's Analysis Completion Report, '

ASSIGNMENT

Assume the role of Sarita and Anil, and based on the narcative, figures and EXHIBITS, writc
a crisp “Systems Analysis Completion Report™,

MCG
PROGRAM DATA : . " | PROGRAM REPORTING
: . ' ' Ticket Sealing
P;zgmm E?ﬁ;::c . Control : Availablity
Program
Ticket Resource Program
Sales Input Schedule PQL
UPDATEIEES GRAM Reservation
Stalus
Program Tcket
Processing Processing
Accounting .
Processing Resource
: Processing

EXHIBIT C-II : HIPO VISUAL TABLE OF CONTENT

17
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~ Figure C-2: Gymnatorium Scating Chart and Physical Layout

MUKUL GUPTA
MCX., DIRECTOR

r V

|

SURESH SHRIVASTAV

ACCOUNTING MANAGER

© DINESH MALIK
ACTIVITIES MANAGER

BALWANT SINGH
FACULITIES MANAGER

) C ]

NASRIN KHAN DILIP DA’ AL SANJAY SHARMA ANOOP SARIN
CHIEF ACOUNTANT || PURLICITY MGR. | | PROG.'CO. ORDINATOR || TICKETING MANAGER

' [ ' 1
m&n TICKET MINAKSHI DUTT ROHAN KUMAR
LLAH CKET SELLER TICKET SELLER
HABAD CASHIER n E
’ TIRATH KUMAR KESHAY DUTT
ASSISTANT ASSISTANT

Figure C-3 Organisation chart for MCG .




Systems Anulysls Completicn

Customer . ® Sales perion

Consists Ship
{

Tranportalion
Ticketing @ | Muil/Personally

ACUSTOMER BATANM

Customer | Costomer Prozam Muiling
@" Neme | Number Tﬁ;ﬂhﬂc [('.::::.'; Payment Address

EXHIBIT C-1V : An ER diagram that models a ticket transaction
) from a selling viewpoint.

Accovntx ; Cath
m ® Customer 0 Recicvables Remits Receipts

Ticketing —@ -
Cash

Purchase . Ticket A;:counll Cash .
. Agent Payable Disbursement

Program Date Price

No. Type

EXHIBIT C-V : An ER diagram that models a ticketing transaction
from an accounting and control viewpoint,
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SOLUTION TO ASSIGNMENT FOR MCG CASE (C)

SYSTEMS ANALYSIS COMPLETION REPORT
‘Month dd, 19xx

To . All Division Heads

From : Sarita Kakkar, Chicl Systems Analyst

Sibject :  Scheduling and Ticketing System (STS)
Copies :  Mukul Gupia, Gymnatorium Director and Neera Tiwari, EDPManager

Reﬁons and Scope

The systems analysis was conducizd 1o determine the [easibility and directions of STS. This

report contains the findings of the sysiems analysis. .
Major Problem Identiffed

Several mprprﬁfems routinely experieniced by the gymnatorium personnel:

I Lackof coonfintion between divisions.

2 Lack of infavmation Ol'ljj_‘u:: status of resources.

3. Lack of information on scheduling réquired resources.
4. Lack of salcs and expense slatus information {or events.
5.

Poor intemal control of cash and tickets.

Specific Problems Identilied

Consider some spesific examples of how {hese problems have affecied the ability of the gym-
natorium personnel to meet their commitments:

1, The activities office is unable to communicate in a limely fashion the specidl accom-
modalions required for special program such as boxing, concerts, and conveations. For
example, for congerns and convenkions, morne communication is required because they
are ofien not informed of special requirements such as room set-ups or planning for an

* associated exhibition until much oo late o plan properly for and nolily the relevant
divisions of the extra needs for the program. Ox the other hand, inter- college basketball
games require liude coordination and the current level of communication is still ade- -
quate. -

2. The current system of booking of programs has failed on several occasions, resulling in
double bookings of programs. The lack of a central system for tracking the stalus of
negoliation has led 0 difTerent represeatatives of the gymmatorium promising and book-

" ing two conflicling types of programs in the same time pericd, which were extremely dil-
ficull to conduct. .

3. . The activities office is often unabie to deiermine the status of specific resources avail-
bale at the gymnatorium for a cerain datc. The result is the inability to meel commat-
ments Lo promoters of programs and caspal staff on a Limely basis because casual stalf
was not scheduled carly enough.

4. The incfficicncies relating to scheduling and the underestimating of the resources avail-
able in the gymnatorium have ked to 2 policy of allowing slack-ume between events to
maintain quality of service. By compulerizing we will be able Lo increase the number of
cvents and schedule them more closely togethes. This will allow us (0 increase the usage
of gymnatorium from the carrent 30 percent rato.

5. The activities office is not ablc tawdctermine the status of ticket sales o date on a timely
and ;ml-cﬂ'eclivc basis. This information is required by the stall at the scheduling office
(o derermine whether 10 cancel a peogram belore the eontracted date.




6. The tickel office is unable to contro! ticket sales between the sales staff in the ticke! of-
fice. Control can only be attained by cutting staff or centralising the information, Reduc-
ing stalf is not feasible considering the volume of ticket sales. The only aliernative is

) ccnl:mhzauon of information.

7. ‘The reconciliation of cash is time consuming. We never know what we should have in
reccipts because ticket dispensing is nod controlled.

8. Poor control of ticket sales for assigned scating has resufted in the same seal being sold
twice or more, Concurrently, some seats remain ¢mply, This situation contributes Lo Jost
revenue and unhappy clientale.

Statement of All User Requirement

During the i mle.n':cws a.nd from other research we identified the following specll'c require-
ments:

1.. Timely and efficient communication of program requirements to all djvisions.
2. Efficient and accurate production and distribution of tickets. .

3 T:mel'y information on the status of tickets sales and expenses incurred for each pro-
gram.

4, 'Asystcrn to ensure proper intemal control of ticket sales and cash within the ticket offict
5.-A simple and eflicient system to reconcile cash,

6. Asysiem to manage credit card sales.

Statement of Critical Assumplions

All pessible Future constraints cannot be determined in l.hc systems analysis phase. Future
development is based on several critical assumptions.

-1, Afiera period of paralle! conversion from the current system the old system will be
climinated and the only system to be used will be the one developed as a result of this
proposed project.

2. -The final system developed will require that pcrsunncl be trained and l.bc funding and
support for the training will be commiued. .

3. The hardwa.rc and software required can be installed. No physical l|m|t.m.|ons ol‘
facilities will preclude implemeptation.

Resources Required

If the commitment 1o systems development is made, the gymnatorium must identify addition-
al resources that do not-currenily exist or recommit siafl 1ime from current commitments.
These resource requirements include:

1. The development phase will reguire additional personnel o form a development teamn,
We anticipate the nead for iwo sysiem designers They should have expericoce in sys-
tems desipn and programming expericnce in one language

2. If the development is done in-house, acquisition of hardware and software as specilied
in the systems design 15 required 1f programs are acquired from an owtside - .ndex, 8
$imilar acquisiion 1s Fnucipated o support te produclobla.mod Al this bme it {s an-
ticipated that two personal computers with word prou:ssmg and program development
software \nll be requited - :

3, Thesystem des-gn phase will be require 1000 person hours to complele at a cost of ap-
proxinmeety Rs. 50 000

Systems Analysis Completion
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4, Management mppon. is a key (o success.

Recommendations

The discussions with division heads and other personnel indicate that the eentralisation of in-
formation would enable the organisation to function more eficiently, It was universally felt
that a computerised system that linked all the divisions together would improve coordination
by improving communication through the use of centraily sccessible specialized reports.

‘The systems development should be started as soon as passible. Problems expericnced with -
the current informalion system have caused lost revenues and additional nonmonetary costs.
A Systems Design Proposal Report will be produced in a few weeks that will provide
feasible information sysiems design altcrnalives. :
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.CASE (D)

MAHARAJA COLLEGE’S GYMNATORIUM (MCG)
SYSTEM DESIGN PROPOSAL

EMERGENCE OF DESIGN

To get a better perspective on the STS project, Sarita and Anil prepared a functional diagram,
depicted in Figure D-1, This diagram, combined with a thorough review of their study facts

- gathered during sysiems analysis phasg (Ref: MCG Cases (B) & (C) ) beganto merge

"~ together helping to form building blocks, giving rise Lo several design issues,

DESIGN ISSUES

Sarita had 1old Anil on several occasions, “The right hand doesn't know what the left hand is
doing, at the gymnatorium, Moreover, they need a system that will integrate their achivities.
Otherwise they will be doomed™, .

"Yes, I know", Anil responed, “They're trying but they don’t know how to go about it™.

“Also, we've got 10 think about users’ level of expertise. Most of them will be inskilled.
Therefare the user/system interface must be carefully planned.” '

“They belter start getting serious™ said Anil. “The municipality is building its own general
purpose audilorium, so competition is bound to increase”. .

“They're gelting some information now, if you want to call it that but it’s not usable. It's too
late, sa it is no way better than zero information, The timeliness for information seems to me -
to be a vilal consideration in design. And for them timely information is key to be able to
compete, "said Sarita. . . .

I'm sure we'll be able to meet the systems requirements, The idea ofbu.i.lding.sys'lan_'_s
‘bridge to other businesses for ticket sales is a good one, though I believe it's a litile prema-
uure at this stage of the design, “said Anil,

*“Yes, First things first, "Sarita agreed, “but we can direct out designs towards cnabling this
kind of bridging if they want to go that way in the future, -

| '
“If they approve the kind of systems design I have in mind, data processing requirements

will be very easy, "said Anil.

"You kiow, I've h2en hinking, “said Saritn, “the gymnatorium is just like any other service,
Sometimes, I tenc io look at systems differently if they are in an academic seiting, but in
reality all systéme can preity much be described in the flow of people, materials and data,
The gymnatoriur. is or janised along divisional lines and has decentralised management be-
cause Gupta lets them run their own arcas.” :




Cam Siudica
TICKETING ACTIVETLES
ACCOLNINING
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Figure D-1: STS Design Levels

“That's truc., It's jﬁst 1 typical business organisation,

“Something ¢lse that’s really going to affectus is the cost- cffcctiveness. All the top pecple
and especially the Management Committee arc coming down hard on cost-cllectiveness. [
overheard Mr. Gupia tell Neera that thoogh the Commitice has allocated the money in the
budget, but they’re not going to approve anything unless it’s cost-cfcclive.” '

“Most of the time they just look at costs. That is, if it costs less thaR tiey are saving moncy,
-and that's not always true. Sometimes, cutting costs is the-worsi decision. :

- "You bet, "agreed Sarita. “Just look at what they're donc over at the gymnalorium. They
haven't spent much money, and look how they are just scraping through.

“Iotally agiec. *Serita safd. “They're rcally have a morale problem there, A few people told
me they were leaving. They just can’ take the hassling &nd confusion any more,”

“‘We may look Like real hefoes when this is over,” Anil said enthusiastically.

“IF they can keep the right kind of poople on stall. T agree. We can do some good things for
them, but we're getting ahead of ourselves. First, we've got to come up with some viable
designs for them 1o look ot , and go from there. And what will make them viable is to con-
sider end be aware of the design issues we’ve been discussing.”

Saritn and Anil continued to weigh the impact of design issues on their design concepiualisa-
tions. From what they hud leamt so far, it indicated to them some design issuss should be
weighed heavily in the design process. Their design issue Swasghting scheme is shown in
EXHIBIT D-1. ’ .
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EXHIBIT D1

WEIGHTING SCHEME FOR DESIGN ISSLES PF.RTAINI‘NG

TO GYMNATDRIUM

DESIGN.
FORCE -

DESCRIPTION

. WEIGHTING

FACTORS -
(Total 100)

Inicgration

Uscrs/Sysicm
Intcrface

Compelitive
Forces

Information
Quality and
Usability

Systems
Requirements

Dawa
Processing
Requirements

Organisational
Faclors

Cosi

Elleciieaess

PR O

Necded among acoounﬁng. acliviues
and ticketing
Users need ready access (o system

Many users are novices
Need easc of use and limited Lraining
Automatic Monitoring and reporting

Pooled and sharing of resources
Concurrent Lickcting Tor several program

Necd for immediate access to ticketing infarmation®

Patron mailing list for promotion
Service to Promoters of programs
Extend reach into nonhcm part of bordering state

Timcly and accurale seaung availability
Timely and accurate ticket dishursement

* Timely and accusate details for tickets disbursed

Reliability goal is 100 percent in
scheduling programs and ticket sales

* Availability goal is 100 percent to all users. -

Flexibility goal is to extend tickel

sclling into selected businesses in
north-westcsm region in the country
Installation schedule is targeted at the

end of nexl quartcr

Life expeclaocy is set for [ive years

with 100 percent gwolh potenuat
Mainainability is ensurcd by use of
strucwred design standards documentation
and modular programming

Volume is over 2 million scparie
transactions per year with projections
on ncarly 4 million within (ive ycars

_Complexity involves scheduicd of evants

and malching resources to support cach event
Time constraints for maximum productivity
require oaline reat-lime processing

-Computational demands are relatively low

Nature of the gymnatorium’s

business makes proper scheduling and

ticket sclling an inlcgral par of ils operation

Type is divisional which facililics reporning
requircments

Sizc of the'gymnatofium is one of the largesi :n
the country that can accommodate a wide
vancly of programs

Strugture is a stand-alonc operation with
limited tics dircetly w Maharaja Cotlege

so for all intents and purposes the gymnatoridm is
10 be run Tike 3ny other profil-making business
Minggemeat sfyle js decemixizin.

e £itcient Lekel dishursenient with
[ewer stadf

- Wusl be 4. seinped for current siaff
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Human Factors ¥
: [ ]

»

w

Feasibility »

Requirements *
"

Management Commiltee require a formal

cost-cfTecliveness repont

An audit is conducted 6 and 12 months after

implementation to verily ¢ost-efTecliveness analysis

Ease of use .15
Users have feeling they are in‘control .
Reduce frustration in dealing with angry patrons

Raise Morale

Technical feasibility is not a problem 5
Economic pressures are to stay withinbudget

Legal impact means safeguarding patron

and promaler data

Operational means the present staff and

future personnel with limited expertise

mns{ be able o use the systern with limited training

PREPARING A DATA FLOW DIAGRAM

Sarita had prepared a data flow disgram (DFD) of the present system. It is displayed in Fig-

ure D-2. Form this model, she and Anil developed a number of models on a CASE based
workstation. The one they finally selected is illustrated in Figure D-3.

- Scais Lile
Ticker
Casled Tickeling . Scaling
b Ticket Process Repart
: Scheduling
Event Requirements T hile
Tile
Tickets 10 Patruns
h
Requirements ) Accaunling
PProccss Report
| | Requircments Rs::‘:::ﬁo
Report Aclivilics

1
Figure D-2: Daw Flow diagram of the present tickeling process




System Design Proposal

Seats
File

Ticker Revenue
for Accounting

<Tlckels to Patrons

Tickeling \ - Account Seating
_ process / Status Repont

Apgroved Master
eating Plan

Figure D-3 . Proposcd uaw i . diagram for the ticketing process.

ASSICiviNT

1. Consider yourself to be in place of Sarita and Anil come up with 2 syswms'dmim

proposal report with three design alternatives, viz.

" @) The Stand-alone Baich Aliemative
B) The Network Based Alicmative

¢) The Centralized Altemnalive

21
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SOLUTION TO ASSIGNMENT ON MCG CASE (D)

SYSTEMS DESIGN PROPOSAL REPORT
Month XX, 19xx

To :  All Divisional Heads

From :  Sarita Kakkar, Chief Sysiems Analyst

Subject :  Scheduling and Ticketng System STS

Copies : Mukul Gupta, Gymnatorium Director and Neera Tiwari, EDP Manager

DESIGN IMPERATIVE:

- The present system does nat meet the information and accouhting control needs of the gym-

natorium. Present operations are conflusing and ineficient from all users and stakeholders
viewpoints. For business continuity and to support a major expansion, it is imperative that
new, viable systems be considered for further evaluation design and implementation.

Paossible Systems Design Models

We have prepared thre general models for your consideration. We do not recommend one
over the other. They all are viable based on our wark upio this point. The one or ones you
select or a combination thereo!f, will be evaluated lurther as to the best technology platform
available to support the designs. Once we have defined precisely all the resources necessary
to implement the cost-elfectiveness analysis to determine the one that yiclds the best effec-
Liveness to-cosl ratio.

The three general systems design alternative can be classified as (1) stand-alone batch alter-
native (2) network-based aliemative and (3} ceniralized altemative. The building blocks of
each system are described in the lollowing pages.

1. THE STAND-ALONE BATCH ALTERNATIVE
Building Block Design Sheet

COMPANY-: MCG

SYSTEM : STS
INPUT : MODELS:
» Progma.’ Input Sheet +~ Marching old Program Requircments

Against Resonrces. Available
« Tickel Sales Recap Sheet .

» Resources Available Input Sheat = Profit and Loss for each program
' ' {Income = Revenue - Expenses)

+ Ticket Sales Revenue Log
+ Program Expenses
= Ticket Deposit Slip

DATA BASE: TECHNOLOGY:

* Resources Master File * Manual Sysiems in Tickel Office

* Ticket Master File * Personnel Compuler in Accounling
* Program Master File * Personal Computer in Activilics

) Office
* Accounting File ‘

e 7} I )




CONTROLS

OUTPUT:
* Ticket Control Report *  Preprinted Tickets
*  Program Schedule Report . *  Tickets Equal Seats
‘% 'Reservalion Siatus Report * Backup on Floppics
*  Seat Availebility Report *  Sealing Chan Marked as seats are sold

' &  Program Profit and Loss
* Resources Inventory Listing

(I) INPUT

A. The sclivities office fills out a program input sheet when A program is booked. The data

sheet contains the following information:

L

A program ID number (accounting number)
Name of the Program or performer

* Estimated cost of the program

* Date of the program

* . Duration of the program
*  Respurce requirements
(i.e. slaging, lighting, seating)
*  Selection of resources
. configuration Jayout

The data sheets are baiched and entered into the activities officc PCona daily basis.

B. As preprinted tickets are sold, they are entered on a tickel sales revenue Tog sheet by the
ticket office. The dala sheets are sent to the aclivities office on a daily basis and entered

in the PC.

Ticket deposit slips (bank deposit slip) and the ticket sales recap shest are sent to the account-
ing office on a daily basis. The accounting office batches and posts Lhese data sheels as part

of the normal accounting cycle. The data sheets contain the following information:

* I og sheet line number
* Name of the patron (If phone order)
* Number of reservation (1icket numbers)

* Program, Program name, performer name

" Date purchased

* Purchase price
* Amount deposiled .

STAND ALONE DATCH ALTERNATIVE

. Prognm 'Ec.lket R:]wtﬁu Rﬁ:l:u En;nm / Ticket
Input” Avnilabilit e L] 1
Shpel.ue:. Sl:e:t Inplllsll'll:e{ cl:::u Sﬁ:: Eiip I

Repoit Ropont

Seat :
Jicker - | Prowmm Regevarlon Availability ey Beacn
Report Repert Los Listing

i

Systen Desigu Proposs’
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(" PROGRAM - /" ASSIGNMENT 38
©.n PRINT TICKET
. . . (1) .
SEAT NUMBER(S)
ISSUE TICKET )
POST PAYMENT
) 1y .
(“SEAT NUMBER .
(1)
SEAT DESCRIPTION
1)
COST
. M -
PRODUCE - /' UPDATE ADD SEATING ”“CE(D‘
TICKET : SEATS : RECORD (0.1) :
CONTROL ~ FILE < (UE:DATE MASTER < TYPE(%F PAYMENT
REPORT :
EVENT FILE) RECEIVED PAYMENT
(1
ISSUED TICKET
(1) _
QUANTITY ON HAND
" (1)
"SOLD ouT
'riéxsqr) RE 'mmc
' MA
’ . - ’ k 45 .
END -~ DELETE SEATING SEAT AVAILABILITY
PROGRAM \._ RECORD (0.1) )

C. Mmmmmmmummmmmmmmmm
a resources availabls input sheet. This data sheet is sent to the activities office and
cntuedmlhePC.AnupumMconmmmgamdcfcrmhmmmdmﬂb-
cated (0 it is sent (o accounting.

) MODEI.S

A, 'Iherwommsmﬁlepmdumarepm that identifies resources available for each
program.

B, Amunﬁngnmdehmuhcdwmﬂyﬁsdmvenmmﬂexmimwmmmm
produce a profit and loss statement for each event on a weekly basis. An accounting
gmemllcdgermdeuusedto:denufyuwevcntandmetypeofrevennea:dexpcm
jtem incuwrred, _

3) OUPUT

A Anckucontrolrcpmmpudmedtoshowuchmsoldagmnstmforamn Any
variances or duplications are highlighted. This report is also used by accounting to verify
cashdepomed.?rm&ﬂngofdmmketconuolmponwdluwedmmefouowmgmm
Orr (W-0) ,

BEGIN © 1D SEAT SEAT NUMBER -

CANCELLATION -

B. Apmgramsdwd:ﬂewpmkprodnmdbyhmuthommcsoraﬂmputm
cost of programs/performers, data of program and duration. The report can be printed
mmmwuﬂybyﬂwxnvmmommmmomnfmmmm
wdlorﬂybeavmlahlea:dlﬁachuhﬂoﬁm.

C.. meummmrcpormwadumdmﬂmg&emmo!u&umlummu&a .
_master file ang the program master file. A separate report is produced for each program, *
Each report contains a list of reservations by ID/name, mkﬂsinvmmhwdbywm- )
bﬂ'andﬁckﬂslsswd. ,

T e e — Y




A seating availabillty report is produced using the ticket master file. The repost indi-
calesthesea!sandlickﬂsﬂmarcstﬂlavﬂhﬁloft_reachpmm

The program profit and loss statement is produced from the accéunting files. The report
contﬂ.ins ticket receipts to dateandupum incured to date.

Amoumhmmlmmgupmdmodmgﬂncmmaﬂaﬂhmpmm-

" taing a listing of available staging, lighting, scating'and cantcen [acilities avaﬂable in the

gymnar.mmn

@
A.

TECHNOLOGY

The ticket oﬁice warks on a manual system. Tickets are preprinted and the rcﬁ:]m of -
daily sales are entered on data shesis, The data sheets are sent to the activities office for
procassing on their personal computer. “

The facilities division is supplied with input, change and delefe forms that they submit to
the activilies office to maintain accuracy of the resources master file,

The activities office processas the forms from the ticket office and the facilities depart-
menton their personal computer. Forms generated from their own division are also
processed. The appropriate menu-driven soflware will be available to maintain the files
and produce the rcpons. Baich processing of data sheet is also performed,

The accounting dcpanmcm uses a personal computer 10 maintain the aceounung file

~ used to pmduce the program profit and [oss statements.

Q)

DATA BASE

The resources master file contains all the resources svailabls in the gymnatorium, Thc

lmmchsmrwdmdcodedbymwmhumsms.mgum

The ticket master file contains the licket inventory for each program, the pnee ‘of each

. tickel, and the scat assigned if applicable.

®

A.
L

2
3

»

The progam mns:erﬁbonnmmsmenmemmofdwmamurpafuma.
timated cost of the program, (hteol'lhepmgrm dwaumofﬂnmm and resogros
requirements.
gram.

CONTROLS
Syslcm oontrols are 8§ fo[luws:
Ba:chpmngconu-olmmlsoﬂlckdommm
Prq:ﬁnledﬁckma:ooumedformdundq'ﬁgm'gmmud.
Seating chart is marked s tickets o sold.

Tickets sold equals the number of seats marked.

S. Files are backed up on magnetic tape.

Access control is achlcvad'b_y issuing h-;ys 10 rooms that have computers.

The accounting file containg information on révenus and expenses incurred for each pro- ,

Eystem Dasign Propasal
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Case Studles [. NETWORK BASED ALTERNATIVE,

Building Block Design Sheet

COMPANY: MCG
SYSTEM : STS

INPUT OUTPUT
» Online Ticket Depasit Slip » QOnline Ticket Control Report -
* Online Program Inptt "« Online Schedule Report
+ Online Ticket Sales ' » Online Reservation Siatus Repon
+ Online Resources Input « Online Program Profit and Loss Repont
= Online Program Expenses Input » Online Seat Availability Report

» Online Resources Inventory Listing
» QOnling Ticket Sales Recap Repornt

MODELS TECHNOLOGY

» Local Area Network Connecling Divisions

» Personal Computer in Accounting Division

« Personal Compuler in Ticket Office

+ Personal Compuler in Facilities Division

(same as allernative 1) » Real Time Processing of Program and Ticketing
« Batch Processing in Accounting

DATA BASE CONTROLS
» Preprinted Tickets
o Central Backup on Magnetic Tape
{(same as alternative I) » Tickel Equal Seats
' « Seating Chart Marked as Tickets as Sold

+ Passwords
"NETWORK BASED ALTERNATIVE

T1 chat Online ’ Online Onlina Chnline
poail Propnm Tickel Resourecs I'ro:nm Tixpecnces
&Inp Inpun Hales Inpul Input

1

Accaunling

Master T S iy Resources

File ‘ T ' - | Munter
. Fila

32
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BReport

b
Prognm Reasarvalicn
Schedule BT
Repon Report -

Prmgram
Prolic &
I Los

Seal ’
Availability
Repan
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isling Repont
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A,

)

3

I (1} INPUT System Desipn Pn'l.-pusal

The acuivities office inputs dircetly into their PC program data when a program is
booked. The input scresn containg the following information;

* A pmgmm ID number (accounting *  Duration of the program

T numbén)

* Name of the program or performer  *  Resource requirements (i.e.
) stagiing, lighting, seating)

*  Estimated cost of the program *  Selection of resources

* . Daie of the Program - configuration layout

As preprinted tickels are sold, they are entered dircculy into a PC in the ticket office,
Ticket deposit slips and the iicket sales recap sheel are sent to the &ccounting oflice on a )
daily basis. The accounting office batches and posts these dala sheets as part of the nor-
mal accounting cycle. The input screen’ contains the following information:

*  Log sheet line number *  Program name or performer name
Name of the patron (if phonc order) *  Date puirchased . '
*  Number of reservation *  Purchase price
(ticket numbers) *  Amount deposited

As resources bécome available or the avaj Lability changes, the facilities division enters

+ add, change-or delete information directly into.its PC.

MODELS

The resources master file produces a report that identifies resgurces avatlable for each
program, .

Accounting models produce a profit snd loss statement for each program on a weekly

basis. An accounling general ledger code is used 1o identify the program and type of
FevENue or expenss item incurred,

(Note: The same data flow diagram presented earlier depicts this model),

OUTPUT

A tickel control report is produced ti) show tickets sold against seats, Any variances or
duplications are highlighted. This report is also used by accounting to verify cash
deposited. )

A program schedule report is produced by listing the names of all programs, Cosl of
programs/perfarmers, daie of the program and duration. Online inquiry or report output

" is available at all offices.

A reservation S1atus report is produced analysing the staws of Licket sales in ticket

“master file and the program master file. A separate report is produced for each program.

Each report contains a list of reservations by ID name, tickets inventory logged by num-
ber and tickels issued. Online enquiry or report outpul is available at all offices, (Note:
the same W-O diagram presenied earlier models this alternative).

The program profit and loss statment is produced using the accounting file. The report is
available only through the accounting office.

A scat availability repont is produced using the ticket master file. The report indicates the
scats and tickets that are still available for each program. Online inquiry or report output
is available at all ofTices.

A resources inventory listing is produced from the resources master file. This report con-
Lins a listing of the available staging, lighting, seating, and canteen services avatoble in
the pymnatorium. Online inquiry or'report cutput is avaitable at all offices.

+ Auckel sales recap sheet and deposil slip is produced and used for accounting input and

control.
33
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(4) TECHNOLOGY

A. The accounting division, the activities office, the licket office and facilities division arc
linked together by a local network system. These divisions enter information directly
into a personal computer in their division or office. The information is shared by the
other divisjons. - '

B. The tickel office preprints lickets. i
C. Information from the activilies office and the tickez office is provided in mal;'ume_.

D. Informaticn produced in the sccounting division is restricted for inquiry in the other
divisions or offices. The accounting division processes ransactions in batch processing
mode: -

(5) DATABASE

A The resources master file contains all resources available in the gymnatoriuin, The items
are classified and coded by assest type such as staging, scating or canleen.

B. The ticket master file contains the licket inventory for each program, phice of cach tick-
et, and seat assigoed if applicable. oo
: i
C. The program master file contains name and ID of the program or performer, estlimated
.cost of the program, date of the program, duration of the program, and resource require-
menis. ._

D. The accounting master file contains information on revenue and expenses incurred for
each program and other financial data. .

(6) CONTROL

A. Syslem contro} are as IoﬁOws : )
1. Printed tickets are accounted for and are under tight access Eonlrolj |
2. Sealing chart is marked as tickets are sold,
3. Tickets sold equals the number of scats marked,
4. Files are backed up on magnetic medium,

B. Access control is achieved by passwords and issuing keys 10 the rooms tontaining com-
puters. '

Il. CENTRALIZED ALTERNATIVE

Building Block Design Sheet .
COMPANY: MCG -
System : STS
INEI'U‘I' ’ OuTPUT
(same as altemative I) (same as alternative I
MODELS : TECHNOLOGY
* Multitasking, Multi-user Operating System
* Mini Computer Processing Unit
* CRT’s for All Divisiens and Ofices
(same as alternalive IT) * Real-time Processing of Programs,
Ticketing and Accounting
* Dijalup Access from Tickel Office
in Central market




DATA BASE -

(same as altemative IT)

(1} INPUT

(@nc asaliemnative ) -
) MOD_EI.S

(same as alternative II)

(3) OUTPUT

CONTROLS

* _Automatic Ticket Printing
*- Central Backup

* Passwords

{same as altemative IT except for automatic printing of tickets) |

-
[

i po—ra iy
THE CENTRALIZED ALTERNATIYE
/ Ticket / / Online / Cnline / Online / Ontine /
Departit Program Ticket Resourcea Program Eapenses !
Slip © Input Sales Input - Inpul .

1

 TERMINAL

-TERMINAL

TERMINAL

'

!

Rcsourcca
Master
File

Tickel
Maszar
Tila

Maner
File

.. Accounting
: ncr
. Fite .

" - System Design Proposat

A

DPre-printed Tickel
.| Tickes Conirol
Repon

Program
Schedulcd
Report

Rescrvation PFrogram Sen
Swior FRL Avallablity
Repan Report

Tickes

Repon

L1

Tickel Rles ourced
nvonl.
]Rq:g;‘ Llst

{4) TECHNOLOGY

A. All Division and offices enter data by online terminals,

B. The system has its own ticket printing device.

C. Information from the activities office and the ticket office is pmwded in real time.
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D. Information produced in the accounting division is restricted. The accounting division *
operates in a real time processing mode. -

E.  Accessto the ticket reservation system is provided to the ticket office in eentral markel
of the city. This is expecied to jmprove access of public to program.

(5) DATABASE

{same as allemative m

(6 CbNTROLS '

A. Sysem controls are as [ollows:
1. Tickets are not printcd until sold.
2. Elcctronic scating chart is marked as tickets are sold.
3. Tickeis sold equ;ﬁs the number of scats marked.

4. Files are backed up on magnelic medium

B. Accesscontrol is achieved by issuing keys 1o the rooms containing terminals or the com-

puter and by issuing passwords.




CASE (E) | -

MAHARAJA COLLEGE’S GYMNATORIUM
EVALUATION AND SELECTION OF SYSTEMS

CONDUCTING EVALUATION

Once the three generic systemis design alternative were finalised, Sarita asked Anoop Smn o

schedule a mecting of the project team (o review them. Because the final choice of 8 systems
aliernalive would have a major impact on the function of the gymnatorium, thus it was essen-
tial project keam be involved in the review. Sarita also felt that by making a formal prmntn-
tion, she and Anil would be forced to consolidate the workcompleled to date,

After Sarita presented the findings, the three suggested altematives were discussed thread-
bare. The meeting was long and often heated. A gist of the discussions is presented as under.

The stand-alone baich altemative nutomates the current manual system. Sarite and Anil es-

"timated that at best it would provide a 20 percent increase in cﬂ‘lmmcy Although they felt
this increase would adequately solve the problems in the gymnatorium, they were concemed
that this alimative revolved around manual handling of ticket delivery process for a given
program., Most programs require using three to four ticket salespeople simultaneously and
only ane centralized preprinted batch of tickets for program. Either the ticket sales siaff
would be bumping into each other or they would have to break up the tickets into smaller
batches and allow each sales person to sell for only one section of the gymnatorium, They
would also have to share one seating chart or face difficulties in not duplicating seats offered
to customers, However, the computer system pomon of this alternative scemed extremely in-
expensive to implement and adminisier. Costs of maintaining portions of the current manyal
system werc et 1o be determined, The important questions according to Sarita was, “Is l.h!s
the best aliernative when total costs are compared 1o total bengfits?™

The projecit team felt the network-based altemative pmudcd ameans for each department (o
share information. A 50 to 60 percent imprdvement in efficiency is anticipated. Thils coar-
dination and efficiency improvement would allow the Gymnatoriym to operate at nesr

, capacity.

The centrrdized alternative, although most attractive to al) concerned, but MCG budget had

- been traditionally low, the \zam felt that requesting the funding for such an elsbomts system
might wot find support in Management Commitiee: As a sysiems prolessional, however,
Sanita was morally bound to prescat the centralized altemative because benefits projected for ex-
ceeded Lhe costs. thus mesulting in a better benefits-to-cost'ratio than lh:olln't\malmmnvcs.

" By the enc] of the meeting the commiuee concluded that they could not reach & deus:on o0

_the-genen ¢ systems design allernatives until vendor proposals were evaluated and facts con-
cerning the specifics o each technology platform were gathered and a cost- effectiveness
analysis «vas performesl.

Belore developing the request for proposal (RFP). SariseYeld that ore enbanasment should be
made. For each ticket clisbursement by a given sales agent, a summary siatemcnt should be
printed; that would serve as areceipt for the ransaction. Thi¢ statement would include the
numbser of tickets, type of tickels, type of payment, amount of pavinent and so forth, and
wourd serve es inpul ta the accounting system. Then, if the customer necdcd further sarvice,
a rerzord of the prior service could be obtsited

37
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'REQUEST FOR PROPOSAL

Sarita and Anil then sent out RFP (Request for Propasal) in the format given below:
Introduction

The MCG requests proposals for a Seating and Ticketing System (STS) to be provided on or
before month &4, 19xx. This system should enhance current administrative and accounting
support for the ticketing function of the gymnatorium foi all types of programs currently
scheduled, These events are of three types: (1) Sparting programs for which open seating is
required, (2) programs such as concerts for which designated categories of tickets and set-up
are required, and (3) academic programs such es professional conferences that have '
specialised requirements for ticketing and seating. The system provided should enhance the
ability of the gymnatocium to maintain a mix of types and numbers of programs on a tight
schedule, properly mainmining accounting and other requisite record keeping for the center
on timely basis. The proposals should address the mandatory requirements in full. The MCG
welcomes suggestions for enhancements and options within the spending guidelines.

Imperatives
The fallow:ng issues must by addressed for the RFP to be considered:

Centrally accessible datn : Ability to share data and printed reparts among the activities of-
fice, the dcket office, and the resources division. )

Menu driven : User Eriendly, menu-based system for commonly used capabilities.
Expandibility and Upgradability: As the gymnatorium expands, the sysiem must bo expan-
dable to meet the increased need. K

LY
Y

Desirable C \ .
Addressing the following items will imprave the consideration for the proposed solution:

User report generation : Indepéndcnceinpudmﬁonofmpum necessary for each depanmen-
tal user of the system. - -

Online belp; Access minfmmation on software use from all worksiations at all times.

PROPOSAL PREPARATION GUIDELINES

Vendors should prepare. and deliver proposals 1o the MCG's Purchasing Division Office 10
meet the specific needs designated in the atiachments on or before Mcath dd, 19xx.

Vendor Performaﬁcé and Finencial Conditon

Proof of the vendor performance history, growth and financial streagth is sequired. An
audited financial statement is also required. i

A biographical sketch (resume) for al pecsans who will be involved in ingtallafion and supportis
required, Also, a list of the responcibilities and tasks assigned to each participant is required.

Alist of customess (10-15) who have acquired the similer technology being propased is required.
Systems Documentation
Samples of documentation for systems similar to the ones being proposed must be included.

Complete review of the available online and offline documentation must be provided on re-
quest by vendors who make the final short list.




Vendors Palicies and Procedures -

Relevant policy information for hardware and software testing and beta test resulis should be
_ described. - .

Legal and Business Procedures

Submit cogics of youi- purchase and service and rﬁainlmamc agreements, include informa.*
tion on discounts, payment schedules and cancellation policies,

Generic Systems Desige Proposal Report

A copy of the Generie Systems Desig'n' Proposal Report developed by the MCG Gym-
natorium is included. This document will provide information on aser requirements, build-
ing blocks and the systems working environment for use in preparing proposals.

Data Processing Requirements

Provide definition ol hardware and software set-up criteria. Include responses (o the follow-
ing questions: .

¢

*  Disk capacity?
*  Disk speed?

*  Disk access requirements?

Note: It is proposed to evaluate computing platform preposals, using benchmarks.,

Systems Requirements

Irems that coniribute to a better functioning of system and effect good systems design should
be recommended as needed, including: :

*  Reliability measured * Esseofuse

by MTBF *  Mazintainability measured by MTTR
¥ Modularity *  Vendor suppon
*  Compatibility

* Instaliation schedule

Full Descriptior of Building Blocks of Computing Platform

* A full description of each recommended computing platform is required, including:

*  Nermwork wopology *  Front-end and back-end processors
*  Architecture *  Language processors

*  Model number *  Securily and control features

*  Operaling system *  Application program packages

*  Primary storage capacity *  Peripherals

Price and Financing Plans

Include ful) pricing, financing and Bcquisition raethods.

Evaluation méthodology

Simulations and benchmark tests may be scheduled during evalvation as required. Cus-
tomers will be contacted about their experic ncea with the proposed technology, its perfor-
mance and ease of use.

Evaluation and Selectlon
of Sysiema
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ASSIGNMENT ON MCG CASE (E)

m that you are the team consisting of Sarita and Anil that is conducting the evaluation
and selection process. Wrile a comprehensive report on this analysis using 8 level screening
process. The 8 Level Screening Process consists of following screens:

1. Desk Checking of Proposal Elements

2. Technical Performance Criterion Comparison

3. Geneml Performance Critczfuq Compé.ﬁsm

4, Benchmark and Simulation Tests

5. Single Vendor V. MuLiple Vendor

6. Price and Contract negotiations

7. Acquisition and Financing Methods

8. Cost Benefit Analysis

(Hint: You can send a fictitious RFP o selecied vendors 1o get cost and technical data to per-
form this analysis). |'
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SOLUTION TO ASS‘;IGNMEN‘I‘ IN MCG CASE (E)
SYSTEMS EYALUATION AND SELECTION REPORT

Month dd, 19xx

To : Al Division Heads

From : Sa, Kakker, Chicl Systems Analyst

Subject @ Scheduling and Tickeling System (STS)

Copies *  Mukul Gupta, Gymnatarium Director and Neera Tiwari, EDP Manaper.,

GENERAL EVALUATION STRATEGY

Vendors who submitted acceptable proposals were subjected 10 a seven-screen gvaluation’
process 1o sclect the best vendors with the best technology platforms. The eighth cvaluation
screen subjected each systems design altemative with its technotogy plaform to a cost-cffec-
tiveness analysis. The one with the best elfectiveness-to-cost ratio should be selected for im-
plememation.

Response from Reqﬁesls for Proposals

The RFP and the Generic Systems Design Proposal Report were sent to 15 vendors. Three of
the vendors were computer manufacturers, seven general compuler sysiems vendors, and
five were OEMSs (Original Equipment Mnnufacnm) spoc:ahung in theater/program ccnlcr
licketing and control systems.

One general computer systems vendor did not respond and another general computer systems
vendor was eliminated in the general review ol the proposal because of unclear substantive
commiiments, One computer manufacturer proposal was eliminated because it contained
only hardware specifications without software. Twelve vendors remained after the general
revicw and a seven-step screening process was started to consider the proposals of two com-
puter manufachurers, five general computer sysiem vendors and five OEMS, The following is
a list of the venidors and the aliemative to which they responded. Allernative 1 is the stand-
‘alone batch generic systems design. Allernative 2 is the network-based generic systems
design. Allemative 3 is the centralized generic systems design.

Generic Systems
. Design

Vendors . Alternative
Computer Manufacturer

"VENDOR 1 -— Wipro Syslems . Aliernative 3
YENDOR 2 — Digital Equipment Allemative 3
General Computer Vendors
YENDOR 3 — The computer Land Altemative 1,2
VENDOR 4 — Computer Store Alizmative |
VENDOR 5 ~~ Computer Point Alternagve 1,2
VENDOR 6 — Micro Land Altemative 2
YENDOR 7 — Computer Joint Allerative 1
Original Equipment Manofacturer
VENDOR 8 — Central Infonmation COs Allemative 2,3
VENDOR 9 — Program Data Processing Allemative 2
VENDOR 10— Tickels systems Unlimited Allcrnative 3
YENDOR 11~ Online Reservations Pve Lid, Allermauve 2
VENDOR 12— The Schedulers Inc. Alternatlve 3
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Evaluation Screen One: Desk-Checking P}oposal Elements
The following criteria were used to screen vendors in the first evatuation.

Vendor pc_rsnnnel

Vendor customers

Vendor documentation

Vendor'lesling procedures and policies
Vendor financial condition

Vendor general, legal and business procedures

mmooOw»

Based on this evaluation, Xs were placed in appropriale cells of the following grid when un-
acceplable:

Vendar Number
1 2 3 4 5 6 7 8B 9 1011 12

momg 0 W p
]
o

X

Vendar 3 was eliminated based on phone calls made to this vendor’s customers. They com-
plained about training and installation support and unexpected costs that were incurred. Ven-
dor 3 also presented an audited financial statement thet had looks of creative accounting,
Vendor 6 is a well-known vendor with a reputation for rapid turnover of personnel and was
therefore eliminated. The documentation for vendor 6 was also unclear and difficull to fol--
low, Vendor 7 was climinated because the contract included a license agreement that.called
for a large yearly payment for a minimum of 10 years without the passibility of ownesship.
Vendor 7 was also climinated for unclear and incomplete documentation. Vendor 10 did not
provide evidence that lesting procedures were conducied by a test group that was scparate
and independent from the development group.

Based on the oulcome of this screening, vendors 1, 2,4,5,8,9, 11, and 12 remained in the

" Evaluation ScreenTwo @ Technical Performance Criterla

Comparlscns
This section contains: )
*  Hardware technical perfarmance criteria comparicons

*  Software technical perfarmanct criteria comparisons

Hardware Computing Platform
Technical for Standalone Batch
Performance System (Altemative )
Criteria Vendors 4 5
Purchase Price Rs. 150,000 Rs. 300,000 .-
CPU - 80386 80385

S0 Mhz

CPUSpeed 33 Mhz-




-Main Storage 1 Mbytes - 1 Mbyles
Hard Disk Provided 240 Mbytes 300 Mbytes
. Hard Disk Access Time 60 Mls 40 Mls
MTBF Raling ' 40,000 hours - 30,000 hours
_ Display Provided EGA colour Monochrome
Display Resolution 640X400 FPPI 1000x800 PPl
Display Graphics Yes - Yes
Backup System Floppies Mag tape
Network Upgradable Yes. Yes
Printer Provided 24-pin DMP Laser
Expansion slots 8 ) 7
Software Computing Platform
Technical for Siandalone Batch
Performance System (Alternative I)
Criteria- Vendors 4 5
Operating System MS-DOS MS-WINDOWS
Programming languages COBOL COBOL
Provided C SQL/RDB
Programming languages used C SQL/RDB
Source code provided No Yes
Main storage required 640K 512K
Disk storage required 20 Mbyles 30 Mbytes
Menu driven Yes Yes
Network upgradable No Yes
Access contmt None Passwords
Backup program Yes No
Structured Des:gn No Yes
Integrated Yes Yes
Documentation qualuy Fair Good
Modules:
* Scating allocation No No
Reservation status No No
Reconcile cash No Yes
Billing process Yes Yes
Program management Yes: Yes
Sales status Yeg Yes

Afer reviewing the two proposals, vendor 5 was chosen as having the best proposal for alter-
native 1 because of the ability to upgrade 10 a LAN sysiem, We then comparcd vendors 5, 8,

9and 11 for alternative 2.

Hardware Compuling Platform
Technical for Network-Based
Performance . System (Alternative 2)
Criteria/Vendors 5 8 1

Price Rs. 540,000 Rs. 750,000 R 800,000 Rs. 600,000
Workstations - Qlliveti 1 IBMAS 1 1BM AS4 Microvax
CPU speed 18 Mhz 25 Mhz 25 Mhz 20 Mhz
Main storage iMB IMB 4MB 1MB
Network cards Enable/LAN Ethernet Net I . G-Net

Hard disk’ 20 Mbyles 30 Mbyies 30 Mbytes 40 Mbytes
Harddisk speed 60 Mis 45 Mg 45 Mis 40 Mls
MTBF rating 40,000 hours 30,000 hours,  Unavailable - Unavnileble
Display CGA colour YGA colour Monochrome EGA colour
Display 320:200 PP1 6407200 PPI  640x200 PP1 720x400 PPI

resolution
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Display graphics Yes Yes No Yes

AN sysiem 3-Com IBM ring 1IBEMFC Net Dec Net
Server Olliveiti I+ IBM AS1 IBMAS4 Micro Vax
Server speed 25 Mhz 25Mhz . 25 Mhz 25 Mhz
Haord disk 80 Mbytes 80 Mbytes 240 240
Baclkup system 60 Mbyles - 40 Mbyles None 60 Mbytes

Tape " ‘Tape Tape

Dara transfer 10 Mbps 15Mbps . 12 Mbps 9 Mbps
Software Computing Plaorm
Technical for Network-Based
Performance System (Alternative 2)
Criteria/Vendors 5 8 9 11
Price Rs. 450,000 Rs. 420,000 ° Rs. 400,000 Rs, 360,000
LAN system Novell Banyan PC-Net DECNET .
Programming ; .
language ' . Pascal SQL/DDL
provided SQL/DB Cobol -C SQL/FTP
Programming Pascal SQL/DDL ‘
language used SQL/DB Cobol C SQL/FTP
Maiin memory - : |
required 500K 400K 640K I Mbyte
required 20 Mbyles 12 Mbytes 10 Mbytes 30 Mbytes
File locking Yes No ) Yes Yes
Passworks Yes Yes Yes Yes
Menu driven Yes Yes . Yes Yes
repori generators Yes No No Yes -
Documentation Excellent Poor Good Fair
Service rales Rs. 250/months  Rs. 300/Month  Rs. 400/month Rs. 4000/¥T
*  Eliminated vendor 8 because of poor Software documentation.
Hardware Computing Platform
Technicat for Centralized
Performance System (Altemnative 3)
Criteria/Vendors 1 2 8 12
Price Rs. 900000 Rs. 1400000 Rs. 1000000 Rs, 1500000
CPU Supreme 3020 DECVax1ll IBMRC : IBM 9480
CPU speed 33 30 hihz 50 Mhx 66 Mhz
Mein storsge 33 Mbytes 20 Mbytas 20 2 Toyles 20 Mbytes
Hard disk 344 Mbytes 240 Mbytes 170 Mbytes 260 Mbytes
Hard disk speed 25 Mls 30 Mls 5 Mis 30 Mis
MTBF rating 100,000 hr 70,000 hr 40,000 hr 95,000 hr
Backup system Mag Tape Mag Thpo Mag Tape Disk
Backup power None 15 hfiavtes | 30 Minutes Auto Save
Input devices Mouse Lighipes . Touch screen Mouse
Terminalg Wyze 50 DECUT 100 IBM 3164 TISL 200
Terminals 720x512 PRI 1000z485 PRl BS0xS500 PPI 640x480 PP1
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Soltware o Computing Flatform of Sysexpa
- Technical for Centralized

Performance Sys:em {Alternative 3)

Criteria/Vendors 1* 2 12¢

Price Included Included . Included Included

Operating system  Pick VMS 2.0 Unix system 5 MVS

Programming y '

langunge COBOL ) C and

provided COBOL FOCUS C FOCUS

Programming ]

language used COBOL SQL/DA ORACAL SQL/DP

Main storage - 10 Mbytes 15 Mbytes 15 Mbytes 20 Mbytes

required

File locking No Yes Yes Yes

Menn driven Yes " Yes Yes Yes

Passwords . Yes Yes No Yes

Dotumentation Fair Good - Good Excellent

Report generators  No Yes ' - Yes No

Online help No Yes . Yes No

Monthly service Rs. 1000 Ry, 1300 Rs. 1200 Rs. 1600

*Eliminated vendor 1 because it does not provide a 4GL Vendor 12 was eliminated because
its proposal system did not contain online help.

Evaluation Screen Three : General Performanl:e
Criteria Comparisons

. Because vendor 5 was the only one remaining for alternative 1, it becomes the vendor of

. choice for altemative 1, Vendor § was ¢liminated from alternative 2 because the software
documentation was poor. Vendor 1 was eliminated from altemative 3 because programming
in a fourth generation language is preferred over COBOL., Yendor 12 was eliminated from al-
temative 3 because it was deemed inadequate without a report generator or online help. Fur-
ther screening for allemative 2 and alternative 3 is conducted based on the following gcneral
performance criteria: '
*  Compatibility; Flexible, Independent, Portable and Universal

*  Modularity : Segments merged readily and modules changed easily.
*  Mueintainability : Changes in the program arc made ¢asily and low MTTR
*  Reliability : Safe Shutdowns, high MTBF

* Life expectancy : Newer technology and support system over s life
*  Installation schedule : Time 10 instali
*  Vendor su;fpon : Quality and cost of support when needed

7 5

9 180 8 .

4 40 2 20

3 8 9 90
Life expectancy 5 9 45 7 a5 4 20
Iniallstion achedule 5 . 10 50 8 4“0 5 25
Yendor Suppon 30 [ 160 [+ 300 120
Total ) 100 s 45 615

45
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* Eliminatied : Although vendors 5 and 11 received higher marks form compalibility and
modularity vendor 9 prevailed because of a very high mark for vendor support. Vendar 9 of-
fered a five year sijpport contract included in the price of the system. Vendor 9 received
favomble commants from customers concerning their level of support and users group has
been formed. Vendor 9 also provides training facilities with experienced personnel.

R

= i Q@;, iy
S R IR R R o mf’wém’
General Performance Vendor B*
Criteria Seorc
Compatbility. 50
Modularity 80
Muintainability 10
Reliability 70
Life expectancy 140
Installaton Schedule 45
Vendor Support 240
Total 615

* Eliminated : Although vendor 8 provided higher performing hardware, it was felt com-
patibility, modulanty. maintainability and vendor support were more impartant. For mese
reasons vendor 2 prevailed.

Evaluations Screen Four: Benchmark and Simulation Tests

The vendors left in the running up to this point are reasonably close to cach other in what
they are offering . The question now becomes which one acLuaﬂy performs the best under
operating conditions.

At this point, vendor 5 supports altemative 1, vendor 9 supports alternative 2, and supports al-
ternative 3,

Benchmark tests are based on ;.

Anticipated work load *  Application and utility packages
*  Compilers *  Input-bound and process bound speed
*  Opemting system ' :

Ticke1 entry

Backup of disk 30 min 10 min 45 gec
Print event taling 10 min 9 min -4 mn
Proczas 20 eventy 2 min 1 min Aec
Query dala base NA Seec Juxc
Proceys o ticket requent Stec 4mc 1sec

Simulation tests considered were:~

* *  Tumaround time *  Systems capacity

* Clock ime *  Deline optimum eqmpmun configuration

Note: Simulation tests could not be performed because of the mavmlabdxty of appropriate
programs and personnel.

Yendor 2 performed better based on the benchmark Lests over vendors 5 and 9. Similarly, ve—

- ndor performed better than vendor 5. This difference in the performance does not serve to

climinate any of the three at this poini because of the price and configuration differences.




-Evaluation Screen Five : Single Vendor Versus Multiple Vendor

The evaluation team decided that dealing with a single vendor is advantageous. Aéinglc ven-
dor involves fewer complexilies and better support. Upgrades and changes are easier 1o ob-
-tain, It is also difficult o combine software packages from different vendors.

Evaluation Screen Six : Price and Contract negatiations

Afler negotiations with the remaining vendors, we determined the acinal selling price, The
terms of the bids are now in writing and the price and linancial arrangements are specified in-
detail. Delivery dates are muislly agreed upon and specified and ecceptance criteria have
been putlined. The specifics of all warranucs have been spelled oul and approved by legal
counsel and purchasing & division: .

Rr. 1,400.000

DD/MM/YY DD/MMYY PD/MMIYY

Financing availsble Purchase or et Purckase or insallmem Operating leasz of
purchase [inznce leare

Warranties 1 year 1 year 5 yean
Scrviee contract " Rs. 3000/ y7. Level 1 Re 12000/yz. Level 2 R 15,0007 yr. Level 2
Acceplnc. criteria Leuter of approval Lenerof approval . Accecplance 1en
’ within 30 deyx within 90 days

Evnluation Screen Seven: Acquisiton and Financing Methods

' Befare del.enmnmg costs versus benefits of the three altarnative, it is necessary to determine
the best acquisition and t‘ inancing melhcd

Bascd on our annlys:s, it is best to purchase the tachnology block for altemative 1, to use the

- insiallment purchase method for the technology platform for aliernative 2, and lease using
the operating methed for the Lechnology block for aliemative 3. A summary of the finencial
details are as follows:

H 1"- ML

el e e
Financing method Purchase Installent purchase
Con Ra. 100.000 Rx. 17450/morzh Re. 20000 { pnanth
Term NA Tyean - NA
Depredion Re. 20,000 R, 50,000 Na

for 5 years for 3 years
Salvage value ’ Zemo Zero NA
Residual NA NA R 500,000

Evaluation Screen Elght : Cost- effectiveness Analysis
of General Systems Design Alternatives

We use the present value (PV) of cash flows method 1o determine which altemative over a
pericd of ten years will provide the best financial beneﬁt to the gymnalorium, Our analysis is
based on the following costs and beneﬁLS'

Benefits
1. Tangible
- & Labour savings form more ellicient schcdulmg and cmrd.manon
b. Revenue from addilional program bookings
¢. "Cost savings from improved scheduling -
d. Efficient and controlled ticket handling
e. Increased revenue from the ablhty to sell tickets i in ceatal rnarl:el.

(for Aitcrnative 3 only)
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2. Inangible

a. Customer goodwdl from emcu:nt and controlled ticket hand.lmg

Cost

1. Systems implementation costs
2. Computing platiform costs

a Cost to acquire meuﬂualsysmm with- finace charges

b. Cost of additional progmmming and hardware if required
3. Cost to operate the computer facility

& Power requirements e. Stalling
b. Airconditioning f. Maintenance contract fees
¢, Fumiluré and fixiures g. Insumnce
d. Supplics
STAND-ALONH BATCH ALTERNATIVE 1
Years 1 2 3 4 5 6 7 8 ] 10
Labour saving 0p00 | 40000 | 40000 | so000 | 50000 | 0,000 | 80000 | $0,000 | 10000 | 120000
" Revsue 4,00,000 | 400,000 | 800000 | 800000 | 800000 | 800000 | 200000 | 800000 | 800000 [ 1000000
Cout aavings 60000 | 60,000 | 50000 | 40000 | 40000 | 30000 | 30000 | 30000 | 20000| 20000
Ticketing 0 0 10000 | 10000 | 10000 -15000| 15000 | 20000 | 20000| 20000
Benelits 490000 | 7,00,000 | 9,00000 | 900000 | 900000 | 915000 | 925000 | 9.40,000 | 90000 [ 9,60,000
Hardware 4,00,000 0 0 0 0 0 0 0 ‘0 0
Prognumuming . 35,000 0 o 0 50,000 o 0 0 50,000 0
Maintenance 3,000 3,000 3,000 3.000 3,000 3,000{ 3000 3,000 3,000 3,000
Cperations 1,00000 | 1,50.000 { 150,000 | {60,000 | 130,000 | 180,000 | 200,000 { 2,50,000 | 2,50,000 [ 2,50.000
Cusis. 438000 | 153,000 | 153000 | 1,683,000 | 233,000 | 133,000 { 203,000 | 20,000 | 302000 | 253,000
Net cush 52,000 | 547,000 | 747,000 ( 737000 | 667000 | 732,000 | 722000 | 737,000 | 637000 | 9.07.000
Facter @ 20% 883 | | 96 578 482 A2 38 279 23 86 162
PV 43316 | 330712 | 431765 | 355234 | 1268134 | 245220 | 201,438 | 1,071,721 | 118482 [ 146934
TOTAL PV 23,62957 - ’
TOTAL BENEFTTS 72,60,000
RATIO 3
NETWORK-BASED ALTRNATIVE2
1 2 3 4 5 6 7 3 9 10
o Labour savings 40000 | 50000 | 70000 | 380000 | 300000 | 1,14,000 | 120,000 | 140000 | 140.000 | 1,50.000
"{b. Revenue 1,10,000 | 1,310,000 { 1,15000 | 120,000 | 120,000 | 1,30,000 | 1,30,000 | 130000 | 1,300,000 | 130000
c. Cost Savings 60000 | 60000 BOOOO | 80000 | 100000 | 100000 | 1,50,000 | 1,50,000 |33 0000 | 200,000
d. Ticketing 40000 | 40000 | 50000 s0000| 60000 | 0000 | 60,000 000 | 600001 60000
e. Benefits (A+B+C) 250000 | 2,60000°| 315000 } 330,000 | 330,000 [ 4,00,000 | 4,60,000 | 4,80.000 | 5.10000°| 530,000
f. Hudwars Inmallmens 1743 | 17043 | 108 1718 | 148 | 13 | - 17ee 0 o 0
8- Progrumming 10000 { 10000 | 100007 10000 500007 | 10000{ 10000| 10000 30000 | 10000
k. Mainienance 12000 | 12000 [ 120001 12000 | 12000 | 12000 | 12000| 12000 | 12000 | 12000
i. Operations 150,000 { 1,50,000 | 160,000 { 1,80,000 | 200,000 | 200,000 | 2,00000 | 2,00,000 | 210,000 | 2,10,000
j. Con (F+GeH+D) 189,143 | 1,895,143 | 199,18 | 199143 | 2,159,143 | 219,143 | 239,143 | 222,000 | 282,000 | 2,42.000
k. Ne Cuh 60857| 76857 1.15857 | 130857 | 120857 | 180457 | 220857 | 258,000 | 228000 | 2,38,000
Fuaor @ 20% 0.833 0.656 Ly, 0482 0.402 0338 0279 2m 0.196 Ql62
BY 20604 swM6| 67081 | €@Om | 48384 | w057 61619 | 60114 | 44688 | 46556
Toul PV 552412
Toia] Benefits 39,15,000 "
Ratio 71
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NETWORK-DASED ALTERNATIVE 3
1 2 3 4 s 6 7 B 9 10
a. Labor savings 50000 | 70000 | .B0000 | 90,000 | 1,10.000 | 1,30,000 | 130,000 | 1730000 | 130000 | 130c00
b. Revenue 120,000 | 120,000 | 60,000 | 1,60000 | 150,000 | 1,50000 | 1,60,000 | 1.60000 | 130000 130000
c. Cont S:ving: 30,000 | 1,20000 | 150000 | 180000 130,000 | 130,000 1.30,000 1,80,000 1,80,000 | 1,50,000
d. Ticketing ( A+B+C) 60,000 | 1,00,000 | 1,00000 | 1,00000 | 1,00,000 { 100,000 | 100000 | 120000 | 120000 | 120000
« Contract Mkt 26000 | 26000 | 23000 [ 28000 [ 30000 | 32000 | 32000 | 32000 | 236000 | 36000
Tiekeling
f- Benclis (A+B+C+D+E) | 336,000 | 436000 | 5.18,000 | 558000 | 570,000 | 590,000 | 602000 | 622000 | 64600 | 646000
g. lardwarc lease 20000 | 20000} 20000 | 20000 | 20000 | 20000 | 20000 20000 | 20000 | 20000
h. Programming 100007 30000 | 30000 30000 15000 | 30000 | 30000 | 3000 | 20006 | 30000
i Mainlenance 155000 | 15000 | 15000 | 15000 | 15000 15000 [ 15000 |- 15000 { 15000 | (5000
j- Opcrations 2,00,000 | 2,00,000 | 250,000 | 250,000 | 2,50,000 | 2,80,000 2,80,000 | 3,00,000 | 3,00000 | 200,000
k. Cosls (G+H+I+]) 245,000 | 2,65000 | 3,15.000 | 300000 | 300,000 [ 300000 | 345000 | 365000 | 355000 | 365000
1: Neicath 21000 | 171,000 | 203,000 | 243,000 | 270,000 | 2,55.000 | 257,000 | 227,000 | 291,000 |22.61,000
Facor @20% 0.833 0.696 0579 0.482 0.402 0335 0279 0.233 0.196 0.162
PV 75803 | 119016 | 147026 | 117,126 | 108546 | BS425 | 71703 | s0881 | 54126 | 45522
Tiul PV 794,80 '
Total Benali 55.24,000
Ratio 7.0
10.1

15
7.0
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CASE (F)

MAHARAJA COLLEGE’S GYMNATORIUM
SYSTEMS IMPLEMENTATION
IMPLEMENTATION PLAN AND ACT IVITIES

OVERALL IMPLEMENTATION PLAN

The PERT diagram of the overall implementation plan for STS is shown in Figure F-1.

IMPLEMENTATION ACTIVITIES

Order Techholugy

Upon MCG officials signing the contract with DEL, the purchasing department prepared and
released the purchase order to DEL. Delivery dates for the compuling plaform were muluat-
ly decided to coincide with the complction of the site for installation.

Review of Specilications

An analyst from DEL reviewed the specifications for inpul, models, output and the dawa base,
10 customize Lhe necessary program code for ticketing, event recording and resources plan-
ning, accounting and data base maintenance models, as described in the Systems Design
Report. (Ref Case-D)

Site Preparsation and Tnstallation

The goa! of sile preparation is to ensure quick and easy installation of the computing plat-
form,

The equipment will be bumt in by DEL a1 their plant 1o simulate four weeks of CONLALOUS
"operation. During this time, the facility division of MCG has been informed o prepare the
. site for the equipment. The environment must be clean and air- conditioned.  Sufficient
space is to be provided for shelving, stands, tables and disk and 1ape storage ways and

cabinets.

Representatives from DEL will-bg at the MCG Lo coordinate the installation of cabling. They
will provide recommendations on improving CHI (Computer Human Interface) viz. acous-
tics, privacy panels, printer enclosures and ergonomically designed fumniture and worksla-
Lions. .
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Order Computing Platform
Prepare Site

Review Specifications
Install Equipment
Test Hardware
Training

Wrilc Programs

Test Programs

Test Soliware
Convent Systems
Tmplement followup
Accept
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Figure F-1: PERT Chart of System Installation Activl:les

Test Technology

DEL plans 10 install hardware monitors on the CPU and disk drives for th-ee weeks to
monitor their operation. A software monitor will be installed permanently 1o monitor the
usage of the software. Code modifications will be performed 1o increase efficiency. DEL
will provide ulilities such as data set oplimizers to improve throughput by reducing wasted
file storage on disk. They will also provide schedulers to help meet timin ; demands and
balance job mix.

Write Programs

Comparing the detailed programming specifications against the tumkey system provided by
DEL expresscd the need for additional programming, to customize the scitware. A team of
DEL programmers worked on this job in consultation with Sarita and Anil.

Test Programs

Anil Abraham performed a structured walkthrough of all the amended program modules writ-
ten by DEL. Afier the modules were tested and inlegrated with DEL’s core software pack-
ages, both valid and invalid test ransaclions were run 10 test the 1otal sofeware system, No
errors were found, and Anit Abraham certified the soltware system 100 parcent reliable.

Programming changes to the core system in the future will be pecformed by DEL ns specified -

in the contract between the MCG and DEL. The MOG is allowed 10 produce custom reports
and develop programs that read from the data hase. Anil Abraham will receive specialized
training in SQL to aid users in preparing ad hoc reports.

User Training <

Bascd on an assessment of the tasks required 1o operate the new syslem it is deemed ua-
woessary o hire new employees.

DEL will conduct one week of on-site training before the hardware is installed, The com-
pany will organize serinars and group instruction during this week, DEL remains ofi-sile
two weeks after the hardware is installed to provide on-the-job training 10 operators and

" users. Interactive video programs on CD-ROM are also provided for personnel who wish to
review training material. DEL also provides a voice-mail based hot line to answer any ques-
tions.

Input Testing

One week prior Lo delivery of hardware, the divisions will be instructed on how to fill out the
forms. Users will be tested to determine if they are completing the forms correcily. Ac-
curacy and speed of data entry personnel will be evaluated, The efficiency of screen input
layouts will be evaluated. Any screens that are cluttered or contain unnecessary data will be
identified and corrected.

Implrmentiation Flan
ond A ctlyitler
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Qutput Testing

Repaorts and enquiry scrcens will be tested for accuracy bascd on live data that are entered
during the wmining sessions. All reports will be issued 1o the final users, and each user will
be required (o fili out a questionnaire W see if the reporls mecl his or her information needs.
The questionnaire will address the following issues:

1. Arc headings accurate and understandable?
Are cditing characieristics of report ficlds correct?
Are debi/credit and notations correct?

Are page numbers in correct sequence?

2.
3
4,
5. Arc end-of-report indicators understandable?
6. Are reports issucd with the corvect date? '
7. Arc reports understandable and accurate?

8.

Comments?

Data Base Testing

Alter live data are entered, data files arc tested for compicleness by comparing bateh control
wotals to totals produced from the database. Other database tests are performed by DEL
during development. .

Control Tesling

Controls testing emphasizes the way transactions are prepared and entered. Specific iloms 10
be tested are as follows: '

Are new programs being booked with proper authorization?
Are customer accounts being created wilh proper authorization?
Are ticket transactions being performed in proper sequence?

Is the use of passwords being controlled?

I e

Arc control totals being preparcd and reported back to the control group?
Contrals built into the system by DEL 1o be tested are:

1. Numeric, alphabetic and special character checks
2. Validity checks on key data fields

4. Limit and reasonableness checks

‘Syslems Conversion

The systems conversion process is performed in parallel with the manual system currently in
place for six months in all areas cxcept ticketing, which will be converted directly on
DD/MM/YY. Pamatlel conversion in accounting, programs and resources divisions is ncces-
sary 1o reconcile differences that may occur. Parallcl conversion of ticketing is not practical.
The new syslem is converted directly and must perform on its own. .

All current data are converted direcuy and reconciled during the training sessions in coopera-
tioq with DEL. A rchearsal for direct conversion of the ticketing operations is to be per-
formed on Sunday, Month DD 19XX. The ticket office is normally closed on Sunday and
will remain closed during the Lnial, if the rial is performed successfully, then the STS ticket-
ing system will be used on Monday, Month DD, 19XX.

T T




Implanentailen Plan

IMPLEMENTATION FOLLOW-UP AND ACCEPTANCE . and Actlvitles
MEETING

Implementation Follow-up

A uscr represcnative assigned by Mukul Gupta will perform implementation follow-up,
Sarita and Anil will be available to answer questions. The representative will be responsible
to review angd report on a monthly basis how STS is operating,

The review covers the following arcas:

1. Inpul, processing and output schedules
2. Activities of input preparation personinel
3. Backup pmoedurcs

4, Computer operaior px‘occdﬁ;ﬁ

5. Report utilisation

6. Hardware maintenance

The user representative report witl contain:

Arcas that need improvement
Recommended methods for reconciling emrors
Recommended arcas where additional control is requrired.

Areas where old material will be eliminated from the system,

I S O

Requested upgrades to the system.

Accepiance Meeling

An acceptance meeting will be held on DD/MM/YY 1o discuss the achievements npon com-
pletion of training sessions and w determine if the gymnatorium is ready Lo perform paratiel
conversion. The meeting will be attended by systems analysts, systems operating personm
and users. 1fa consensus is reached that the system installed is ready for use then the sys-
tems analysts will be released from working on the development of STS to perform work on
the Facilsiating and Scating System, a follow- up to STS. After systems conversion, $TS
will become the responsibility of Mukul Gupta and his staff,

ASSIGNMENT ON MCG CASE (F)

Q.1 Consider the PERT diagram for systems implementation as shown in Figure F-1, Based
in L data available in MCG cases A-F assign reasonable time values 10 various ac-
tivities listed and determine the implementation Lime,

Q.2 Assum2 that DEL softwarc engincer has found a problem with tickeling model as
described in MCG Case (D). Try (o identify the problem and write the psuedo-code of
that model again.

Q.3 Prepare a plan for training and cJucaling users of new information system at MCG.

Q.4 Write a Acceptance Report (by considering yourself o be Sarita Knkkar), consequent to
* canduct of 2n Acceptance meeting. -
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Cuse Siudles

Ans. 1. The Acllvilfes can be named as:

Activity Name lp Im to (—'eulp%mﬂo]
A(1-2) Order Equipment 10 9 2 R
B(1-4) Prepare Site 20 12 4 12
C(1-3y Review Specs 8 5 2 ' 5
D(2-5) Install Equipment 18 7.5 4 12
E(5-T Tezl Hardware 10 8.5 4 8
4(7-9 Dummy 0 ¢ 0 0
F(4-9) . Training 10 % 2 8
G(3-6) Write Programs  *© 20 12 4 12
H(6-8) Test Programs 8 5 2 5
1(8-9) Test Software 18 1.5 4 12
H9-10) Convert Sysiems .16 10 4 10
K(10-11) Implenient Follow-up 10 8.5 4 8
L({11-12) Accept 8 5 2 5
Possible paths are

1-4-9-10-11-12 = 43 days

1-2-5-7-9-10-11-12 = 51days

1-3-6-8-9-10-11-12 = 57days

Hence critical path is

1-3-6-8-9-10-11-12 with tasks C, G, H, 1, J, X, L and Lhe -time required for implementation
of MCG systems project is 57 days.

Ans, 2.

The following is a description and a psuedo-code lisling of the corrected program lickéting
mode] earlier presented in case (D).

1. Ticketing Model:

Tt altows the user o input seating assignmeats. When a ticket is sold and paid for, the
input screen records information about the customer, the amount paid, the purchase date,
and the seats assigned. The “available” relation is updated and the “issued” attribute is
updated to read "y” for Yes, which means the ticket or seat has been issued. The Geket
is then printed.

In this modu.2, the relation called “Programs™ is opencd. The system looks
up the program number for the event the user has selected. The program -
number is stored in o temporary memory variable called “number” for
further use by the model.

OPEN THE PRO‘FRAMS RELATION
LOOKUP THE PROGRAM_NUMBER WHERE THE RECORD NUMBER =
Select STORE Program_number TO number.

In this module, the relltion called “assigned” is opened. The input screen is
displayec end the customer's ticket ordex is input and stored jn [he
“assigned ~ relation, The cvent number is stored in the “assigned” relation
using the -t stored in the lemporary memory variable called “namber”.

OPEN THE assigned RELATION

DISPLAY THE INPUT SCREEN
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INPUT log_ number
INPUT customer

INPUT phone

INPUT reservation_date
INPUT number_of_reservalions
INPUT arnount_paid
INPUT amount_due
INPUT .purchase_date
INPUT scat_assigned_l
INPUT seat_assigned 2
INPUT scat_assigned_3
INPUT seat-assigned_4
INPUT secat_assigned_5
INPUT seat_assipned_6
INPUT scal_assigned 7
INPUT scat_assigned_8
INPUT seal-assigned_9
INPUT seat_assigned_10
INPUT seat_assigned_11
INPUT seat_assigned_12
INPUT seat_assigned_13
INPUT ‘seat-assigned_14
INPUT scat_assigned_15
INPUT scat_assigned_16
INPUT secat_assigned 17
INPUT scat_assigned 18
INPUT scat-assigned_19
INPUT scat_assigned_20

REPLACE program_number WITH number

In this medule, the routing is repeatcd 20 times o check if the user has
entered a seat assignment or licket number in 1 of 20 input areas provided
in the input screen, if a scat assignment or ticket number has been entered,
the system looks up the Licket number in the “available” relation and stores
a2“y" for yesin the “issued” data autribute 'o indicate that the ticket or seat
has been issued. The model then prints the ticket. :

DO A BIG LOOP UNTIL loop > 20

IF Seat_assigned_1 NOT BLANK AND loop = 1
THEN PERFORM START .
IF Scat_assigned_2, NOT BLANK AND loop=2
THEN PERFORM START .
IF Seat_assigned_3 NOT BLANK AND loop=3
THEN PERFORM START -
IF Scat_assigned_d4 NOT BLANK AND loop =4
THEN PERFORM START '
IF Seat_assigned_5 NOTE i NK ANDloop=35
THEN PERFORM STAR] , . )
IF Scat_assigned_6 NGT B:..' NK AND loop=6
THEN PERFORM START :
IF Scat_assigned_7 NOTE.L/ NK AND loop=17
THEN PERFORM START . .
IF Scat_assigned_8 NCTBL/ NK AND loop=8
THEN PERFORM START i
IF Scal_assigned_9 NOT BL/ NK AND loop =9
THEN PERFORM START

" IF Seat_assigned_10 - NOT Bl.. NK AND loop =10
THEN PERFORM START :
IF Seat_assigned_11 NOT BL: NK AND loop = 11
THEN PERFORM START

IF Seat_assigned_12  NOT BL} .NK AND loop = 12
THEN PERFORM START

Implementation Plan
and Actlvlthes
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Case Studles

IF Seat_assigned_13 . NOT BLANK AND locp =13
THEN PERFORM START ’

IF Seat_assigned_14 ,  NOT BLANK AND loop = 14
THEN PERFORM START

IF Seat_assigned_15 NOT BLANK AND loop = 15
THEN PERFORM START

IF Scat_assigned_16 NOT BLANK AND loop = 16
THEN PERFORM START- )

IF Scat_assigned_17 NOT BLANK AND loop = 17
THEN PERFORM START

 |FSeat_assigned_18  NOT BLANK AND loop = 18

THEN PERFORM START
IF Scat_assigned_19 NOT_BLANK AND loop=19
THEN PERFORM START
IF Seat_assigned_20 NOT BLANK AND locp =20
THEN PERFORM START

START
QPEN THE available RELATION
REPLACE issued Y/ IN available WITH “Y"

for PROGRAM_NUMBER = NUMBER and DATA =
RESERVATION_date -
PRINT THE TICKET STORE loop + TO loop

END OF THE BIG LOOP
Ans3.

“Training is conducted by three representatives from DEL with assistance from Sarita Kakkar
and Anil Abraham. Training is customized for lop management, Supervisors, operating per-
sonncl and direct users. Personnel are advised o make available the Lime necessary 1o attend
appropridte sessions based on the following training schedule:

1. Top Manogement Overview Scminars
Auendees: :

Mukul Gupla, Director, MCG
Neera Tiwari, EDP Manager
Seminar Session 1 (Monday 8:00-12:00)
a Compuling Platform Review
b. STS Design Overview
c. STS Data Base

Seminar Session 2 (Wednesday 8:00-12:00)
a. Administrative and Procedural Controls
b. Maintenance
- ¢. Repons

2. Supervisors Group Instruction
Autendees:
Surcsh Srivasiava, Accounling Manager
Dinesh Malik, Activities Manager
Balwant Singh, Facilitiecs Manager

Group Instruction Session 1 (Monday 1:00-5:00)
a. STS Design Overview

b. Menus and Serecns Descriplions

c. Logical Relationship of STS Dita Base

Group Instruction Session 2 (Tuesdiy 1:00-5:08h
a. Pregram Module Specifics

b. Accounting Module specifics

c. 'ﬁckcr.ipg Module Specifics

Group Insuuction SesSion 3 (Wednesday 1:00-5:00)
a. Procedural Controls :
b. Administeative Contre:is
.¢. File Mainienance -
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3. Operiing Personnel Procedural Training
* Attendees:
Anoop Sarin, Tickeling Ma:mger
Nagrin Khan, Principal Accountant
Dalip Dalal, Publicity Manager
Sanjay Sharma, Programs Coordinator

Events Module Procedural Training Session 1 (Tuesday 8: 00-!2 00)
| a. Dale Scheduling
b. Advenising and Marketing Requirements
¢. Stalfing Requirements
d. Reports

Ticketing Module Procedural Training Session 2 (Thursday 8:00-12:00)
Sealing Assignments and Ticket Salés

Tickeling Pricing Structure Setup

Financial Inquiry

Ticket Sales Inquiry

Reports

Tickeling Module Procedural Training Session 3 (Thursday 8:00-12:00)
a. Accounts Receivable -
b. Accounts Payable
¢. General Journal
d. Reporting

4  Dirccl Users On-the-job and Tutorial Training
dendees:
Fetoze Tcketwallah Head Cashier, Ticket sales
Minakshi Duu, Ticket Seller
Rohan Kumar, Ticket Seller
Tirath Kumar, Assistant to the Publicity Manager
Samir Rawat, Assisiant to the Programs Coordinator

pan ol

On-the-Job Teaining Session 1 (Thursday 1:00-5:00)
Terminals

Printers

Documentation

Online Help Screens -

Source Data

Problem Resolution

mean TP

On-the-Job Training Session 2 (Friday 1:00-5:00)
a. Program Menus and-Screens

b. Ticketing Menus and Screens

¢. Accounting Menus and Screens

Ans. 4 : ACCEPTANCE REPORT

Month dd, 19XX

To : All Division Heads

From : Sarita Kakkar, Chief Systems Analyst
Sub :  STS Acceptance Report

Copies . : Mukul Gupta, Gymnatorium Director and Neera Tiwari, EDP Manager

Consequent 1o the acceptance meeting held on month dd, 19XX the following points were
noted:

a  STS module is wérking fine after the systems conversion,

b  All hardware/software componeats of the system are performing well.

¢ “Training has been imparted to satisfaction of all concerned.

d A five working day formal acceptance tesis have been satisfactorily carried out

Implementation Pis
snd Actlvitles
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Case Studles Hence it is decided to accept STS from Systems Development Group by MCG from Month

dd, 19X,
Signatory: For MCG
For System . All Concerned
Development ' Divisional Heads
Group
Sarita Kakkar
Approval : Approval:
Neera Tiwari Muhll Gupta
EDP Mansger MCG Director
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BLOCK INTRODUCTION

The first 3 blocks of this course covered a run through of the basic stages of Systems
Analysis and Design. In view of the importance of Management Information Systems,

" especially in the recently emerging globally opened and competitive business environment, a

special bock was devoted to this wopic. The next block comprised a set of case smdies,
which went through the dillerent stages taught earlier in the context of a specilic necd.

The history of software devclopment is but 50 years old, and during this short period there
have been rapid developments in the hardware, and significant shifts in the approaches 10
sofiware. The impact of this rapid developmcnt is such that the analysts of tomorow would
have to substantially change the way in which their work is carried out. This block deals ™
with some such developments, so that on the strength of the foundations Iaid in the last 5

. blocks, you will be able 1o cope with the new working environment which would be
availabletoa pmcuuoncr over the next few years.

The first unit of this block deals with the auribulcs which a good system analyst must have in
order to do justice to his profession. An awareness is created in this unit of organisational
issues, and it also iIIuerau‘:s the impacl that Iaw has on a working of a systems analyst,

The second unit of this block deals with human éompu'ter interaction. It introdoces the what,
why, when and where of HCI and proceeds further with the issues of current areas such as
cummumcaung with computers, user interfaces and ergonomics.

The third unit of this block begins with a description of the multi-media 100ls that have
recently become available, and the basic clements that go into the design of a mulli-media
based application. The systems analyst of lomomow will hav-* to work in an cnvirgnment
where the multimedia P.C. units be most common on the desk top.

I
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UNIT 1 THE ANALYST AS A
PROFESSIONAL

Structure

+ 1.0 Introduciion
" 1.1 Objectives
1.2 Autributes of a Good Anaiyst
121 Knowledge and Skills Repertory
122 Auiwdes and Belicfs
123 Eoological Awarenessend Green PC,
124 Ethical [sues
1.3 Organisauonal Issucs
1.3.1 Organisational Characteristics
1.3.2 Working in Teams
1.3.3 Dizaster Recovery Planning
1.4 The Sysicms Analyst and Law
14.1 Sofvware Pircy
1.42 Civil Liability
143 Computer Crimes
144 Privacy/Daw Protection
15 Summary

1.0 INTRODUCTION

In the previous units, we have gone through the various stages of Sysiems Analysis and
Design, This unit shall take you to the general but very interesting and important aspects of
the muhtifaceted personality that cvery Sysiems Analyst should have. It draws your altention
to the knowledge and skills that a systems analyst must acquire, the code of ethics and
standards of practice that are expected from him. This unit also emphasises the practical
need of the siluation i.c. the role of the sysiems analyst while an organisation goes through
differcnt stages in the assimilation of ncw technology and at the same time planning: for
averting and coping with disasters, You will also find a reference to the computer and
software rclated crimes and the sysiems analyst’s duly o ke care of privacy and data -
protection while designing any system,

1.1 OBJECTIVES

Alfier going through this unit you shall be able o
& cnumerale the attributes which a good system analyst must have,

e have an idea of the factors which make it possible 10 implement a new system in a
changing envirenment,

@ apprecia the precautionary measures[o be aken to cope with possible of disasters,

# knaw abowm the computer crimes and Soliware piracy.

1.2 ATTRIBUTES OF A GOOD ANALYST

Having gone through the earlier courses on hardware software and a varicty of progmmiming
languages, it would have become apparent thagsystem analysis is an activity trat requircs
inputs from a number of directions. The task of aSysiems Analyst is not algorithmic in
nature, where he can pursue vigorously a scries of steps and come out with Lhe*appiopriate
sysiems, '

On the contrary, it would scem that an Analyst is like a juggler who maintains the delicate
. balance betwecen different objects and the pressures and pulls arising [rom them (o ensure
that the show goes on successfully.
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In facy, there have been systematic rescarch studies to find out as (o who can be a good
Systemns Analyst.

1.2.1: Knowledge and Skills Repertory

In the context of what has been refeited 1o above, G.Weinberg and L Shemer have
summarised that a good Systems Analyst should demonstrate: '

logical ability, mature judgement, thoroughness, practicality, ability to cbserve, abiliry 10
work with others, resourcefulness, dislike of incfiiciency, imagination, initiative, oral
ability, integrity, intelligence, abstract reasoning, emotional balance, interest in
technology. intcrest in analysis, intrest in stalf work, writing ability, numerical ability,
curiosity, open-mindedness, decisiveness, selling ability, empathy, and intuilion;

£nd be well versed in:

organisational theory, the art of expression, law, information analysis, the art of
interviewing, solware engincering, projecl management, programming, economics,
databascs, user Lraining. '

Apparently, the education of such a person is going 10 Lake ume, pbésibly a lifetime. May be
even more than a lifetime. . )

What has been stated above seems to be a tall order, and there conld be valid sceptism
whether such training can be imparted at ali. The natural conclusion would be that on the
strength of some Lechnical background as provided by good quality courses and training .
materials, 2 person aspiring (o become a good Systems Analyst must conlinee 1o learn and

.gather knowledge from associate disciplines as wvell as keep in touch with the progress in (he

main stream. There is, therefore, no allemative but Lo adopt a commitment to life long
leaming. . -

. 1.2.2  Attitudes and Beliefs

Because the Systems Analyst is in some sense at the core of the organisation, apart {rom his
knowledge in the computer ficld and evei in the somewhat relevant social seicnces, his
personality must reflect attiudes and beliefs which further his work and lead 1o greater
success. Some of the imponant parameters which such a person must build in 1o his werking

. style, is one of increased efficiency, Since it is not possible to cope’ with Lhe vast amount of

information required to do the job, and the multifarious interactions with the numerous
persons, the analyst is well advised to follow certain principles which help in doing work.
more efliciently. These have been encapsulated by Winston Fletcher in his work on
“super-efficiency”, as follows ;

(a) Persuasive communication

(b) Time management

(c)} Stopping ploctastination

(d) Dominaling data

(¢} Innovative Ideas

(f) Travelling creatively

{g) Pcople management

“This is not 1o say that this is the only model which can be followed but to indicate that thess
should be major concems and positive eflfort would have 1o be made towards inculcaling
such a style. ' : R

1.23 Eéological Awiareness and Gi'een P.C.

In recent times, the consciousncss and awareness of Ihie finiteness of the earth, our resources
and the rapidly increasing consumptive pattesn of society have become a cause of glohal
%oncem, There is, therefore, now a backlash wowards cohservarionism towards lesser . -
exploitation of our natural resources and towards a more positive autitude to reconstruction
and rehabilitation of man-made destruction that may have been caused recently, -

The abové discussion translated into the context of coinpu;é_i'_based information systems isto
urge the systems analyst 1o apply this consciousness 5o Lhal unnecessary consumption is .




reduced. The consequences of higher rited power supply, hazardous radiation coming The Analys a3a Professtonal
through video display units, the use of non bio-degradable materials in the hardware system :
and so on, ’

There are as of now no existing standards or regulations in India o enforce strict control
measures. In contrast to say the laws for air and water pollution control. Even noise
pollution is typically covered only under the general law of nuisance. -

For example, it is common practice to suggest that any computer system should be placed
only in air-conditioned surroundings. While this may add to the comfort level of the workers
and (o that extent contribute to some increase in'productivity, the overall requirement of the
clectricity and the heat generated would definitely cause fair amount of thermel pollution. In
contrast the storage of documents in digital form through high density compact storage
media, resulls in saving of vast quantitics of paper. Savings on this account could be equated
to saving large racts of-forest areas from deforestation on aceount of otherwise having w
fulfil the need for paper production. Of course, the fact that the plastic used in some of these
media is not bio-degradable is also to be bome in mind. )

The ¢oncem for the environmental factors has given rise to the emergence of the term

“Green P.C.” to refer to a machine whose design has bome in mind such considerations.

After the lead 1aken by many international companies in the field, in India too, various
-vendors have announced their own ‘Green P.C,’. They are characterised by consumption of

les$ power and the feature of consuming only say 30 watts in the stand:by mode. It does not ise
* chloro-fluoro carbons in the manufacturing process and uses recyclable packaging material.

Green P.C. .

Defining A Gréen PC

A green PC consumes less than 30W of power in STANDBY mode. Its distinctive feature of
vital importance is that its manufacturing process does not include the CHLORO FLUORO
CARBONS which-are responsible for harming the ozone layers. It also makes use of the
recyclable packaging material.

‘There are twi types of green PCs, viz, LIGHT GREEN and DARK GREEN FC’s ADark
Green PC consumes 15-20W in standby mode. It spins down the IDE and shuts off display. The
use of it reduces sysiem’s clock speed to 8 MHZ. Iis user can set the Pawer down timings of it.
Also the gplions avaitable with Hot Keys of it, facilitate the powering down system. .

ALight Green PC consumes 25-30W in standby mode, which is more compared to a Dark
Green PC, It also spins down IDE and shuts off display. But unlike the Dark Green PC, its
IDE spin down timing is fixed, : .

Origin of the Green PC

In the US, PCs account for nearly 50% of all office automation equipment power
consumption. A strange Tact about the use of these PCs in the US is that these are rarely
. swilched off over there. Hence, even during inactivity the PC continues to draw the same
power. In June 1992 the Environment Protection Agency (EPA) of USA announced the
- Energy Star Programme to reduce electrical consumption and the resources required to
.preduce electricity. If power consumption on all PCs in the US could be cut down, then
they calenlaied that: .

TWO MEGA SIZED POWER PLANTS NEED NOT BE CONSTRUCTED
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PCs which were compliant with E.P.A. norms would be centified with the ENERGY STAR
logo. In March, 1993, President Clinton ordered that wilhin six months all PCs purchased by
the Federal Government would have to be Energy Star compliant.

Designing a Green PC
POWER CONSUMPTION IN DARK GREENPCs
. AC POWER (WALL POWER) 35 w
r
SMPS-50% EFFICIENCY
DCPOWER 17.5 W
CPU &
MOTHERBOARD IDE ]_I)ISK MISCELLANEQOUS |
15W 8w . -
W .
Flgure2

1. Motherboard: Power reduction is brought about by reducing system clock to 8 MHz .
(from 33 MHz) (Full power is 25.54 W and Green mode is 72 W). '

2. IDE Drives: Green drivesare different from the normal dr'wcs {Seek mode (read or
write) is 5.7 W, IDLE is 3.5 W and Greenfinactive modeis L5W).

3. CPU: Animplementation called FREQUENCY SCALING useg an intermupi called
STPCLK to reduce operating frequency from 33 MHz 1o 8 MHs, This is the minimum
. frequency required 1o keep Lhe sysiem functions operational. Here the full power is4.75
W and green mode is 0.80 W, :

4. Display: Monitors should be designed 10 be DPMS (Display Power Managem.nt
Signalling) compatible. Vertical and horizontal SYNC signals in a monitor are blocked

for cfleclive power management. Here the normal mode is 60 W A/C and greenmode is -
30w A/C. :

Power Down Setting 3 .
There are three options for seuting the time after which the PC centres green mode.

Timer: Slcep timing is sel by the user. The setup has different user definable time (€.
5/10/15 minutes) afier which PC centres green mude.

Hot key: This is a combination of keys (similar 1o Cul-Alt-Del) which power down the PC.

Fixed: In light green PCs the IDE powers down automatically after a fixed duration of 10
minutes. The display power down can be sel by the above wo opiions. - ’

1.2.4 Ethical Issues

All professionals, when they gel woll established, and become responsible for their actions 10
socicly at large, as well as (o the direct uscrs of their services, then become in significant
measures accountable for their actions. There are well defined qualifications and procedures
for entry into the profession, there arc bodies which regulate the conduct of the members of
the profession and if necessary take disciplinary action including if necessary, debara
member [rom practice of the profession. This happens in the ficld of medicine, engineering,
law, chartered accountants and so on. The recent emergence of the compuler professions has
been 50 new and a computer professional can be inducted from a number of different
dircctions, that sirict regulations for the profession have not so [ar been possible. There is
today, no equivalent of the compuler ‘quack’ as is understood for example in the field of
medicine.
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It is only recently that professional societies &t a number of levels have sarted taking an
interest in creating a code of ethics for computer professionals, .

The Intemational Federation for Information Processing(IFIP) is a multinational federation
of professional and technic al erzanizations (or national groupings of such organizations)
concemed with information processing and computer science. There are currently 43 such
organizations in [FIP representing 53 countries. '
The aims of IFIP are 1o promaote information science and technology by:

— fostering intemational cooperation in the field of information processing

—  stimulating rescarch, development and the application of information

— furthering the dissemination and exchange of information about the subject

— encouraging education in information processing.

Although the IFIP mentioned above has been in existence since January 1960, it has formally
altempted 10 carry out a code of ethics project only from 1988. The project made a detailed
analysis and comparison of 21 codes from Members Socicties of IFTP and 7 other codes and
itisonly in 1994 that the code of ethics was put up for approval by the General Assembly,

In our own country, the Computer Society of India(CST) which is an apex body of computer
professionals has also created a code of ethics which it expects its members to observe,
There is also a declaralion which the members are required to sign.

Code of Ethics for IT Professionals (Applicable to members of CST)

1. Aprofessional member of the Computer Secicty of India (CSI) shall:
— organise the resources available to him and optimise these in attaining the
objectives of his organisation.
— use the codes of practice conveyed by the CSI from time (o time in carrying out his

—~ motmisuse his authority or office for personal gains.
* — comply with the Indian laws rclating to the management of his organisation
particularly with regard to Privacy and Piracy and operate within the spirit of these
laws. .

— conduct his affairs 50 as to uphold, project and further the image and repul-aLion of
the CSL

— maintain integrity in research ang publications.

Codes of Practice .
2. As regards his ORGANISATION an IT professional should:
~— act with.integrity in carrying out the lawful policy and instructions of his
organisation and uphold its image and reputation. )
- plan, establish and review objectives and tasks for himself and his subardinates
which are compatible with the Codes of Practice of other prolessionals in the

enterprise, and direct all available effort towards the success of the enterprise rather
than of himself.

- fully respect the confidentiality of informatioh which comes to him in the course of
his dutics, and not use confidential information for personal f£ain Or in & manner
which may be detrimental to his organisation or his clients,

—  notsnoop around in other people’s computer files.

— inhis contacts and dealings with other people, dumnr‘.trate his personal integrity
and humanity and when called (o give an opinion in his professional capacity, shall,
to the best of his ability, give an opinion that is objective and reliable.

3. Asregards the EMPLOYEES, an IT professicnal should:

—~ setan example o his sﬁbordmalcs through his owa, work and performance, through
his leadership and by taking account of the needs and problems of his subordinates.

— develop people under him 1o become qualified for higher duties.

The Analyst as & Professional
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— pay proper regard to the safety and well-being of the personnel for whom he is
responsible. )
_  ghare his experience with fellow profesSionals,

4. Asregards the CLIENTS, an IT professional should:

. — ensure that the 1exms of all wntraclsandmnsol‘bushessbeslamﬂclcaﬂy and
unambiguously and honoured.

—  in no circumstance supply inherently unsafe goods or services.
—  not use the computer to harm other people or to bear false witness,

© be vhjective and impartial when giving independent adwice.

5. As regardsthe COMMUNITY, au IT professlonal should:
_  make the most elfective use of all natural FesoUrCes employed.
—  be ready w give professional assistance in community affairs.
—  notappropriate other people’s intellectual outpul.
- :lways use a compuler in ways that ensure consideration and respect for fellow
“humans.

Code of Etbles
UNDERTAKING

I, . alfirm: that as a professional member, I shall
ahide by the Code of Ethics of the Computer Society of India (CSD. I further undertake that
1 shall uphold the fair name of the Compuler Society of India by maintaining high standards
of integrity and professionalism. "

1 am aware that any breach of the Code of Ethics may lead to disciplinary action against me
under the Byelaws and rules of the CSI. ‘I hereby confirm that I shall be bound by any
decicion taken by the CS1 in such mauters. :

Place:

Date;, N (S;Eﬂﬂm),

However, such societies and professional groups have only 8 limited authority in meeting
with (he requirements. There are occasions where the issues go beyond the regime of the -
professional society and inlo the counts of law. Some of these matless are discussed in a later
section which relate to the interactions between the system analyst and the law. .

1.3 ORGANISATIONAL ISSUES

In the previous sub-section, altention was drawn to the knowledge and skills that an analyst
must acquire and the kind of attitudes and beliefs that he must inculcate. ;

. - A
Soyond the self, the analyst has 10 be involved in the organisation. Ifhe is working fora
software development company itsclf, then in fact, he has 10 go across two organisational
cultures that of his own and that of a client. These organisational issues are of direct inlerest
of the systems analyst. The most imporiant of these is the different stages through which an
organisation goos through in the assimilation of new technology. It is important Lo
understand these phases of induction in new technology so that the activity isdone.ina
successlul manner. : : -

1.3.1 Organisational Characteristics

Organisations that may decide 1o'use computer based information systems may vesy from small
w0 large mega corporations. The decision making authorities and hierarchical structure prevailing

in orgmfanons vary significantly and {he systems analysts must be able o appreciate the specific

-nature of authority in a given organisation. But for most situations, the charactexistics which

concerned the analysts are related 1o response of an crganisation to the induction of new
technology. This has an almost similar paterm across different organisations.
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- Isthe resnlt of some feasibility studies resolting in a commitment by the ofganisation to .

expériment with a new technology. Computers and other related equipment is bought, the

mgnnisauon identifies to underiaks one or a few development projects torbegin with, New
--s:all‘lsmmcumubronghtmandmepomldalumundergoat:ﬂmngpmmmme

At this stage normally, two fypes of attitudes prevail throughout the organisation, ond
welcoming the change and expecting a ot of benefits, possibly being over optimistie in their
expectations and the contrary current urging continuance of the status quo. Both the streame
have their leaders and a balance has to be maintained by curtailing the enthusiasm of the
supporters and explaining (o the critics the benefits of the expected new technology.,

lfmeﬁrs:u'thef‘ust few projects which are undertaken mmmttohcmo:mful,mdﬂw
usu'groupsbegmrow:anadvanmgebywayofspwdmgupofmen'workandutmmd
". productivity, there is'a clamour for new applications beyond lhom that were considered in
thie original plan, .

User groups take a greater interest in refining their mldcrstandfng of the;technology and nrge
management for expanding the application areas.

Depending upon the success of the first phase, the computer professional gives increasing
pressure from-both directions. On the one Kand, an increasing demand for new applications
as end users become more excited and computer become widespread and cheap. Onthe
other hand, since the organisation is now become more dependent upon the new technology,
thereisan mcrmsmg problem of rna:ma.mmg the old applications and seeing that the quality
of support is maintained at the previous levels. The result of the third phase is that of the

- development of precise controls to guide the use of the technolegy. These controls become
necessary o prevent duplication, to promote standardisation and to sce that in the enthusiasm
and excitement, encrgies of workers are not distracted or dissipated. Also on the basis of the
experience that the organisation would have gained such controls would help in sesing that
the Inter applications of the technology are more cost efflicient than the first

The next phase is an acceptance of the technology by other groups in the organisation and
hence a greater pressure: 1o speed up. This may then want networking strategies, E-Mail
communication and if an organisation progress sufficiently fast successfully, may bé used of
Electronic Data Inter-change (EDI) as a means of application to application communication -
between departiments and organisations.

1.3.2 Working in Teams

The Analyst as mentioned earlier has to werk in a group which comprises for computer
professional usually programmecrs and also a management and administrative representatives
of the organisation. As the size of the project increases, even the computer group itself form
a sub-team and they must comprise certain styles of functioning in order to be effcctive. We
of course, begin with the assumption that the members frem this 12am are competent and
efficient in their respective areas of functioning. The kind of the structure that is successful
for the software development activity has been‘adverted to by Edward Yourdon, whe is

" reparded as a Software Gure. His conclusions are that a successful software tzam typically
needs the following different kinds of people. Firstly, you need a chairman or leader. Then
you need a visionary - the architect who has got the entire sysiem in his head. You nead a
sceptic, You need a provocator, someone o provoke radically new ideas. You need an
ordinary worker. A Jot of projects, to be successful; need a scavenger - a resources manager.
who can get things for the project in the right time.

And then you need a diplomat, somebody who can sense (he mood of the.team members.
With sofiware people there are ofien emotional arguments. Some people believe that women
arc more suitable in that role. They are aware of those nuances. Men are ofien very macho
and aggressive. And lastly, you need the completer, whose primary passion is to see tho end
of the project—who is desperate to bring in all the pieces together. A lot of other members of
the team see the project g5 a lifctime excrcise—as if it will goon Ifur ever.

The visionary has to be a technical person, The chainman who gives leadership and direction
docsn’t necessarily have 1o be one, but the visionary has (o be.

The above observations of Yourdon descrve 1o be imbibed by any practitioner, because in the
abscnce of a well knit and cohesive team, group work instead of proceedings wowards

completion is more likely to dissipate resulting in an infructuous endeavour. " :
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1.3.3 Disaster Recovery Planning

It is common for an analyst (o be so much enthusiastic and excited about conversion from an
existing manual system to a computerised information system or re-engincering an existing
information system Lo pul in place a more appropriale information system, that (he scenario

when the new syslems are in place and arc heavily depended upon tend to be lost sight of.

As users begin 1o rely more and more on a new efficient information system, they discover 1o
their chagrin that non- availability of the system almost spells disastcr {or the organisation.,
Of course one anticipates possible threats to a system and provides {or clementary remedial’
measures such 45 adequate stabilised power supply, backing up of software and data and so
on. However, inspite of the preventive action that may be contemplated, there are always
cvents beyond one’s control. There are a number of examples even in the developed
countries which illustrate the fragility of advanced planning against disaster.

Hurticane Hugo. the California earthquakes, the AT&T brownout, the Chicago floods, the
Hinsdale telephone swilch fire and the Penn Mutual and First interstate fires are all examples
of natural disasters beyond human control, which have destroyed many company's
information systems and in a number of cases resulied in the termination of the business
itself, Developing countries such as India, which are rapidly moving towards dependence on
computer based systems for their work, are cven mare prong to such disasters, The Latoor
earthquake, or for that matier, the earthquake in Ultar Kashi ook place in non-commercial
arcas. The impact of the kind of Bomb Blast that took place in the Bombay Stock Exchange
can easily be seen 1o have effected the fortunes of many in a {ew years from now, The
importance of Information System Disaster Recovery(IS-DR) planning, therefore, cannot be -
under-mined. The purpose of this discussion is Lo draw aliention this issue and Lo give
some pointers as Lo the manner in which such a plan could be formulated.

The financial implication of the proposed disaster recovery plan must be bore in mind. Of
course, some non-quantifiable aspects such as the reputation and goodwill of the organisation
may also have o be assigned notional [inancial values. We do not have any specific analysis+
for the Indian context, but it has been suggested by expents in the field that a manufacturer
and distributor in the developed wosld whose gross sales are in the range of $200 million
annually, will lose more than $100,000 after 4 days of being deprived of Information

Syslems Services and $1 million afier 10 days. It has also been estimated that almost half of
the firms which (il to recover within a period of about 10 days will never recover al altand
possibly go bankrupt. '

Having thus secn the importance of lime in the recovery plan, it is important that the
organisation is able (o prioritize ils recovery needs. Although some detailed contexwal
analysis would have 1o be done (o determine the priorities, a rough and ready guide is to

_ classify recovery needs in the following four classes :

1. Critical = Critical needs are those which are absolutely essential 10 the
) rumning of the business and because of their high complexily
cannot be replaced with manual methods.

2. Vil - These nceds are those where the organisation could somehow
continiie for the beuer part of a working week, that is 4-5 days
but the sefvices must be restored in that time, These can not
e replaced by manual operations at sll but the orpanisation
gm]d bear with them for some time. |

3. Sensitive - These belong to such tasks and operations that are more efficiently
: performed with the help of computers, but with some difficully
could be performed manually as well. For example typing of
some kind of lewers and making of indents and ordess.

4, Non-Critical

Non-critical needs are those whose effects are seen over larger
time scale of several weeks. II the services are restored over
that period, externally the organisation is not much the warse
for the breakdown. There would of course, be some loss in
money terms and possibly in terms of the quality of services
although it is not likely t lead 1o total business failure.

Having identified the nature of the different infonnation system, Lhe needs of the )
organisation and their criticality, the disaster recovery options would have to be exercised, .




There are more or less five options that are available (0 provide services for a sile which.has.
been afllicted with the kind of disaster refcrred to in the.carlier part of the section.

(A) Hot S:les

The term hot site is used for a site which is almost a replica of lhe afllicted site and is
commercially available "on demand’. The advantage of such an arrangement is thatil is very
[ast and a continuity of operations can be maintained fairly casily. The pre-dominant
disadvantage is that it is likely 10 be quilc cxpensive.

(B)- Private Hot Sites

In the absence of the availability of a hot siie, or the decision not to use such a site for
confidentality or other stralegic reasons, some organisations cstablish their very own hot site
for such emergencics. The biggest advantage is that there is no dependency on any other
organisation and, therefore, no sharing of resonrces. Nawrally, the biggest advantage also
flows from this and that is that it would cost exactly twice cost of the original site. Since this
site would not be used very often, it cl’l‘ccuvcly doubles the cost 01' the capital invested in lhe
business, .

(C) Warm or Cold Sites

Such a site does not have the entire physical eqmpmcnt in place and is essentially a shell that
is ready 10 be installed with the required equipment. In some cases, this may ¢ven be a
mobile unit There would of course, be a separate contract with a supplier to supply wilhin
the specified time frame (on an emergency scale) the required hardware and software. This
would be a cheaper location, but the time required for the services 1o be up and ready is
greater. Of course, it is assumed that the most gritical soltware and data have been archived
in a safe manner at a site sufliciently far away from the afllicted site.
(D) Service Bureaus

Service Bureaus usually could not be a good solution for rapid recovery in an emergency.
Most service bureaus would manage their operations on a scale which leads 10 an almost
complele utilisation of their hardware, sollware and human resources. ‘It is extremely
dillicult to visualize the situation where a service burcau would be able: to provide the level,
quality and timely needs of services that would be critical to an organigation. Cf course, ifa
service bureau arangement would be workable, it would be the cheapest solution.

(E) Reciprocal Agreements

Such agreements are made between two organisations, who may have used a fairly similar
siralegy in their information systems planning and implementation. It would be a first -
requirement for such armangement 1o be workable that each one’s systems would run o the
other one's infrastruciure, If this is so and both the parties are able to provide: that much
spare capacily in the eventality of a crisis in the other organisation, then Lhis usually would
be the most desirable of all solutions. However, this advantage musl be weighied against the
possibility of both the orgarisations being simullancously affected. Such a sitiation’'can
arise during flash floods, cyclones, earthquakes, etc.

1.4 THE SYSTEMS ANALYST AND LAW

It is not immediately apparent that a person who has equipped himself with knowledge of
compuiers and hopes to be involved in the development of computer based infcwmalion
systems would have anything to do with law as part of his work. However, as the
penetration of information systems into organisations increases and their utility |»ecomes
apparent and dependance on compulcr based sysiems for provision of a variety oof services
becomes rontne, the impact of the law is also fel.

This section draws the attention to those aspects which would concern Lhe sysler ns analysts
and awareness and understanding of which would held him in good standing.

1.4.1 Software Piracy

‘What is Software Piracy?

The PC industry is barely 20 years old. In that time, both the quality and quantily+ of
available software programs have increased) dramaucal!y
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_Although approximately 70 percent of the worldwide market is today supplied by developers

in the Unitcd States, important development work is carried out in scores of nations around
the world. ' -

But in both the United States and clsewhere, unauthorized copying of personal compuler
software is a serious problem. On the average, for every authorized copy of PC software in
use, at least one unautherized copy is made.

Unauthorized copying is known as software ﬁi.racy. and in 1993 it cost the software indusiry
in excess of US § 12.8 billion.

Software thefl is widely praciiced and widely tolerated. In some countries, legal protection.
for software is nonexistent, laws are unclear or not enforced with sufficient public ]
commilment fo cause those making unauthorized copies o take legal prohibitions on copying
seriously.

Significant piracy losses a:é_suffcrcd in virtually every region of the world. In some areas
the rate of unauthorized copies is belioved to be in excess of 59 percent.

Software piracy harms all soltware companics and ultimately the end-user.

Piracy resulis in higher prices for honest users and reduced tevel of support for costomers.

Why is Piracy so Prevalent?

Software presents a unigse problem because it is so easy to duplicate and because the copy is
oficn undistinguishablcfmm _the original, Unlike other wurks, such as audio and video
tapes, there is no degencration in guatity from copy-1o copy.

A program that refllccts many years of efforl by a team of software developers and large
investments in money, takes only seconds to copy. Allthough software is expensive o
develop, it costs litde ot nothing to duplicate and virtually any PC can be used 10 make
unauthorized copies .

Software piracy takes many forms. The reasons for unauthorized software copying range
from sheer carelessness, lack of awareness of the law and general disregard for the
importance of treating soflware as valuable iniellectual property.

Even in the “best™ countrics, piracy remains a signilicant and extremely costly problem for
the individual, local economies and the sofiware industry as a whole.

Forms of Software Piracy

The forms of software piracy seen around the world include:

1. Hard Disk Loading .

Hard disk loz.ding occurs when computer dealers load unauthorized copies of Software on
the hard disk of personal compuler as an incentive for the end-user 1o buy hardware from the

. particular dejiler.

These dealer:; do not provide original disks, documentation or the end-user license agreement
that comes with a legitimaie copy of the product. - a

Hard disk leiading is a wide-spread problen, but this form of piracy is easy to detect.

Some end-users unwitingly receive illegitimate software already installed, but the absence
of disks, dcumentation, registration forms and software licensing should alert them to the
problem, 11ard disk loading leaves encugh evidence to make prosecution s‘tra.ighl.forwa:d.

Industry fo cus on hard disk loading over the last lwo years has begun to reduce the practice
in countrie s around the world.

Dealer cas ses involving hard disk loading are oftcn the first enforcement elforts undertaken in
many cow atries duc Lo the relative case of proving infringement.”

2. Softlifting
Unauthori zed copying of personal computer software within orfganizations, also called

* *softlifting s’ occurs when extra copies are made within an organization for employees o use

in the ofl re, or o take home,




Disk swapping among friends and associates outside of the corporate environment is also The Analyst 232 Professional
_jnchuded in this camgory. Software is often copied from the corporate work-place and distribuied
o friends outside this wark-place, but other sharing of software is also guite common.

Unauthorized copying of software within organizations is the most pervasive form of
sofiware piracy faced by many software publishers. Tt is estimated to be responsible for
more than half of the total revenues lost by the personal computer soltware indusiry
woildwide. )

This practice is wid&-pread not oaly in corporations, but also within instittions such as
schools, public agencies, government offices and nonprofit organizations.

‘3. Software Counterfeiting -
Software gounterfeiting is the illegal duplication and sale of copyrighted software in 2 form
usually designed to make it appear to be legitimate.

Unlike corporate violators, software counterfeiters aperate purely for profit. Counterfeiting
occurs in all regions of the world, but the problem is particularly acule in Pacific Rim areas.

_ Counterfeiters range from individuals running mail-order operations out of their homes 1o
dealers who duplicate and seil software. -

There are several form of counterfeiting. One involves the entire copying of the product
pickage, whereby end-users are deliberately misled into thinking that the product they are
buying is the legitimate product from the original source. . .

Another form includes the sale of illegal duplicated software marketed under a completely”
different name, with no attempis made 1o represent the copy as having been distributed by
the original software developer. :

4. Bulletin Board Piracy

Downloading copy-righted software to users connected By modem 10 an electronic bulletin
board is another form of piracy.

Piracy of copyrighted software via electronic bulletin boards should not be confused with
sharing public domain software or providing "shareware’. )

Shareware is software that may or may not be copyrighted but is specifically offered by the
author for nearly unrestricted use, including copying and sharing with others, with usuaity a
small fee given to the developer if the user [inds it useful.

5. Software Rental . : )
The industry has encountered three forms of pirate software rental; product rented froma-
rerail outlet for use on the renter's home er office computer; product rented through mail
order "clubs’; and product installed on computers which are in mm rented for temporary use.

Those establishments which rent software only, whether a retail storefront or mail order
operation, operate in much the same way as video rental stores.

The customer chooses software, pays a smali sam, and takes the product away for & limited
period often, to' make ancther copy for permanent use on their personal computer.

Somg companies have asked for and been granted permission io provide software with

rented computer hardware, as there are clearly circumstances under which such arrangements
. are legitimately required. "

The explicit right to resmict rental is unfortunately often uncléar or absent from natjonal

copy-right laws. .

Forms of Agreement ) X

There is obvicusly a large variety of possible relations between software, developers and’

users. The right which a person zcquires upon purchase of a software product is not

absolutcly dwnership rights in the sense of some other products, but 2 Tight to ils usage while

complying with certain conditions. It is in the sense that the word licences is nsed when we

refor 1o a purchase of software product. This is not the appropriate place 1o havean

exhaustive discussion on how such contract should be framed but for giving a Leel of the

kind of issues that can be involved in a typical software rclease agreement is given below. In 15
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order 1o keep this gencral, the acronym NOSP has been used for the Name of the Software
Product and NOSS has been used for Name of the Software Supplier. It is common practice
in such matters of contract to have 2 copics signed and one copy retained by the licencee and
Lhe other by the licensor, '

SOFTWARE RELEASE AGREEMENT
Licensee's Copy

The undersigned, being an authorised person representing the Instiwte or Company named
and to be referred to as the Licensee, accepts the software and associated documentation
known as Name of Software Product (NOSP) and agrezs to the terms and conditions as laid
out in the Terms and Conditions of Software Relcase Agreement. The Name of Seftware
Supplier (NOSS) to be referred as the Licenser, granis the Licensee a non-exclusive,
non-transferable licence to use NOSP on the specificd compuler at the named address. New
releascs are not automatically covered by this licence.

Two types of licences are available for the NOSP system. QOne is Lhe licence for.a limited
use of one year from the date of purchase of NOSP. The other is the licence for
pemmancil use. :

_ Licensce

Institwion/Company
Authorised person
Licence Lype
Machine lype
Address
Signalure
Date
For QfMicial Use
Licensor . :  NOSS
Authorised signature
Date

Note: Pleass compl.elc this form and retum it to NOSS. This will be retumed to you with
_ the signature of the authorised person from NOSS.

TERMS AND CONDITIONS OF SOFTWARE RELEASE AGREEMENT
NOSP .

1. Prerequisites

“The licensee is responsible for oblaining any {urther licence that may be necessary Lo provide
the computing environment required such as M$-DOS, UNIX and MS-WINDOWS,

2,  Non-transferable rights .

NOSP will be used only on machines which are Jocated at the address of the Licensee as
filled-in in the Software Release agreement. The Liccnsee shall not distribuie NOSP or any

‘part of NOSP to others.

3, Software Protection .

The Licensee shall take all precautions to prevent copies of NOSP being made. Thess -
precautions shall be equivalent 1o those employed by the Licensce to proiect their own
documents and software from being copies.

‘4. Non-excluslve rights , .
The Licensee recognises that NQSP is released on a non-gxclysive basis and that the

Licensor shall have the exclusive right (0 grant licences to others or make such use of NOSP
as jt shall desire, LT o ‘ )
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5. Credits

All credits in NOSE, both in listings and/or decumentation, whether names of individuals or
organisalions, will be retained in place by the Licensce. The Licensee will acknowledge in
any published documentation or in any other use of NOSP the authorship of NOSP and the
fact thal MOSP was devcloped by the Licensor. .

6. Product Warranty

NOSP is released on an “as is™ basis, and (here is no warranty expressed or implied as 10 the
functioning or performance or ¢ffect on the hardware or other software, The Licensce
recogmises that the Licensor is not obliged Lo provide maintenance, consuliation of revision
ol NOSP. .

7.  Liability . .
Neither NOSS nor the individuals responsible for the development and/or maintenance of
NOSP accept any liability for indirect, consequential or special damages of any kind.

8. Future Releases and Versions

New releases will be ennounced if and when there are major changes. New versions will be
announced when there are improvements of relatively lower significance. Version
numbering will be x.0, x.1, x.2, etc. This licence does not avtomatically entile the Licensce
to updates of NOSP when they become available. The Licensor, however, will inform all
those who have a NOSP licence about updates within the same refease and the charges for
these updates,

1.4.2 Civil Liability .
The concept of intellcciual property in general have undergone a remendous change since
- the last few decades in India as welt as the world. New issues have emerged in this ficld in
the recent years. Traditional intellectual property laws were enacted cither 1o safeguard the
rights of the authors, or l(fpul a stop on ils illegitimate.use and in cascs of patenis to assure
proper use of the discovery. But the rule of the game has changed. Intellectual property
_right owners now have a duty to assure that others are not harmed due to thelr work. Due
care and precaution has been added as the fiability of an author. Previously such sanclions
were available with the State only and that (o in a limited sense as it was used in cases where

it opposed to the public Ipol.icy.

Examples of such change in regulation can be seen in country guide books that carry the
caption “the author is not liable if the reader suffers loss duc to the information provided in
this book™. Such captions are followed on cookery books and other work. There is complete
paucity of case law in this field in India but the message is very clear that if_the author can
lead the reader in a sitvation where his life or property is endangered, he has a duty to
compensate for such loss. : -

This new line of thought has become more popular due to the fact that such danger of loss is
far more in the clectronic media and has seeped from there to the normal book writing.
There is no doubt that the electronic media is much more sensitive and more prone 10
causing loss. ‘Take for example the case of compuler virus, where a few linc.of information -
can completely paralyse a computer network. The authors of such virus are liable for the
loss their intellectual property have caused 10 others. Similarly, a computer program
designed to cheat non- active accounts (o ransfer large sums of money is not only a criminal
theft or cheating but also carrics with it the civil liability of compensation.

The question of law is becoming more and more important as soflware becomes intcrnalized
in many computer based products. Moderm VCRs, Washing Machine, Micro-wave Oven
elc., all have software of a few kilobyles which is an integral part of equipment. In
malfunctioning, a part of the softwarc would have a dircct bearing on the functioning of the
gadget and if nol under principles of conventional civil law, atleast under the new found
urnbrella of consumer protection, the manufacturcr would have to take responsibility for the
error in the software. Eventually, it is the system designers and developers who would be
answerable. ’

The usage of Intclligent systems in context beyond cxperimental and laboratory situations
also creatcs significant liability issucs. An expert system bascd product which helpsin  ~
analysis of a medicat case of a financial expert system product in making {inancial
investment or for that matier a Project Manager implemenling a projcct would also creatc a

L
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liability on the developer of such a system. As a hypothetical example, should the Bhopal
Gas disaster have taken place because of a malfunctioning in the software for process
control; fiability and responsibility would éventually have Lo be fixed upon the person
responsible for that piece of software. :

1.4.3 Computer Crimes

In the previous sub-scclions, alicntion has been drawn 1o the property aspects of computer
software and hardware, which is not always obvious at first sight. Just like theft of any other
peoperty, there could be theft of data, software and other intellectual property and
components of a computer system. In countries, like the USA where Computers have been

in large scalc commercial usc for quite some time, the American Bar Association have been
collccting data on computer crimes for the last 20 years. An interesting conclusion which
comes out of such studies is that, a iraditional bank robbery results in a typical loss of about
$5.000. Although, electronic thells are still few and far between, the loss due to an electronic
heist is $500,000. The corresponding figure for India, is Rs.1.2 lakh for a traditional bank
robbery and there is not chough information yet on electronic larceny.

. Computcr crime can be described as one or any combination of the following events ina

computer cnvironment:
o Unauthorised attempt to access, alter, add, delete or hide datx;
¢ Unauthorised attempt to access, alter, add, delete or hide a program or system;
e Stealing of data or programs in any manner ;
e Unauthorised (physical and/or logical) entry ifito computer work environment;
e Changc oralter the defined s.ystems.

Computer crimes are classified in three broad calegories: (i) Data-related crimes
(i) Software-rclated crimes, and (iii} Physical crimes. ]

Software-related Crimes .

Soliware-related crimes are sub-classified into several categories. Like the legendary
wooden horse used in Troy, the Trojan Horse is & spy sitting comlortably amongst the -
programs and-kecping an eyc over the usage of the system. Tt is eithera Togic rontine
embedded into a key program or a separate program, can be a Terminate and Stay Resident
(TSR) program, which monitors and/or records the usage of the system.

Trap door is a logic used by system developers frequently during the system development
stage, for the testing of programs and systems. The developer/programmer Wwriles an escape
route to bypass all security chicks, o save extra keystrokes and time, and thus enter the
system or specific programs directly. Very often, system developers deliberately leave these
trap doors for futurc usage in case the user forgets the password, or (0 hedge against future
payments from Lhe user.

Typical losses due to computer crimes include money, goodwill, image, quality, service,
competitive edge, and credibility. Some of the debilitating effects on an organisation due (o
compuler crimes include-leakage of sensitive data, operations coming to a standstil],
corruption of data, blackmail, communications breakdown, tampering of programs, industrial

. espionage, etc.

While imporstance of the kind of the crimes that have been mentioned earlier are esoteric and
require a high degree of technical expartise 1o accomplish them, there is one kind of eriminal
activity which is highly pervasive and to which a lot of attention is being drawn. A good
system analyst must be very canscious of unwittingly becoming a party to software piracy, a
term which is used to convey the unauthorized copying of data or software. In the early days
of usage of pirated sofiware, the cornpanies whase software was copied in an wnauthorizad
manner did not react sironigly snough because the expense of attempling to curtail, 1o go to
court or even 10 educate against software piracy would not have been cost-effective,

But in the recent past, things have changed. The biggest software companies such as
Microsoft, Lotus and Autodesk have joined together to form Business Software Allianco
(BSA), which is taking very active and firm action to curb the software piracy in India.
According to BSA, India has a pitacy rate of 76%. which is much lower than Thailand at
99% or Malaysia with 9855, China with 35% or Taiwan with 045, .
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However, there is no scope for smugness because these figures must be compared to US The Analyst a3 a Professlonat
which has the rate of 35% and countries like Canada, Australia, Western European countries
where it would be between 35 to 50%. :

"The System Analyst has an important role in the curbing of software piracy by advising ihat

. software is something which cught to be paid for. The feasibilily of any project ought to be
determined by a full comPrehensive look at the hardware cost, the software cost, the sofrware
maintenance cost and the cost related 10 aeating a sccure system.

1.4.4 Privacy/Data Protection

The issue of Data Protection, or Privacy, or Confidentiality and Control of Daa, is éne which
is not usually raised as a concern for the Systems Analyst. This is probably because it tends
1o apply to all records whether paper or compulter based. The issue has however been
perceived as more significant in recent times because of the ability of computer systems o
store, manipulate, retrieve and correlate (match) quantities of data that were unthinkable in
paper based systems. -

As there is increasing emphasis in the world on this issue it was feil that smdents should have
some exposure, albeit a fairly supesficial one, 1o the issues, and Government and community
. concerns and expectations.

In India as of now, any ection towards a Dala Protection. Act does not seem 1o be in progress,
However, since dependence of Software and its usage in business may involve daia flow
through several nations, it is desirable that one is aware of the existence of such data
protection.act while one's data is flowing through such a country.

;I;he Issue

Sysiems Analysts developing information system must be sensitive to issues of privacy and
 confidentiality, Whereas the [ormer tends to be a concern of cilizens, Governments (often
" under pressure from their citizens) are becoming increasigly aware of the need to prevent
improper collection and use of data relating to citizens or businesscs. Data protection laws
enacied by Governments seek to safeguard the personal privacy and corporate information.
Other motives are somelimes attributed to such moves including accusations of “economic
protectionism”™ where Govemments have sought to limit cross-border data flows,

India has traditionally been 8 country where information is controlled and regulaied. There
are a number of provisions in the law, which permit the state to curtail the free flow of
information including the seizing of books, newspapers, magazines etc. Therightto
privacy, in a form other than the right 10 a good reputation (which is available in faw of
defamation) is otherwise not very well enforced. To some extent, issucs such as right of
access to information may come under the broad interpretation under the Constitution of the
right to life, but there is still greater emphasis on contsol and confidentiality of informaticn
than openness of information as a right to its citizens. The greater use of computer and
information technology would probably change this, but it is not clear at the moment
whether the government would steer more rights for itself or a greater frecdom of access to
 information for the citizens. Even the rcceat Ordinance regarding Cable Qperatrrs puts a
nurber of restrictive and onerous conditions on what they may offer o their viewers.

The Duty of Care

AHowing access 1o data by unauthorised persons either deliberately, accidentally or
negligently may result in an organisation or person facing commercial or legal penalties,

To avoid claims (“liability in negligence™) organisations nced 10:
e implement security procedures that are reasonzble in all circumstances;

e specify what security procedures should be implemented, including standards for
creating and storing records; N

@ inserta clause into the relevant agreements for failure to meel reasonable
standards; this will however be viewed with suspicion by the courts, and, if inserted
by the dominant partner, may be regarded as evidence of “unconscionable conduct”,
and therefore not enforceable. '

4

The UK which ook a lead in creating a Data Protection Act in 1984, enjoined a duty of care
for information held in electronic form upon the custodian of such information, -
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Lepislative Trends

Many countries are concemed with privacy or data protection. In Europe 17 countries have
enacted forms of data protection legislation.

It was recently reported that the Law Reform Commission in Hong Kong has spend three, ‘
years dralting new legislation covering Lhe area of data proteclion. -Tlgis has been accelerated
by developments in this area by the European community which seek to limit data transfers

to countrics that do not have data protection and privacy laws as stringent as those in force in

the EEC. Hong Kong has recognised that any restrictions on information flow could -
adverscly affect trade. The practical effects of the bill are to create an Office of the Privacy
Commissioner o which all regisiered companics woutd have Lo submil relurns covering “the
main leatures of the data that they hold”.

The commissioner woild have the power of inspection, in the event of a complain relating to
the unfair usc of information or invasion of privacy, or on his own recognisances if there is a
suspicion of “wrong doing”, The Hong Kong definition of data incorporales paper, as well
as computer files.

Tt should be noted that what is viewed as the extremism of the Hong Kong and European
draft data protection directives have auracted criticism from various quarters.

In Hong Kong there were concerns that the proposed legistation was “so wide they might be
open 1o abuse in some cases, (0o restrictive in others and could be too costly for many .
companies 10 implement”, '

In Europe the criticism has centred on the proposals being “too extremc”, getting the balance
wrong between privacy and public palicy objectives such as “freedom of information”,

putting too much cmphasis on the “holding of data” rather than the “abuses arising from the -

usc to which the data is put” and being too bureaucratic, onerous and costly. Other issues
raised related 1o what “the status of inta-company data exchanges” might be, the concem
that the directives could “have serious implications for data exchange with pariies in third
countries™ and that “increasingly imporiant economic activities within the EEC such as
broad-casting, direct mailing, market ressarch, credit assessment might be seriously affected.

In the UK there is now legislation 10 contral access to personal data through the UK Data
Protection Act 1984, Whilst there is yet no definition of what constitutes “appropriate
security measures” under Principle 8 of the Act, these will be forthcoming. Much has been

_ wrillen by security consullants on what constitutes acceptable access conuols in operating

systems. Their views will no doubt be highly relevant to Lhe definition of appropriate
securily measures. Users have different access control requirements and are subject to
varying financial limits. However, by building in the facility 10 enable implementation of
security processing, the degres of control can be varied to accommodate both individual
users and future requircments.

India does not scem 10 have made any movc yet lowards a data prolection act, but in keeping
with Lhe international trends, it will possibly be haying one in the future. Alsoin view of the
tradition of English law, it is likely 10 be closest to the corresponding UK Data Protection Act
1984,

1.5 SUMMARY

In this unit, a number of concemns have been addressed, which are not readily appﬁrenlbqt

are likely 10 become morc important in the future. The unit begins with an exhoriation thai a

sysiems analyst’s raining is never finished, Since an analyst does not work in isolation,
some features of teams and organisation characteristics have been discussed. Systems have
‘1o be reliable but if the systems fail, anticipation of needs in case of disastrous failures have
been drawn altention 10. Issues related to law such as arising in software piracy, compuler
crimes and privacy, data proteclion have also been drawn attention to, so that the analyst is
aware of these considerations while working on the development of appropriale systems.
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2.0 INTRODUCTION

In designing computer systems, it must be bome int mind that they are meant for use
cventually by humans, and therefore, the way in which the system interacts with humans is
of great importance in the design of such systems. In the initial stages, when the users were

-few, this was not imponant but as information technology is becoming ubiquilous, the need
for more “humanc” interface is gaining attention in the industry. Till sometime back the
imerface was thought as going beyond data entry to direct data capture using OMR, OCR,
ete, and in terms of pen-based input, speech and gesture recognition, possibly a varicty of
languages such as English, Hindi, Japancse, Chinese, ete. and other inpul/outpat
technologies. However, in recent imes, a realisation has come that the top layer of the -
software programs has also a major component, Since this is the layer experienced by the
user, it is very important. The success of Apple Macintosh and ‘Windows have demonstrated
this and most software designers are giving nlmost attention (o iL

" This unit is of course a brief overview of some of the issues involved and by no means
exhaustive.

2.1 OBJECTIVES

After completing this unit, you will be able to
& appreciate that computers are meant for use by ﬁumms;
&« realise that there cannot be a single user-friendly interface;
. Iapprccialc the relevant factors in designing the human- machjne interface;
.

“appreciaie the human problems in an organisation moving towards informalion
technology; and

e pive adéquaw imporiance 1o ergonomics in the design of compuler-based systems.

2.2 THE WHAT, WHY, WHEN lAND WHERE OF
HUMAN COMPUTER INTERACTION

Human Computer Imterfaces (HCI) are tools for helping human beings and machines to work

together more effeciively. Every (ool used by human being has a human interface. When

one rides about in a Bicycle, the pedal and the handle are the interfaces through which riding )
the bicycle is possible. In the ease of a car, this may change 1o the steering wheel, the brake, 2
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the cluich, the accelerator and the specdomeler as constituting the human interface. Evea
when one enlers in a building by opening a door, the door knob is a human interface.

For automatically opening doors, the light sensing mechanism would be the human
interface. "

Tn the case of computers, the evolution of the technology has taken place at a really fast pace,
and in the enthusiasm and excitement of the new emerging frontiers, not much atienlion was
paid 1o ils being easily usable. The inner workings of most Computers were initially

accessible only to the expens who were well-versed in programming languages. Aquestion -

was raised by some people in the 1950s itself as to whether instead of training people in low,
medium znd high level programming languages, is it not possible to design computers that
would be able to communicate more directly.

It was ouly with the dramatic increase in numbers that was brought about during the P.C.
revolution that it was possible to seriously sddress the question. The effect of the PC
revolution was the emergence of a whole new set of tools for tasks ranging from
Word-processing, personal banking, management, decision support and onwards upto robotic
control. The other emerging dimension was that, instead of justa handful of specifically
trained programmers being the only users, personal computers began 1o be used by people
from all walks of life. Such as farming, retailing, manufacturing, commerce, enlcrtainment,
medicine, politics etc. . oot

HCI, therefore, is about understanding the task, user and environmental factors in order (o
design systems that can be used effectively by humans. This can be done by understanding
the factors including psychological, ergonomics and social factors that delemmine how people
operate and make use of the technology. Having acquired this understanding, the designers
have a role in secing that the computer systems meet the task in user nceds. The net resuit
would, therefore, be to achicve efflicicnt and effective interaction.

Tt is not always transparent and obvious as to, how the information should pass between the
human and the machine. In complex systems such as computers which comprise both
hardware and software, the design of the interface become even more complicated. Many of
us have had experience in using gadgets which were not easy L0 operale and gave prablems
because the user was not prevenled from laking action which was damaging for the .
equipment. It is not only in jhe use of gadgets that the human interface may be perceived as
difficult. Even in administeative systems such as doing the work in offices, in using forms, in
following procedures and in trying W get information or decisions which pertain ko one’s
problem, there are numerous instances of the interface being extremely hostile 1o the
prospective user,

While using computers, when a beginner tries to work through an operating system like

" UNIX or DOS, he is often intimideted by an unclear and cryptic error message or a sysiem

response, . .

In the context of computer systems, the challenge 10 the system designer from the point of
view of HOI is at several levels. At one level it relates 1o selecting the most appropriate input
devices such as the Keyboasd, Mouse, Light Pen, eic. for the task and likewise the most
appropriate output display devices, such as video, printed text, printed graphics bearing in
mind both aspects of colour and speed. Apart from (he physical object used for input, the
means of transfer of information, for example, by use of forms, query and answer based
languages, natural languages, comments Or graphic based struchires such as spreadsheats,

Icons, Menus elc. :

Whenever one tries 1o se¢ the advantages and limitations of the alternatives of the device
methodology that can be used, the approach has o be somewhat qualitative in nature. OF
course, HCI is also emerging to be a field in which quantitative techniques are now being
used in order to have a better confidence in the decisions that have been taken. In this brief
discussion such approaches relying on statistical and mathematical techniques will not be
referred to but it is still worthwhile enumerating some consideralions that the designers
would like to bear in mind when selecting the most appropriate input device.

2.2.1 The Task Features

If the 1ask is one where large amounits of the text are to be read from some other document
and cssentially typed, then the Keyboard is the most useful advice. If a more graphical
approach is to be used and a cursor on the screen is required to be moved around and
positioned for an operation to taks, piace then the Mouse is a better device rather than using

g re

= e

[ R




. the arrows'on the keyboard. If several objects have to be drawn on the screen of the user

then the Mouse too would be somewhat clumnsy device.

2.22 User Characteristics

In the same context one would find that young children are more excited and happicr trying
to use 2 Mouse. But users who have been wsing typawriters for quile sometime and are
comfortable with the keyboard may still prefer to be typing rather than trying 1o master a
new experience on a pointing device and fumble with the device while lzaming to use iL

| ‘2'.2.3 “Contextual and Environmental Factors

The lighting, the noise, the ventilation and-the gencral comfort in the working piacc is also
an important factor ta be bome in mind. Ergonomics js referred to a lite later in this oait
and is also a major consideration.

The benefits that accrue out of a good HCI implementation is an improvement in the quality
of work and oficn the benefits are largely hidden, intangible and unquantifiable,

But Management all over is now becoming more sensitive 1o the issue of quality as recent
success stories in other commercial and engincering products have proved beyond doubt that
cventually the customers perception of the quality of the product is what leads to it becoming
a success in the market.

In the preceding unit, it has been pointed out that team activity is an essential part of the
designing and developing compuler systems. As itis clear from what has been said about
HCI expertise, it is actually encapsulation of knowledge obtained from variety of difTerent
disciplines. Somewhat in the manner of what had been said earlier in tesms of what
constitutes the Knowledge and Skills Repertory of o good System Analyst, human computer
interaction also pun,lircs an appreciation of computer science, cognitive psychology,
ergonomics and veman factors, engincering, designing, anthropology, saciology, philosophy
and in many cases now artificial intelligence, .

As an example, let us consider the use of ATMs (Automated Teller Machines) which are used
universally {(and now have begun 1o make their presence in India) also as a device throngh
which transactions can be made by way of a valid card such as credit card. Humans interact
with the machines end the machines deliver the cash against credit cards. It was found thar
quite oflen the user receiving the cash left the machine immediately after picking up the cash
and forgot to take back the credit card. Designers responded 1o this problem by introducing a
change that required users to retrieve their bank cards before receiving cash. This was an
enhanced feature to overcome the problem of uscrs who inadveriently icft behind the credit
cards in the machines. The concept on the basis of which the device was improved was from
the principle that a “"task”™ (such as retricving the credit card) becomes more important 10 a
person if that task is “insttumental” o achicving the desired goal (such as receiving moncy).

The purpose of the section was 10 draw amention to the fact that while the computer
programmer would tend to look upon a compuler based system primarily from the point of
view of the functionality of the system, the aclual desi gn should bear in mind that it is uscr
centered, user participative, experimental, interactive and user supportive.

2.3 COMMUNICATING WITH COMPUTERS

We have experienced on several occasions, that information or instsuctions given by one
person to another person have sometimes been misundersiood and tasks incorrectly carried
out. When we use natural language for communicating berween human beings, there is
scope for ambiguity, lack of precision and possible variation depending upon Lhe contexr,
Natural languages have situations wherc the same word could have carried diffcrent
meanings depending upon the context and different words carry similar meaning, Words
which sound more or less the same to the human car can have entrcly dilferent meanings.
However, because the humans communicate with each other canstantly paying altention Lo
the tone of voice, the ficial expression, gesture, postwe and even the atlire adds 1o the.
messages being communicated. Even silence can carry messages. This is so because a
person at the other end of the communication activity is also capable of human reasoning and
interpretation and carries a lot of contextual information and experience.

Human Computer [nteradion
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Communication between humans and computer in contrast is primarily for the purpose of

-making the system camy out specific Lasks. The purpose of the communication is to convey
suitnble instructions to the machines and observe the machincs response (o those instructions.

The systems designer, therefore, has to make speciai effort for making this communication
between uncqual partners effective and fruitful, :

Computers have now pervaded many walks of life and, thercfore, the tasks for which
computers could be uscd may include-olfice procedural tasks, cngineering tasks, information
retricval tasks, updating of information tasks, controlling of operation tasks etc. The amount
of human interaction of course, varies with the nature of task and some of the considerations
that have 10 be bomne in mind while carrying out a task analysis would be

e 10 whaj extent the Lask is repetitive

the variation causcd by the eavironment in which the task is performed
variation betwecn differcnt occasions for pecforming the task

the rmque.nﬁy at which the task is carried out '

the knowledge expected of the user who is carrying out the task

the skills in which the use.r carrﬁng out the 1ask is efficient

the crticality in Gme of the sk

possibility of the safety hazards

whelher the task is done alone or ina group

whether the sk is carried ot for a long duration or there is switching between
scveral tasks.

Once these considcrations have been deliberated upon and their bearing to the particular
sysiem has been analyzed, they must be classificd into those tasks which ought to be done by
the computer and those that gught 1o be done by human. Of course, a iechnology oriented
designer would be inclined to automate more and more all the 1asks. Butan over-riding
gencral principle should be bome in mind that humans should do those iasks thal require a
high degree of intelligence or dexierity which they can carry out betier and the compulcrs
should be made 1o do those tasks which they can perform better than humans.

There is of course,  great variety in human chargcleristics and auitudes. Individual
differences such as gender, age, socio-cultural background, end up in creating a wide range
of human participative. It is, thercfore, obvious that one design may not suit all. For
example, the design of devices which are Lo be manipulated by hand, must bear in mind the
left-handedness or right handedness of the user. :

It is an interesting aside to know that although the first impacts of mass technology methods
was o foree a siandard degree of products and a consequent reduction on personal choice,
information lechnolopy based products have the possibility of greater degree of possible
customization and personalization because software can be made quite flexible. Many of
today's software hias have the possibilitics of seuing up parameters 10 suit one circumslances
and Lo that extent customize it and make il more specific (o an individual user’s nceds.

It has been seen carlier that communication of messages from the user to the computer is

- done by means of input dgvices, which can broadly be categorized as those which are

activated by limb movement and touch, and those activated by speech and those activated by
eye or head movement. Apast from the wraditional QWERTY keyboard, there are altemative

, design keyboards and also Mice, Light pen, Digital; Joy sticks, Track ball and data gloves

which are used as Data Eniry Devices.

The choice of particular device is intimatedly linked to the conclusion of the task analysis
carried out easlier. For example, where large amounts of lext entry arc to be done primarily
in a typing move, bul traditional keyboard on which large number of trained stall are
available would be useful. If more adhoc querics and short elements of text are 1o be entered
may be a keyboard in a diclionary style could be more useful. If the task involved primarily
pointing and sclecting from specificd jlems than the Mouses are very appropriate. :
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The traditional approach to writing of computer programmes was one of creation of data
files, results being obtained in form of certain output files as a result of processing. These
output files could then be appropriately formatted and possibly either on screens or as hard’
copies on a DOT matrix, Line Printer, Ink- jet or Laser Printer. The movement towards more
user friendly comniunication styles have created a de-facto standard of a dialogue style of
conversation beiween the human being and the computer. A dialogue with the computer,
therefore, consists of some instructions which are given in a specified form to the computer
'which may be by typing a command, pointing with the help of a mouse or for that mauer as
is likely to be in the luture, by simply speaking. These instructions are processed by the
computer and the result of the processing is displayed again for the benefit of the wser. The
dialogues can be carried out in different formats. It may cither be small dialogue boxes or it
may require the filling of a form by indicating values for different variables,

There is a constant movement towards making this dialogue easier for the user. The
traditional command language oriented style, which displayed cryptic and intimidaling error
. messages being replaced by more visually appealing menu driven approaches.

A menu is a sct of options displayed on the screen from which the selection on execution of
one or more of the options can be cartied out, and having made the choice results in 2 change
in the set of the interface. Unlike command driven sysicms, the user of the compuier,
therefore, docs not have 1o memorise names or even the first four letters of the various
commands. He should be able to understand the funciioning of each of the options or these
should be listed in the menu. Of course, for such systems to be really effective, the names
over Icons used in the display of the menu should be sell-explanatory (o a typical user with
the requisiie knowledge and skills for the sofiware. Typically, there s a permancntly visible
fixed matrix menu. Sometimes pull-down or pop up menus also are used by using the scries
of them one as what is called as a cascading menu. Although menus may appear at first sight
to be extremely atiractive and visually appealing, the experienced users may find it casier without
taking up lot of steps on the screen unrecessarily. Also being ferced (o navigate through a menu
10 armive at an operation may be not exciling (0 a user who would later prefer directly typing the
specific command. These cbservations have been made primarily to draw Lhe atiention Lo the fact
that, as has been said carlier, dilferent kind of users would prefer different approaches and,
therefore, there can not be just one single model or a user friendly interface for all,

Sprecadsheets with which you may alrcady have become familiar can also be thought of as an
intecface which is especially useful in instantly recaleufating through a table of numbers 1o
carry out a “what-if” analysis of different situations. Query languages such as SQL which is
discussed at grealer length on course on ‘Dalabase Management System'. Also useful 1o
non-programmers and for making adhoc querics with a rudimentery understanding of (he
database and the text of the Tanguage.

Communication by human takes pfacc through the five senses, and with the availability of
digitised pictures and speech and animated images, multi-media provides a very versatile
way of displaying and intcracting with information, -

The student may have heard of virtual reality in which almost a higher level of
communication zkes place and a user can interact with the system using a data glove, Adata

glove is a wired glove which cnables the wearer to touch objects in three dimensional space. -

It also conveys a cenain feel for the hardness, softaess and smoothness of the object that
seems (o be held by using the glove in this virteal space. The glove can also be used for
gesturing, Device like the data glove and computer systems depicting virlual reality arc very
expensive as of now'and they are basically being used for exploratory esearch programmes.
However, like the past experience in other aspect of computer and information technology,
the availability of these systems is also likely to undergo an important tremendous change in
terms of greater availability at lower costs in the future.

2.4 ERGONOMICS

Even before the usage of computers, variaus other kinds of automation devices have been
used in the office and work environment. The Lypewritcr, the telephone, the office furniture,
the filing cabinets are all part of a normal work place. It was realised carly enough that these
must be so devised as to be conducive to long hours of work. The discipline which concemed
itself with such aspects of work simplification came to be known as Ergonomics. The
sysiemn analyst must reatise that the basic ideas casry throngh into the deveclopment and use

of computer information system as well,

Human Computer [nteraction
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2.4.1 What is Ergonomics?

E.rgonomibs is the name given to 2 new discipline refated to work and work simplification
and derives [rom the Greek words (Ergon (work) and Nomos (law))-

The aims of crgonomics are primarily twofold :

(a) toimprove the efficiency of the interaction between the human and machine through
enhancing the effectiveness and cificiency of human activitics a work or at home.

" ®) to maintain the individuality of the worker by considerations of human welfare and

homan well-being in the design procedure, namely in arcas of health, safery, salisfaction
and comfort of the warker.

The study of human factors is multi-disciplinary subject and its approach lies in the
systematic application of available data sach as human characteristics in the design of
human machine systems, work procedures and design guidclines. The human
characteristics include the physical and psychological capabilities as well as limiations. A
typical set of ergonomics properiies relevant Lo the design and functioning of human machine
systems arc lisied at Table 1. The ergonomic properties in an integrated form determine the

averall efficiency, reliability and degree of human involvement in the operations.

Ergonomics esscntially is the study of the relationship between the human being and the
environmental factors affecting the physiological, psychological or anatomical state. For
example, the elfect of the lighting of an office on the efliciency of its workers fall in this
category. Similarly, the height of the computer operalor’s chair or the colour of the screen
may also be considered as part of ergonomics. Ergonomics considerations play. a very
important role for designing devicas involving physical involvement of human being. The
design of the driver's seal, the cockpit of an acroplane, the location of the kick starter on a
motor byke-all are supposed 10 be guided by the ergonomics factors like comfort, safety,
ciiiciency etc. In recent limes, with the proliferation of mechanical/electrical/ elecironic
gadgets- ergonomics has emerged as a major branch of study. Design of any human operated

device invariably kes the ergonomics factors into consideration.

Ergonomics, as stated earlier, also involves psychological factors. The impact ofany
cfficiency enhancing device on factors such as morale, motivation, emotional stability has 10
be analysed very carcfully. A device, as such, may increase efficiency. But, if these faclors
are overlooked, then it may be difficult to sustain it and in the long run it becomes even '
counter-productive. Efforts should be made 1 ensure that the device and the human beings-
operaie in a harmonipus environment. :

Controllability Serviceabilily Assimilation Habilabiliry
Distibutionof | Design foroptimal | Ease of skills for Machine operational
funclions between | operations, -operations and factors congenial 1O
operator(s) and-the | mainienance and maintenance of . ~ | human health and
human operatar 1eports standards for work capacity
playing dominant ' funclions ender

ole ' : normal conditions

Table 1: Ergonomic Properties of Human-Machine Systéms

2.4.2 Ergonomics in System Design

The fundamental approach and emphasis of ergonomics in system design is 10 consider the
human operator as an imegral part of the sysiem 10 be designed. The 1ask components are
allocated (0 the human and machine, in such a way as to utilise strengths and virtues of each
and to complement them cificiently through good user interface design. Achart showing the
Human-Computer strength and weaknesses related to office information activities is at Table

*2. A synergistic combination of the human/computer capabilities is also shown.




1 Office Human Computer  Human Human- Computer
Information Weaknesses  Sirength Machine Suwength . Weaknesses
Functions Syncrgy '
INPUT Slow Fast Computer Abletocap- Unable to

limited Yoluminous helps higher ture in Capture
auention Data valumits of original data, not
Inaccurate  Accurate data, Himan  form,can  computer
Blaseda Objective  inputs non- shift readable,
compuler control as all actions,
readablé data  -needed prespecilied.
PROCESSING SlowInac- Fast Human creates  Creative Prespecified
curate Accurate aliernative -
Limited . Large options,
Capacity Capacity Computer
calcolawe and
. analysc
STORAGE Retrieval Retricval Compuler Can create  Pre:
Inaccurate - accurate reduces sophisticated spec
Restricted  human retrieval actipns,
cucs but memory tasks cues - simple
quick 10 a fow . Inflexible
retrieval simple cues, retrieval
Human - CHes .
provides
sophisticated
links 1o cues
o enable
speedy
_ retrgval
' QUTPUT Slow Fast, High  Machine Many com- Limited
Limited Capacity enables munica- variety of
Capacity,  accurate Human to tion modes output
inaccurate, consistenit  produce many
inconsistent high quality -
outputs,
Human .
communicate:s
subtle aspects
of computer
outputs

- Table 2 : Human Computer Synergy

Check \'n;.lr Propress

1. Deling the lenm erzonomics.

r

2. Wlention three safe; mards van + auld ~zcommend during <ysicn design to cnsure Lthe
srgoncmic propeny ol service : bility of computer hardware and software,

(No model answe: is piven,)

Human Computer Inferaction -
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2.5 HUMAN PROBLEMS IN THE AUTOMATED
OFFICE _

'The complex structure of information technology changes the way people work. 1t affects
organisational structure, worker's job content, decision making, the intcraction pattems, and
the physical environment with far-reaching consequences. The assessment of the impactof .
these changes should encompass Lhe complete operating environment of the syslem. It
should include not only the workers and operating personnel, but also the people like clients,
customer and the socio-technical environment which are external 10 the sysiem. While
inroducing new lcchnolngy.'dFue regard 10 organisational nceds and user requirements will
ensure smooth trarsition as well as acceplance and assimilation by the personnel. The
projected benefits and productivity gains through automation would not be realised if
insufficient atiention is paid o human issues.

One critical variable alfecting the success or the lack of success in office automation is user
acceplance., No matter how technologically superior the cquipment is, it is a failure if users
reject it. It is noted by systems analysts that the rate of changes due 1o inroduction: of
technology dopends significantly on the degree to which technology will be adopled within
the organisation by the dilferent users, The impetus for automation should be focused more
on the user requirement and reaction than purely on the technological capability. Therefore,
it is essential that the role of ofTice automalion should aim at functional- intcgration: of the
three components of the system'i.e. the peaple ((he office worker and user) the organisation
and the technology.

‘We will, however, confine our study to the human aspects i.¢. people and the organisation.

You will see that alf the office structures are closcly interrelated to the objectives of the

- prganisation which the office supports. Therefore, the systems and procedures in the office

will necessarily have to suit the organisational requirements. More importantly, since
workers constitute the primary resource in the office environment, human aspecis neid to be
considered wilh gregt seriousness. It should be noted that the worker in the office is both an .

‘individual and yet a part of the organization and has 1o be recognised from both these angles.

First, lct us consider the individual worker.

(2) Individual Worker : The first consideration is whether the technology change involves
any physically harmf{ul effect on the.individual worker. For example, prolonged exposure Lo
VDU (Video Display Unit) terminal has been known Lo generate mental and physical hazard
for the user. Visual fatiguc and deterioration of cyesight are also common problem ustaally
caused by improper office lighting and poorly designed VDUs. Many operators suffer from
muscular injuries and strains relaled to poor postural positions due to poor worksiation
design. Whilst poos working condlitions and environment may present immediate hazards
some problems may not immediately take effect but only over a long period of ime.

The psychological problems of mental health and job satisfaction of workers may also be
affected by new technology in the office. Some people who work with computers find that
the difliculty to leam and use the machine as being restrictive and intolerable. They may
also find that the software tools they use do not satisfy their task requirements. At Umes, *
hostility towards using compc ters may be generated by early raumatic and embarrassing
cxperiences. While staning t¢, use a compuler, a user may make some ¢rrors that canses
situations like wrong billing o : incorrect printing of payroll, causing pullic ridicule. This
may very well leave a lasting 1:cgative attitude towards the machine. .

Changing work patterns as a result of implementing new lechnology does not necessarily

lead to productivity optimizaticn. While the workers, try [0 adapt 10 new ways of warking,
changes in procedures may be 1iecessary to formulate efficient working pattem. Work stody
techniques may be used for such re-siructuring.  Now let us consider the other human aspects
i.c. the organisation.

(b) Organisational Aspects : Cin the organisatioral side, some workers Imay perceive the
new technolopy as an 2djunct to their jobs, whils’; many others may resisi. possible changes 1o
their ways of working. This is ¢ aused due to changes in the nature of job and responsibilities *
which necd additional training #nd skill. This iri tern affects work procedures and the
structure of career and reward sysiems. There may be changes in power, influence and status
of personnel depending on the ievel of access to information. Security and privacy issues
have also become imponant especially when sensitive infarmation is stored in a computer.

T




In an avtomated system, work may appear to become depersonalised, fragmented and Human Computer Interaction
restrictive. ' Workers may.miss the petsonal contact with their work and its associated '
challenges. ‘The boring and repetitive nature of an automated system thus, may cause stress,

strain and resentment. Problems, such as these may result in many organisations suffering

from —

3] ' Increased Tabour umover, absentceism and lo\;.r motivation
(ii) Increased probability of first errors and eccidents '

(iii) Increased lethargy and higher mcdjcal cosls as a result of work related illnesses
and injuries.

Many organisations have learnt that imprevement in office ergonomics is not just a means of
preveating work place from health-hazards but it also makes sound business sense. 'What is
now better recognized is that through adjusting to organisational work environment and
improved work stations design, can boost productivity. Office automation need not
necessarily have a negative impact if properly inroduced and implementzd and the primary
lacuna of lack of attention iwards human issues ig overcome.

2.6 DESIGNING HUMAN-MACHINE SYSTEMS

An integrated approach is essential 1o overcome the design complexities of human-machine
sysiems. Differcnt environmental factors aflecting the performance of individuals as well as
the organisation must be analysed carcfully. Apart from this, a strategy must be formulated
to test the system before it is adopted for pracucal applications. Let us consider the
environmental factors first,

2.,6.1 Environmental Factors

The environment of the entire system can be broken down mto smaller sub-systcms, We will
consider these sub-systems one by one.

a) Human-Machine Environment : The statemeént of objectives for a human-machine
system design should defline the acceptable range of inputs and outputs of the systems
together with their temporal relationships and response limes. The system has lobe
separated or broken dowm into functional components which again are aflocateq to the
human or to the machine. The approech (o job alloiment [or human beings involve a series
of activities. These include drawing up job specifications, deciding on the level of skill and
the requirement of training as well as the selection process. The next step is to design the
human-machine interface, The human and the machine have to be matched to form an
integral working unil and ¢closc attention must be paid to the area of contact or interfr. 2
between them. The design of interfaces should combine the strengths and counter the
weaknesses of both man and machine jn a complementary way o get the best out of the
combination, ’

For example, the information output of the machine must be adapied to the ways in which
the human can receive information oulputs through visual, auditory or through other means
in most efficient ways, Similarly the ; onirol input devices of the maching should be adapted
to the physical cumut of ‘the human, |1 systemn should undergo through trials and pilot
swdies for proper avalvation and fer h k should be conducted before inroducing for
praclical ap phcauo as.: .

b) The Organisathna] Environmer ¢ : While designing system, apart from human-machine
envienment, the ¢i:sign must take ix 'o 2ecount, the organisalional environment. An
organisation is chziactzrised by perse nnel who form the user community of the system.
During System det.ign phase an early interaction with the user should be brought about and
the user sheould be: involved in the (4 zig- process. Simulalions and prototype designs should
be tested by users, and system perfamances correfated through tests specifically designed.
User involvemer. is a key element -of Ui design process. The effectiveness of the user
involvement def+.nds on the degren: and. lepth of participation and influence the users have
on the design pr: cess. The traditional aj; yoach 10 design was w cary out the design and
implementation | wough specialist, The Jominant theme inThat approach is to pul together a
working technolepical system, The rsuli is that ofien user neads are not even taken into
account. QOther ¢ #sign approaches su,)\7est user participation and specially definition of
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needs by users in drawing up requirements specifications, User participation and user
involvement in the design process does not always guarantee improved user acceplance. Itis
important that the users are properly represented and the representatives are encouraged 1o
participate in design decisions in an objective way without fears or peer pressures. Users
should also bé helped to understand the design alteratives, limitations and constraints.

(c) The Physical Environment : The preferred approach shovld be for system design fiot
only 1o involve practica] applications of economic principles but also consideration of the
physical eavironment. The three broad areas which are covered in the physical environment
are —

(a) the workstation environment,

(b) the human machine interface, and .

{¢) the office environment

The workstation enviranment covers three important areas of design consideration which are
the workspace dimensions, the arm’s reach and movements, height and the distances. Work
surfaces may have to take into account the nature of the work carried out $o as (o promols
proper working postures, One of the objectives in the application of anthroprometric data in
cquipmeént design is 10 enhance the possibility of maintaining postures.

(d) Office Envlronment : This includes noisc, lighting and thermal conditions, office Iayout
and design. Noise has high attention drawing properties. It can affect tasks that require .
vigilancs, speed, accuracy, concentration and memory. Although some noise in office
environment is tolerable it should not exceed 60 decibels. If required, noise may be
regularised and minimised by using sound absorbing insulating materials such as stands,
supports, panels etc. and through physical isolation using sound masking systems and so on.
Good lighting increases normal eflicicicy and reduces visual Eatigue. In the video
workstation environment, lights should not be direcily visible nor in the direct line of vision
when viewing the vidcos, neither should light be reflected off the video screen. The
reflecting levels of walls ceilings, and floors are affectzd by the type of surface. These
should be considered white designing office lighting. The environment should be regulated
to provide a suitable temperature 21 to 25 degree centigrade and humidity of 50 to 70
percent. A good office layout and design may help'to promote a pleasing and comfortable
working environment using both special layout and design of open plan offices eic. A chart
stipulating some guidelines for ergonomic design is at Table 3. These are broad-based
guidelines and only indicate desirable characteristics. These can be adopted suitably in

relation to your environment, objectives, weather and the function of your organisations.

Work Space Considerations

Work space for operations and mainienance

Oplimal space organisaiion . .

Levels of natural and artificial illumination for operations and maintenance.
Permissible Ievels of acpustic noise | o ' _
Safery devices .

Placement of Terminal.\demchable Keyboards, Tillable screens, Working position an
adjustable chairs, back rzsts, movpble seats, wrist resis.

Reach
Anthmoprometric data
Visual Information (spatial characteristics) -
Optimal angles 30 -40 degrecs for perspectivi images
Horizonal plane 50-60 degrees fer plane imag s
90 degrees head and ey inovement
180 (slow) head and eye s iovement
Vertical plane 15 degree horizontal
- 70 degrees meximuom for eyes only -
<90 head and ey28 measoreiuent !

Screen-ohserver dist;nces 2/2.5 5 width of screca (small serzen) 8 X widih of si:reen (large

_ screen) orange phospor characters on Light brown (amber)background mare reatlable,

v o eyt ] Lo




Enwronment

VDU's Lighting should be shielded to prevcnt reflection on the screen. Use of anUglam
shields.

Aclear, stablc nnage should be provided on the screen. Luminescence contrast 3:1 with
office lighting, :

Lightiag Office wotk typing, lighting 500 lux (< 1.5 forimons over 50 years)

Static Electricity (or Electrostatic discharge)
—  Printers, terminals and video display may be aflected.
—  Use antistatic spray

Temperaure @ . 20°C

Health Hazard - @ Viewing of CRT: .15 minutes break after 2 hours of moderate work.
15 minutes break afler 1 hour high demand wark -

¢) Job Environment : If human issues are not considered in the design, the impact of new
technologies may Iead to routinisation in implementation and fragmentation of jobs, Job
design is basically meant to promole greater job satisfaction, higher work motivation and
betier performance. Changes in skill requirements mean that current staff may need to
undergo training. User support should help users to adjust, adapt and Jeam changes in their
Jjob responsibility. Rewards, career development and incentive schemes should be devised to
accemmodate this. The computerisation of manual tasks should not leave the workers with
1asks (hat are dull, boring and insignificant, If new jobs are redefined the job content should
continue to be meaningfut and result in some significant output. These are nsually achmved
through mechanism such as job rolauon job entargement and job enrichment.

2.62 Human-Machine Interface Design

Alter the study and analysis of the components of the total environment, let ns consider the
factors for designing a human- machine interaction.

The design of the heman machine interface is one of the mast important aspects of system
design. Agood interface dcsugn should take into account the follomng factons :

a) Usercharacteristics ; It includes consideration of the Xinds of users who will use the
equipment, their diverse backgrounds and skillg, Lhe user expectations ag well as their
physical characteristics. ‘The users who posses high degree of skill often prefer more
powerful functions which usually means greater complcx:ty Unskilled operators, on the
other hand, would prefer simple functions which are easier to learn and use. Stereo-type
expectations also alfecls the users perception as to how one thinlksg the system will
behave, .

b) Task characteristics : The nature of users tasks differ and therefore the need for
specific kinds of services from the system. For example unstructured tasks nsually
require a more flexible mode of interaction Lo meet the varying needs of nsers as
opposed o structured task which are more predictable and repelitive, The scquence and
frequency with which certain lasks are performed will also affect the optimal deslgn of
the user intexface. :

¢) Functional characteristics : It refers 1o the various functions required Lo periorm the
tasks and the ease with which Lhese functions can be lcamnt and made use of by the users.
While ascertaining the functional characteristics, the support facilities required to
perform the functicns, also need to be leken into account. These include facilities like
maining, on-line help, documentation, expert systems, etc. The other aspect of
functional characteristic of a system is its performance criteria like response time, fault
tolcrance, ete.

Although traditional applications of ergonomics have been a guiding principle in hardware
design, similar desigr principles are applicable to softwarc design, especially that of the
software user interface. The software should provide an interface in the system to eneble the
uszr 1o perferm the tasks efficiently and effectively, The human factors guiding the design of
the software interface is a challenge to design as the interaction between the vser and the
system is much more complex than in the static hardware interface. Whilst software
initerfaces are much more dynamic and interactive, the mental and cognitive processes of the
user during interaction still remain as gray areas. Consistent with stability, provision of

Human Campoter Interaction
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to use any other program and the consequences of human cror.

2.7 SUMMARY

In this unit, you have been able to have a glimpse of who works at the oier end of the

compum—ahuman.andeaseofuseisamajmaspectofsymcbsisn.

Wheiher it is inpat-output devices or the software interfaces, it is brought out that differcat
pecple react differcnily. There is therefore no such thing as a single user friendly interface for
all

Tﬁcrdemunfugonunksinoﬁmaummionsymcmshmalsobmdmwnanmﬁmm.
because this is the most common application of computers and affects a Large nomber of
PErsons. : '

Human-Computer Interaction is now a flourishing topic with inter-disciplinary inputs and
suppmﬂ-omvmiomindusu'yquanﬂ's.asitisnotpauivedtobemialmﬂweﬂ‘ecdveusa
of computer based systems. )
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3.0 INTRODUCTION

Multimedia is a new technology bomn, in this world of ever changing and demanding
technology and diversifying world of computer. Since Jast few years, it seems to be much
sought after and talked about, not only in the werld of Information Technology, but also in
verious functional fields like advertisement, corporate sector, cinema, fashion design and
education, to name a few. More and more research work on this new technology of sound,
animation and text, is making it better and better with every passing day. It is one of the
most realistic way of working even for a computer literates, where it 1argets people from:
almost all ages of life from a toddler to a aged one. In fact it does not have any upper limit
for its target audience,

3.1 OBJECTIVES

At the ead of this session, you would be able 10
& understand the basic concept of mullimedia
e appreciate multimedia as a new chapter in information technology

® identily hnd deécribc various components of multimedia like, sound, animation and
graphics .

underitand various hardware and sofiware for multimedia

describe how images and sound works in multimedia.

1

—t

3.2 MULTIMEDIA - THE CONCEPT

You can call it by any name, multimedia, intellimedia, hypermedia or newmedia. In its
simplest sense, multimedia means the combination of the text, sound, and graphics. But no
body is sure, whether it is a computer itselll or a compuier sofiware product. In practical

. Sense it is the combination of both, And the fact remains is that it has the best potential to be
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one of the most powerful form of communicating ideas, scarching for information and
expericncing new concepl of common media ever developed. One might compare it with the
conventional form of media which also uses sound, graphics and text like TV, audio elc.
Every program you s¢e in TV is'a combination of all these. Bul ail these media elements can -
nat be atuributed to multimedia, because they do not have the interactive feature. For
example a multimedia version of news bulletin would be that where you can request the
broadcaster the type of news you arc interested in and when you want to hear it And witha
press of a button or a click on mouse you ¢an hear the news.

Non-availability of a wide range of mullimedia products in the market might be one of the
strong reason that it remains a mysiery to the gencral public. But if you think a bil seriously,
you can se¢ ong way or the other, multimedia has started creeping into our day to day life in
various form, and information has staried becoming available; in the digilal format. And
when the information is stored in the digital format you have lot of flexibility in handling il.
Tt can be edited according (o specific requirement and produced in various style and Laste.

Use of multimedia in various application can be justified by the levels of the user

" friendliness, it provides to its user'wilh its interactivity and customization. Multimedia is

widely used now a days in various applications and business is one of them. As the market
compelition is increasing with Lhe introduction of belter products in Lthe market everyday, it
has become absolulcly necessary to provide better service and timely. information Lo your
client in a brief, precisc and more understandable manner in 2 short time. It provides various
ways 10 maintain a compelitive edge for a company specially in training, market speculation
and wend and public relation. The interactive feature of multimedia, brings life back 1 the
business prescniations, where one can present various aspects of a business such as,
marketing plan for a new product, its impact in the market, consumer reaction ele. -
simultaneously or even you can combine all these o make the assessment of the consumer
feedback on the product launching. The information which is digitised in multimedia makes
it more assessable as compared to the conventional way of presentation using vidco, chart
etc. where you cannot edit or modify whatever already video wped. Even if you do it, the

_ cost involved will be high. Now a days many business organizations have already staried

creating powesful databases that can store and distribuie digital media as easily as text.

Another critical application of multimedia is educational sector. It enhances the education
quality with its theory of naturalisL. It provides new way for teacher to encourage one of the
most rare and imporiant element of Iearning i.e. curiosity to know and explore. Topics can
be linked with other related information as possible with graphics, text and sound (may be a
lecture session from the subject teacher and so on). Wilh a large screen projector and a
multimedia playback system, teachers can'use mulimedia as a way 1o enhance their standard
lesson plan and stimulate questions. On the other hand siudents will be able to {urther
cxplore the topics using standard multimedia platform. And the assignment which requires
students to make their own intcrpretation of the fact, as represcnied in the multimedia topics.
There are several application possible in the arca of cducation using multimedia. To fully
explore the use of the information technology in cducation, definitely the use of multimedia
in education would g0 a long way.

In a complele sanse graphics, text and sound is the essence of multimedia and it provides the -
user friendly environment with most flexible interactive facilities.

33 MULTIMEDIA - DESIGN, PRODUCTION 44D
DISTRIBUTION

Al the developmental works based on theee basic principles; planning and desifm,
producuon and distribution or the final product, so also multimedia.

Planning/Design — Production — Distribution _

3.3.1° Planning/Design of Multimedia

During the initial design phase ali the aspects of the related muliimedia project is carefully
thought about and planned well before the production started. Every key elemen:. involved is
discussed. There aré various tools available to plan the project. A flowchart is one of them.
Tt is one of the most commonly uscd too! o prepare & blue print of the planning, organizing
cverything during the design phase. Tt shows how all the elements invelved in ke project are




related to each othe - with adequaté information about their controlling leatures.

Like any other video program or movie, multimedia programs requires a script on the subject
involved in the project o work on and to kecp track of the elements in the show. The script
and flowchant works together Lo provide a prirted version of text, graphics and sound used in
the production of the multimedia program.

332 Production of Multimedia

The process of creating Lhe related media elements in a multimedia project including
graphics, sound, animation and digital video is called production. In multimedia all these
creation of media elements, can even be independent in terms of tools used to produce them.
For example graphics elements are created independently using various computer graphics
package such as pamtbmsh 3D studio cic. ‘These are created and modified accordingly so as
to work under various mulimedia platform. All the scenc of the project is digitised arid
edited into various sequence and when the digitised video sequence has all the reguired
scencs, titles and transition from one scenc to another, they arc comprc&;cd as to playback in
the required speed and pre-defined sequence. Similarly sonnd and music effects relevant to
the project, and digitised scene sequences are crealed using digital recording system and
MIDI (Musical Instrument Design Interface) equipment in a music studio, edited and
recordcd in the computer 4s a digital audio file. All textval matter in project are edited and
“onvested into ASCII format and then modifies Latler o and placed in the appropriate
location within the scene sequences.

One of the most important production 1ask in a multimedia project is regular checking of all
the sequences. And this is very truc in case of creating a mult.media program for CD-ROM,
because a2 CD-ROM can only Iransfer data to and from computicr ai a fraction of speed of a
regular hard disk drive.

Once all the related media clements are created and digitised according to the specifications,
then comes the final stage of the production process i.c. _;ommg or combining these media
elements which is also known as authoring. This process is used to join all the independent
media elemenis such as graphics, iext, animation and sound to produce an interaclive
framework. And all the westing and debugging of the entire package is done at the smge
bcforc putting them into various distribution media .

‘The first step of authoring is to bring all the independent media clements used in the
multimedia project, as each of them are developed using various graphics, audio, video and
animation tools.

Once all graphics, text, enimation and digital video arc combined together, different
relationship and actions for each of the media element can be worked out by adding
interactive control. When multimedia program is exccuted, the interpreter part of the
authoring program takes all necessary commands and relationship that has been defined for
each media elements and convert them into binary code or machine code that computer
operating system can understand, The converted program is then execuled by the CPU of the
computer system, which send out instructions 10 the system to play (he music or any audio,
display all the lext, video and animation and also excoute any extemal commands is defined.

3.3.3 Distribation of Multimedia .

Once all the media clements are combined together using authoring software they are
bundled into package and stored in various slorage media for distribution. Creating
rultimedia package for various platform is cne of the most cruzial stage that multimedia
procedure face today. There are many platform available for multimedia, each of which has
, their own advartages and disadvaniages. To work with full potential, multimedia package

" need 10 be available in as many platform as possible. Various storage m(—xlla used to store
multimeuia package are CD-ROM, Interaciive laser Disk eic,

3.4 COMPONENTS OF MULTIMEDIA

As already discussed, multimedia is a combination of sound, text and graphics, which are
- also the essence of the multimedia. Printed matter continue to be the most common form of
conventional way of putting the ideas and with the electronics publishing technology it is
possible 1o produce better printed material but they are static and non-interctive in natare in

Intreductlon To Multimed)a
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the sense (hat sound and motion can not be added w it to give it the inleractive feature. But
this is possible in multimedia where lextual matter can be combined with motion and sound.
All multimedia disk contain some amount text, and even some might contain a large amount
of textual mauter, in various type of fonts and type size to suit the professional presentation of
the multimedia software. .

Another important and interesting components of multimedia is graphics. One of the very
basic facts in multiniedia production is that, people do not like reading large amount of
textual mater on the sereen. And also it is a fact abouwt human nature that a subject is better
explrined to them when represented in pictorial or graphical form, instead of texwal matter
i.e. graphics are used more ofien than text 1o explain a concept, present background
information ¢tc. : .

Unliko‘text which is represent in universal ASCII format, graphics does not have any single
agreed format. To start with there are two different ways in which graphs or images can be
described, Bitmap and Vectors. .

"34.1 Bifmap Image

A bitmap image uses the pixelor dots on the screen o form itself and the size of such a
image depends on the pixel density and number of colowrs it uses. For examples fora
standard VGA screen uscs 640 x 480 i.e. a totd of 307200 dots or pixels to display an image.
If your image is in black and white, then only one digital bit is required 1o store this
information abcut the image for each dot (0 for black and 1 for white), and the position of the
dots can be taken as the order in which they are produced, As a byte is consists of 8 bits, one
can store a black and white image of this type in ((640 x 480)/8) = 38400 bytes = 37.5KB, so
imagine the starage space required to store all the images involved in the multimedia
production. If you are using color for the images then the size of the bitmap image becomes
larger depending upon the number of color used. A standard VGA which uses 16 colors
needs 4 bils of siorage to store the information, so only two dots can be coded in a single
byte. Hence ((640 x 480)/2)=153600 bytes of space is required (o store a single image with
16 colors. Similarly for a image with 256 colors (8 bits per dot), 32000 colors (16 bits per
dot) or 16,000,000 colors (24 hit per dof) s'>rage requirement will be very high. Soa
standard image with 16 colors will be ideal solution for a low costmiultimgdia package.

 As discussed, bitmap images are stored as large files and you require large amount of disk

space 1o deal,with it. To avoid this canstraint, the images can be compressed, which make

the use of the fact thet many entry in a bitmap file has repeated information or contain very

i .. But there is-no single standard compression method for image files: There
such as PCX, TIF, BMP, GIF eic., in which'images aré stored. - :

342 Vector Image o , _
Other format for storing images is vecior or object oriented format. In this format, an images -
is formed as a set of straight or curved lines instéad of dots. ‘A line canbe represented by a

mathematical-equmtion, whose number can be stored as set of bindry codsg, Because this

form of coding is potentially more ¢conomical bf disk storage space.” Thie drawback is Lhat it
requires software is calculate the number 1o form the image and also it is very time nking.
CAD can be one example for this type of sofiware. A vectlor image file is always of the same
size no maticr how lafpe the image is. For visual-clarity this type of image depends on the
quatity of the display media. . T .. L T

There are several lechriology and souirces available to prodece images or graphics for
multimedia package. Image can be created in Paint program, scan photographs using a
scanner and hang drawn artwork-generate 3D graphics and animation using various
sophisticated softwaie. You can combined these images using images manipulation program
which can combined many different ypes of graphics files, o create new images. '

3.4.3 Animation = .

Animation also plays as a vilal past of the multimedia program. The dedicated hardware and
software built inlo the sysicin increases the animation speed. Like a movie, an animation is
just a continuous series of still images that arc displayed in a sequence, There are mainly
two types of animation used in multimedia, namely 2D and 3D animation. 2-D animation
which also known as cell animzation is the most common kind of animation, where flat
images are drawn one frame al a time, This process is very time consuming but result
obtained is spectacular in namre. Computer animation has increase the'efficient and result of
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cell-animation with inroduction of wide ranges of color and speed. In 3-D animation a Iniroduction To Multimodla

muthematical model of a 3-D object is created to realistically portray with depih. Now it has
become a common.media element in film, video and multimedia packages. A 3-D animaticn
follows mainly three steps; modelling, animation and rendering, Of these three first two are

_crucial and take long time to finish. Modelling is the design phase where a 3-D object is
created. In a2-D animation an object can moved up (called Y axis) and sideways (called X
axis). Butin the case of a 3-D model, a third axis is used; depth or the Z axis. Oncean
object it created along-these three axis, color, shading and light source can be added to Lhe
image to make it more realmuc

In the second phase, the 3-I images is moved along a motion path, which is defined using
key frames of the animation sequence. These key frames are used to create the inbewween

frames in the sequence automatically,

And in the final slage, the entire sequence in render to create a 3-D animation. Blending
texture maps into the model to add realism causes one of the main slow downs during
rendering. A lexire map is a wallpaper for 3-D models, in which a graphic image is
wrapped over the surface of a model.. When a 3-D animation program renders an images, it
mix up intimately all the colgr, shade, texiure maps, light source and surface attributes in
each frame of the 3-D animation sequence.

3 4.4 Morphing and Warping

Beside animation there are some special effects used in muliimedia. Morphmg and warping
are two commonly used special effects. Morphing takes two images and seamlessly changes
one images to another. The second image acially seems to'grow out of the (irst oné.
Morphmg can also be used io show Lhe pace of changes more clearly than photos. Warping
is variation of the morphing where one images is used Lo show various changes that {ake
place, It uses the key points of one image tocreate different efMects, instead of mixing up
Lwo images.

3.4.5 Digital Audio

Digitised audio is used as means for providing an interactive salution to the multimedia. 'ic
most commaon reason for using digital avdio in computer is so as 1o be able to use mullimedia
in its full potential. The most commaon equirement is to be able o mpul sound such asa -
spoken commentary on an image or a document.

As all of you know, sound is a repeated paitern of pressure in the air and a micmphonc
‘cenverts a sound wave into an electrical wave. The shape and (requency of 1he electrical
wave is identical to the shape and wave of the sound wave and the clarity of what we hear is
entircly depend on the shape and frequency of the sound wave. Sound can also be recorded
and reproduced using digital signals and the crrors can be reduce drastically in digital
recording of the sound. As in case of the video, audio has 1o be convened into digital form to
produce digital audio in order (o use it in the multimedia. And the digital audio system will
then reconvert the entire digitised audio into analeg form, which can be heard on the speaker.

And this two way transformation of audio is known as analog-to-digital conversion. But the
storage space required for digital audio is huge, something around more than IMB for one
minute of audio. The entire process of digitisation is a simple process of converting analog
or elecirical signal of airdio W a computer data file in the digital format The microphone
(which is normally used for recording} convert the voice into elecirical signal or analog
audio signal. Then the analog signal is passed inio the audio input of a digital card or sound
card (discussed later in this unit). Once inside, the signal is fed into the analog-digital
converter, which conver the aralog audio signal o digital form and siore it as a compuier
data file. Playing back a digital audio dara file is just the reverse process of converting
analog o digital. Once the digital audio file is send w the sound card for playback the file is
channe{ through a converter and only the digitiscd version of the original file is converted
into analog and put into the speaker. As constant or frequent conversion can reduce the _
sound quality, it is always advisable to keep all nudlo in digital format while working on a
multimedia program.

3.4.6 Digital Video

Digitised video is cne of the many technologies used {8 the &e-Velopment-of interactive

multimedia. It is one of the way o play back and record video in multimedia program. It

ollers a wide range of flexibility as compared to standard video signal. Unlike regular video, 37
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quality of imape woald nol defrade from cap:g to copy. Asdigital videais made upofa
digitul code and not an electrical analog signal, it contain the exact information as in the

' ‘original. However the final output depends on how the video images converied to digital

form during the development phase. Video come in from an external source either from TV
or VCR or camera to the video digitiser card inside the system. Some systems use card
which has dual function for both audio and video digitiser conversion, The process of
converting analog video signal 1o digital format is called sampling. Using this process the
converter card in the sysiem converts or process the analog vidco signals into digital data
streams so that these signals can be stored in the binary data structure format of is and Os.
The size of the digital data file is then compressed W a considerable amount using some
compression program. During this process the digitiser fuscs the digital video into a digitat
movie format and save that all the section of the compressed movic format in the hard disk.
Once the conversion and compression process is complete, the file ¢an be played back on the
compuler screen. These digitised files can also be edited according Lo requirement using
various video editing software.

3.5. SOFTWARE AND HARDWARE FOR MULTIMEDIA

By now it must have been clear 16 you that, sound, text animation and graphics are the
integral part of a multimedia softwarc. To produce these media elements, there are various
software available in the market, such as Paint Brush, Photo Finish, Animator, Photo Shop,
3D Suidio, Corel Draw, Sound Blaster, Master Blaster ctc, Software are also available in the
market to combined these independenily creatcd media elements, such as IMAGINET Apple
Hyper Card, Script X ete. .

3.5.1 Software for Multimedia

Among various Lypes of software for creation of gfaphics. animation ete, Designer, Corel
Draw, Picturé Publisher, Photo Magic, Animator pro el¢. are most commonly used programs,

Designer is one of the professional rated drawing and graphics package for windows which
is also availuble in OS/2 sysiem. It is specially meant for graphic arlists, technical
illustratars and has a wide range of drawing 1ools and powerful text handling feaures,
Similarly Photo Publisher is a professional photo retouching or image editing package
designéd 1o enable to fetouch and enhance photos faster. It has powerful masking and
retouching 100ls and more than 30 special effects and filters. Ithas an image browser,
precise scanner, printer calitration, 3 stilching tool and over 50 ready 10 use texture and
image.

Similarly other multimedia related software also works on the same type of working
environment, but they have their own-feauures Lo experiment upoil. -

3.52 Multimedia Extension in Windows .

Al these software do not have a standard platform. To provide ali PC the same standard 10
multimedia, Microsoft developed multimedia extension for Windows operating environment.
This feature add several multimedia capabilities 1o the Windows operating system, including

Resource Interchange File Format (RIFF), a standard format for oioliimedia data, including

Bitmap graphics, animation, digital video and audio recording and playback facility for
digital audio,- It also include MIDI (Musical Insteument Digital Interface) files and MCI
(Media Control Interfact) to interface 2 wark with extemal devices such 8s CD-ROM, Sound
card, laser disc players etc. Mostof the muitimedia extension software for windows works
in the background. The utilities like MIDI mapper, sound recorder and media player are the
direct interface to the software scctions within the mullimedia extension for windows.

Most standard window graphics are fimited 10 256 colors if it is not intcsfaced with arly .
external custom software and graphles'card.. All external devices outside the multimedia
extension for windows are cantrolled by MCI for windows. The main interface to MCI is the
media player whick in turns contsol any extemal devices such as CD-ROM, Video Player,
Laser Disc Player eic. Whereas sound recorder ulility provides Facility to playback and
record digital sudio as WAV files, directly inio the PC with the external sound device such

as-sound card. Tt has the function like start, record, stop, play elc. using transport conlrol, - -

Similarly MIDI mapper makes sure that cvents that are specified in the MIDI file are sent Lo
the comect MIDI instruments, ’ ;

T L N




The producticn of CD-ROM slarts as a glass plate, whose surface contain no deformitics that

The video for windows is an external set of software works along with multimedia extension Introduction To Multinedin
for Windows. It has the feature for video digitised recording, playback and editing
capabilities to the multimedia extension for Windows. The videocap utility of this software
is used to capture the video and audio clips using external hardware. The<€apiured scquence
can be viewed in a number of different sizes and sped and also difTerent color palate can be
created from individual frame. Once eaptured, the entire sequence can be edited frame by
frame according to the requirement. Video for windows has four different types of editing
features named as VidEdit, PalEdii, WavEditand BitEdit. As the name suggests VidEdit is
used to cut and paste captured video segments together, WavEdit is the feature work with the
recorded digital audio and helps you o edil it. Where as PalEdit is the work with the color
palates within the captured video to improve the color, BilEdit helps clean yp the rough
patches in the images. It also has the interface to the media control panel to control digital
video files, ' .

3.53 Hardware for Multimedia

A typical multimedia package usually consists of CD-ROM player, sound card such ag
Sound Blaster, Master Blaster and some times a microphone and a range of multimedin
m&wm. And probably with either a bulletin MIDI intedfiace on the card as an add on utility.

3,54 Sound Card

Sound output from a computer has been a feature of machine usually used for sending
warning error message or games. If better quality and capabilities for sound oulput or inputs
are required, then there must be a device which can be added to the basic PC machine. This
device is known as Sound Card which is added 1o the basic PC machine by inserting it in frce
slot. The most common reason for adding a sound card to a PC is 50 as to be able 1o use
multimedia fully by recording and playing back the digital audio. While selecting an add on
sound card, quatity of sound from the loudspeaker has to be taken into consideration and the,
software provided with a sound card should be adequate cnough 1o suit your requirement for

handling sound effects in multimedia,

Normally a machine of type 386 or 486 or latter version is used for multimedia, with ample
RAM memory usually 4MB or more, adequate secondary storage space with high speed
reading facilities. While installing a sound card one should keep in mind that the installation
of sound card should not conflict with any other external devices installed in the computer
system. Instaliation of sound card might require some default settings to be changed to make
it compatible with the computer sysiem,

Once all the setting are done correctly, place the card in a fice slot and check all the
connected cables to ensure that all connections are fined properly. After this task is over, run
the designated inswllation software to install the sound card i.e. 10 make necessary changes
in the computer software settings. - ’

The most common element of software is install program which install drivers to work with
the sound card. In addition to adding drivers, the installation program modily the
AUTOEXEC.BAT and CONFIG.SYS 50 as to active the sound card when the campulter is

" switched on.

3.55 CD-ROM (Compact Disc Read Only Memory)

Multimedia uses digitised audio and video which not only Lakes huge amount of storage
space, but they also required high speed storage media, which can send large amount of data
back and fonth quickly to keep audio and video playing and recording smoothly. Because of
this requirement most of multimedia packages uses hard disk drive which offer high speed,
high data throughout and plenty of siorage space like 1GB or more. Somelimes, two or more
hard disk drive arc used as an amay to work together so that they act like a single hard drive,

Howevcr using a disk array of two or more disk for multimedia storage, can no doubt boost
the processing speed for the multimedia clement, but these ma not durable in nature.
Magnelic optical disk media offer large amour.: of storage iy a durable package. CD-ROM
is now widely used for multimedia storage as it has an amazing amount of flexibility and
potential as a multimedia storage and distribution medivm, One CD-ROM can hold up to
one and half hours of digital audio or arcund 700 to'750 MB of computer data for that
matter, :
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can be detected by the light beam.- The glass plate is then coated with photo resists, a method
which harden on exposure 1o light.  The image is produce by trealing the glass plate as i it
were a compact disc. The CD-ROM recording uses the principle of write once and read
many times. It uses the opiical recording method, using a beam of light from a miniature
semiconductor laser. Once the photo resists has been processed, the patiem of pits will
develop and Lhis comprises the glass maller, The surface of the disc is then slivered 50 that
the pils are protecizd and a thick layer of nickel is thea plated over the surface.

To install a CD-ROM drive, there must be a free drive bay and the computer system must
also have a sound card installed or a spare slot into which either a sound card or a CD-ROM
drive can be placed. Before instailation all the jumper settings should be properly done
according to the specification. Once the CD-ROM drive is fitied in the drive bay with proper
jumper seltings, necessary software can be installed o make the CD-ROM drive work.

As far as CD-ROM is concemed, the main feature of it is the huge storage space and very
high immunity from damage, the control sysiem that is buill into the CD systems and it is
easy to locate different picces of data, so that comparatively simple sofiware can be used (o
guide the laser beam to find what is required.

3.5.6 Laser Disc

As CD-ROM, a lnser disc uses the same recording media can record and play back high
quality digital andio hiles. As compared to the CD-ROM, a laser disc can play back four

. channels at a lime (two digital and two analog channels) whereas CD-ROM can play only

two channels at a time. But the biggest difference between them is that laser disc slores
video in analog signals. The disadvantages of using a laser disc is you ¢an not work with
video as through it were a digital video fle, because the analog output of a laser disc is just
like any other video source.

CD-ROM stores digital'chta on only one side of the di;c. wiereas the laser disc slofes an
analog video signal on both sides of the disc.

3.6 SUMMARY

This unit introduce you 10 a new concept in information technology; Multimedia, Witha
number of examples it explains how slowly but steadily it has started to creep into our life in
onc or the other way. You were also explained various componeals of multimedia like
graphics, sound, animation, digital andio and video and it 1alked about their characterisucs
and various storage formats they use. In a great length it introduces you 1o various storage
media used for multimedia elements and their functions.

3.7 FURTHER READINGS

Graphics and Drawing

Corel Draw S/S by John Campbell & Marion Pye (Butterworth- Heinemann)
Computes-aided Design on a Shoestring by Tan Sinclair (BSP)

Iitustrated AutoSketch 3 by Ian Sinclair (David Fulion Publishers)

Sound and MIDI

Practical MIDI Handbook by R:A. Penfold (PC Publishing)
Advanced MIDI Users Guide by R.A. Penfold (PC Publishing)
Introducing Digital Audio by Tan Sinclair (PC Publishing)

PC Music Handbook by Heywood and Evan (PC Publishing)
MIDI Survival Guide by Vic Lennard (PC Publishing)
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