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direct product

kernel

inner automorphism
internal direct product
inclusion map
aliernating group *

centroid
Cauchy

permutation
commutator
rotation

cyclic

cyclic decomposition
signature

sign function
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isomorphic
dihedral group
transposition
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normal subgroup

natural homomorphism

induced
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IXE3Z, ¥ 1€Zg 3k xE3Z,,

S F e, 5.3=15=3€3Z,)
Tl T 3T T T B rx €32 V 1 € 2, xE2Z.
I 3Z, 3N 22, Zo F TS ¥

- E10) I, # ¢, ®F 0€1, .
f,gEIa=>(f—g)(a)=f(a)—g(a)=0=>f-—gEIn.
€l,, g€C[0,1] => (fg) (a) =f(a) g(a)=0.g(a)=0=>fg€l,.
. 1, C[0,1] & ToTeaeh # )

Ell) Ra, REIQESGW% (2RYT =T 4) 1 37, rER 3K xaCRa ¥ 7T r(xa)=(rx)acRa.

=El+iEZ+iZUQ.a:m:

Ra, R ¥ oemset 21
E12) ®WRdE 6 <1> SR @ifkami ff RS <>, o, fFdll reR T r=r.1€<1>
#AL RE <>, R=<lx>

EI3) 3Z,= 3x |x€2Z,,) = {0,3.6.9.12,15, E 21, 24,27)

= {U.... ,6,),213}891‘4‘?_}

- Zr“] .
gzlu = {a,:):}
E14) 71 wifsn Zg & Joewt N &1 ag § € N.
TeNTFEIfinFm " - 1 =0
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ON = {0.27.6).
Rl A€ (X) & T, A" = ANAN ... 0 A=AY 1.
T We, A'=¢ g 3R Faw ok A=o.
370 0 (X) 5 I F= {p) ¥
E15) ®aw ed, 1+ ¢, Fhieh D€l
TFE AR, r.s €1 = ra = 0 =sa=>(r—s)a =0 =>r--s€l.
3 H, €] I xER == (rx)a=x(ra) = x0= 0 = rx &1,
¥ [, R = T& TowEa 81

E16) (F) BE o€l 3R be) F Fm ab €l 37K abel.
A wb €N, it 1N O PrrE 8, Jafen U steme 71 9ftfird e 6 (A
§ e NEIn,
=z 2 & INICI. InIC,
1S+ 3R JS1+].
(G) A BT AR 1 T et § forad [ 9k J o7fe 1 aw Byeg € [+1CA.
W, (@) fog @ S e
(M) T B, R 7 0 T e § 5 BE 1 3R BS ). waAvag @ BSIN.
W we, (1) fag @ )
() A fem @ed & fF InJ < 1.
RA e x€IN). @8 xel 3k xey,
T 1E€R = 1+1. yofan i i€l ok je) & Rag 1=i+.
. .\'=x.1=xi-ilxj=ix+xj€ 1J.
;I NS,
E17) i+]. R/ 1 80 21

E18) W 4 & 38R 1=R.
-SRI = {0
E1Y) 71 Sifm x+N € R/N U JH9ET 3691 § |
T (x+N)™ = N 5l v gois n & foa)
= x"EN MWWnaﬁfﬁQI
= (x")" =0 W EiE mF fm
=>x" =0 o W iR om & fag
=> XEN
=> x+N = 0+N, R/N 1 ¥[7 975 |
o RIN 71 %3 7 YA oeae 78 8

3i



4
1J

ECOE] 1lammﬁmQ

ﬁfé?ﬁ?ﬁ‘@r

11.1 S&EA 2
o .

1.2 =i ’ 32
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11.3 9@ 3
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11.1 S&amEAT

I 6 H 3T Tl & A W Berl 1 Heds o Th € A R-smard €hR 9 ey wEd ¥
a1 39 98 o 3 § 1 TR R W T e e H A e e SwA 3 € 1 50 g

3 g7 STl o drel U hew] 9T B 9 SR - W S 9 T # | 0 werd ®)
Wmm*'mmﬁ&mﬁwﬂméﬁwﬁmﬁ%aﬂm
T W g K

oft T T SRS ), 9 R [ et ¥ ) w e 9 @, a0 e b 9
TR <1 ST siiofere: WA Frerell S v & 1 76 R 3 eyt ¥ | 36 o A e
A Forl W = w5 ’

3@ ¥ o Ioa aownfE, TR SR v aem B weR w6y e e |
39 T I 9GT & aR Y

® I W T T [ S TOF g0 SHEiE 2 oo

& el ff wweit F Ay iR sfafm wa = T

® ST TN ST TS 5 IR & W,

- ® o TR g2 W fag W men o o1 wmm R e,

® T & §AY T WA 6 e WG W e & R, T R T SR 38 A A wE

11.2 gareRTRar

T TIRO] F Gl 3 R 8 SoTd W 1 Sehedl | 39 9 B fF Wg TR
I W F THE VR A @A B | 36wl ¢ f g9 ao AaEa 8 ST W
T Wl A Wid F FER A | I W ) Fofalae gftaa @ e |

gftemn : #F §fe (R, +,.) 9k (Ra,+,.) & 560 2 3K {:R,—R.T6 @ & 79 § F
o8 FRTSIAT (Ting homomorphism) FEd € A R, & @il a.b F fom

f{"l"r (1) f(b) i

f{a.b)=I[(a).{b).

I SIS T 9T & RN F 99 9 4 U v+ o, | R, 9t oRaii ¥ sefE 2l
vy § BU M 4+ SR -, R, W ufenfuE F

A 79 % W ¥ F [:R,—R, & @ 3, 4

i) AMTEA T Wathe, e w5 A 8, @R

ii) TAwS = e, wfikE § Eed w

9 W€ T4 FEERA fEYE (R, +) A T (R, +) 7% T THR AARE ¥ ¢



T 6 TR SR A T 8 WAl % §0 e 3 | Tee Qe 3 o S vl
i o € <1 A el F O v §, ¥ R g 6 % & é a5 arped
ufterar : 7 T R, 3K R, @ aem ¥ i f:R,— R, T 900 WAEHRA ¢ | 5
i) ra WAl (image) 9 Imf = {f(x) | xER, } 1
i) rel M8 (kernel) T Kerf= {x€ER, | f(x) = 0} &
oIR T ImfC R, 3R Ker fER, . 3 Imf=R,, @ { F Hrawes SR
(epimorphism) F&a €, 3R @ R, 1 R, 7 @qerl Sfafi™ (homomorphic image) 3 ¥ 1
FEY 7 TH TB ITEW T |

FEROT 1 :maﬁqR@mﬁlmﬁqﬁMWIR@aﬁum%merlR
i Il 1 W ?
¥ 99 HiNtx, y ER. TR
Lux+y) = x+y = Ip(x) + In(y), ¥
lu(xy) = xy = Ip(x) In(y).
S, U ST AHERE )
Kerlg = { XER | I{x) = 0}
= { XER | x = 0)
= {0}
ImI, = {Iz(x) | x €R}
= {x|x ER}
= R.
T TE, [ ATEH ¢ 1 36 98 TF ARORH GHHRA &1
FEFE0T 2 < HIF TC B € N. fase ff 59 me Z.% T f(m)=m ¥ vfitafta %em £: 2 Z,
T FARE ¥ 1 Ker f 3R Imf o i)
& & m, n €25 A
f(m+n) = m+n =T + 0 = f(m) + f(n), K
fmn) = mn = m n = {(m) i(n).
¥ | W TS W R |
IMEZ 1 f{m) = 0)
= (MEZ: m = 0}
= {mEZ | m = 0(mod s}}
= 5.
Im = {[(m) | mEZ}
= {m | m€Z)
= Zg.

3E, Kerf

)

AW [ GF AR AR 2

F|EAW 3 : T {1 Zg—2Z, @ f{n (mod 6)) = n (mod 3) ¥ifa0 | fany f+ { o s07
A § 1 Ker {501 €m 2

T : W TR, i, m € ZF fou

{{n(mod 6) + m(mod 6)) = f((n+m) (mod 6)) = (n+m) (mod 3)

' n{mod 3) + m{mod 3)

f(n{mod 6))+ f(m{mod 8))
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SF A x = L 90 AR TR
{evaluation rﬁ‘:Lp)?h_Eﬁ 1' 1

T FER 9 e v .

f(n{mod 6)- m(mod 6)) = f(n(mcd 6))-f(m{mod 6)) . 3 { TH AT FHIEIE 2 |

Ker f = {n(mod 6) | n = 0(mod 3)} = {n(mod 6) | n€3Z} = (0,3}, & IR T
T €% ‘mod 6' & YT Tl & |

9 2R e W fER TR A weS T MRS e Sy § O feh & e | o 4

o ‘T SR F A W YAT TR F A w011 9 A 1 6 T W

TR & fau i ad faar on

¥ T WEA |

El) af% S 39 R 71 U e ¥, & R # @A + o - 5 e § o oo ¥ R
ﬁfﬁ'ﬁﬂ“ﬁmwi:S—aR:i(x)=xQ‘clHTﬁrla€Tﬁ'r{I%IKCI'iaiﬁ]|11iaﬂ1§fﬁ?

E2) WM SR R, 3 R, A wem §1 LR, —Ry: [(x)=0 wfefid =i femsy & w5
ToEE 3 Ker [ R Im [+ 7 S0 (38 For &1 g5 STl (trivial
homomorphism) Fed D) ‘

E3) #1227 (x)=2xQ¥E’H‘ﬁIﬁ.ﬁ1%? i ?

R F R EL §) HRmd 5 B9 % 94 8 5 f(n)=n ¥ WRafi| (:Z—Q (@R C,
q 7 +iZ) T THERE 2

HE A T T A RN TR =

SRV 4 : W A [0,1] W aftf T ARG 7F gad SoAl @ Fad C[0, 1) TR
b C[0,1]— R : &(f) = f( +) Rl Ffsr 1 fern 5 ¢ TF FAHIE ¥

& ;T S [ 9 g€ C[0.1].

fa, afl x€CJ0.1] = feu

(f+a) &) = {(x) + g{x). 3

(Fa) (x) = i(x) g(x).

(+2)E) = () + 9@) = & (0 + $(g). N
1) = 1) 2(d) = &(N) &g,

'CR_’WR:[ { ) i] ‘ :l.hER] St feamu B w7 (2 Z— R < f(n) =

0
N0 .
0 1|QE1:|1:nEFchaT%|
L n s

T O R B t(n) = n 1Ll T i 2

fln+m) = [(n)-i—[(m).&i.T( -

((nm) = f(n) [(m)¥n,m cZ. -

A f S WHEIE E |

FIETT 6 ; T 9 = T2 A7 sE 2 (X) ST 9 SRTY . X T e 3T AT
F-0(X) > oY) [(A) = ANY TR SR | TR R G A g
Y€ Ker 17 Im | &0 21 ?



7 £(X) % B AR B & fan
HAABY = f{(AVE) U (B\yA)).
= ((AVB)N 7Y U ((BVA) N YY)
S(ANYIVBAY)HUBOYIV(ANY))
= (f(A) \ £(B)) U (f{(B)\ {(A)}
= [(A)Af(B), 3%
[(ANB) = (ANB) N'Y
= (ANB) N (YNY)
= (ANY) N (BNY), % N amed iR HafEm 3
= f(A) N f(B).
ST L2 (X) T P(Y) TF T ToF FAE § | 3 (YY) F YA waa ¢ | T
Ker[ = {AER(X) | ANY = ¢}. .. YCEKer L.
7 feanih fr 3o 2 |
g, Im = {ANY | AEP(X)).
7 Im FE 2(Y).
2z frar 3 foru e @ (Y) S1m £, 3% BEQ(Y) Fife 1 7, BE(X) 3 f(B)=BNY=B.
AR B = Im (L3R Im f = £(Y).
I T HRSREF HAERE €

R few 0 W § SO TS % 3 9 IR b W )

Ed) wm @it A ofi B 3 e €1 fearse & W8 wed p: AXB— A p(x,y)=x TF FERHRIREE
21 Ker p 3T Im p &0 & ?

[S) 0 24+ 2Z—Z+s 2 Z: Mo+ 2b)y=a— 2 b 0 T 22
E6) fommu fs w6 C[0,1]— R X R: (f) = (£(0), £(1)) T WHIHR 2 |

3P IEC T T aE A AFY I T A0 WA § UAGn §P ST e
A @ !

11.3 goTERTRared & T

U 1§ % T O = S o fe € feh G W e TRe 19 I 3 T R
wad 3 R G T RO g 6 Y 1§ O T ¢
wi 1 o0 @ £:R,—R, %@ R, & 7@ R, T U6 TR ¢

, (&) f(0) =0,
@) f(—x) = —f(x) ¥V x € R, ¥
M f{x—y) = ix) - () ¥Yx, ¥y ERy.
SR S £ (R, 4)E (R, ) 79 T T TR §, g ftons s w & o e

ﬁlﬁfmmmﬁmaﬂﬁmﬁmaﬁ%@mw%maﬁ%Maﬁ@%l

E7) HA S 1: R — R, T ST0RH qerd Gaenfcn § 7 R, 90 | ok A, @ fag fe
R, a9 (1) 9 R '

T 3T T SRl % W el S st ok i el (inverse images) ®
R it | (e fafee o a3 fag 1.5 SRa)
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Y9G 2 : OF oY {1 R|— R, T 90 GHRa 2 | 73

(7) 3R S,R,F T IGeE &, A (S), R, F T 3959 T ¢ |

(8) W T, R, T T I9aem@ &, & £4(T).R, F UF 3918 ¥ 21

s 79 (@) @ g 0 R (%) IR e P B ¥ (R EY) 1 e mm

TEZ |0VF W | 9T R

el 95, T T # o, FR0 [ YT ¢, T A, AT 2, b €6 (T). 4 f(a). [(b)ET. |
=> f(a) — {(b) € T 3R {(a) ((b) ET. o
=> f(a—b) € T 8 f(ab) € T.

=> a—b € {~}{T) &R ab € {-1(T)

= {~1(T) & 3999 § |

T 2 F 39 B @ FA F A ES 7 Fe

ES) wa 2 () fog ey

oH, @l & e e m-if—ﬂmﬁmmﬁwfﬁma*mmmmwmh
WIZ—>R1(\)—\aﬁQ|mW E?ZZﬂm%lammu(’!z (mm
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T) IR [. R, 5 W6 RrEe & @ (7(1), R, 9 @ e 6 3 @ Ker £ S (D).

Suafs : 4e ¥ (F) fag B0 oR (@) F W W o &0 (fFu E9) |

wad T, ®Wis 1, R, 7 s%69@d 8, e (1), R, T &g o |

% %, f(x)€f(1) 3R rER, AR 6 { 3OS ¢ IsER, T fr f(s)=r. 7@
ri(x)= f(s) f(x) = i(sx) E{(1), T sx€l, 3@ (1), Ry F 0 e |
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o [ +Ker (Sf (£(1). 7189 # [+Ker f = (1)) -37%0 26 = |
A= TR x e (). T f(x) (1), T Rl vEl F o f(x)=[(y). 7 [{(x—v)=0.
nox—y € Ker A x Cv + Ker TS+ Ker

I ST+ Rer
™ @E, () = 1+Ker f,
38 I Tow € AR Ker (S @ (7((1)=1 (@ Ker f€1 => 1 + Ker {=1.)

379 ST U W T & 7o SO 9 ?
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a7l o 71 T v Qo frefafad v G Sw R I T TR

YA 4 : OF AW {1 R— S U SroEs aad qari ¢ | &

(%) 72 1, R i O Toreed & 9 Ker {1 97692 &6 & @ [=f '(f(I))

(@) Ker {51 31fe w6 aell R %) Tosrafa $ w7 ok § 9 preiss 5w % b
saferor [— (1) G5 T F7f (one-to-one correspondence) &1 YRR 56 8 |

LT AW e R (F) AR 9 € AIRu.eE (W) g W

A A A, Ker {71 3152 F03 el R R oeiaferdi @ 993 & 3R B, S 3 et

& ATeE € |

¢ A— B o (1) = (1) afefi )

w9 ferar = € & TR 2T AT & 1

b EEE A JC B A W 3 F FER (T'(J)EA MR Ker (€ [7H(]). @
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b T F A 1) B 1L, Ker [F1 #1023 a6l R e 8, 6
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= [, = L,,(F) & 37"

T b CrE] HTES .?;|

TH TN H FEEd d TG 20 0 99 & it |

(1) worea | f(r)—zﬁmm*m|z,1mwa%‘mmamﬂﬂﬁm

Ei2) fmry & aaem [:Z—>Z><Z:f(n)=(n.n)311%ﬁ$=|€f? | Z.X 271 U Ui qrtreret]
T FH A (1) 5 T F TG L, @ 1, 2 T eEed 71

$TFW 377 7 Feredl o e (% feae e Ker (3R Im £ SR 3 36 1 3 6 H em
g = 9% ¥ 3 97 . G, — G, T 998 991@ &, § Ker §, G, 1 T SO 39978 86
23N Im f. G, UF SURHE € €1 TH GO ¥ e aem aEraned F fo sfo §
forel 3T oTom &1 7ok Sverd e T Ieeell 8 8w

TG 5 : °F W f:R,— R, T o0 afiar @ 1 o

(F) Kerl, R, ¥ TFrees 2 1

(@) Imi.R, = IvaG 8 |

I9UTs @ (%) FE {0}, R, H e 8, e v 3 (@) F FER £71({0)), R, &
TURTEE w9 £N({0)) = Ker f. 30 e v @ € % Ker £, R RmEed 31
(@) 7 R, R, & 3Y9eid g, 3900 959 2 (F) & 38K [(R,), R, 1 3953 8 | 37a:
I . R 3 30904 gt

r L

S o o S R
1T, Ag HIGEA FIh] S9N § 1SS0 & e, WG 3 3

— = = e P/
H AHTHAD ol IS 1D, fedd eh

Y 30 2 are o fre frr A B {0.3) 7, R e B 1 RE-50 e e wad
_'T":" ST Nt LI TE T ‘-.-m-n T TF v

YRV 37 B9 FERa & 1 o) e 8 | 36 TR 6 5 YA 4% Y T IR0 5 O

S 6 HH S 0 R, — R U R § | 79, [ U gl 6, ar oIk e 6t Ker f = (0) - h
’ : (Mononmrp]nﬁm}%‘ﬁﬁ %

Suafyr : fuse B R A 3R FEE 3R (R, + )& (R, + ) 0 & Tl THE e 8 |
T 6 % WG 4 % STAR 2§ U9 A § 9 S FE AR Ker f = {0).. _
¥4 7% TON YRWT fRg € 9 R 37
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E13) e | § ST 6 7 % wrmmeed & 4 #1182

15T e T X & o R S e SRR 2 R— ST g W, A T R T TS, e
Ker 571 o0 Hehal € | 37 e om afe o R & % T 190 g 9, T 90 8 0 u
e f oo o S 6, P Ker f =17

3 fi T ST 4 3 T ) IO W B S R | 5 W S A 96 A G 10
H @ 8 fawm =oer 1 o w1 S S | '
S 7 ;4 | G R F) 0 USIEE §, 3 U U6 9o SR £ R — R/1H S g
% fre aff 131
IqGRT © ST R f:R— R/L:£(a) = a+ [ Wi &) gy 3w f OE G & R T
= fau a, b € R @ifW 1 @@
[(atb) = (a+b)+1 = (a+1) + (b+1) = [(a) + f(b), ¥
f(ab} = ab + I = (a+I) (b+1) = f(a) {(b).
T { TE G 2 ]

3 Kerf={a€R|f(a)=0+I} = @€R otI'=1)
={a€Rla€l} =1
7 g8 i o GRAT fn ORI SR & |

S & 399 B wReTE eERE 5 R ¥ R/l W fafem (@ SepfaeR) SRR (canonical
or natural homomorphism) 4 8 |

319 A9 39 W@ T &1 T HT
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g § : §F G R, R, 3R RyF@@ € 3R {: Ry — Ry 34 g1 Ry— Ry 3 TERRET ¥ )
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35 QT =7 Sa S R e i 3 6 3 F 1T TS FT TR 0 S | 3 TR A
fm g @ § (IR R e S | ‘

E13) w7a § frg et
Ll6) 994 8 & @ 3 (93 Fiew &
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(@) o gol SR & A g o ST
E17) W § F gema § fmawe & ®ed hiZXZ—Z::h(n, m) = m T FHEHIE 5
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)y U ST SR 9,
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ii) [ 2 3

0 TR, 38 U & fn aear U G SRS ST Ok € |
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Ifﬁf:quR:@@ﬁm%ﬁTEﬂ%ﬁﬁ%ﬁRlaﬁIRZWTﬂ(isomorphic)%:Siﬁﬁ
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Tel 7R Ue feweil T = |
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@ﬁw—uqmaﬁnm%@mml

373, R T I, T 1 B S | §7 B A 8 S e i Y SR a7 SRt 2 s

ElS)f:mla—*a"i“@ ol T Y B § BoR qedian ¥ 1
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T C—oC: e =2 z =1 WA FA |

el

—
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Lol
=t

1Y) 5 ST é: R — R, & G654 g 816 ¢~ 't Ra— R, T AR W € = ipE
AT Ryo= R,

oot - R Gl 3 e 2| fERn & ¢ T TH ﬁ(ﬂlmﬁ'cﬂ 7l

F20) frEss = gcﬂlcnlﬁm&ﬁ T EEE O g 21

Y 2B, 74 mamms—sé S T T | 77 T T o fA S % e 9h
71 farg, & o | T A TR Gaﬁlmmq‘rﬁﬁa G % fredt fram wE & g B
TR mwmmﬁqﬁmmmmmﬂmlauﬁwwmmum@mﬁmm
(T T T T A e S

i O (TR 1 He B9 ) B il [ P ST T Trerd TERRE € 1 7 R/Ker (= Im 1, *
fitni =5 W, oW ( eoem & O RiKer { = S,

SR+ T e o AR B RUKer § OF GIOTE A aeE £, w0 Ker §. R FTE
PR F 1 TR g @l Ker { = =l

g 7 g RA— S p(x+1) = {(x) Wi 72 4 5o 6 T 8 F aE 7 A 9 Fe
0 B s o Feriad 2, a1 9 x+{=y+] ar f(x+N=w{y+i).
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) v AR § ;9= e x,yER. T
WA D+H(y+D)) = dlx+y+]) = fx+y) = [(x) + f(y)
= (x+I) + g(y+1). 3
Pxy+D) = f{xy) = {(x) I(y)
= d(x+1) (y+0).
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deg (p(x)-q(x)) = 5 = deg’p(x) + deg q(x)

T 3K I @ R b

p(x) =1 +2x, q(x) = 2+ 3x2€ Z{x| MMV
AT p(x).q(x) = 2+ 4x + 3x2+ 6x3= 2+ 4x + 3x2,
T deg (P(X) - q(x)) = 2 < deg p(x) + deg q(x)
@"éﬂ‘l% deg p(x) = 1, deg q(x) = 2).
S0 w2 o o R B
deg(f(x) p(x)) < deg f(x) + deg g(x)

RN o T T S PR N . | - B A-AAA_‘\;_L _—
HR AN U IGHL A4 YR B PNVIE | 2HE AN QEHGT T THET HIL T L

1 S |

E3) Feifefes agag wm difme

&) Z x| %2+ 32+ 455 + S5x+ 1Y)

@ Zy [XIH (6+2xY) + (1~ 2x + 5x%)
@ Zx] T (1 +x) (1 +2x +x3)

9
i
2



@ Zo(x] X (T+x) (T+2x+x2) : e T
& Z[x] 13:'(2+x+x_2) (5% + x3)

mmmm%ﬁzmmﬂmﬁmﬁlwaﬁﬁammﬁﬁ?ﬁﬂﬁﬂ
T R & fN &1 wfiwarali & €1daf R(x) @ 700 3T ¥ | 569 fe v & i afterrger
+ 3R, R[x] T fg-anurh wfram & |

mmﬁﬁqﬁmuﬁqﬂﬁﬂq qaﬁ;é‘r'?ram%mw% e 96 99T
FEAFAE B9 T

ﬂ?l:‘Rﬁ'RWﬁ'Wﬁﬂ’rR[x]’?rwmﬂﬂTﬁﬂxwmﬁﬂﬁil L
J9URT & 85 Rx], +. )%ﬁ‘-mm#q%m@mﬁw%mﬁmaﬁ@mﬁawﬁm
() dmgnfPrwderdewdfF
&€l p(x), q(x) € R[x] % f7@
p(x} + q{x) = q(x) + p(x)
LIRS -
p(X) =ag+ ax + ..+ a,x", ait
q(x} =by+bx + ... + b, x™, Rlx] g
4, p(X} + q(X) =cg+ €| X + ... + ¢, X!,
STEY C=a+ biafi( t = max {m, n).‘
T T q(x) + pix) = dg+ d, x + ... + d_ x5,
STET d, =b,+a,,s=max (n, m) = .
FIfE R & qm w8, 9RT ¢;=d; Vi 2 0.
AT p(x ) + q(x) = q(x) + p(x).
"Gy A EREd € R ¥ O i geeniern F owy @@ g e a9 § oty
p(x). 4(x), s(x) € R[x], T {p(x)+q(x}}) + s(x} = p(x) + [q(x) + s(x)}.

(iii) AT TEET : R[x) ¥ T 9GO AR qETE Ol 8, Tl ey
p(X) = ag+a; x + ... +a,x"e R[x] F &,

O0+px)=(0+ag)+(O+a)x+... +(O+a,)x"

‘=agta) X+ +axt

F(x)=tgda x4, g x"
(v) AT : p(x) = ag+ arx + .+ s Rix] F R ageg i ialibits
—p{x}=—ag—a;x — ..— 3;X" H A, Gﬁ?—a;. R o a;ﬂ‘ﬂwmﬁl'ﬂﬂ g(x]:h‘a.%bém..ﬁbm:m
LUL SRS
pIx) + (—p(x}) = (ay-ap) + {a;-a,)x + ... + (a,~2,) X" BN

=0+0.x+0x2+ .+ 0"

= 0. o

Hel: —p(x}, pix) bl Y YRS § |
(v) O EEed §

T Al

plx} =a,+1x + ... +a,x",

4{x) =by+ by x +. +bmxmaﬂ'{'
Kx)=dy+dx+...+dx . R{x|FZI




i gte ol & T
p(x)g{x} =cygtcx+ ... +c X5 8l s = m+n AT
€, =8, bg+ a,_y by + ... +2,b, Vk=0.1. _..s
zafn
{P(x). q(x)). (x) =€g+ e x + ... +ex,
STt = s+r = m+n+r ST
e =c dg+ ¢ dy+... +cpdy
= (@ bg+...+ 2gby) doH{ a4 bk ..+ 20Dy 1) dy + .. + agbidy
2] W.Eqﬁ'@fﬂﬁﬂ_'gﬁ?ﬁ@ k 2 0% fAT p(x) {q(x).t(x)} o xk Y 0 &
a bpdg+ 25y (bydg+ byd, M ... + ag(bydgtbrod) + ... + bod) =, R +
AR -3 Tt i e | | -
T {p(x) - q(x)] - 1(x) = p(x) - [q(x) - ltx)}
(vi) TOA A QUERA A :
aetm
- px})=ag+a x+ ..+ ax"
ga(x) =bg+ byx + ... + bypx™
A ox) =dp+dpx + ... + dx" , R[x] T &
p(x) - {a(x)+(x)} T xk F 62 :
¢, =a. {byg+dy)+a,_, (b +d))+..+a,(b.+d,)
3T p(x) . q(x) + p(x) . t(x) T x* FFEE:
(aubgtay ;) by+...+ aghy) + (aydg + a1 d) +... + agdy)
= a(bgtdg) + 2.y (by+d)) + L+ agpHd) =cx .
weN k20 Rwawa )
HT p(x) . {q(x)+1x)} = p(x) . q{x) + p(x) . t(x) .
T v, o g FoEed
[QU0+1(x)] - p(x} =q(x) . px) + Hx) - p(x)
. OFE R[x) W TR |
v QT w6 A ¥ & ofourse ol v Rt of 799 & fe eeg ¥ 1 e o

@ gfPRY gordf o S 8w & A e i d g Rufv o WRWWHH’H
ey 9 7 7 feufr ot sl =g

13.3 R[x] ¥

ﬁﬁ%%ﬂﬂﬁ'arrqefam R & 3t 9019 Ryx) F wheurel $ P ge9u @ 3w 3 | Proafafag

'|"I

rr:rFI:r:l.—l—.rr ]
T N M CLIE e DS TR T LY i U

AT 2: A AT R T TAT 8 |

@) ufg Rwafarmd 2, d R x|} 5 FAREATT 8 o
& 3R aeamE T W R x| W FoEEET Fm
IMRT : @& O Y

p(x)=aﬂ+a,x+...+anx"»3ﬁt




q(x)=by+ b, x+...+b_ x™ R[x] § &1 bl SCRLG L)
™ P(K)'CI(X)=CO+CIX+....+csx5,33fs=m+-naﬂr
r.-,‘—.lkb(,+ah 1B+t agb,

=b, 4+ b, _ ,d,+ +b,a,\_, +bnak,'q"'5|'ﬂ35 Rﬁ‘ﬂﬂaﬂtﬂuﬁﬁ
- e E |

=qy(x) p(x) T x* & T |
T, W i20F T playy(x) A gpe) & xi 3 T Fue § |
S p(x)g(x) = qUxIP(X). '

@) 0 2 R FweEns 18 Wﬁaaﬂ‘hﬁwwl R{x) & acqmF 2 |
T TI0 312 p(x) =+ ayx + ... + a0 e Rfx) 01

aq 1-p(x)=c”+c|x+...+c"x"(7-'F'ﬂf?ercg =M.
Mee, =a, - l+a,  O+a 2 04, +0,.0
=,
O 1pix} = pix}.
E@Wp(xj. 1 = pix).
SR G I ¢ T 1, R (x| W weEmE ¢
e T U IR 7 E OOE R S A # T ¢ 6 T 2 el wew ® W W

Eq TG R UF U 909 § % R|x | BEMRCET H GoEsE &L 9
(F) o9 R FaEE-0T e ?
(@) T R edge g 2

3T 3 g9 uF 0 9o W i 7 Forash geraan @ 7 e @@h fF R oF i o @ A
i Faer afg R|x| U Wid B | FE witory ague) @ o & i § G e @ s €
A9 3: M ST R T 35 2 3R 1) 847 pexy, R|x] F ST IFHR 3379 & | 74,

g (10 gtx)) € deg 1(x) + deg g(x).
i, R i W € W A QA R U A
Iugleq : 17 +ifAT (XY= ap+ ax + otagx", ap# (). Gﬂ'l'g{x)=hu+h|x + ...

+ by by, =

T deg 1ix) = n. deg 8(xX) = m. ¥4 T ¢ 7

Un)-glx) = ot o 2+ o F g, 3

AT ey, = by+a, b+ . kb

;|I\"14 H) H G'I"R H b L8 R TR Ry | E
- - LT
- e R T et Yz e - i A

gAfaw . o=, b

319, °lE R T 2 79 W A0 & W by, 2 0. F0E 0« 030 by, 2 0. 96 5]
ﬁ:qﬁqdug (Ineix)) = m+n = deg fo+Hdeg gix.

&0 3R, K R 0 D oo o, o S T &1 ah,=0. W feala A

dep ([Txpadx))y < m+n = deg f(x) + deg g(x)
29




et wiw afe
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76 9%, IR WG RE ST g |
i 3 § Frfaa aite g W @ ST e

uﬁqu{ﬂwthﬁwfa%@quurh&qm%u

IIRT : T49 2 3l B4 § 79 S § T R 05 Teameht vl 3o dar g 9 ol
30 TR, R[x] U Teqoaht FHIARET To0 2 1 5 9eE, 76 w9 fig 30 3 Ry 5 fig
A B 5 R 8 3 -9 & o T 21

3T OTSY Ve g 7% T & T R T P 1 & e T 2 4

WA p(x) = agtayx+...+ax" 3.
q(x) = by+b  x+...+bax™, R[x] T €, 581 3,20 M b, 0.

T 3X T dE e T
deg(p(x)q(x)) = m.+n

T WE, p(x)g(x) # 0.

T R[x| X DT 3 wom W T

Terolieres, TET oMSIT R(x} o B 0 3 WoTF T 8 19 ST 2 800 b, R F TEW
ngmﬂa[x]émwﬁﬁlmma&o T 9@, R | #¢ T & HUEH
T ¢ | 5HWE T Wy Rg FRw 3y

E ST o AR R g S e W o F i

ES) Freffm e s A S d aei A g & e 28 € 7
@ RIx), & R={a+b V5] abe z)
@ Z,{x]
@ Zx
& Rix], 5’ R= C(0,1].
E6) AFART R o Wi 2 | ey B char R = char R[x].
én,mfhmnahrsmﬁﬁﬂqm%aﬁcfm—»swammm
feame & %o |
¢ : R[x]>S[x] : (agta; x + ...+ a, x") = fap) + fla,)x + ... + f(a )x"
& GRS | '

AT SHEHF I RF TR TR AT 1@ T IR Fow M2, drew
mmﬂﬁ?ﬁf[;]’ﬂﬁﬂ?ﬁmlﬁﬁﬁﬂmqﬁﬁlle]ﬁﬁﬂﬂqﬁﬁfﬁml

TR IR R FiXj ¥ O T T e W [EIG T IMICHT ujcsw EREGE | AT TE

TR
AH A f(x) € F[x| 3 deg fix) =n> 0.
T IR p(x) e Flx]  TER & fogx) = 1.

€ 0= deg 1 = deg (f(x)g(x)) = deg f(x) + deg g(x), FUEFE F F AT T
sn+degg(x)2n>0

T WE &4 UF At v frn 2




FORTT F[x] &5 76T & geper |

T Fix] & W o U T 2, Gﬁqﬂrhﬁag_umz & TN & WHFT § | 90T MM F ¥ Fix]

T Rpery & 7O qU = F0 1 39 38 7 Y Z F I P F B 9w 2, B W en sm
Le2 et FGF T

13.4 TpreE-#o= ﬁﬂ:

Jq-I0 1. azﬁmzﬁﬁw*ﬁﬁa@maﬁm?ﬁ%lﬁﬁqmﬁ sq#quh?ra?r

-ﬁﬂmﬁqﬁﬁxaﬁﬁﬁﬁmmﬁmméﬂme%maﬁl

WA 5 (RT3 Rift) : 7 AR F T A | T AR f(x) ot gex), Fix) &
o T T, 6 g(x)#0. 7

@& Flx] e R K 9IS g(x) afx r{x) AT EICRES
f(x) = q(x)g(x}+1 (x), ST deg r(x) < deg g(x) -
@ T q(x) O r(x) AT &1
IqAfed : (@ AR deg f(x) < deg g(x). WEH g(x) =0 T & |

T {(x) = 0. g(x) + f{x), Tl deg f(x) < deg g(x).
RT3 Y AT A % deg f(x) > deg g(x) .

oA ﬁlﬁf@ f(x) = ay+a| x+ ... +a,x", a_# 0, 3T
g0) = by + by X + ... + by x™, by, # 0. S n>r..
T deg f(x). MK n 0 I Pt G 1.6 ) o B4 |
qﬁ'n:O.'cﬁm=0,ﬂﬁ?g(x)¢0. '
éﬁ fixy=a, g(x) = b, G{H
f(x)= (agbg ) by+ 0 = q{x)g(x) + r(x), T q(x) = a,b 3!
alc r(1)=l
36 T,

() = qO)g(x) + r(x), e dep r{x) < deg g(x).

THC n = 0 % foIw e farfey oy 2eht & | 318U 8 A o 1% Wi < n -1 A o gl
T Her fafty om &t & ot e e s N PRI R B we ) S e N wdi 210w
f{x)={x)- dh -1 xn-mo(y)

nPm
= (g X+ 0, 50 = (b, T XM b Tl xm M g b -th )
FHIE, fi(x) | x W06 7T 2 1 31 deg F,(x) < n-l .
W-‘W%BWlelﬁ 3 gif{x) 3 rix) 8 |
[0 = g(0a(x) + rix), T8 deg r(x) < deg p(x) .
f,0x) T 9 Fleredniya 6 W §d ArAfafad wea gar 2
fix) - a,b,, ! x"Mg(x) = q, (x} p(x) + r(x),

ST [(x) = {a b, x™ ™+ ¢, (x)] g(x) + r(x)

bl RLRLGL

3l
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= q(x) g(x) + r(x). T8 q(x) =2, b,,~! $""+ ¢ {X)
alx deg r(x) < deg g(x).
TR, [(x) S Torw Fom faftr 581 2 1 95 W@ Fix| & o Tgwer & v w@t 2
@) M I T e g(x) ol rox) s Fraifea 8 #)
7% T @, & T T |
f(x) = g, (x)g(x) + ry(x). 5B deg ry(x) < deg g(x)
BN [(x) = qa(x)g(x) + r(x), ST dey ra(x) < deg aix) .

ST, Qi)+ (X). = qa(x) 2(x) + rofx). FTas fF

{q; (x)} — g3 (x)] £(x) = ro{x} — 1y {x) _I ......... (1)
a1, T q)(x) # go(x). T
deg {q, (x) - qx (x) } 2 0. Fre &
deg |{q; (x} -2 (x)] g(x)] 2 deg a(x).
qﬁﬁafm deg{r, (x)—ry (x)} < deg g(x).ﬁfﬁ
deg rJ(x) < deg g(x) 3t deg ra(x) < deg g(x).
T, TE R (1) 1 AR Fr # 1 o B (1) P E S St
Qi(X) — Ga(x) = 0. AT ro(x) =1y (x) = 0. .
I qi(x) = galx) 3N 1y(x) = rafx). _
T T, TI3 9 f(x) = q(a)p(x M) F gx) 3 r(x) F st # g R g )

TaT g(x). f(x) T g(x) ¥ T 2 T 9T HAEA (quotient) & N r(x) BWEH
{remainder) Tl :

3, T B YT 5 B p(x) FI i g9€ 9, 9 00 6 2 7 7 IEe YT WIed B R o
7 g F1Y ¥ T 310 TH FB FhaT Tt & |

T : W AT R T T 3 9T {(x) € R[x]. T SR 7(x) = ag+ 21X ... 2px",
T, F re RFI I = a5+ a,r+...+anrrie R.

g f(r). x & TAF W ¢ WREATYT SO 9 WO f(x) F A ¥ 156 WE A
f(x)=1+x+x2e Z|x| A f2) = 1+2+4 = 7 3R {0 = 14040 = 1.

33V 3 T THS WO (remainder theorem) FE & St fpie-aer Taiyy =1 05 3qvdy
gl ]

T 6 (ATHS FTHW) : T AT F ¥ & ¢ 1T f(x)e Flx] O be F. R &
SR TEAS yiv)e Fix| ® FEE T 0 = (vhigix ey

TUGRT : W DAL a(x) = x — b, T 4 A0 oo W FasE-es R O S0 B
Flx) 4 U8 s (ix) M rx) UId 3T 6FA ¢ FF f(x) = O 52 (X))

= ((x}(x=b+r(x). JI6T deg r{x) < dep p(xi=1, FiRE degrin) <1, T r(x).

F 51 OF A0, T AT o,

O (X)) = (-bgix)+a

x B TYF T b GREUT S 9 g F=fiias wea g e :




f(b) = (b — b)q(b)+a = 0. q(b}+a. wyIE IET
= d. '

FH 98T, a = f(b).

TIY (x) = (x-b)q(x)+1(b).

v Sifey

deg f(x) = deg(x-b)+deg q(x) = I +deg q(x) .

FHAY deg q(x) = deg f(x) —1.

O o7 7 5 Rl it R Ry s a1

IS | =.x‘+£3+5x2-x B Qx] F (x2+x+1)q(xHr(x) T T ¥ =qag BT |

T + 7 Agua & foe s 0k o Rarfir g e oY e

x2+4
X24x4+ 1 V0 +x34+5x2 ¢

x3+x+ x?

3, F9IfF AN (~5x— 4) FT T dcg(i3+x+1) A F ¢, o e e S UE a1
T T UM & fF xo4x345x2x = (X1 +4)(X34x+1) — (5x+4) .

T NIR x244 & 3T IR — (Sx44)
aﬁmﬁ%ﬁqwmmﬁml

ES) ﬁqfhfﬁﬁf?qﬁﬁfﬁ@rmﬁfﬂi}gqﬁ @ ¥ 1 = HIRIY, T8 deg r < deg g.

@ _QIx] T f=xitl.g=x3.
@ Z4x| T f= X3 2% 541, g=x+T.
M Rlx] R M=xl.g=x-1.

E9) Mg S € 5 afg . quq:tOJl' a?rquvfaﬁahwﬁm ﬂ%ﬂﬂrtﬁﬁ
&?Wﬂﬁwaﬁﬁ?ﬁmlmlclql F[x]%aﬁqa‘mmm%amrﬁl*m?

_ m,mméﬁﬁ:wﬁmhqg;rﬁﬂmwﬁ.ﬁrwam%l

13.5 wqa’f % qr-r
Ein lu&m#aﬁr%mmaﬁwwﬁﬁwmwmqﬁtaﬁwﬁm
Al § | SISy BY Huﬁ?ﬂ?ﬂ-{f{wqﬁﬂﬁ SET F U e 24

RS AT ST 1) 30 s, Flxl & & S0 1 0 8 3 000 ) # 0, 67 9 2
2060 Tx) F IR 0 & ( p(x). fx) &1 06 TOFTGE 2, 0 fx). p(x) & W9 D)
WIS T (x) e Fix| & B 6 fx) = quag(n). B9 "g(x). f(x) 3 R a2 &

(x0T 3R gt fox) T B 8 0 T ) J fix) & G008 £

9, AT f(x) e Fix] T g(x) € Fx). BT p(x) 0. T F7 &8 W9 5 & 71 eyl & 5
T 20x) [ f(x) 281 G 5 F A r(x) = 0 A p(x) | f(x).
33




g Wy sl &

34

Ao g 0 S F TR 58 W0 & O Herayel S fear @ 1 way oa?rﬁammﬁa{rqsér
fgarErd €1

E 10) W ST F & &5 2 3l f(x) € F(x]. e deg fix) 2 1. T A ae T
RERT & (x-a), f(x) F1 Fpufea Fw & 9 ofF 39 AR [1a) =

TH YT & WA et it 2w

QST : T SAIT F OF 87 € i f(x) e Flx). 89 %84 € T 0ud g e F, f(x) 1 &

T (root) (I F-9F (zero)) Bl &, 4l [(a) = 0. IEW & TAT, 1, x2-1e Rix] T &
S &, FiE 12-1=0.

FEY W, (1), f(x) = x3 4+ x2 + %x+% € Q[x]ﬁ?TQ?ﬁHE{?,EFq’ﬂ%E o
(1) =—1+I-g+5 =0.

wﬁa"-rﬁmﬁ? E10 3 T 56l o909 &1 959% @ UF 0o 31 3 fov fFetiafee Ty g
G '

07 AT FUF 8 # 3K f(x) € Fix]. T a e F, f(x) T & T G § a4 3T
FIA AR (x-a) | [(x).

& Flx} & T59 & T65a1 (multiplicity) m S T & SOAET T & 0 56 F1T #
T T TE € |

QRATYE s T ARAT | U 8 & AK f(x) € F[x]. s Fea & % ae T, f(x) T IgF0 m
T T T A 3 (ST m U O QO B AR (x| 1(x), T (x-2)™ f f(x).

ISR & RIU, 3 TE9 (x-3)2 (x+2)e Q[x] ¥ TEHAT 2 TRW T 4 &, 3 (-2) o
RIS T TgEal | N 5t 8 )
mmﬁwﬁﬁﬁ@m%ﬂwmmm%?ﬂémmm
ax+b & F[x] T 39 0% 4, 31fd —a-1b 87 | Va1 T6HT & Fif%F ax+b = 0 T 3
FaCt TG x = — a-lb. 9K e A U TMIT ax2+bx+c e F(x] o 3 o, oY S €

_ ~bi b dac
T3 fommdl T (quadratic formulayx = ===-5,—— @ T EH TER QA T Wed X

T £ 1 768 9% U9 0 9gUS) F &% 0 o S off ue iy § wed o uhd € o T
F(x) = x3=2x+ 1 e R x| W | 57 70 k=t Wiwufod &3 3ud € 5% (1) = 0. 3F: 9
qa R Ay TR ¢ TR RIS E () F T W Tel A

3 O e U T 99 & o |

Ei1) PrAiaies Tguel @ 00 I TgE & 9 e S

5
(C] f(x)=_%x3—ax +3e Q[x!}

Ty . N T

ot — "
VA lI_A}—.\'TA'I' Z }

[
s

=

D Kx) = v 255 2x -1 e gl

El2) WHTIWF 0% &7 ¢ ot ae F.BAT ¢ Flx| - F: 6 (f(x)) = f(a) TR
FFT |

g T 2 I A (evaluation) T

fCamuis




&) ¢ & HRBRT So1T SHERal |
@& ob)=bVbeF.
M Kerdo=<x—a>.

mftﬁqﬁrﬁmﬁqu@ﬁqmm%?

Star B T ondl <o ¢, Bl Tgag 3 W 9o Wiea O o1EH 8 2 1 o 79 TEue @
T Fi F&a & Gafud 0 qiom @ wed #1

T 7 : A ST f(x) ﬂinwmnwwqﬁat@a%maFﬁ fix)F o g
ﬂf@n’fdﬁﬂ'gl

'tﬂqf%a=qférn=o.'ci‘rf(x)wmmmmlmm.maﬁ#ﬁqaqﬁ%n
ad: F I v offes ¥ 1Y 0( = n) g 891

<, ST T AR S B n > 1. B9 o T oW Frm o F 1 4R deg fx) = 1, @
f(X) = ag+arx, M8 a9, 2y € F 0MCa, 0. f(x) F 397 O o, 3l (-2, ag) ¥ |

o 9 TileTe 7 IF W39 F(x) & O < n 916l @ Tguel & foIw @ # 1 g9 Ryad f5
f(x)%ﬁﬁmSn.

MR AOFFER AT LAFY [ PTARGETO<n 21
Gﬁqﬁ‘éﬂmﬁf(x)mﬁ%ae FR1
ﬁa'f(x}_=‘(x—a}ﬂ(x). G deg e(x)=n-1.

HE: AHA-TIEDeT & F T g(x) 3 oM & offos n— | Tol 8t 1 9F 1T & ). 1.
an_lfl

;M 4, 2(x) EFT‘:F"T% = gla) =0 = f{a) = (a-0) 2,) =0

=a, () FIABY i = ). n-l. T8 TG g(x) T T o f(x) B & A QAT E |
3@ be F. f(x) F UF T 5H1 & Bl 3l 98 T [(b)=0, srdl =i 3 dae7 aiy
{b-a)g(b) = 0, 3NN AR 3 FT T b~a = 0 T g(b) = 0. FAF F o GoiF 7 21
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