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6. 00000

gbooooooooobooboooooobo1oo0o0oo0oboo

1.1.1 00

UO00setD00MO0O0O0ODOOOO0OO0DODOOOO0OODOOOODOOOODOOODDOOO
gboboobooboooobobooooboobooooboobooooaoobo

{1,2,3}
oboocooboo12300000000o00b0o0o0og
{1,2,2,3}

gboooooliooobo2000030bogoobobobooooooboobooooDbuobn
0000000000000 000000000000O0O000O0O00O (multi-set) 000
obooooOobooooobooomobooooobooooboooooboobooogon

{1,2,2,3} = {1,2,3}

O00ONDOODOOOOOOZOOOOOOO0QOOOOOOCOOROOOOOOOCOOO
00000000000000
N=1{1,2,3,...}

oooo
zZ=1{0,1,-1,2,-2,...}
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(@z{ﬁ\neZ,meN}
m
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0@ >0000000000000000000000ROODOOOOO0mO00O0O00O0O0
oboogoooood

oooobobobobobobobobobobobboboboboboboboboo
DO0O0ON,Z,QRCO0DO00DO00O0DO0D{1,2,3}000000000

00 SO00D00SO0D00D SOO0 (cardinality) 00D 0#(S) 000 [S|00D0
00000 |S|00000000000000000o0o0o00oUooooOnO #(Soooo
#({1,2,3)) =30000#N)=0c 0000

00 1.1.1. 000000000000 0DOOO000O00OROODOOODONOODOODOO
00oo0o0o0oOoooooooooUoU0oU0oOoUoUOoO (oo)yoooooo
goo

00000000000000000000PO0OO0oO0OOO

0= {).
00 1.1.2. 000000 .=000000O000000000O00O000C000O0000O0

1.1.2 00

00 1.1.3. 00000 S, 700000000 SxTOOoODSOOOTOOOoOOooDoOOooOO
Oo0ooooooooo
SxT:={(st)seS, teT)

ooooooobooboooa
SXxTxU:={(s,t,u)lseS,teT,ueclU}

goooog
SxS0S?0000n0000000000R0000 SxSx---xS0S"00000
00 ()000 SO000»-0000000000000OO
000000080 {(s))s€S}000000000SO000000000O0O0O0O0
S'00000000000000000R=000000000000000000

ooooooooon

1.1.3 00

000008, 7TO0000SO0070000 (mapping) 100SO000000 70000
0000000000000000000000000 (function) 00000000000
00000000000 f0000seS00000f00007000000 f(s)0000
sO 0000 (image) 0000



1.1. 00000 9
0 1.14. 0000000000
flz)=a2*-22+1

obooobobooboooooobooboboOooboooobooboobooboooooon
000000000000000O000UoD f;OO0O0O0O0ODO0OUOoOoUooooo
0000000000 x0000002%2-22+10000000000000000000
gboooooboooogn

gobooooboooobooooboobbooobooooboooboooooooooooon
oooooooo

f000 SOO0O0TO0D0DO0DO0DO0O0O0OO
f:s—1, st
000000000000 000000000diagram00000000

f+ s - T
s = f(s)

000000000SO f0000 (domain) 00000000 TO 000 (codomain) O
gooboobooboobooboub —-ObOooboobboobooboobboooog
bboobd —0O0OOOoOobOO0bOO00oO0obOooboOobOobOboOobOoDbn

0 1.1.5. 0 1140000000000000

f: R — R

x — x2—2xr+1
oooo
oo 1.1.6. 00000000 0OOOOOOOOO

f: C — C

x — x2—-2zr+1

ooopoooooooOo fOo00D fOOCOOODOOOOODODODOODOOODOOOOOO
gooooo

00 1.1.7. §,70000000S00 70000000 f,¢0000000000s€S
000D f(s)0 ¢g(s)00000000000000000 s00000000000000
f(s)0 ¢g(s) 00000000000000D0f=¢0000

000008=1{0,1,2}0 T={0,1}00000S0070000 f(s) =s>—2s+10
g(s)=|s—1|0000000000 f=¢00000000 ROOROOOOOOOOODO
f#¢0000

o0 1.1.8. 000000 f,g:S—-T000000000O
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00000000000 seSO000 f(s)=g(s) 000000000 ODOOOOOODOO
0ooodD f=¢g000000000000O0OCODOOODOOODOOODOOOf=¢g000
0 f(s)=g¢(s)000000000

0000V (forall,forany D a00000000)00000

fs)=ygls) & f=geVseS, f(s)=g(s)
000000000000000000seS0000f(s)=¢(s)0000000000

00 1.1.9. 00 SO0000TO0OO0OO0O00OOOOO
Map(S,T) :={f | f: S —> T}
000000Map(S,7)0 7900000

f:S—-T,¢g:T—-U0U000000000D0DO0CO00O0O0O00O0ODOO gof:S—-U0U00O
O0seSO0000

(go f)(s) =9(f(s))

0000000000000

000000000 A:U—-VOODODOOO0ODOD0O0000000
ho(gof)=(hog)of (L.1)

00000 (000000000000 associativity 000)000000O000O0O0O0O s€ S
oood

ho(go f)(s) = (hog)o f(s)
000000000000 h(g(f(s)) 00000000000

00 1.1. (1.)ooOooooooo

00 1.1.10. OOOODOOSODOOOOOO0dsODOSOO SOOODOOOOODOOOO
0O0000idg:S—SO000000000

Vs €5, idg(s) = s.

(Vs € SO0O00O0 SO0 s000000O00D0)ids O SOO0DO0OO (identity map) O
goo

o0 1.1.11. f:S—>T0Og:T—SO0000DO0inverse mapl OO0 O0O00OOCOO0OODOOO
gof:ids, ng:idT

obooobobomooooobooobobooooooboooobooooboooooon
gooooooboooooomm
goooosooooorooooooooooo

O00o0o0oOosSOo0D fOTO00O0DOOOO g0 SODOOOOOOO (OO0 gof=ids
000)000 TOOO ¢gOUOD0OO fO0O0O0O0O0OO0O (0DODO fog=idp000)0000O
ooooo



1.1. 00000 11
oo 112, f:S—-T,g:T—-5S0000

go f=ids, fog#idr
gooooooooon

oo 1112 f:S—-T0O000000O0O0OOCOfO000 SOO0O0O0OfO00O00O00O SO0
000 T7TO00O0O0OO0O0OOO0OOOOOOof(S)ooooooooo

F(8) = {f(s)ls € S}.
0000T7T00000000000000 f(S)CTO

00 1.1.13. f: S — T 000 (surjection, epimorphism) DO 00O00 f(S) =7 0000
oo0oo0oooooooTroopoooof00oOO0 soooooOooooog
0000000 teTOO0OD0OO0OO seSO000t=f(s)DO00O0OO00UOOOOOOOO
goooo
VteT,Is € S, t = f(s).

b 1.1.14. O00O0O0ODOOODOOOO
YVt e T[ds € S(t = f(s))]
ooooboooboobooboa
0000teTO0OOO[)00D0O0O0OOOOO

goooboooogn
oboooooooooooon

[3s € S(t = f(s)](Vt € T)
gooooooooooooooooooboooooooooooog

00 1.3. 0oooooooooad
3s € S|Vt € T(t = f(s))]

obooobOooooboooOobmooorooboooooboooooroooooooonoo
oorooobooooboobooooobonm

00 14. f:S—T,¢9:U—SO000000fog0000DO0O0f000000000
ooo

o0 1.5. f:S—>T0O000000g,¢:T—-U0U000000000OO
gof=gof=g=yg
O00MObOO0o0O0OO0DO0OOdOright cancellable O O O T

00 1.1.15. 00 f: S - TO0D0D00000DO0000000g:T — SO00000
fog=idpy 0DDDOOOOOO
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obooobOooooooboooog

00 11.16. 00 f:S—-T00000¢teT0O0O0OSOOOOO

) ={s € S|f(s) =1t}
0¢0 f0000000000000fO0000¢000000 S000000000

00000000f00000000000000O0OODteTDOO f~1(H)0000OD0O
gooobooooo

00. (00 1.1.150)
00000teTO0000f}(+)00000000s000000000 ¢g)000000
0000000g:T—S00000000000 O

00 1.6. 0000000 (QO0O0OO00O0OOOO 14000000000)

00 1.1.17. f: S —- T 000 (injection, monomorphism) 000 000SO00000O0O f
gooO0ooOoTO0O00000O0O0O0O0O0O0O0O0
goooood

Vs,s' € S,s# s = f(s) # f(s)

goobooooooon
Vs,s' €S, f(s)=f(s) =s=4¢

oooooooo

00 1.7. f:S—T000000g,¢:R—S0000000000
fog=fogd =g=4¢g

000MMO000000000000 left cancellable 0 0 0 O

00 1.1.18. SO0O0O0O0O0O0OOOOOOD f:S—T7T0000000000000000
¢:T—SO00000 gof=idg00O0OODOO

00. fO0000000000ODODOOODODOteTOO0OOOOO f7Y¢») 000000000
10000000000000000D00000t0000g(t)eSO00 10000
0000000000000 000000000D g(t)DODOOOOgof=idg00000O
ooooooboooooon O

oo 1.8. 0000000
oo 1119 f:S—-T000000000CO00O0OO0OOODODOOOODOOOODO
bobooboboooboobooooooboooboobooooboooo

O0.000000 1.1.15,11.18000000000000DOf0000D0O0OOOODAO
01115000 ¢:T—-S0000 fog=idp 000000000 DOODOOOfOODODO
00000000 1.1.18000 ¢ : S—TO0O0O0O ¢of=ids 00000000000



1.1. 00000 13
0000g¢g=¢ 00000000 fO00000000000O000000 (1.1)0000
g =g oids=g'o(fog)=(40f)og=idrog=g
oooooooo O

ob0 1.9. 00 1.1.19000000000000000

00 1.1.20. f:S—>7T00000000f:5— f(S)0000000000000 TO0
D00D0000#(S)=#(f(S) <#(TD0O00O0D

#(5) < #(T).
00000 #(S)=#(T)0000f:S—T00000000

O00. #(S) < #(T)0000000000000000000#(f(S)) = #(T)0000
f(S)cTOODOO f(§)=T0000000000 O

00 1.1.21. f: S—>T00000000¢:T—»SO000000000000000 SO
000000D00#(T) <#(5)000000 #(5)=#4T)0000f:5—-T00000
000

00.0000 11200 000000000000 O
00 1.10. 0000 1.1.210000000000
00 1.11. §,700000000000

#(S x T) = #(5) x #(T)
0000000000000000000000
00 1.12. §,700000000000

#(T°) = #(T)*

000000

00 1.13. 0000000000000D0SOTOO00D0DO0000D000O0OD0O0O0O00o°
0ldboooooboooobooooogo

00 1.14. SO0O0O0O0OOODOOO

5{1,2,“.,77,} —gn

ooooOog(s"0oo0 1.130000“="000000000000MO0DUo0oUooUo
000000000000 0O0o00U0ooOo0oooo0O)o 1330000

00 1.15. OBernstein 000 [1, p.63]000000000000O0O0ODOOO
f:S—-=T000dd0d0dyg:T—-SO000000000O0SOO0TO0O000O0000000
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1.14 00000

S, 7,U000000
fiSxT—=U

O000000000seSteTOO00 f(s,t) e 000000000000 sp€S00
goooog
teTw— f(so,t) €U

goooooooooooo0r-uvogoooooooooooo
fso(t) = f(SO’t)

00000 f, 0 Map(7,U)000000
0000000sy— fs O
S — Map(T, U)

Ooo0o0O00000
000g:S — Map(T,U)000000000000Og(se):T —UO000g(s)(t) €U
00000000 f(s,t):=g(s)() 0000 fO0 SxT—-UOO0O000000O0

oo 1.1.22. JOoOoO0Ood
Map(S x T,U) — Map(S, Map(T,U))
doooooooboogo

oo 1.16. DO0DO0ODOOOOO

1.2 00O

00 1.21. SO0000000SO0000D00 (binary operation) 0 00O
SxS—S

ooooooboooo

0 1.2.2. 0000 f(z,y):=2+y0RxR—-ROODO0O0O0O0O0O0O0O00DO0ODOOOOO
gobooboobooboooboboooooooooobooboooooooobooobooDbn
oooooooo

1. 000 NODOOOODOOOooODOoOOoooDboO0ooooDooD 1230000
2.00zZ00O0O000DOOO0ODODO0OO0O0ODODOOODOOOOODOODOOODODOO
3. U0 ROODUDODUOODMOOOODDOOUDOODO0OLDOOOOL+ 0, (-H)"00M™
4. 00000000DOO

oo 1.2.3.
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1. 00 SO0D0000 oO0OOOOOODOOODOODOOO SooOooOoOoooooTO
ooooroboobo ogbobooooboboboobon

1,80 €5 = 5108 €85

oooooooboooooobobOoOoTrTooboooooooooobooboo0oooooo
00000 SO000001-4=-3¢ S0000000000000000OO0OO
googooo

2. 000000 SsSO000Q0OO S,0000Q0o0o0o0dObOobODODOOOSOonon
O0o00bOOo0o0OOoDOooSOodD oOdbbOUObOObOoObOObObODnOO

000000000 ROOOOOOOOOOOD ¢O0000O0((-1)"0000000
Oo00o0ooooooooooooOo00oo0oooogooO RseO0O0 @,b000O
000e«"0000000000000000000

0o 1.24. 0000000000 0O0O0O0OOo0 xUOOOODOODOOoOooooooooo
good
(a,b)—aob

0000000oooooo e« 0 soooooooooo

1.2.1 n0O00

00 SO000000000S000000 (unary operation) 00 0O
S—S

0o00do0ooDoooooSOo0o00dDz00D00 —z000000OO0OODOOOCOO
oo

ooodoSO02000000 SOO00O0D0O0D0O0S"=SxSx---xS—S00000
0000 SO0 nO000 (n-ary operation) 0 000

0000000000000 (nullary, zeroary operation) O O

f:8°={0}—5

O0000000000000000f(())eS000o0UO0Oo0ooOoUOOOoOoUoOSOO
ogooooooooooooooosoooooooOoOOOO0OOnOOOOmSoOQ
n000000000000 SO0D00000000000000oooooooooooon
ooo

1.2.2 00000

nO00000000000000000000000
o00ooooooooooooooooooogookKDoooOoOobooDbDOoooooooDoo
b0 KOooooooooobooooboooobooboooobooobom
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00 1.25. 0 KOOOOOOOOOO vVOOOOOOOO

VA (00000000)00 V

VB (000000),000000

VC (0000000000)KOOAD V,00 00000000 Aovel,
0000080000000 000000MONNNNN000NNDN 200000

oo0v,oooooooooooooo voooooooooooooooooooooo
KxV -V

O0o0o0oo0o0ooooboooooooooooon
gooor,sooooooooad
TxS8—S8

000000 7TO SO0O0O0OUO (OOOO)Oo
gbooobOooboooobooboooooboo

0 1.26. 0000000 R"000 x,x —x-x'00
R*"xR" - R
gbooooOobobooboobooooboboooogn

0 1.27. 6,7,00000000000000
Map(T,U) x Map(S,T) — Map(S,U), (g,f)—gof
000000000000 00000000000000000000000000000

goobooodoooon
Sl><5’2><~-~><5’n—>T

gooo0o0oOo0ooOooooooooooooooooo 12100000 000000
ooood

00 1.17. 0000000000000

00 1.18. f:S—T,¢:T—-UOD000000000O00O
1. gof0000000g¢gO00
2. ¢,f0000000gof000
3.gof0000000f000

4. ¢,f0000000gof000O
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1.3 UUogooon

1.3.1 0000

00 1.3.1. XO0OOOOOOXOOOOO0OO (binary relation) ROO Oz, 2o € X O OO O
IlRl‘Q
oboooboooboobooboobooo

0 132. 00 ROOOOOODOODOODOOD >000000000x, 22000000
gboooboooooooboood

RO XOOODODODOOOOOoOO
R = {(1’1,1’2)6X><X|(E1R£L’2}

D000 XxXOO0O00OOoooooooooooo ROODO XDOOOODOOOOoooDo
OO0000000XxXO0ODOOOoROODOOOO

r1Rxy & (1‘17.’,132) ER

obobo0OXxXOo0oooo0 ROUODODODOODOXODOODOOODODODODX xXOOOOoOOooo
gbooooooboooogn

o0 1.3.3. 0000000bO00oo0ooooobooooobooooooboooooonn
ooooogo
Oo000000o0O00 AODO0O0oooOOoO0 BpoOOOmOoOOOOOOOOOoODOOO
oboocoboboooboobOoobooobooboobooobooooboooobooooboOoon
obooooOoboXxXoooooooo

A=X000000O00O0O, B=XxX0O0OOOOOOO

O000o000 R—RODODODO

00000 (natural, canonical) 00 0 0000000000000 0OO0O0OO0OOOOOOO
oobooobooooooooooobooboooobooobooobooobooooDooDbo
gooooooo

oooooOoOoOo0OO0OD ApOOOODOODOODOODOOOOOOOOOOOO

A=B

oooooobooooboboboot r.40b0oooboon
gbobooboobooobobooooboooooobooobog

can

A =B

000000000, canonically isomorphic 00 00)
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1.3.2 0OJ0O0O0OOOOoooOon

00 X0Oooooooooooooooooooooooboooooooobooo NODoO
obooobOoboooooboooooboooooono

N:DDDDDIIDDDDD

ooo0oOo]Joyoo0oU0o0o0oUooU]J]O0000000000O0oOooOoo
000000000 O0O000o0 (direct sum) D0 0000000 (disjoint union) 0000

OOo0ooo0ONDOO3000ODODOO0o0O0bOOOoOoOoD cy,100o00oooDo cy, 2
oOooooooOo c,0ogopooooooon

N= ][] ¢

i=0,1,2

goooogd
oooooooobooooooooocooogooooogoo

Cr.:={zeC||z|=r}

oooo,C.(r00<r000000000OOO0OOCOOOOOODOOOOODOO

c= ][ o

reR,r>0
ogoooaa

00 1.34. X00OOOUOODOXOOOODOO C; (rel)0 XOO0ODOOOODO

X:UQ
el
0000000000000 0000000000000DO,jel,i#;0000CNC;=0
0oo0000O0oooooo
x=]]c

i€l
00000000000 :eI0000C; #000000000C; e )0 XOODO
(partition) 00 OO
C; 000000000000 (class)000O0O

00 1.3.5. J0000000000000000000O0000000 XO0000000
0000000000000000000000000000,300000000000
I=1{0,1,2}0000000000000000000000000I={reR0<7r}O
000
XO000O0O0O00O000000000000004e/000 X00000 ¢;00000
00000000000

00070 index(000)00000000C;0 CO classO CO
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X00O0C¢; (iel)00000D0000
o~z e 020000000 (1.2)
00000000 ~00000000000000000 [EY[EE30000D00

00 1.3.6. XO0OOOOO ROUDOOO (equivalence relation) 000000000000
ooooo

El1 000 «¢RbOO bReOO0O aRce
E2 000 aRa
E3 000 «RbO0O0O bRa

oooooboobO ROOOOOODOOOO0ODOOODOOODOOODOOO0 XOOoOooooooao
gboboobooXxXooooooooooobooooobooboooooo

00 1.3.7. (X,~)0000000000000000(X,~) 0000000 (equivalence
cass) CO0O0O0X 00000 CCcXO00O0O

cooooao
T, € CO0ODO 21 ~ 29
rreClUOd xy ~zo, 000 29 €C

goooooo
Oo000O0zeCcO0O0O0OoooooonO

yeClO sz~y

goooogd

00 1.3.8. (X,~)00000000000O000OC; (el)OODOODOOOOODOOOO
ooooboo0 xXooooooo

oo 1.19. 0000 138000000

ooooooXxXOoooOoooooooooobo0ooXooooooooooooboooo
obooOonooooboboooboobooooboboboo 1330000000

oo 1.3.9. 0000 138000000000000
X/ ~

o0o0o0X0O0~000000D0000D0000X0000DO0O0000oODOO00000oO
obooooooo
reXO0O0O0OzeCOOOOUO CeX/~0000000000CO [#]000 z0OO
Udzs00000D0DODOO 000000
oo
q: X > X/~ z|[z]

0000 (quotient map) 00 00O
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0 1.3.10. XOO10 1000000000000 00xy ~2 0020 200000000
gbgbobooobooboboooboooobobobooobobobooboobobo
ooobobob@ebdbOUObDMOD eODODODOOLOOOODOOO~ODODO
good

000 XO0OOOUOoOOoOoOoUooOoooX/~00000000000000o0

0 1.3.11. (0OODOO0OOOOO0O)

X, YOoooooof:X—-YOOOoooooooooxooooo0 ~¢0
ry ~p a0 & f(21) = f(22)

ofdo0o0ooooooooobooon

00 1.20. 013110 ~,0000000000000000

000XO0O0O0000~00000000000000Y, f00000 ~=~;0000
00000000Y:=X/~, f=¢q0000000(0O0000 1.3.240 (1)0)

1.3.3 O000O0000O0O000O0000
ooooa
goooooo
fiZXN=Q, (nm)— =
bo0ooooboO0013.110000~,0000000 ZxNOOOOOOOOOoOoooOo

nl

(nm) ~p (0ym) & = = =

goooooo

0000000000000 O0o0000o0O0oU0ooO0O00OoO0oOoUo(oooooooo
0000)x00000000000000000000000000000O0DOO0DOO0
goobboooooobobooooboooooboooboboboboooboboboon

0 1.3.12. 000 NOOO zOOUOoOoooOoooOooDoooooooobooooo
(ZxN)/ ~,
ooooboooboobooboo ~0
(n,m) ~ (n',m') & nm' =n'm
goooog

00 1.3.13. 000000000
(Z xN)/ ~,

0000000 (n,m)00000 [(n,m)] 0000 2000000

000000000 1=200000000000000 [(1,2)]=[(2,4]000000

001-4=2.200000 (1,2)~ (2,4 00000000
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1.3.4 Well-definedness

gooobobobbooooobobooog
Q:=ZxN/~

gbboobodoboobgobooboobobbobooboobooboobon

n nm' +n'm

—t = (1.3)
go0oOooooooooooooooo
goooooooono

OO00o0o0QoOoOOooO x=0

m’ mm
O

0000000000000 0 (=well-defined) O

n n n+n
LA LA,
m m' m+m’
oooooooooooooo
1 1 2
Tl -z
2 3 5
gog
2 1 3
— %k — = —
4 3 7

00003=2000000
000000000000

0 1.3.14. 000000
n
Q—2Z ——n0mO0000O
m
0000000000000 0000000000000

-2 —n0mO0O0O00O
m

00000000000000L~100002~20000000

00 1.3.15. (X,~)000000000000000q: X — X/ ~00000000
f:X—-YDOOOODODOOOOO
00 h:X/~—Y0OOOOO
f=hogq

0000000000000000000000000 #,2/€X000
zr~al = f(z) = f(a')

00000000000000ARODDOOO0O0ODODODOOOO fOODOOOM
00000000 fO0000~0000000000000000 f0O well-defined O
oooooo
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000000000000000000000X000000000000000000
00 X/~00YOODOODOAOOOOOOOXDOOODODOOO0OO0OO0O0f:X—-Y0OOO0OODO
00000000f:X/~—YOOOOOOOfO fO00000O0

0000000000¢(z):=[»]0000000fog=f000000000000000
000000000000 f00000000000000000000000000000
0000000000 2,2/’ € X0000

val = f() = f(@)

gooooooooomoooood
ooooOoooooon
X=ZxN

oooo
f(n,m)=n0 mO0O0O000O

00000000 ¢=f(n,m)D0OOO0OO0OOOOO
n=mqg+r, 0<r<m.
oood
(n,m) ~ (n’,m’)

goo

n' = (nm')/m =m'q+rm’/m

O0000n,m'q000000 rm//mO0000O0<rm//m<m/ 000070 m 0000
O f(n/,m)0 ¢=f(n,m)0D0D0O0O rm//mO0000
goad
(n,m) ~ (n',m') = f(n,m) = f(n',m’)

000000 1.3.150000 f0O well-defined D000
f:ZxN/~—17
0000 f(n,m]) = f(n,m) 00000000000

00 1.21. 00 @20 mOOOO0D0O00nO mOOOO0O0O0OO00O0O0CODOOOwell-defined
ooooooboooo

0000 131500Y0Y/~0000000000000O000

00 1.8.16. (well-definedness) (X,~x), (Y,~y)000000000000000Ogx :
X = X/~x,qr:Y =Y/~ 00000000
f:X->YOUOOOOOUOOOOOO h:X/~x—Y/~ 00000

qvof=hogx
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0000000000000000000000
zrx al = fz) ~y faf)

00000000000000AODODODDDOODDOOOD fOOOOOMM
00000000 00000 ~x,~y00000000000000Ff0 well-defined O
gooooo

0 1.3.17. (X,~x), (Y,~y), (Z,~z) 0000000000000000000¢x : X —
X/ ~x,qr Y =Y/ ~y gz Z - Z) ~z, 00000000
f:XxY—-Z0O00OOOOOOO

f_X/ ~x XY/ ~y — Z/ ~g

D0000000zeX,yeYODODO

f(QX('T)a QY(y)) =4z o f(xvy)
0000000000000000000000 2,2/ €X,y,y €Y 0000
z~xa, y~yy =0 flay) ~z f2y)

0000000000000 f0 ~x,~y,~z0000000000000000 f£0 well-
defined 00 00000000DO fODD0O0O0O0ODOODO

0 1.3.18. (S,0) 000000000000~ 0O SOOOOOOOOOODOODOOOS/ ~O
O0000o000D0 (00O s1,s2€50000)

[s1 0 s2] = [s1]5]s2]
poooooooooooooooo
81~ 8,82 ~ 8h = 8108y ~ &) 05,

00000000mMO00 [s]gseSOO00O0 S/ ~00(000)00000O0O0O 1.39
oo
obobodbod ~O0O0OO0O0OODODOOODOOO

00 1.22. 0 1.3.120000 X:=ZxNOODOOOOO +0O
(n,m)+(n',m’') :== (nm’ +n'm, mm’)
goooobbbodo 13180000 ~doooobobooobobog
Q= (ZxN)/ ~

oboooooboooooobooon
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1.3.5 00O

0000000000000 0000000000 mO0 (modulo)D0O000O0O (congru-
ence class) 0 00000 (residue class) D00 0000

OO0 1.3.19. n0000000z,yeZ00002z0y0mO000000000C0O0O0D02z—y
OmOdO000000O0000O0O00D0O0

xr =y mod m
000000000 zZzooooooooog
00 1.23. 000000 O0OOOODOOOOOOODOOOOO

reZOmeNODOOO
r=mqg+r, 0<r<m

00000000 ¢O0r000000000¢0 20 mOO00OO00O (quotient)dr 00O
(residue) DO OO

ud 1.24. 0000000 gUO r0000O0O0O0O0OO0DDDODOOOOOODLO
0 1.3.20. —10 7000000060000
1=Tx(=1)+6
good
00 1.3.21. mO000000000O0 Z/m0O
Z/m :={0,1,2,...,m —1}

ooooog
r€7Z0000zzO0mOOOOOOO rp(z) 00007, 0

Tm L — Z/m
gooooooo

o0 1.3.22. 000000

r=ymodm& T~y Yy

(~y000000 13110000000

Ub0b0d0z—-yOmOdOO0OO0O0D0O0O0D0O0O0O0O0O0O0zO0mOOO0O0O0O0O0yO mOOOO
gbbooboobouoobobbooboaoboobuoobobobooboa

00 1.25. 0000000000
00 1.3.23. mO000O0000=0 mOO0OOOOOOODODOOOOOOOOO
7] =—7Z/m

0000o0000oo0o0oooooUdoz/=07Z/m0O0000 (0 1.3.300)000
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oo. (z,=0r,:Z—7Z/m000 1.3.150000000000
Tm L] =— Z/m

0000000000000 020000000 ¢]0000m,(x)00000000000OO0
r, 00000007, 0000000
00000007 (z])) =7(y) DOODO0O[z]=[y]00000000O0O0OD0O 1.3.1500

(%) = Tm ([])

000
() = T ([2]) = T ([Y]) = T (y)
000 z~,, y000 132300 2=y0000 [2] = [y)0 O

00 1.26. Z00O0000D00O0O000000O00O0OD0OO0O mOOODOOOOOODODO
0000000000000 13180000 Z/mUO000000O0OO0ODCOOOOOOOO

000000Z/mO00000000000O00O0OOOOO0O 2.5.10

00 1.27. Zz00000000 2~ |20 Z/mO00000000O0OO0O 131600000
good

1.3.6 O0OO0OOOO0O
00 1323000000000 DO0000000O0DODDODO0O0OOUOODODODOO
00 1.3.24. (DOODDOOOOO)
1. X,~)0000000000000000000O
g: X - X/~
ooooo 113110000 ~,0000000~=~,0000

2. f:X—-YOOOODODDODODODOf(X)cYD f000X00000000
0oofo
XL X/l y

0000000000 fO0000
f=1Foq
00 fOODOOOO0ODOO0OO0000D0000 f(X)000000000
foX/)~p— f(X)
afsisisfsialuls
0000000000000 00000000000000

00 1.28. 00 1324000000 1323000000
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20 0O0OO0O0OO0OO0OO0O0O00

21 0O0OO

211 0OO0O0O0OOOooon

000000000000 SO0000 (magma) 0000
00 2.1.1. 000 (magma) 00000 SOO0SOOO0O0OOO
0:9x85—S5
00 (S,0)0000
000 (zx), (Z,-), (N,+), (N,00)0000000000000
00 2.1. (N,-),(z,00)0000000000000

00 2.1.2. 000000000 (groupoid) 00000000000 OOOOOOOOOO
gbooobooboobooboboobooboobobbooboon

00 2.1.3. (0000000) (S,05), (T,or) 00000000000(S,05)00 (T,07) 0
0(0O00)000 f00000 f:8—-7T0000

Vs,s' €S, f(sogs') = f(s)or f(s) (2.1)
goooobobobogo

0O 2.14. ccNODOOO

L,:N—N, z—azx

ooooooL, 0 N,+)00 (N,+)0O0DO0O00OO0oOoooooo
Lo(x +2') = Ly(x) + Lo(2')
0 (00022 0000)0000000000O00OO0OO0OOOOOOOO
a(z + ') = ax + ax’

oooooooooo L,O0 (N,+) OO (N,+)ODOOOODOODOOOO0OOO0O0000 L, O
(N,x)OO (N,x)OOOoOoooooooooo

Lo(z x 2') = Ly(z) X Lo(2)
gooOoOoOoOODOOD0ODDODOOOO0OO0 e#100000000C0O

00 2.2.¢eNOODOOOD z—e*00(N,+)00 (N,x)00000000000000
000



2.1, 000 27

oood

00 (21)000000000000000Ocommutative diagramO0 000000000

S xS rxf TxT

los O lor
s EA T
oooboooooon
fxf:9x8—->TxT

00 (s,s') — (f(s), f(¢)) 000000000000000000000000000000
0000000000 o000000000000000000000000000000
00000000000000000000000000000000000000000

00000 (s,¢)000000000000 (f(s),f()) 0000000000000
f(s)of(s)0DDO0OO0O0O0DDO000000 sogs/0000000000 f(sogs’) D
00000000000000000000000000000000 (21)0000000

00 2.1.5. (S,06)0(T,0or)0 (U,opy) DO0DODOOOOf:S—>T,¢g:T—-0U0000000
ooooooo
gof:8—-U

gboboobOobooooboboooooboooooon

obO. 00000040

(gof)wosa’) = (go f)(x)ov (g0 f)(=')

ooo
go f(zosa’) =g(f(wosa’)) = g(f(z) or f(a')) = g(f () ov g(f(a"))

ocoooooooooooooboboooboboOooobOon0 fOoDODODODOOOODOOOODO
gUO0O0OODOOOOODOOO O

oo 2.1.6. 000000000 O0ODO0OOCOOODOOOOO0

Sxs X orxr Y uxu
los O lor O l oy
S ER T g, U

goooobooobooboooobooooboooboooooooooobooooboooOmo
gboboobooobooboobobooobooboobooooobooobO@moobooobooon
oboooooboooooobooon

(gxg)o(fxf)=(g0f)*x(g0f)

0000000000000 0000 go fO0D0O00OOODOOOODOODO
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00 2.1.7. (S,oq)000000000O0O0OO
idsZS—>S

000000000000 00000O000 SO0000 (identity morphism) 00 OO
(T,or)DOOOOOOOOOOOOOD f:8S—-TOyg:T—SO0000

gof=idg, fog=idp

ooooooOoooodgO fOO0fOg0ODOOO0ODOOODOOOOODOOOODOOOODO
goooboooboooboobooboobooo
(S,05)0 (T,op)OOOOOODODOOOUOODOOUDODOOOODOOOOODDOOOOO

00 11.1900000000000000Q0O0O0OO0O0O0 SO00 7000000000
gboboobOoooobooboooooboooon

0 218. 00000000 R,cO000D00000 expO

exp: R —Ryg, xH—e”

00000 (e=2718---)00000 log (=log,) 00000000000000
exp00(R,+)00 (Rso,x) 00000000000000000 200 2,2/ 000

’ ’
eac+x — ex % e:c

00000000000
log 0 (Rso,x)00 (R,+)00000000000000000000 2,2/ 000

log(x x ') = logx + log 2’

oooooobooog
OD000expODOOOO0ODOOOOOlogOOOOO0ODOOOO

00 2.1.9. 00000(S,o) 000000000000 DOOOOODOOOUDOOOOODOOO
gbooobooboooogn
Of:S—-T70000000000O0O0O00DOO0OO0DOOOO0 SOOOOOOOOODO
ocooooorogoooooooogoooooofo0oooOoboOo0OoooooooDOo
gboooboooboooo
gooooo 2150
Of:S—-T,¢:T—-U0U0000D000000DOCDOOO0O0gofODOODOOOODOOOOM
gbooobooo

00 2.1.10. f:S—-T0O00000000OOCOOOO0OODODOODOOOfODOODOYG
0o00o0b0g:T—-SO0O00000000ODODOOOOO0 fOOO0DOODOO

gb. 0011190000000 gdbO0bOO0OO0ODO gO0O0DODODODOODOODODAg
00000oO0oooooo gLt eTooO

g(tort') =g(t)os g(t')
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ooooooboooooon
ocoofO00OOO0O00OOOO0OOOOO0ODODOO fOOOODOOO

flg(tort)) = fg(t) os g(t"))

00000000000000000fog=idy; 000000000 topt 0000000
0 f0000000000000 f(g(t))or flg(#))D000tep# 000000 O

00 2.3. exp: R = Roo0 (R,+) 00 (Reo,x) 000000000000000000
0000000 logO 2,2/ >0000

log(x x ') = log(x) + log(z')
0000000000
00 24. ($,x)000000070000000f,g€ Map(7,5) 0000
fxgeMap(T,S), (fxg)(t):= f(t) x g(t)

000000 (Map(7,S),x)000000000000MOD0O0O000O0OOOOO0O0O0
gooooond

00 2.1.11. 0000000000000 0000O0 MapR,R)OOODOR,+) 00000
00000000000 +0000000000000000000O0D00000O0O00O00O0

2.1.2 0OOO0OO

00 2.1.12. (S,0)0000000O0T CcSO0O0O0O0OOOOOOOO.O0TOOODOODO
o:TxT— S8

(0000000 O0)00DO0D0O00DO0TO0000O0O0O
o:TxT—T

000000000 (7,0)00000000000 (S,0)00000000000 0 o|p 0
000000000000000000000

00007 cSO00o00000DO (0 1230008 T000000000DO)0O0OO
groooooboooobobooobooboooobooon

oo 2.5. 0000000
1. (N,+)O (z,+)00(zZ,+)0 (Q,+)0000O00B00O0

2. 0000000000 Map(R,R)D000O00O0O0O0OOOOOOOOOOOOOOO
bobooboboooboobooomoboooobooboooboooad
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00 2.6. (S,o)J000000OTCSO0000OOO0OOOteTOteSOOOOOOOO
00 (immersion, embedding) 0 0 0O

v:TCS

gooooo
JO00bo0obooobooobboobo rooooooobboooTo ooobbooooo
ooooooooo

2.1.3 0000

o0 2.1.13. (S,o)0000000~0O SOO0OOOOOOOOOOO
q:8— S/~

00o000oU0oU0oU0o0oOoUOoUO0sn S/~000000000000000 ~000
0000000 (0 1.3.1800)000000O

O000O0es0U0O0O0OOUOOOOO(S/~0)0 SO0 ~00000000D0O00OqOOO
ooogoo

gooodb 131800000000

0 2.1.14. 00 1.22000000000000 (ZxN,$)0000(ZxN)/~,+)000
0000000000000000

00 2.7 (z,x)0o0o0O((Z/m,x)0000000000CO0OOOOOO

00 2.1.15. (X,0x) 0000000~0 X0O0O ox0000000000000000
(X/~,5)000000000¢:X —»X/~00000000000000 (Y,ey)0000
000000 f:X—-YOO0OOOO
fO0~x000000000000000000 2,2/’ € X000

zrx a = fz) = f(2)

0000000000000 131500000 f:X/~x—YOOOOO

00000000000000000000000f000000000O0O0
000000000000 f00000 ~x0000000000000000 f0 well-
defined 00O OOO0O

00.001.3150000000000000 f00000000000O0OOO0OO0O
good

Fzlola’]) = f([w ox a']) = f(w ox 2') = f(x) oy f(a') = f([z]) oy f([z'])

gooood O
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00 2.1.16. (000000000) (X,0x)0(Y,0y)0000000f:X —YOOOOO
0000000000000 fX)CcYO f000X00000000000

1.

2.

f(X)0Dyoooooooooo

~y0o000000000000000O

. fO

XL X/~ by
0000000000 f00000
f="Ffoq
00 fO0O000000000000000000 f(X)0OOOO0DO00O00O
foX]~p— f(X)
0D0oooooooO

ad.
1. f(X)0000 f(z), f(z)0000000 f(z)oy f(z') = f(zoxa’) € f(X) DOOD
D0f(X)CYO oy DOODOOD
2.z ~p ol e ~p b 000 fa) = f(2), floe) = f(25) 0000000 f(zroxe) =
f(zloxo) 000000 z10x9 ~p zf 0z
3. 00 211500000 bo0b0O

foX)~p— f(X)
ooo0oOobOo0ooOO0oO0Oo0obOo0oOo0oDbDOoO0DbobO0bO0oOD 132400000
000000 f0000000D0O0000O0ODOOO?21.1000000000

O
g 2.8.
1.

T={zeC(Cl|z]| =1}
000O0xO0O00000000Uo((C,x)booooouorccoouoooooo
oooooooo

2.
Exp: (R,4) — (C, x), x> 2™
uboooboooobobooood
3. 00000

R/ =,+) = (T, %)
goooooo =00
r=2'ex—2 €Z

gooobooROODODODOOODOO
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2.2 OO

2,21 0O0O0UOO0OOoOn

00 2.2.1. OO0 (semigroup)G 00000000

GA (000D0000000)00 Go

GB (00000000000)G, 000000 o
00000000000 (0000000000)0000000

G1 (0000, associative law)
91,92,93 € Go = (910 92) 093 = g1 © (92 © g3).

00000000MO00 (Go,o)JOUODOOOUDOD o0OD0O0DOODODDOOOODODO
gooooooOoOo0O000D GoOOOO0 GoOOOOO0O0O0O0OO0OO0D0OD0Ob0OgeGeOOO
geGUOOOOO f:Gy— SO f:G—-SO0U0000O0O0O0O0OO0O0OOOO G = (Go,0)
oood

0222 1. (Z+4),(N,4),(r00000000,0000)0000000
2. (Z,~)00000000000O
(a—b)—c#a—(b—2c)
gooooon

3. (N,O0DO)OoDoDooooo
209 # (2')?

good

4. SOO0O00ODOOOSOOOO0ODOOOOODOOOOODOObOOOn
(Map($, 5), o)
00000001.1.3000 (1.)0oooo

ooboooboooboooooobooobooobboooooboooobooobbooOooooboooon
oobooobooooboooboobooobobo0ooobooooooooobooobobooooDooDo
gboooboooboooooboood

00 29. (S,)0000000000 1.1.220000

2 Sx S -8

L:S — Map(S,S)



22, 00 33

000000000000L(s)00 (left) 00 s0 -0000
L(s):t—s-t

oooo
LO (S,-)00 (Map(S,S),0) 0000000000000 00000000000000
ooooo

gogoobboboooonon
Vs,s' €S L(s-s") = L(s)o L(s")

000000000000 00 ¢"eSO0000000O0O0OOOO0OOOOOO

222 000000

00 2.2.3. 00 G =(Go,0) 0000 G =(G),0) 00000000000000000
0f:Go—Gy,00000

Vs,s' € GoO  f(sos')= f(s)o f(s)
oooboOooooooo

gobooooboooobooooobooboooboooboboooooooboooooboooon
000000000O0O00000 [Gljloo00U0oo0o0ooooooooUoooooo
oboobooboboooooooooooboobooboboobobobOobooboooooon
ooooooboooobbooooobooobooooboboooboboboooooooboobooDbooDbo
gbobooboboobooboooboobobooooboooboobOoboooonbo

00 2.24. 00 G,&,G"0000000000 f:G—-G,¢9:G —-G"0000000
O0000gof:G—@G'00000000

ub.0boooobobooooobooooboooooboo 21500000000 O

gboooooogoobo 21vy0o0o0ooooboob0oooooooooDooOmoomoooog
gboboobobooobooboobooboooooboom

00 2.2.5. (S,0) 00000000000
1d354>5

000000000000 000000 SO00000 (identity morphism) 0000
(T,op)DOOODDODOODODOOO f:S—>TOyg:T—-SO00O

gof=idg, fog=idp

goooooooDbobbgy0O fOO0fOg0O0O0oOOOOOOOOOODOOOODOOOOOO
gbooobOoboooobobooooobooon
(S,06)0 (T,op)UOODOOUOOOUODOOOODOOOUOOOOOOODOOOO
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00 226 f:S—-T00000000000000C0O0000O0ODOOOOfOODOOgO
OO000g¢g:T—-SO00000000000DOD fOOOOODO

gbo. odboobooboobobobobbooboobo 21000000000 O

o0 2.2.7. 1. .6,00000000S00 800000000 (magma homomorphism)
oood
Homyagma (S, S”)

oooooooS=8000
Endmagma(S) := Hommagma (S, S)
0000 SO000000000 (magma endomorphism) 0000000
2.6, 80000000800 80000000 (semigroup homomorphism) 0 00 O
Homgemigp (S, S”)
ooooooosS=s5000
Endgsemigp (S) := Homgemigp (S, )

0000 SO000000O00 (semigroup endomorphism) 0000000

223 0000

00 2.28. (0000)00 G=(Go,0)DOODODOOOOGyOOOOO SOOOOOSO
oJ0OUODDODLOOODOODOODODDODOO

00 229. 000ScGoe00O000000OO0O0OOQ0OO SO .0000OCODODOOOOO

ob. 0b0bobobOo0bO0OODbOOOODOODOObOOODOOOODOOOODbOODOODO
oooboooooooooooooo0oO0oo0oo0ooooDbogoOoo SooDOO
gboooooboooobooboobooooobooooboooog

ao(boc)=(aocb)oc
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1/700000000000000000COO0OO
1/7000 (0 22)0000000000000000O0OOOO0OO

1x10=7=1 003
3x10+-7=4 00?2
2x10+7=2 006
6x10+-7=8 004
4x10+-7=5 0O0O5 (2:2)
ox10+7=7 001
1x10+-7=1 003
gbooobooboobooboboooooboooobooooooobooogn
r1 =1, x;:= (a:i,l XlO) mod 7 (’i:2,3,47...> (23)

O00000emodb00e 0 b O00000000DOOOOOODOODOO

(2/7,%,[1])

ooooooboooooon

x1 = [1], T = Tpm—1 X [10]



66 020 0OO0OO0OOOOCOOOOOOOO0

4285F 14 ...

022 1/70 1000000000

00000000000 0000000000
xy = [1], 25 = [1] x [10] = [10], 23 = 25 x [10] = [10]?,... 2, = [10]™71,...

good
0000do0l/~0000000

r1=1 x;= (Z‘i—l X 10) mod n (’L =2,3,4,.. ) (24)
00000000000000000 (Z/n%,x,1)0000
r; = [10]" (i=1,2,...)

obooooooooooboooog
000000000 ¢000 0000 1/n=0.a1a2a3--- O

a; = (z; x10)+n 00 (i=1,2,3,..)

000 ; 00000000000a; 00 z; O
x; = 1071 x (1 — 0.azaz -~ a;_1 X n)
={10"' x (1/n — 0.a1a2---a;—1)} x n
={O.ai+1ai+2---}><n
goooo.000000o00000 {}DDDDDDDDDDDDaiDDDDDDDDDD

bobobooibn 2,00 0000000 ;00 2, 000000000000 2,00
oboboobOobob e 000b0000b00boboboob0obooooobooooboon

oooooooo
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0000 (1000000000 (00 24.900) (Z/n*,x,1)00000000000(10]
0000000 sO00000000000 2, 000000000000000000000
000 24540000000 (e=4¢%g'¢%...,9° Y 9°=e,...000000)

000000000000000

00 24.59. n00000000O(0]€eZ/n000000000000001/200000
0000000000000 100 z/x*000000000000000OOO0ODO

0245600000000000

0 2.4.60. 000000000000 Z/»* 0000000000
0000000000000000000000000

00 2.4.61. (Z/n)* ={meZ/n|mO 00000 }

00 n0000000.,000000->2000000000000000000
oo.

CcOD0MONDONON0000000M (Z/n)* c{meZ/nmO n00000 }0000
00000000000 me (Z/n)*00000000mO0 2000000000
00000000
00000000000mO-,00000000000000mOn00000d>1
00000 m=med, n=nd 0000mO00000000acZ/,n00000
a-m=107%/mM000000¢00000000(@-m)modn=10000000
0000000000 b00000

am+bn =1
0000000000000 (em O nO000O0O0O00 10000em—-10n,00000

am—1=¢gn0000000—¢0O b0000000O)

O000Oem+bn0d00000000010d>1000000000000000
O00m=medd0 n=ned000 am + bn = amod + bnod = (amy + bng)d 00 O
d0D0O00ooad

>DO00000000000000U000OmeZ/n0000 0000000000000
2.4.620000
am+bn=1

OO0000D0 e, 0000000000
am = (=bn+1

ao

am mod n=1

ooo

¢ :=amodn
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oooo Z/nDDDDD
adm=mad =1

0000000 mOO0O0O0Om e (Z/n)*0

00 24.62. mnpO0000000O0D0OCOOO0O0DdOODOOO
{am + bn|a,b € Z} = {cd|c € Z}
goooogd

0 24.63. 00 d=100000 m,n000000000 em+bn 000000000003
oooooooooog
am+bn =1

oooooo e, b0000O

ob0.em+bn 000000000000 dOOO0OODOODOOO cOQODO
OD0000em+bn 00000000000 0DO0OCDOOOOOOO0O0O e=aym-+byrn00
O0eddOD0O0ODO0O0OOOe>dded mnO0O000O0O000O00ODOOOOOdOOOODOO
O00000000O0ODO0ODbO0d>ed0D00O0 d=e0d000O0am+bn=d000000O0O
(cag)m + (cbp)n =cd0 000 DO0O00OO
e0m,nU00000000000O0O0OO0OO0O0O0ODOODOmO edbbOOO

m=qe+r, 0<r<e—1
ooOoooooono
r=m—qge=m— qlagm + bon) = (1 — qag)m + (—qbo)n

O0000r0 dm+¥n0000000e000000000D0O0O0ODODOOOOODOOOO
obobooobooo<LrLe—10000r>0000000e00000 r0O0O0DOODOO
gobooboobobooobr=0000000000000m0O e0D00O0OOO0DOO

goooo
ooodmOn20000000000n0O e000000000O000C00O00O ed m,n
oooooooo O

00 24.64. J0D0OO000DOCOOODOOOOODOOOODODOOODODOS4.7.3M

00 24.65. 000D0O000O0O0O0O0O0O0OODOO0O0On=00m=0000000000

gboboobOoboooobdrn=m=0000000000
ooooodmODODODOOOmOOOOOOOOOOODOOO0OO0OO00000000M=n=20

obooooOobooobooboboooboboooobooboooobooooobooooomom

O 2.4.66. #(Z/n)* = p(n). 000D p(n) 0 0,1,2,...,n—10000 n 0000000
000000000000 000O00O0OD0(@O24580000000000)
00 n0000O0nO
(Z/n)* ={1,2,--- ,n—1} CZ/n

O ¢(n) =n—10
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00000 24590000000000 [10]e(Z/n)* 00100 nO000D000O0O0O0OO
O00..000000020500000000000000000000000[101000
Oer) 000000 1/pn00000000000000000000O000O0 RO 1000
oo0oooobOooogonD 2458000000

o 2.33. 00O0dg
002458000000

24.13 0OD0OO0OO0OO0OOOOOO

goboooobooobobooobooobobooooooboboooooboooobooooooboooon
oboooboooOoboobOooooboobOoboooomoobooooboooooon
goooooooobobooboooooon
gooobooomooooboooobooooboooooobooooooooobooboobogoo
0000000000O00o0O0OO (0 1.33)000000000oooooo
ooooooo

f:(Glyolael)H(G2702762)
vuooododub~ydoooodooooaoood

oo 2.4.67. (Gl,Ol,el),(GQ,OQ,GQ)DDDDDfZGlHGQDDDDDDDDDfDDD €9
0000 fO00 (kernel) 000 Kerf OOOOOOOOO

Kerf := f~}(e2) = {w € G1|f(2) = e2}.
00 2.4.68. D00000ar~sbear~g, b

ao.

a~rbe fla)=f(b) < f(a) ' f(D) =ex < f(a'D) = ex < a”'b € Kerf.

0 24.69. 00 fO00000000000U00O0OOKerf ={e}00000000O0

goboobbooobooobooobooboboobboooboboooboooobo
goo

00 2.4.70. O (G,0,e) 0000 HOOOODOO (normal subgroup) 000000
VaeG aHa '=H
gooood

o0 24.71. 00000
YVaeG aHa 'Cc H

000000000000 00O0aeHe ' CcHOOOOOOOOD «00O00000O0O OO
000 e« ‘0000
a 'HacC H



70 020 0O0O0OODOOOO0OOOOOO
00000000 «0000000 e« '00000
HCaHa™!
doodoooooooboboooo
H=aHa!
goooboobogoo
o0 24.72. f: G, — G, O00000D000D00OKerfO GyOO0O0DOOODOODOO
oo, [S1):
a,b € Kerf = f(aoy b) = f(a)os f(b) =ez09 €2 =e2 = aoy b€ Kerf.

[S2]: e; € Kerf O [HC]f(e1) =eo 0 DOOO0
[S3]:
acKerf= fa™) = fla)™ ' = ey

000 a ! € Kerf.
goo0OOoOODODOODODOODOgeKerfOOODOOOOOO

flaogoa™) = f(a)o f(g)o f(a)™" = f(a)oezo f(a)™" = ea.
000 aga™! € Kerf, 0O DOO
a(Kerf)a™* C Kerf.
00000 KerfOOODOOOOODOO O

O (G,o,e)0000~000000O0O0OO0O o00OOOUOOOODOODOOOOOUODOOOO
oooon0Oz242400000000000

q:G— G/~
000000~=~,0000Kerq=1[e]00000000 246800000000000000

00 2.4.73. (G,0,e)000~0 o000000O0O0UOOODUOOO0OOH =[]0 GOO
DDDDDDDDNDNEDDDDDDDDD

G/ ~=G/H

good
oooHO GDDDDDDDDDDDN%D oOOubuoobOobobOobOOoOonn

G/ ~L=G/H

000000¢q:G—-G/HOODOOOOOOOoOo
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00. 0000HOO0OO0000O000O0~500.000000000000000000
a~ba 00 b~L Y0000

(ab) N (d'V) = b a )W = (b7 W)B' V) e HoVHY ™' ¢ H
00 ab~h a'¥0000 o0 ~5, 00000000000 O

OoO0O0ODO0O00000 24.240well-definedness000 24.300000000000 2.4.32
oooooobooooooo

00 2.4.74. (G,o,e)00000NDO GUOOOOUOOOOODOOOO
q:G— G/N

000000000000000s00000 e 00000 ()7'0G/NOODOOOOO
00000 (G/N,s,eq)0 GO NOOOOOOUOODOg¢OOOODOOOOO

00 2.4.75. (X,ox,ex)00000NDO XOOOOOOUOOOOg: X —-X/NOODOOO
0000000 (Y,ey,ey)DOOOOOOODO f: X —->YOOOOO
0000 Ah:X/N—-YOODOOOO

f=hogq
0000000000000000000000

N C Kerf

00000000000000ARODOOOOODODODOOOO fOODOOOM
00000 f0 well-defined 0000000

00.0024300000000000000
a~g b= f(a) = f(b)

gooooo
athe N= fla~'b)=e

OO0OO0O0O0O0O0ONCKerfOOOOOOOOOOOoooOQ O

00 2.4.76. (0000000) (X, ox,ex)0(Y,oy,ey) 00000 f: X -»YOOODOD
00000000000 f(X)CcYD f000 XO0O0O0O0O0OO0OO0000

1 f(X)0DYDoOooooooo
2. N:=Kerf 0 X0ODODOOODOO~k0Oo0000000000000000

3. fO

0000000000 f00000
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00 fO00000000D0000D0DDOO0O000OO0 fA(X)OOO0O0OO0O0O000
f:X/N — f(X)
uboogogaono

odooooooooooooon
NO GUOOOOoOoOOoooooo
N<G

ogooooo
00 2.34. 00 2200000
Exp: (R,+,0) — (C*, x,1)
ooooooo 24600000000
(R/Z,+,0) — (T, x,1)
goboooooon
0o 235 0dooooooooon
F:(C* x,1) = (R*, x,1), f(2)=|7]

gobodooooboooooobuoooooon

C*/T — Rso
0do0odooooobooooono RspOOO0O0O0DO0DOoDOOOOO0OoOoooooODOO

00 2.36. 00 zeC*OODODO T;DDDDDDDDDE[CX/RN)HTDDDDDDDD
ooo

00 237. KUOODOOO ROODODODOOODOOOOOODMmMOOO Awdet(4)O
(GLn(K), %, I,,) — (K*, x,1)

gogogobobboooooon

0000 100000000000 GL,(K)ODoOoOoooO SL,(K) (00000, special
linear group) DO 0OOSL,(K)O GL,(K)DUOUOOOOOOOOOODOOOGL,(K)/SL,(K)
ooooboooboobooboooboo

25 00O
00000000000000000000000

00 2.5.1. 0 (00 ring) ROODOOO ROOOOOOO0OO0O0O0O0O0 +,-00 (R, +,-)0
0000000000000000000MO0000000
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Rl (R,+)00000O00O0OOOOOOOOeROODOOOO
R2 (R,)0000000O00OO0OO0ODOOO 1eRODOODO

R3 (000DO0)000 a,b,ee ROOOO (a+b)-c=(a-c)+(b-c),a-(b+c)=(a-b)+(a-c)
googod

good
R4 (DOOOOO(R,)0D000D000OU0OUOOOOOODOOOOa,be ROOOO a-b=0b-a

0000D0000ROOOODOO0OO0DOO000O0O0DOOO000O0O0O0
(R,+,-)000000 [R1-[R3)0 0000000000000

FOOUOO (R,,1)DOO0OOo0OOOOOOOOOO

000D0000(R,+,-)000 (skew field) 0000000000000 (0000 [R4)0
000000)000000 (commutative field)0 000000 (field, O Kérper) 0000

0 2.5.2. Z/n00000000Z00000000Z/,0000 $00000000000
0 (0 24.8)0(Z/n,%,[1]) 000000000000 232300000000 [R3)0000
0oooooo

(la]+[b))[e] = ([a]-[c]) + ([b][c])
0Oooooooo

(la +0])[c] = [(a+b) - o] == [a- ¢J+[b- ] = [a]-[] +[b][¢]

000000000(:e—[@00000000000000000O0O0O000000O0)
00000 [R40000000000000
Z/n0000 +,%,00,[1] 000000 4,%,0,1000000

00 2.5.3. (Z/n,+,x)00000000000000O00OOOOOOOOOORO00O0O
gbooooooo

gb. boooobooobobobobouoboobOobobooboobooboooooboonn
246600000Z/n000000000000O0,1,...,n—10000 nO000OOOOO
ooobooooobdndbOooooboob obobobObOerbODOOOODOOODLO
gbobooboooooboobooob oboboboobOobOobUOobOnUbObOOOOOnO
go O

00 2.54. 0000000000000 COOOOOOUOOOOOOOZ/AO00000000O
gboooooboooooboobobooogooboo

000000000000 100000000000 00o000oooo(N,H0oooo
000o0o0ooooo0oo0ooOo (NU{0},+)DDODUO0OUDODOO0DDO0ODOD0OO0ODOOOOOOO
00 (Z,+)000000000

oooooN,+,) 00000 (Z,+,)00000000000C0O0OO0OO0OOOOOOO
gootdoooooboboboooooobbobbuooooobbboboa

0000000ooo0o0oUuoo(@,+,)000000000000O00O0 (rational number
field) D000 (R,+,-) 0000000 (real number field) 000000 (C,+,-) 00000
000 (complex number field) 000000
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2.6 0OU

goboboooboboooobooobooboooboooooooooooOoooooooooboooon
gbooobOoboooooboon

00 2.6.1. G;,G. 0000 (0D00D0O000O0O0O0O0D)000D0O0O0O0O0O0O0O0O0O0O0O0O
O0G, x G, 0000000000000000000000000000000000O

1.00000G, 00000 G, 0000000000000000000
G1 x G2 = {(91,92)|1 € G1,92 € G2}

2. 00000000000000000
(91,92) © (91, 92) := (91 °1 91,92 ©2 g5)-

3. 000000000D000000 G1,G, 0000000000 (ey,e2)0

4. 0000000000 (91,9.)00000000000000¢;0G100g20 G20
0000000000000000 (¢7%¢, 0000000

ooooboooobooon

0000 G1,G., Gz 000000000G, xGyx GsOOOOOooooag
G1XG2XG3§(G1XGQ)XG3§G1X(G2XG3)

Oo00M@=000000
El[II:JD[II:IDDDDDDDADDDDDD(GA),\EADD(DDDDDDDDDDDDDD
D)DDDDDDDDDDDD
[16»

AEA
ooodooooooobo GaOooooooooooooogoooooooooooooooo
0000 (ga)xea 0000 0ODO (OO0 XeADDOOO gy €eG\000000000000
0)oooooo

(9r)ren © (93)aen = (gr © g\)ren

goooooo
G, G, 00000000000G, xG 0000000000000 000000QCOO
ooo Gooooo Gy,Ge,...,G,00000000DODOOOOOOOODOODODOOOOO
oo0ooG,00ogooooooG,Oboo0o0oo000goooooogooooooooD
oooooobooog

00 2.6.2. G,G,00000000000(g1,92) €GL xG00000g;, 0000 g0
000000000000
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Oogd.
(91,92)" = e (91", 95") = (e1,e2) & 91" = e1,95" = ea.
JooboboodmUO o 00000000000 mO g2 0000000000 0O0DOOO

obmoboobooobOooooboobooooobooooobmooboooobo nOoO0OO
O (g1,90) 000000000 ¢4, 0000000000000 OOODO U

00000G=G, xG, 0000
G1={(g1,e2)lg1 € G1} C G1 x Gy

000000,:G, —GOOOOOO00000000000w,:G,—~G00000000
00000000G~G, xG,00000000000000000GO G,000000
04(G)0 G, 0000000 1(G,)0000000000000

000000G,G,<GOO000000000000000000 (g1,92)— g10g20

G xG =G
gdoooooooobooooooooono
00 2.6.3. G1,G,<GOO0O0D00O0O
h: Gy x G2—G,  (91,92) = g1 092

Odoo0ooooooooon

1. G,000 G,00000

2. G1N Gy ={e}

3. GO000000 gogeO000g €Gr,90€CG00000
g3dddooooooooaa
O0. 000000000AR:G1 xG, - GOO0OO0O0O0O0O0OOg €G1,90€G 0000
G xG,OOOad

(g1,€2) o (e1,92) = (91,92) = (€1, 92) © (g1, €2)
0000000 AhO000 GLOOOUOOAROUODODODOO

h((g1,e2)) o h((e1,92)) = h((e1,92)) o h((g1,e2))

000000 gioga=g20g1 000000 (e; =ex=ec000)0
AO0000000000 24.69 00 Kerh={(e,e)} 0000000000

(gl,gg)6Kerh<:>gloggze<:>gl:ggleGhGg

000000G NG, ={e} 0000000000000000000¢0000 (g,97%) €
Kerh 0000000000
0000000AODOOOOODODOOOO
000000000000000000000RDO000O0OO ;000 G,00000
0000000000000
00000000000 GiNGy={e}000 246900000000
000D030000000000 O
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oo 2.6.4. G;,Go< GOODOOODOODODO

h:Gi x Ga—G,  (91,92) = 91092
000000000000 @mGoooo0 GO0 G, 0o0o0ooooooon

o0 2.6.5. 0000000000000 O0O0O0OO0OO0O0OCOOOCO0DOO0O0OO00O00O0O00DAO
gbobdobooboobuobobobobobobobobobobobooboboboobaon
gbooobooboobooboboobooboobobboobooon

obooooobooooobobooooobooooogon

00 2.6.6. GOOOO Gy,...,G, 0000000000 f(g1,...,gn) =g10g20---0g, O
0000000000000000000000000

fZG1XG2X"'><Gn—>G

000D0000D0000000000000000000 G, G;0000G, 000000
G;00000000000000000

00000f0000000000000@MgG€EG; (i=1,...,n) 000 g1+ gy =el
00000000 ¢0000000000000000000
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030 O

oobooboooooboooooboooooobooooobooooooboboooooboobooOog

3.1 0OQ0O0

3.1.1 0OUOgogooo

00 XO0OOOO Sx0O000O0O0O000X0O0O X000O0O0ooooooooooooo
00000000000000002413M000X00000000 7,0000 (§1.3.2)
000000000000

X=TUU, TnNU=0.

000Sx 00 000007000 TO000UDOOUOOOOOOOOOOOOO
0 Spp 0000
Sry :={fe€Sx|f(T)=T,f(U)=U} C Sx.

OoO0O Sxooooooooooooooooosp000ouUoOOOOO0OOO0OOOOo
O0vweU—wO0000000D000O0 Sy 000000C0000O0O00B0OO0Sy;,000
Sry00000000000000000 Sp,Sy<Sry0000000000000000

Sr x Sy = Sry
000000 263000000000000000000
00 3.1. 000000 feSxOOO

f(T)=T<« fU)=U

good
U0 Xoooooooooo

fT) CT o f(T) =T
goooooooooooooooooooooo

00 3.2. X={1,2,3,...,n}00 Sx0 S, 00000000¢€8,00000000000
00000 Sy xSp, x---x S, 0000000000000000DO0 (cyclic decomposition)
DO0DO00D0O0X=[[°,7,000000

UGSTIXSTZX"'XSTk

obooooOoobooooobobooobO Xoboooooboooooboooooooboooo



78 g3d 0O

1. X004 0000000t eTh 0000000000000 O0™(t1) €Ty (meN)
oood

2. {o™(a)lm = 0,1,2,...} 0 a0 ¢-00 (orbit) 00007, 0 a0 o-00000000
c€Sn xSr D00DDOOD IY00T, 0 XO00OODO0O0O00DO

3. 7Tf=00000000000000000000TfO0DDOO0 &, 0000%:0 00
OL,ooobooooo

RS STl X ST2 X S(TlUTQ)C

ooooooooo
4. 000000000 e-000D0O0O00O0O0O0OOODO0O
o€ Sy, X xSp,
;0000 «-00000000D00000O0DOOO00O0O0ODOOO0O0OO0ODOO0O0O0O0

gbooaoaaod

0=010020---00%

obobdbe, 00D00D00D0 s 0 ;00000000000 O0OOOOOOOODOT,
000000 (cyclic permutation) 00 000000000000 OOOOOOOOe; 000
ooboooobooooobooobooooboobobooooobo0 sOObOOOOOOOO
oooooooooo

00 3.3. 000c00000;00000000000O00O #(T;)00000O0OOOO
ooooo

000 S, 00000 (permutation) 00 0000000000000 O0OO0OOOOOOO
googoood

oo 3.1.1.

00 0000000 1<4,7<n0000()0040 j0000000000000000
S,00000M00+¢0 4000 transposition of ¢ and jO0 00 00

(i7)(@) =g, ()G) =i, ()(k) =k (fk#4,7).

0000 D000 mO0000 1< 41,0 <n0000 @i 4p) 004 0 i 00
oo dyoooo..te.,,14di4,00004,0000000000000000
00000000000 mOO00000 (cyclic permutation of order m) 0 OO0

obobodOm=20000000

00 100 »000000000000000000041,42,...,in 000 j1,72,...,7n O

oog
iv Gy e dp
J1 2 n

oooooobq 0 5,00004%050000..04,045b,000000000



3.2, 000 79

o 3.1.2.

gooooodool1oogooooon
1—3—5—1
000000000 T=41,3,5}0 1000000
olr = (135)
gooooobOooboO0obOo 20b0bOooobooog
242

00000 U={2,40000
oly = (24)
gooooooooooo {1,2,37475}DDD|:||:||:|[|[|[|[|
o = (123)(45) = (45)(123).
gooooooooo 33000 LCM(3,2)=6D|:||:|D

000000000000000000000000000000000000 (123)(45) =
(45)(123)00000000000000000000MO000000000000000
000000000000000

S, 000000000001000000000-,000000000000002000
000000 100000000000000000000000 »n-1000003000
0001,200000000000000000000000000 »—200000m0O0
0{1,2,...,m}00 n000 {1,2,...,n} 0000000

wPm=nn—1)n-2)---(n—m+1)
ooooos,00d0dd0m=n000000
#(Sp)=nn—-1)---2-1=n!

good

3.2 00O

OGOO0OebO0000DO0O000DDOO00O0geGODOOOO

a=gbg~"

gooooooOoOoOoQoOoOoOoOoO0O0L UUU0000OOoOooOoOoOoooooooogo
obooooooooooon

4 ~conj b

obooooboooobobooooobooooooboon
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o0 34. 000000O0O0OO0DOOOOOOOOOOO

00 3.2.1. 0€5,0000c0000000
c=(00~00000)0000000)---(00r00000)

gbooobooboooooboooooboo

0000000000000 OO/YO00DODOOO0OOOUOOOO HoODOOOUDODOOODO
oboooboooooobooooboobooooooboooooblibon0O0000b00O0d
gbooboooooboobooooobooooobooboboooboooboooon

rntrot--+rp=n
ooooooooooog (r,re,...,r,) D oc00000000O0OO
oo 3.2.2. 5, 000000000000000C0O000O0O00C0OO0COOOOOOCDO0O0

O0. (000)ae,be s, 0000000000000

a:(iliQ"'irl)"'(jlj2"'jrk)7 b:(3132...5T1)...(t1t2...trk),
oooOoodbdge s, O
g 191 51,0 F> 82,13 F> 83, ..., ey b Spyy .., J1 P T, g2 o tay o T P Ty
goooooo
g g =a

0000000000000 000000000000000000000 430 g~tagO0
oooooooboooo

. g b g_l.
13 /> S3 > S4 > 14

ooong

Qg Fo iy
00000000000000000g %WO0O00000 «00000000000000
Oo0ooooooooo O

3.3 UOoooono

m,n00000000¢,:2Z—2Z/m0000000000000000000Kerq=mZ
ooboO0OmnZCcmzO0O000000O 247500

Gm : Z/(mn) — Z/m
obooooOoboooobobooonogd

[a]mn = [a]m
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oobooboobobooobtommUbbobb0o0obodOmUbOooboooboobo
goaoogoo
googd
Gn : Z/(mn) — Z/n

0Ooooooo
00 3.3.1. (0000000)

(Gm>@n) : Z/(mn) — Z/m X Z/n,  [alma = ([a]m; [a]n)
000000000000000mO»00000000000000

00.000000000000 [4)m, 00000 [a]p =0, [a], =000000000a0
mO0n,n000000000000000000«0mr000000000000000
00000000 menO0000000000 [, =000 246900000000000
0000000 meO0O000000000000000000000 (00 1.1.20)0
0000mer0000000000000mrn000000«0mn000000000
[a)mn #000000000000000 [am=0,[a,=000000000000000
0000000000000000 O

oo 3.3.2. (¢gm,¢,) 00000000000 OOOOOOO0OOOMA,O000000000O
oboboobOobooooboooooboooobobooooOobooon
goooboooooboobooon

O0000000000000 ¢(n)0000000DO0O0DOOOOODO
00 3.33. G, G 000000O00ODOODO
(G1 x G2)* = Gy x G5.
g 3.5. Jdgoooooobo
0 334. mndooooooooobooog
(Z/(mn))* 2 Z/m* X Z/n*.
goooobobobobogd
p(mn) = o(m)p(n).

ogbo. 00 33100b00ooobooboobooboobooooobooooboooonbn
gboboooOoooobooboooooboooon O

00 38.3.5. (Z/(p™)* 0 pt—pn 000000000000 p(p") =p"—p*t0

0000p000000000 p"000000000000 1/p00000 p* 1000
gooooooo

oo 3.3.6. n:pf1~~~p§5‘DDDDDDDDDDD@(n):(p?fpi1_1)~~(pgsfp§5*1)ﬂ

00. o(n) =) ) 00000 0
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3.4 0OU

00 SO000 XO0O0O0O0o0oOo
f:SxX—>X

obooooOoboooobobob1r220000000000000A0
p: S — Map(X, X)

00000000000000seS000 p(s): X -XO0000 p(s)(z) e XOOODO

gbooooobooog

g 3.4.1.
XO0O0O0OSxO XOoOooooooo

Sx xX —=X, (o,z)— o(x)

gooon
KOooOooooooooooobooooooo

GL,(K)x K" — K", (A,x)+— Ax
goooo
OO0 34.2. 00 8X0SO0X0O0000O
p: S — Map(X, X)
gogogobobobodogo

1. s0000 (S,OS)DDDDDDpDDDDDDDDD SO0 XO0OO0OODOOooooo p
O
(S,Os)H(Map(X,X),O)

ocoooOoooooOoooooooDooboOoobD sopoooooooOosSo Xxooooo
oooooo

2. 00000 (S,05,es) 000050
(S,05,es) — (Map(X, X),o0,idx)
000000000 oo0m SO Xooooooooooooo
3.S00 (S,0s5,e5) 00000
(S,05,e5) — (Map(X, X)*,0,idx)

goo0ooooooooOsSo xooopoooooooo
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ob0 3.6. 00 342000000000000000000O

1. sO0000000oooco0ooo00dbpbgoooDOObObOOOOOoooDoDO
oooobooogo

AB Vsy, 80 € S,Vx € X, p(s1)(p(s2)(x)) = p(s1 05 $2)(x)
oooooboboooooooooa
s1-(s2-x) = (8105 82)
goooooooo
2. 500000000000p0DO00DOOODOODOODODOOODOODOO ABOODOO
AC p(eg) =idx
ooooboboooooooooo
Ve e X,es-x =1
oooooooogoo
3. SO00000000p00DDOOUOODOOOODO
AD p(s™') = p(s)”!

ubooooobooogd

OooooDb224200000S0O000000000 ABO ACOO0D ADOOOOOO
oood

XO000O0O0oOOoUooooooooooO (endomorphism) 0000 End(X)OOOODO
00000 XOOOUOOOUOODO End(X)UD XO0UO XOUOOOUOOOO0OOOOX0oO0 KO
000000000 End(X)0 XUOO XO0OOOOUOOODOUOOOOOEnd(X)OOO o
O0000idx 00000000000 End(X)0O0ODO00O00 End(X)* 000 249000
000000000 Awt(X)OOOUOXOO0OOOOO (automorphism group) 00O 00O

0 3.4.3. KODOODUOOOXO»nO0OODOUODOUOOUO K"OOOOOOEndg(X)0O KOO0
00000 KOOOoOoooUoUooO.UOUDOOOOOO M, (K)OOOOOOA € M, (K)
O000A0 XO0OOODOOOoooooo

Ly: X—->X, x— Ax

goooo
p: My(K)— Endg(X), A Ly

0oooooooo

p000000000000000000000000000000
M,(K)DDOOOOOEndg(X)0OOO0O0,000000000 (002??7?2)0
Autg(X) := (Endg(X))* 000000000000000000GL,(K)DDDO000
0ooo
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00 34.4. XOOUOUOOOOSOOUODO (DO0O0O0OO0OO0)00O0O0OO0O0O0O (OoOOOO
0)ooo
p: S — End(X)

0SO000X0O0OOOOo(0oooooO)oooooosSoooooooooooooo
oo
p:S — End(X)

0SO0000XO0000 (group action) 00 000000O0X 0O S-00 (S-module) 00
O0p0 SO XOOODOOOODOOO
p000 Awt(X)0ODODOOUOOOOO 24200 f=p000000000OO0O0OOOOOO

p: S — Aut(X)
0SOXO0DOOooDooooooooooooo

ooooooXxXoooooooooooooooooooooooooooooboOooo
oboooboooooooon

0 3.4.5. (S,)00000000abeSO000 Le(b) :=a-b0000 L, € Map(S, S)0
goooooooo
p:S— Map(S,S), ar— L,

0 S000000 (left regular action) 00 OO
pO (S,) — (Map(S,S),0) 0000000000000 DO00DO0DD

La-b = La o Lb

good
Lau(c) = Ly o Ly(c)

gooooood
(a-b)y-c=a-(b-c)

000oo0o0ooooooo(s,)0o00oo0Udo SooooUoooooooooooo
oooooooo

0 8.4.6. (M,+,0)00000000f,g€End(M)0000 f+gpq,, 9 € End(M) 0
(f +Endn 9 (@) = f(2) +n 9(x)

0000D0000000000
00000 o000 (End(M),o,idy,) 000000000

folg+th)=fog+foh, (f+g)oh=foh+goh

000000000 Ed(M)OOOO0OOO
MO KOOOOODUOOOOOODUOOOOOOUOOO0OO Endg(K™)DOO0O0OOEndg(K™)
0OM,(K)OOOOUOOOOOOOOOUOOOoOoOooooooooooooooooo



3.5. 00 85

0 3.4.7. (M,+,0)0000000(M,-1)00000000000000000000L,(b) =
a-b000
p: M — Map(M,M), a— L,

googoog pO
p: M — End(M) (C Map(M,M))

obooobOoboooooboooooboooooboobooooon

1. p000 End(M)D OO

2. p00000O0O0O
gogoooo

000 ple): M -=MOOOODOOOUOOOOOOOOOODODOOOOOOOO

p(a)b+ ) = pla)(B) + pla) (0
goooboobobbbbooo
a-(b+c)=a-b+a-c

goooooooo
oooood

pla+b)(c) = (p(a) + p(b))(c)

good
(a+b)-c=a-c+b-c

obooobOoboooooboooooboooooono

3.5 00O

oo 3.5.1. -:SxX —- X0O0O0O SO XOOODOOODOUOze XOOODOzO SOO
(S-orbit) O
S-x:={s-z|lre X}

gooooo

00 3.5.2. (G,o)DOOUO0O-:GxX—-X0GUUOOOOO XOOOOOoooooo
000000 z~c2'02eG-2’00000000000000O0

00. [E1),[E2), [E3)0000000000000000000 O

00 3.5.3. ~¢0000 XOOOODODOOODODOOOOODX0O GUUOOOOOOOOOG\X
0000000000000 0000000000 (transitive) 0000000

00 3.7.000000GO EOOOO0O0O00ODODOOO0O00O0ODODOmMOOOOoOD
googooboom
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00 3.54. -:GxX - X0OO00O0ODOOODODODOODO0zeXOOOOGO 0O00ODO
00000 (stabilizer of x, stabilizing subgroup of x) O

Gy ={9€Glg-z =z}
googoog

00 38. G, 0GOOOO0ODOOOOODOOD

o0 3.5.5.
f:G—-G -z, g—g-x

googono
f:G/G, —G-x

gbooobooooboon

oooooobo 132400

-1
flo)=fd)eg ocgeiG,
00000000f(g)=gz=gz=f(¢)0 ¢ 000000 ¢ lgeG,00000000

0 356. KOOOODOG=GL,(K)O nO00000000OM=M,(K)OnOOOOO
gooooboobbogoo
w:GxM—M

0GU000000000oonoooooo
c:GxM— M, (P,A)+— PAP™!

0GO000000000000 ¢c00000AcMOO0O0 ADODODOOOOOOO
P'APOODOODOOOOOOO

Jordan 0000 000000000000 0K=CO0000P*AP0 JordanO0O 0O
00000000000 0000000000000000000000000000000
000000000
0000000000000000 G\MOOJordan 000000000000 O00O0O
O0000000000000000000

A0000DO0O0O0AeMOOOOOOO G,00A0O0O00DOOOOODOOOOODOO
00000000000

{PAPT'Pc G} =G/G4

oood
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4.1 0OO0O0OO

ooooooooo2s510000000000000000o0o0oocobboobogon
ooo

00 4.1.1. O (0D ring) ROOOOO ROOOOOOOOO0O0O0O0 4,-00 (R, +,-)0
0000000000000000000MO0000000

Rl (R,+)000000000000000eROOO00O0
R2 (R,) 0000000

R3 (000DO0)000 a,b,ce ROODOO (a+b)-c=(a-c)+(b-c),a-(b+c)=(a-b)+(a-c)
googod

oooooooo
R2’ (00D000OO0OD0O0UOO)1eROOD0OUDO(R,-,1)0 10000000000 O0OODO

00000O00(R,+,0,-,1)0000000 ring with unit0 0000
0 (R,+,0,) 000000

R4 (D0O0OUOUOO(R,)00000O00OOOUODOOOOOO a,beRO0OOOa-b=b-a

O0000000ORODOODO (commutativering) 000000000000 O00OOOO0O
gboooboboooboobooooboooon
gboboobOoboooobooooboboooooboooobOoobooonooDbn

F 0000 (R,-1)0000000000000000
O000000ROOOO (commutative field)d 0000 (field) 0000000

gboboboooobooboboboboboooooboooobobobobobooan
gbobooooobobobobboboobooboboboboooooboboboobbo
gbooooOoboooobooboon

00 4.1.2. 00 251 00000000000000000000000O00000DO0DOO
gooboboboboboboooobooobobobobobobobooobobobo
goooooobooo

ob0mooboooooboboboobooboooobooon
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4.2 0O0O0O0O0OOOO

0 4.2.1. 1. 00000 z0oooOoOO0o0ooooOoOoOoO0oooDOoObO0oOoO01000O0oDDO
oooooooo

2. Q,R,CO000000O0O

3.z/n0 (000)0000000000000000000000-,000000000
00 (00 25.3)0

4 ROOUOOOOOOOOO M,(RODOUODODODOROOOOODD M, (R)OODOODOOD
ROOODOOOOOOn>200 M, (R)OODOOOOOOOO

5. ROODOODOODDOORODOOODOOOOODD RY000O0000 (§4.3)0R0OD
00000 RYO0O00D0000

00O 4.1. RODODODOOODOOODoOOOOO
Yae R,0-a=a-0=0
oooooooooog

000:00000000000=04+000000000:-a=0+0)-a=0-a+0-a00
00 —(0-e)00D00O00O0ODO

00 4.2. ROOOOOOOOOOO(-1)-a=-e0000O

00 4.2.2. 0000 RO 0O=10000000000R={0}0000000O00O0O0O0
gooogd

1=0000004100

googoobooooboon

00 4.3. 0000 ROODOOODOODOOODOOODODOO ROODODDOOODDOOODO
gobooobooooboobobo0oobO0oOobOOoOobOOOobObO0o0obOOoDbDbOObDOoODO
googooood

goboboooooboooomooooooooooooooooooooooooooo
00(@U00)0 ROODODODODUOODOOODOUODOOOOUD 40000000 D000 On
goo0 -0ooboobdoo1l1bobboobooboon

00 4.2.3. R, R, 00000000 0O0OOR 00 R,OODOOOOOOOOOOOOO
f:R—R,0000O

fletiy)=f@)+2 f(y), flzay)=f(z)=f(y), 00000000000 f(1l) =1,

gbbooboboooboobooooboobooooobooog



42. 00O0O0O0OOOO 89
00 —0OO00O0OO0Oooboooboboobooooobob 24190000000000000000
ocooo, -0 fOD0OOOODOOOO

00 4.2.4. R,R, 0 (000)00000f:R, —» Ry, g: Ry — R 0000000000
000000000 f0000000000000 fO0O000000O0R, 0 R, 00000
oooooo

00 4.25. f: Ry - R, 0O000000000COO00ODOCOOOOODODOOOOODO
ooo

00 44. 000000C0COODO0O0OOOODOODOOO fOO00¢gO0O0OOOO0¢gOOOO
obooooooooboob 211000000000 000000O00DOO

oo 4.5. 000
q:Z—7Z/n

0O (Co0)oooUoooooooood
00 4.2.6. ROODOODODOOODOODOO ZO0O RODODDOODOODOODOODODO

ob0. 0o0boobO0ooooobobobobon 1,0 1z 000000000000000O
oboobooooobo 245000000000 0000000D0ODODODODODOOODO
obooboooboooobooboobboobooboobn—gt0OOoOooOOoOoonOO
gbooobOobongOOOO

neZUO0O0nlzp 000000000000 O0O0OCOOCOOODOODOOOOOOOOO
oboooobooooobog 2450000000000 00O0000OD0ODOO

(nm)1g = (nlg) - (mlg)

0ooooooooo
1(1g) = 15
00000000000 Rlz00000000000000000000 O

00 4.27. RO (0D0)000D0O0ODROOOOO SO ROOO (CO)ODOOOOO(@O)
gboboobOoboobooboboooooboooobobooooboobooon

eabeS=a+bcS
e 0ef
eaeS=>—-acs
000000000000 000O0 SO ROUOUDO (OO 24.23)0000
e agbeS=a-beS
e JODDOODOODOOO11eS

0000000000000O00 SO ROOOOODOOO 229 000000000000
0000000 SO ROUOOOOO (OO 23.180000000000
coooosoooOooooooooDo
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0 4.2.8. 1. ZcQcRcCOODOOOODOOOODOOOODOO

2.000002Z(000000000002439)0 Zz00000000O00O0O0O0OOO
oooobooooon

3. mnO000000000O00O0O00OO
am+bn=1

00000 ,b000 (OO0 24.62)0f : Z/m — Z/mn O [z]m — [bnx]m, D000
00000 wel-defined 0000000000000 O0OOOO0OOODOOOOODOOO
oooobooboobobooa

bnz x bny = bn(zy) mod mn
obooobobooobnb0OOO
bxbny = b(zy) mod m

0000000 m=1medmO0000000000000000000000CO0
O f([1]m) = [bn]mn # [1lm, 0000000000000000OO

00 4.6. SO ROOODOODODODOOOOODOO
t:S— R, s+—s

gboooboooboobooo

4.3 0000

00 4.3.1. ROOOOUOOO¢0O ROODODODUOOOUOUOORKUOOOODROODO ¢
000000000000 00O00O0UoREOODO

Ant™ + ap 1t" P ait +ag (a; € R)

00000000000000000000000000
0000000000000000000000000000 RY0000000Oay,...,a,
000000000000000000000000RCR[00000000000R([O
00000000000000000 f(6)0 f(t) = ant™ +an_1t"  +---+art+ag (a; € R),
0, #0000000000000n0 f000 (degree) 000 Odeg(f)000000000
00 —~ 00000000000
RODOOOOODOOOOOORY OO0 10000000000000000000

0000000 R,y 00000000000O0000Y Japme™ym 00000000

00 4.7. S:=R[z]00000

0O Rlx,y]000000O0CO0OO0OOO
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goooooo
ax® + bry + ey’ + ex + fy+ g = cy® + (bx + fly + (ax® + ex + g)

goboooboooboooboooboooboooboooboooboooboo
good

4.4 00O

0000000000000000 SO000MTcSO00000 S000000000
0000 7T0000000000000000 SO00000000000
0000000000 CO000D0:2eCO0000D0OONONOO ROODOODOOOOO
00000000000000000,1e ROODOOOOOOOOOOOL14+1+1,-1-10
0000 ROOOOZC ROODOOze RO0OaeZ0000 aze ROOO 22,23,...,€ RO
0000000000 ,00000000000000 ROOOO

{Zanz"miéZ}CR.
goboooobooobooboobooooobooooooooboboOon 0000000
obooooooo

00 4.4.1. 0000 Zz]000000000 COOO0OOU00OO0OO0ODz0000000
goooboooogon

00 4.4.2. ¢+0000000000 ZOOOOOODOOOODOOOOOODO Zt O 20
0000000000 Zz)000000000000000D0O0DO0OO0 t000000O0O0
goooobobno 0000000000

0 44.3. 000z06:=+/-1000000Z} cCO0000O02% = -1, 23 = —z,
#=1,..000000,00000000000000000000

Z[i] = {a + bila,b € Z}.
oboooboooboooboooooo

00 44.4. ROOUDOOUDODOODOOOOO SO RODO (Rralgebra) DO 0OOO0ODOODO
00000 p:R—-SO000O0O0OO00OOOO0ODOOOOOO (S,p)000 RODODOOOO

00 4.4.5. (S,p) 0 ROODODODDOR[0000000O0DOse S0 S0000p(R)000
000000000000000f(t) eR(t0000000 00000000 p(f) € S[t]
0000000 ¢t0s00000000000 p(f)(s)eSO000000

¢: R[t] =5, [f(t) = p(f)(s)

O00000000000¢()=s,¢lg=p0000000000000000O0OO0OO
¢0000SO000 p(R)0 sO00000O0OD0OUDOOO0ODOOOO
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o0 4.8. 000000000OO

O00d00oooooDoOoOoOoU0U0U0ooo0o0ooooDRCcSOOODOODOOOpOOO
goooooOoOoOoOoO0OOOOOOOOOOOOZcCcCOOOOzeCOOOOOOO

¢ Z[t] = C, f(t)— f(2)
000000000000000000

0 44.6. ROOOODDODOODOOOS:=M,(ROOOOOO0OOp:R—-SOa—al,00
000000000000 00000UO0OD AeM,(R)OODODODOOUODOOOOO

¢ R[t] = Mn(R), t— A

O000D0OUD0OMRUUUUUUOUUUUAD p(R)=000000000 000000
good
¢: f(t)=at’> + bt +c— alA? + bIA+ cl = aA® + bA + cl

O0o0o0D f(A)DOODDO0O0O000000O00O00000U0OR[AlCcM,(R)ODOODO
gooooooobooon

0 -1
DD49.A:<1 . >DDDDDDDDDDDZMDZMM:M%@DDDDDDDD

goooo

4.5 0U0OO0OO
0000000000000000000000000000

00 45.1. ROOOOOOe=0000000b4£000000 ROO «00O0 (zero
divisor) D 000
000000000000000000000 (integral domain) 0000

o0 4.5.2. 00000000

00. ROODDODeO0O0O0O0O0DODOOb£00000 a=000000%"1000000
0000000000 e=abb !=0p"'=000000000000410000000 O

00 4.0. 00O0D0ODOODOOODOODOOOOODOO

00 4.11. ROODOODO0OOa,z,ye RO a200000
ar=ay ==y

oo0oooooooo

0 4.5.3. 1. z00000O00O0OOOOOO

2.mn>200000 Z/mn0000000O[m]-[n]=[mn]=[00000
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00 4.12. 000000 ROUODOOUOOOUDOOOOeeR—-{0}0000000OO0ODO
L,:R— R, = ax

0000000000000 000000o0o0(Co0:0 24.690)

00 4.13. J0UO0O0 ROOODOOUUOOOOOee R-{0}000(0O00OOOO)
L, 000000000000000D0O0000D0(@U0:00000000000 1000
O000ooo0oooooooon)

00 4.14. OO0 (DOOUDOOOOOOOOOODOO)0OO0OUODODOOOOOOO

00 4.54. ROOODUOOOO f,ge RO0DD0OOOODOOODOO

deg(f - g) < deg(f) + deg(yg).

RDDDDDDDDDDDDDdeg(l):ODD
deg : (R[t],-,1) — (NU {0, —c0},+,0)
gooooooooooono

O0. fO000»n,¢g0000mO000000000000000 ant™, bynt™ (an, by #0)
000000 ROODOOO apb, #0000 fg0O000000 (apby,)t"™ 000000
Ooo0»+mO000DO0ODOOOODDOODOOOOOOORDODOOOOOO apby =0
goooboooooooooon+mi00000000DOOCOOCOOOODOOOOOOODOOO

f,g000000000000000000Odeg(0)=—00,—0c0o+n=—-c0o0d00000O
00 (000000000000%24.1000000000000)00000000 O

4.6 U000

4.6.1 0OO0OOOOOOOO

00 4.6.1. (00O00O0UO0O0OO0) RO (DODOO0OOUOODOOOODODOOOOOOO)OO
O000~0 R(OUOODO)0000O00O000O0
goo
g:R— R/~

000000000000o0Uo0 R/~000UOOODUOOUODOOgDODOOODOOODO
O00000000000000 @y,2), 20,2, 0000

/ / / / / /
Ty~ X1,To~ Ty =T +To~T] + Ty, T1-To~T] Ty

gbooooobooog
RODODODDODOOOOOODODOODOODOODODOO R/~00 10000000000
oooooobbqeOOobOoboboobOoboon
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O0. 000000000 2424000 R/~00000000¢OOO0O0OO0ODOOOOOOO
0002211000 R/~000000000000qO0OOOOOOOOOOOO R/ ~0O
gbooobooboobobobobooboobuoobuobbeobonon

q(a) - (q(b) +q(c)) = q(a) - q(b) + q(a) - q(c)

00000000¢00000000000000000000000U0O0O00OOO g(a-
(b+¢), 000 ¢q(a-b+a-¢c)0000RODOODODOUOODOOOODOODOOUDOODOOO
gbooobOoboobooboooobooboooon
gboboooboooobobooobobooobobooob 23210000000000
(00 242900000000000000000O00OOO0OOOOUOOOOOOOOO

oooo)
000000000 242400000 ~00000000000000 221100000
~00000000 O

4.6.2 0000

0 (G,0,e) 0000000 o000000000000~000000000 N<«GODO
00000~k (00000000 ~R000000)00000000 (00 24.73)000
G/~=G/NOODDOOODODOOOO~00 NODOOOO

N :=le]. ={g € Glg ~ e},

NOO~0O0000004d
a~bsaobteN

oooooooooooo
0 ROODODOODOO0OO0O0OOU0ODOUODOO0ODOU0OOOOUODODODODOODOO ~DO0O0
+,~[|DDDDDDDDDDDDDDDDDDDDD~DDDDDDDDDDDDDD(R,+,O)
00000000~ 00000 +4000000000000000C000O00O00O0O0O0O0 I<R
ooooo
a~bsa—bel

gooobbobogo
I={reR|r~0}

good
(R,+,0) 0000000000000 COOOO0OUOOOOOUOODOOOUOODOIDO
oo0o0000g ~g:
a~rbesb—acel

OO0 .-000bo0o0o00ooooo0ooooobo0oooooobooOoIooooobooooooDo
U0~ 00000000000O000000O00000000000
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00 4.6.2. (00O0O0)ROODUOOOICROOOUDODOOUOOOOODOOIOOOOOOO
(leftidea) 00O OO0/ 000000 ROODOUOOODOO I0O0OOD0O0OOOOOOOOO

Va€e Rya-1C1
O0000000I0000000 (rightideal) 000000
Vae R, I-aCl

O0000000I0000000 (both-sideidea) 000000000 OOOOOODOOO
gbobooboooobmoooooboobooooooboooooboooobooooon
gboooooboooom

o0 4.15. ROOODODOOICcROOOODDOODODODDOODOOOO
1. 0el,
2. Va,bel,(a+bel),
3. VreRNacl,(r-acl),
goobooooooboooooooooboo

00 4.6.3. ROODOODO~0O ROODDODODOOODOODOOCOODO
I.:=1[0]~ ={x € Rlxz ~ 0}

oboboo0O~0O ROODOODOODOODOODOOODOODOODIL O0O0DOO0O0DOO0OD0OO
goooo
OO0O0/cROOOODOOOOOOOO

a~rbsa—-bel

00000 ~, 000000000 ROODODOODOOOOOO0O0OOOO0OOoOooooooa
~— 1,00

{ROOUDDOOOODOOU0ODOOOOOUDDOOOO }—-{RO0OODDOOODOO }

obooooobooobooboboooboo I—-~; 0000000

0o0. ~000000D0000000DOO000DO0000 247300 [.0000 ROODDO
OO00000zel . 0D00z~00~000000000000DODDOOO

a~x~a~0DD:4'10.

O00e-xe€ 00000 .0000000000DOOCOOOOOODOOOOOOOD
good

OU~0000000000 =/ . 00000000
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oooooooo/o0oooob0od ~y0000000DODO0O0O0DODODOOOOOOOD
oboooooboooooobooon O

00 4.16. 00 4630000000000

00 4.6.4. ROOO/O000O00D0OO0ODOOOOOOe,be ROOODOOOO a=bmod 0
a=bmodI & a—-bel

oooooo0ooooOobo0o00 ~, 0000000000000 0DOO0O0O0

0 4.6.5. (00000O0)ROUODDOUOOee ROOOODROUOOOO (a)O
(a) :={r-a|r € R}

0000000000000 00000«00000000000 (principal ideal) 00 00O
O00«0000000O0UDO ()0DOODO

00 4.17. 00000 () 000000000000 0O0O0O0O0OROOOOOOOODO (a)O
gbooobOobooooobooon

0 46.6. meZO00000000 1319000000000 c=ymodmO00 4.640
000 I=(m)00000 z=ymod (m)000000

4.6.3 UOU0OOOOO

00 4.6.7. (0O0O0O0OOUOO0OO0O)RODOOODOIOOUODOOOOODOOO
qg: R— R/I

000000000o0o0oU0o R/I0D00O0OOO0OOUOOOOOR/IOROIOUODOD
O (residue ring) 00 00¢OOO000OO (residue homomorphism, residual homomorphism)
gooo

ob0. 00463000 46.100000 O

0000 00o0o00000oo0oO0O0o0o0oooo 466000000 R=2Z,1=(m)00
ogd
R/I =17/(m)

go
ZO0z~y<2x—ye(m)0000D00O0OOOOOOOO

000000000000 132100000 Z/m0000000000000000 Z/m
02z/m)00D0000000
Z/m00000mOO0O00000000000000000MO0000000000
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00 4.6.8. (0O0OO0O0OOOf:R — R, O00O000O000O0O0O (Kernel) O
Kerf :={z € R1[f(x) = 02}

ocooooOoOO0OO0OO0O0OR, 0000 fOODOOOOOOODOOO

00 4.6.9. 0000 46800Kerf0 Ry OODODOOOODDOOO

ob0.00415000000000000000D000O00D000DO0O0O00O0O 2433000
boooooo0oooooooooooobo0~y,0 RyO00000O00000O00000
gboooooobobon 46300 [O]NfDDDDDDDDDDDDDD KerfOOOGOO
0 m O

gb 4.18. 000000D0O0O0OO

00 4.6.10. ROOOUOOI0O ROOUOOUODOOOOg:R—R/IDOOOOOOOODO
f+R—-SO000000O0O0OOO
0000 h:R/I-S0O0000

f=hogq
0000000000000000000000

I C Kerf

00000000000000AODODODDDOOODDODOOD fOOOOOMM
00000 f0 well-defined 0000000

ob0. 00b00b00boboob 247 0000000000000 00O00O0O0O0O0O0O0OO
000 fO00000000000D0D0D0O00000O0OOOOOOOOOO00000

Flrlyln) = F(lz - yln) = fa - y) = fx) - fly) = f(l2]r) - F(lyl1)
goood O

0 4.6.11. §3.30
Gm : Z/(mn) — Z/m

0000000000000000000000000000 461000000R=%, 5=
Z/m, f:7Z—7Z/m0000000007:=(mn)0000

f:R/I=17/(mn)— S=7Z/m
gbooobOooboooobooon
I =(mn) C Kerf = (m)

oooooooboooooooMmeU00D0DO000D0 mOODOOODOOODOODOODOO
goo

00 4.6.12. (0O0OOO0OO)R,SOO0D00OO0f:R—SO0O000O0OOO0OOOODOOOO
f(R)Cc SO fO000 ROOODOUOOOOO
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1. f(R)O SOODODOOO0OO
2. I:=Kerf 0 ROOUOODOOUOOO~;0 ROOOOOODODOOODODOODOOOOOOO
3. fO )
RL RIS s
oooooooood fEIIZIIZIDD
f=Foq
oag fDDDDDDDDDDDDDDDDDDDD f(R)DDIZIEIEIDDD[I
f:R/I— f(R)
gooooooo

ob.b0ooogbo 2470000000000 O

O 4.6.13. ROOOODOOOOOO0OOO0 4260000000000 f:Z—R,1z2— 150
O0000OKerfO ZOOOOUOOODOOOOOOOm>0000 Kerf=(m)O0OOOO
gooobooobooboooboobooomm

00000 f(Z)ycROZ/mO0OO0OOOOOODOOOOO

00 4.19. 00000Kerf=(m) 00O mUIOOOOO0OOO0OO0DMOOOO0O 24540
oo

0 4.6.14. R:=R[{]0000000

fiR[]—C, g(t)— g(vV-1)
ooooo

Kerf = {g(t) € Rlt]lg(v/=T) = 0}
00000000000

g9(t) € Kerf & t — vV—1|g(v/~1)

00000000 g¢(#)00 v=1000000000000000 —/=100000000
0090 (t—v=-1)(t++/—1)=1*+10000000000¢+10000000000
00 A(t)00+y/—10000000 A(v=1)=000000 heKerf0OOOOOODOO

Kerf = (1 +1)
0000000D00000000
Rt]/(t* +1) = C, t—+/—1
000000000000

0 4.6.15. R[t]/(?+1)00¢t00000000 (000000000 +000000000
O00O0OR[/(*+1)000000000000000000000000000000000
0000 ++1000000000000000000000000000#2=(t2+1)—1=
~1mod (2+1)000000¢0/=100000000
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0 4.6.16. 00000000 O0O0OUO0O0OR[z,y]0000000O00O0OOOOOOO

(z,y) == {f(z,y)x + g(x,y)ylf, 9 € Rlz,y]} C Rz, y]

00000000 R,y 000000000000 DO0O0O0OO0O0ODO0OO0ODOOUODOOO
goo

(z,y) = (a(z,y))

00000 a(e,y) 0000000000000 00 2,y0000000020 a(z,y) 00
O0000000y0O e(x,y) DOOD0D0O0D0O0O0O0O0O0O0ODOO0O0O0O a(z,y) 00000000
gooooboooobooon

00 4.20. 000O(z,y) 000000000000 0OOOOOOOOOOOOOOO

4.6.4 OUOU0O0OO0OODOOOOOO

ROODOODOOOOOae,be ROODOODO
ar=2>5

O00zeROODOODOOOMO «0DOCOOO0DO0Omultiped0000eO bO00D00O
0000 (divisor) DO0OOeU bO000O00ODOOOOO

alb

oooooo
a-0=0

goooboobooboobooobooboonbbOoboo
00 4.21. b0 « 000000D0000be (o) 00000000 DOOODOOOODOO
00 4.22. b0 « 0000000000 (M) C(e)00000D0OOOODOOOOOOO

ROODDDDOOOO0OOOOR*O0 ROOOOOOODODOOO00000D0000000O0O
000000 (unit element) 00000

00 4.23. cc ROOOUOOODODOOOeO0 100000D0O0O00O0O0DODOOOOODO

00 4.24. ROOODOOUOUOOODOOODee ROODODODUOUDOOOOUOR=(e)000O0O0O0O
oooooobooog

00 4.25. 00000000000 ROOODOOOODODO

00 4.26. ROOOOOOOa,be ROOOO
(a) = (b) & Ju € R*(au =)

good
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00 4.6.17. 000000 ROOODOOee ROOODO (irreducible element) 00000 a
gogboobodbuodbooboobuoodbutbey=a000 20 y00n0oonood
gooobbbbooooobobo

goooobooboooboobooon

=geUUU0z=e¢l000y =clU00odoooooooboobobobobbobbbn
( (-a)=a000000000w000000e=u(u"te)0000000000000O
goooboooboo

Yy
_1)

00 4.27. R=Z0O0OD0O0ORDODOOOODOOO0OO0DOODOOODOOOOODOOOODO
good

00 4.28. KOODODOOR=K}{OOOUORO OOOUOUOOOOOOOOOOOOOOO
oboooooboooogoon

4.6.5 UU0UOOOOOOO0OO0OO

ROODOUOUOUOIODODODODUODOUOUOR/IDODOUOUOUOUOOOOR/I
ooooooo [e,[b,e,be RODOOCOODODOOOOO0OOOOOOOOOOOOOOO

[a] - (o] = [0] = [a] = [0] DO DO [b] = [0]
000000 =[0®2el0000[a b= -b)0000000000
a-bel=acl000bel

oood

00 4.6.18. ROOOOODODOOICcROODODOOOOOODOOOO
Va,be R,a-bel=acl 000 bel

O000O0000I0RUDDOOOO (primeidea) 00 00U0O0OOI=ROOO0OOO0O
gboooobooooooboobooooooo

00 4.6.19. I=RUO0OOOR/I0 [0000000O0O0O0ODOOOOOOOOOOOO (0]
obooooooboobooboobooobooboooboboooboboOoboboOo 4510000
oooooboooooobooooboooboooobboobboooooboobooboooooDDbo
O000I=RO0O0O0O0OO0OOOOO0ODOOOOODDOOOODOOOODO

00 4.6.20. ROOUOODOOOOICROOODUOOOOOOOOR/IDOOOOOOOOO
obooo/00boobooooobooobooon

O0000000000000 (prime number) 000000

0 4.6.21. R=Z0000eezZO0000000000O () 000000 OOOOOOO
U0 000000000 DOOn
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0O0. () 00000000000 0OO0O0OOO
zy€(a) »z€(a) 000 ye(a)

000000000 (e)0 « 000000000000 2y0 «0000000,y000
00000 «00000000000000000000O(e) 0000000000000
obo0dbb0«000DO00O00ODODODOODOOOODObOODOODbOODbDOODOOOaO
00 a=mn0O0000 z=m,y=n00000000000 O

o 4.29. 000OO0O0OO0OO0OOOOOO

00 4.30. UO0OOOO0 ROOOOO IO0OO0OOOOOOOOOOUOOOR\IORODO
I0000000000O0OO (R,x,l)D0000C0DOO0DOOOOOOO

00 4.6.22. (00)ROUOD0OD0OO0OO0OO0ece ROOODODODOOO(e)0DOODOODO
OO0000000D0b0002y=a200 2,y,z€e ROOOOD0OOO 2000 yO «O0ODO
goooo
obobo0ooboobooboobobobebOOOOOOOODODOODODOOmMe0OOoOOO
R=(«)0000RODOOOOOOUODOOOODOOOOO

ROODOOOOODOOOOOOUOOOUOOOOD (OO +£00000D0)000OOOOOOO

0ob 4.31. ROOODODOOODOOOOROOODOODOODOOOOOOOOOOOODOODOO
good

00 4.6.23. 000000000 OOOUOOOOOOODOOOD 2l0000oOoUOOOOOOO
ooooooooooboooboooboobbooooboooooboooobooboboooooDbn
OO0000Oo0000oDOo0o00ooooO0Ooooo0oUoDoD 47000 0O0OOO

4.6.6 ODUOOOOOOO

00 4.6.24. ROOODOOODOO/0000D0O0O0OO0OOOI0O0O0 ROOOODOOIDO
0O ROIDDOOUDDOOOIODOOUDDOO (maximal ideal) 0000
oooooo0o0o0ooOo0o0ooob0 ROOODOOODODOOOODDOOO

00 4.6.25. ROODODODOUOOUOI0OO0O0O0O00O0O0O0OOR/IDD0OO0O0OOOOOOOO
/I0ooooooooooooboooo

00. R/I00000D0000/0000000000000000/0000000 ROOO
0000ICJCR(J#£I,#R000000000ze2¢I0000000z¢ 000
[z] € R/IO[0)0000R/I00000 [x]0000000000 [yl € R/I00ODD [2][y] = [1]
00O00[:R—R/I00000 (004670 ¢q0 [)000 [0] = [z]y]—[1] = [zy—1]00
00000 ay—1€l0000zeJO00ayeJOJOD00O00 1=ay—(zy—1)eJO
000000reRO00r=r-1€J00000 RCJOJCROOODODOOOO J=RO
000000000 00000000000

000/000000000000000 R/I00000000000R/I000000
0000000zeRO00 [¢)]0000000000000000000000[]#[0]0
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0000 2¢I0000 02000000 ROODOOO I+ (2)={a+czlacl,ceR}O
000D0/000000I+(z)=RO000000a+cx=1000acl,ce ROODODO
00000000 [6;=[0];00

[1] = [a+ cx] = [a] + [ca] = [cx] = [c][x].
000 [«]e R/IDOOOD0DOOOOOOOOO O
00000000000000000

OO0 4.6.26. ROOODODODOOODOODID I#RO0DDO0O0O0OOOOOOOOOIOOOO
Oo00oo0o0o0 RODDODOOO

00 4.32. RO ROOOOOOOOOOO0OOO
T:={JCR|J:O000,J+R}
oooo
1. 7000000000000000000(]000000000000

2. ZormOOOO1]0D0000D0OO0OOO0IeZ000000000000000DO0O0
oooooooo

4.7 UOQO0UOooooggd

471 0DO0O0DOOO0ODOOODOOOD

gooooooboooooooboboooooboboooooboboooogobooboo2tO
jbgoooboboooboobooooboonbo

2" = 3x

oboobooboUd c00b0O0OO0000b00bOO0oO0 3obOobDobDOobDOobOobOobDUbn
jbogboooboobooboobooooobooooboobooong
obobobomoooooboooooobooooobooooooooboooOoooobon
oooboooooooboooobooooooooooooboooooooooooDoooDo
gboboobOoboooobobooooobooooboboooooboooon
gbooobOobooooboboooooboooobooboooooboooon

o0 4.71. zO00OO0OO0O0O0OO0O0OO0OO0OO0OOO0OODOOOOO

00000000000000000
000000 ROOOOOOeDD00ee ROOODO ()00000000000000
000000000%,y,2€ ROOODO

zy=az= (e R,x=>ba) 000 (Ic€ R,y =ca)

gbooooOoboooomoo 4.6.2200
000000000000 (00 4.6.17)0
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00 4.7.2. 000000 ROODOOOee ROOODO (irreducible element) 00000 a O
gogoobbbooooobbbbododobbtbtzyy =000 t0y0ooooobood
gooobbbbooooboobo

gooooboobooobooboooon

OO0 4.33. ROUOOOOOOeeRODODDODODODODOOOO a#00
ry=a= (Fbe R,x=ba) D00 (Ic € R,z = ca)
gbooobOoobooooobooooobooo
gbooobOobooooboboooooboooog
00 4.73. ZzZ000000000000000O00O0O00O0O0OQO (prime number) J000O
obooobOo4vi10000000000O0oboooooboOoooon
00 4.74. 00 ROOOODODOOODOOOOOO

ob0. 00000000 43300000000000 z=100000000000000A0
cO0000DO0O0OO0ODODOOODOO O

ooooo4vi100oooooboooboooooboooooooooboooooobooon
goo

00 4.75. 000000 ROODDDOOODOO ,b000000000e=wb00000
vwe R*0000000000a~b000000O

00 4.34. 00 0O00OO0DOOOOOOOOOOOODOODOO

obooooooboooogon

00 4.7.6. z€Z000z#00000Z000000000000000 py,pa,...,ps O
000 ny,ng,...,ns (>0)00000

— 71 102 Uz
T =upy; Py~ Ps”

gbobooobobdw=x1000000000000 x10000000000000O40
goooooo

— mi M2 Mt
x 71}(]1 q2 qt

D0000000v0 +10¢00000000000s=¢0 ¢ 0000000000 £p;
0000 m;=n; 0000

00. p,000000000p|z=0g™ ¢ 00 p1[v000 py| 000 ...000 py|ge0
pmlv000000000000000000 p,0000000000000000 p;0 ¢
000000000¢qO000000000000000 p|@000000¢ 0000000
p=+ 0000000

], N2 n . mq Mo ne
upy Py Pt =41 420G
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oboooobodpp=+xq 00000000 4.1100

’I’L1—1 2 MNg __ ’ITL1—1 ma

upy T py? e epgt = ()" gy g

00000000000000pm=4¢ 0000000000000000000000C
000000000000000000 0000000000p;, 000000000000
0000000000000000 ;10 ¢o,..., 0000000000@M¢ 0000000
0000000000000000000p; 0 O000000000q1,¢s,...,¢0000
00000000000000000000

00000000000 000000000000000000000 £10000000
00000000000000000000000
:000000000000s=0000000000000000000000 O

00 4.77. Zz000000000 0000:0000000000000D000

00.200000000000z=yz0y,:00000000000000000000
lyl,l2/0 |z|00000000|z/00000000000x=1002=410000000
0000000000000 <n-100000000000000000000 |z/=n
0000000000000z=y200y0,000000000000000000000
00000000000 ,000000000 m

obooobOmooobooooboooobooooobooooobooooobooooon
ooooooboooboobo 4rio0oooboboboobobooooobobooooboon

00 4.7.8. 00000000 OCOOOOOOOOUOOOOe,bez0O000 dla,ddb00O d
0000000 ¢a,cp0000 ¢cO000OO ¢d0000000O00O00OOdAO ged(a,b) O
ooo

O0.em+b0n0000000D0O0COCOO0OOOO0O0OO0dOOOO0O0OOOOOODDOO
oooooobobooOo 246200000000000 U

00 4.79. «cZzO00ODO0OOO0O0ODOOOODOOOOOODOOOO

O00. az=2y0000ged(a,2)|la0000e0000000 ged(a,z) ~a 000 ged(a,z) ~
1.

000000 a~ged(a,z)200000 000000000000 OOOOOOOO
O ged(a,y) ~a 000 ey0 0000000000 DO0O0OOOOOO

ged(a, ) ~ 1, ged(a,y) ~ 1

oooooooooooo
an+br=1,am+cy=1

obooooooboooogn
alanm + ncy 4+ bxm) + brcy = 1
00000 246200 (X + (xy)Z=100000)

ged(a,zy) =1
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0oooond ez=2zyO4d
al ged(a, zy)

gboooboooboobooo O

4.7.2 0000

gobooboobobobooooooboooobooobooooboobbooooboooooon
obooboboooOoooboooboobooboboboboobOoboobOoboooboooooon
oooooobooboobooooooboooooooobooooboooDoooDoODbo
gbobooboboooobooobooboobooooobooooboon

gbobobooooooooooooooobobobobobobooooooooon
oboooboooobooooboooooboooobooooboooooobooooboOoon

uboobtobd =00000000 ==0000D0000O0D0O0DOOODOO

goooooo

473 0O0O0O0OOODOO

00 4.7.10. (00D0OD0O0D0O0)00 ROODOODODOOOUODOOOOOOOOOOOOO
O0ORUODO0OODUODO (principal ideal domain, PID) 00 0O

oboooooboooboobo246200000000000
00 4.711. 000 ZzOOODOOOODOOOOO

O0.Iczooooooooor={0j00o0lI=(0)0o000ooo0oU0ooooooon
goooo/0bo000b0dboob0b0Udzel00D0 —x el 0D000D0O0ODODODODOODOT
oo0o00o0OOoD0b0O0O0o0OO0bD0bo0 dodbodde 00000 rezObO0O0O rde IO
ooo

(dycI

0000000000000 D0000ze 00000000 dO00DO00O0O0DOOODOOO
r=d-g+r, (0<r<d-1)
d000000b00zel,dgel00000O0IODO0OOO0ODOOODO
r=x+(—dq) €1

00000000040 /00000000000000000000r<d-1071000
00000000 ->000000000000000000r=000000000000
Oz=dge(d0000IC(dO00000 O
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o0 4.7.12. ROODODOODOODOOOOa,beRODOOO

(a,b) :={za+yblxz,y e R} C R
0O RODODODOOe,b0000O00D0O0DOO0DMMIODOODOO0ODO dO00O0OO

(a,b) = (d)

000000dOe0b000000000Oged(e,b)00000040000000000
00000000000000000000000000
de00 dpO00D000000Oca00 ¢p000 ¢d0O0O0

00.00000000000000000000 434000000
0000000(d) = (a,b) D (a)00 de000000 cla,cp 000 abe (¢) 00000
00000 (a,b)C () 00000000000 O

o0 4.7.13. ROOOOODOOOOOOOO
1. 000000 zeROODODOODOODOOO
2.000000000000000

. 00obgoboooooboobobooooboboobooobobooboboobo
goooooo

go. 1. 00000 ec ROODOOODOODOODOODOODOOOODODOODOeDOO
gbooobooboobobbdbibebobuoobobbOobOoo

a=a1b1, a17b1¢RX
000000000 0000000DO00D00KO000D00000000 a0ODOOO

gbooooooon

ubobodgbobobooobobooboboobobooboobobooooon
bbbl 0000b0o0obobbobooboobon

a1 = agby, ag,by ¢ R*

OO0000000DaweObLOOOOOOOOODOOO0ODOOO0OOODOO0ODDOOO
U000e000000000DOO0OOODOO

0000000000aia,aslar,aslas,...000000000000000%; ¢ RO
O0a; ~a;4, 000000000 (a;) = (as41) 000000000

(a) C (a1) C (az) C (ag) C ---

obooobOobooobOobO coobooobooboooooobo

gooooooo
I:=U52,(a;)
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ooooooooooOooooooooooooboOobo0oOooOobOROODOOOOOO
obooobooboooboboboooobobooobooon

00000000000000I=(x)000 0000002z elI0000O0O0O jO0O
ggd
z € (aj).

000 (z) C(a;)0(x)=ID(a;) 000000
I'=(a;) C(aj41) C---C1
0000;,00000000000 7I00000D0O00DOO0

2.«00000000ez=2y0000¢|z0 «y00000000000O0O00OO0OO
gboboobobobOoooobooboobobobooobooobooboobOoboon 479
oboobooboooboobooooobooooobooboonog

. 00000b00b0oo0oocooooboobob 4760000000000 000ODOODOO
obooooboooooboobooooobooooon
O

gboboobOoboooobooooboobooooboboooboobooooooon

00 4.7.14. O0ODO0ODO0O ROODOOOODDOOOOOOOODDOOOOOOO
Lclhcl3C---
000 cO0D00000D000D00000O0ROOODOODNO Noetherian ringd 0000

gboboboobobooooooooboobobooooboooooooooboobon
gbobobobOobooooooooobooboobOobobOobooboooooboooooon
obooobOoboooboboooobOoboobooboooob0oboboobOoboooooboon
goooboooobooboobooobobooooboooobobooboobbooooobo
gboooboooooooboood

00 4.35. ROOOOOOODOOOOOOROOOODOOOOOOOODOOOOOOOOO
0o0o0o0o0o00obOOo0obOoOoobOOo I0cboo00oooooDbog xy,...,xs € 1000
oo

I=(x1,...,25) :={rx +roxa + -+ + rszs|r; € R}

gboooboooooboooon
ol 4.36. 00 00O0O0DOO0OO0OOOOOOOOOODOOOOO
00 437. 000000000 ODOOOODOOOODOOOODOOOO

goooo0ooo0o0o0odgooooogdgooooooooooooogooooooo
O00000000000000000 (uniquely factorized domain, UFD) 0000000
O000ooooooDooooooon

ob0 4.7.15. 000000 OO0OOOOOOOOOOOOO
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obooooOoboooobobooooobooooogn
00 4.716. ROODODOODDOUDOOOODDOOROOOODOOO
o0 4.38. 00DO0O0OO0OO0DOOOmOO

b 4.39. 000Oo0oboooOobOoboOoboobooboooboboonoo

474 0O000O0OO0OODO
bbooboobooboobooooooooooboooobooooboobooog

00 4.717. 000000KOO0O0Of,ge K[t|]O0OO0OOg#000000000 ¢,r € K[t]

oooog
f=g9q+7r, 0<deg(r) < deg(g)

oooo

00.00000000000000000 O

ol 4.7.18. 000000000000 O0O0O0O0gDOOO0OO0ODOOODOOOOODOOOO
oooood

b 4.40. OO0OO0OODOOO
00 4.719. KOODOOOOOOKOOOODOOOooooooo

00.004711000000000000000000ICKO00000OO0O0OOOO
O000o0O0UooOoooooooolI={oj00O0I=(0)U0D00OUCOOOUOOOOD
O00del,d#000000deg(d) 000 000O0DO0O0O0OO0OOOOOO (d) CcIOO
god

IcC(d)

0000000 fel00000DOOOODOOOOODO
f=dq+r0<deg(r) < deg(d)
00 ¢qr000000fel,deI00O
r=f—dqel, deg(r)<deg(d).

d0 deg(d) 0000000000 I0000000000000deg(r)<deg(d) 00000
00000 r=000000000 fe(d),00000 IcC (d)D O

gobooooboooboobooboboooboobboooobooboobooooobooon
obooooooo

00 4.7.20. 0O0O0O (S,>) 00000 (well-ordered set) 000 000SO00000000O
ooooOTroooooooooooon
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0 4.7.21. 000000 NOOOOOOOOOOOOOODODOOONU{0} O NU{-c0}O0O
gbooabood
zOoOooOoooooOozooooooooooboooobooooooooooobooo

00 4.7.22. ROOODDODOODODROODOODOOOOOOOOODODOOOOOVODOO
v:R—-VOOOOOOOOOreROOOO

v(r)=0V 00000 & r=0

gboboobooooobobooboooooon

VfeRVgeR, ¢g#0 = dg,reR f=gqg+rv(r) <uv(g).

oooof0Og00OoDOOC0 r00000OCOO0OODODOgOOr00D00000DO
good

0 4.7.23. ZOOODO0O0OOV=NuU{0}000v:Z—-V0Oou(z)=x|000000000
gooooboboobod

Kt)0ODUOO0OOV =NU{0,—cc} 000w : K[t] = VO v(z) =deg(x) 000000
ooooboooboobo

00 4.7.24. 00000000 D0OO0ODOOOOOOOOOOO

b 441. OO0OO0ODOOODOO

00 4.42. 0000000 Z[ijcCOO0O0O0 (0 4430V =Nu{0}000
v:Z[i] =V, 2 22 = |2]?

obooooOoboooooboboooooooon
gboboogbouoobooobobooboaobaooboood

00 4.43. R=Z[y=3]00000
R={a+bV/-3|a,beZ}
0000000000040
4=(14+V=3)1-v=3)=2-2
0000000000000
1. 1++/=3,1-+/=3,2000000 ROODOOOOOOO0O0OOO0O0OO
2. 000000000000000000000

oboooRrOOO0OODODOOOODO
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4.8 0O0OOOO
20000 QUDOOOO0OODOOD 1.3.120000000
@ x )/ ~
ooooboooboooboobuoon ~0O
(n,m) ~ (n',m') & nm' =n'm

goooogd
oooooo0o0o0oDOoO0 RODODOOOODOODOO

00 4.8.1. ROOOUOODOODOO (00O O quotient field, fraction field) Q(R) U O
Q(R) := Rx (R—{0})/ ~,
(a,b) ~ (a',V) & abl =d'b

goooogd
(e,b) 000000 $0000QR)OOO0OOODODOOOOOODOODODOOOOOODODO
ooooo

OO000D0O00000O0000D00000D0 well-definednessE 000000 O0O0O0DOO
oooooobo0ooobooboooooboboooooDbo

00 444. Q(RA)0000O0O0OU0COOO0OOOOOOCODOOUOOOOOOOOOOO
gboooboooobooboood

00 4.8.2. ROOOODOOOODOODOOOOO (R,-,) 0000000 SO ROODOOO
gooo

00 4.8.3. ROOODOOODOOOOSO ROODODOODOODORO SOODOOOOOOO,
fraction ring of R by S) ST'RO D

STR:=RxS/~,

(a,b) ~ (a’,V) = 3s€ S ab's =a'bs

oooododd(eb)000000 0000
ooooooooooDoooOoooooOoRO SOODOOOODOOOO

00 4.45. ROOOO0OO0OO0O000S:R—{0}00000000000000000000
00S-'R=Q(R)000O0O0D0000

00 446. ROODODODODUDOORO QR ODDDODOODDOOOODOOODO

DDDDDR—)SilR(TH%)DDDDDDDDDDDDDDDDDDDDDDD

00 4.47. 00000000 ¢:R—S'R(r—$)00000000000000000
0000000 ADODOO f:R— ADOODOOfS) Cc AXODOOO fO000
f:ST'R— AD000 f=f040000000000 f:5'R—A00D0D0O000O
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00 448. 00000 ¢:R— R 000000000000 DODOOODOOOOOOOO
0000000 ADODODO f: R— AD000000f(S) c AXOODOO fO00O
fR - A0D0O0 f=fo¢ 0000000000 f:R -A0DD0O0O0DODOO
000O00OR O S 'ROODOOOOOOOOOOODDODODODODDDODODOA:R — SR
00000 ¢=hog¢ 00D0O0ODODOOO
0000DO0OROO0OD0O0OOR —-S7'R, ST'ROOOOOS'R—R OO0O0O0DOOOO
0000000000000000000000000 ¢0000000000O0O00
0f/000000000000000000000000@

0000000000 R— S"'ROODDOOOODOOOODOOOODOOODODOOODODOOO
00000000000000000000000M 000 (universality)DOOO0OO0O
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5.1 UO0OOO

5.1.1 0O0O
000 (M,+,00000000 (module) 00000

00 5.1.1. 000 MUOOOOUOOO End(M)0D0O0O0OO0OO0OO0OOOODOOOOOOOO
oboooooboooooobooon

oooo03460000000000
00 5.1.2. ROOOOOMODOOODOOOODO
p: R — End(M)

00000000000 MOO R-O0O (left R-module) 0000
ROOODOODOODOOpOO0DOO0ODOOODODOODOODOOOO

0000000000 34200000000 R-OOMODOO ROODODO MOOODO
doooooobbooooooobobooooogo
00 11220000 p: R— End(M) C Map(M, M) O

Rx M — M, (r,m)w— p(r)(m)
000000000p(r)(m)0 mO0 r000000000000
rem = p(r)(m)
Joooooooob eOObO0OU00OUOUbDbObbOUOU0DUOD0ODbObODbDbO0O0O0O0OUDbDO
00 5.1. (R,-,1)000000(M,+,0000000000R0 MOO (0)00
e:RxM— M, (r,m)—rem
000 MOO ROODOOOOODODODOOO
1. re(my+mo)=rem;+rems
2. (ri+m)em=riem+roem
3. (ri-ry)em=rye(rgem)

4. lem=m
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00000000000 00000(@0O00 p(r) e End(M), p0000000000000OO
pO0000D000C0OO00DOpOO0O0O0O0DOOOO0ODOODOOOODOOOODOO

00 5.1.3. (R,,1)000000(M,+,0)00000000R0 MODOODO
o MxR—M, (mr)—mer
dogooobobooooooob MOO ROODODODODODOODOOOODODODODOOOO
1. (my+ma)er=mier+mger
2. me(ry+ry)=mer; +mery
3. me(ri-ry)=(mery)ery
4. mel=m

00 5.2. MUOO RO0ODOODD0OOOODDOO R?P -End(M)0D00O0O0OO0ODOODO
obooooooboooogn
ob00 RrPO0OO0O0O0OO0ODOOO ROODDOODOODOO

ropop 1 =7 prT
goooooooono

rROODODODODOD R=R»000000 ROOOO ROOODOODODODODO
o000 R-O0O0ODOO

OO0 5.14. ROOOODORDOO RODODOOOODO

gbobooboboboboboboooooobobobooboboboobob s1b0n
gboboooOobooooboboooobooooogon

00 5.3.0 ROOO (0D)OD0 ROUODODOODOOOOODO (D)RODODODUDODOOOOODO

00 5.1.,5. 0 ROUOD MOOODODOO ROODODOD NOD (1) ODOOODOUOOOO (2) RO
gbooobOoboooooboon

1. miymee N=mi+mee NOOO 0eN
2.reRneN = rencN
oooood

OO0 5.4. ROOOODO SO0 ROOOOODOOOOOOSO ROODODODODOOOOOOO
ooooooooon

O00ORODOOOODO RODODOOODOOOO
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00 5.1.6. ROODODOOOOOM,, M0 RROODODOODOM, 00 MO0 ROODODOO
gooooooooooo
[ My — M,

0D00O0O0ROODOOOOOODOOOOOOOOO
f(reim)=rey f(m)

obobod0reR meM O000D000O0O0DOOO
000 fO000000O000OOO ROOCOOODOOOOOOOD fOODOODOOOOM,
OM0ORODDODOODODOOODOODODO

oo s5.5. ROOOODOD f: M, - M, 000000000000000000000000
ooooooo

rROOOOODOOOOODOOOOOOO

oo s5.17. MOO ROODODODOOMDOODODOO ~O0MODODOODOODOODOODO
goooboooobooog

/ /
mlwmg,ml~m’2:>m1+m2~m'1+m2,rom1Nromz

gooobob™ooobobboooooooobbbbooobbooooooobobDboo
241900000000000D

ooOoooo.0 MOOOO ROOOOOO

oooMDOO ROODO NDOOO

miy~mo < mg—mg €N

oooooo0 ~O00obobooobboobboooMOOobDOoooobooobbOoobooDo
goooo

0 5.1.8. MOO ROOONOOOOD ROODOUDOODOOM/NODO
q: M — M/N
OrROOOOOODODOOOOOOOOOOOOOODOOOODODODOOOO
[ma] + [ma] := [ma +mal, 7 e[m] = [rem]
good

05.1.9. f:M—-MUOORODUODUODODOOUOOOKerf CcMOO ROOOO f(M)cC M’
OO0 ROOOOOO
M/Kerf — f(M)

ooooooboooo
O 5.1.10. fOO00D00OOC00O0OOOKerf=000000
ugboobuooboobobbooboaboan

b s.6. UOO0ODOOO0ODOODOODOO
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5.2 0O0O0OO0OROO

00 5.2.1. ROODODOOM,, M, 00 ROUODOOOOM, O M,000 (direct sum)M; & Mo
goo

1. 000000000 M, x M,
2. ROODODOOODOODOOOOOO
ooooooboO0O ROODOODOOOODOO
My @ My = {(mq,mz2)|m1 € My, mq € My}
(m1,ma) + (my,mb) == (my +my,mg +mb), 7re(my,mg):=(remy,rems)
oo00oO0oo0O ROOODOODO

0 5.22. ROODODOOR"OD ROnUOOOODOOOOODOOOODOODO ROODOO

(@1, 2n) + W1, ¥n) = (@1 +H Y1, T+ Yn)
re(Xy,...,Tn)=(r T1,...,7 Tp)
00000oooooobDo0oD0 ROODOODOOODOODOO
R*'=R®&R&---®&R (n0)

goooooo
ORO0ODMOOODDODODO OO0 RO ROODDOOOODOOOODODODOOO RO
goood

Jddeddoonom

00 5.23. ROODUUOOOUO ROO MOOUOOMUOUOOUOODOO (basis)D0OO0OOO
oooooo MMOOOO zy,...,z,eMO000

1. 0000000 7’1£L’1+"'+?"n$n:0 = T1:7‘2:"':7"n:0
2. 0000 <@1,...,&p >ri={raz1+ - +mz, =0 e R} 0MIOODOOO

20000000MDO0 RO zy,...,z, 00 ROODODOOOOOODOOOODOOOOO
r,...,z, 0O0000000MODO ROODDOOOOODOOOOOOODO

00 5.24. 0 ROO MOOOUOOOD ROOUOOODUOOOOOOOMO(OO)OOO
oooooooo

00.0000f:R*— MO (r1,...,rn) » 2144z, 00000 ROOOOO0O
000000000000005.1.10000 Kerf={010000000000000000
0000000000000 f00000000000000C00000

0000p: R" — MO ROOOOOO0O0O0(L,0,0,...,0),(0,1,0,...,0),...,(0,...,0,1)
000 00000 24,...,2, 0000 0000000000000000000000
Oooooooo O
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rROODOOOOOOODOOOOODODOOOODOOOOODOOOODO
00 5.25. ROOOODOOOOD ROOVOOODOODODOODODODO V=R

gobobooobooooobooooboooooboooooobooooboOoooooobooog
oboocooOoboooobooboooooboooo

Z/n
0zOODODOOOODOOzOODOOOOO
obooobOobobooobobooooobooooboobooooooboon

00 5.2.6. 00000 PIDOOOOOOOOROOOOD0000000000000 RO
0MOOOOO RO R/(e)000000000 (ROOOOO)00000

M=R'&R/(a)® - ® R/ (ay).
00000 @, 0000000000000 000O000O0000O000

00 5.2.7. 000000000« 0000000DO0CDOOODODODOO0ODO0ODOG,...,65-1
obooobOobo0oooobooooboboooooon

MOOOOOUOUOOENd(M)OOOOODOOOOOOOO 426000000000000

000 p000
p:Z — End(M)
00o00o00ob0oOoo0oob0obOooOooDo0o00ooO0obDooOoDoUobOozOooDoOOoDOOO
O0000O0b0OO0OnezOOOn>0000
nem:=m+m+---+m (n0)
n<0000
nem:=—(m+m+---+m) (-n0)

googoood

00 5.28. 0000 ZO0O0ODOOOzZOOOOOooODOOOOZzoOooOoOooOOoOoooooDoODO
ooooooboooooon

oo s5.7. 000000O000OO
zO00O0ODOOOOOOOOOOOOO0OODO0OO

00 5.29. (000000O00O0O0O0)MOOODOODOOD0OO0O0O00000 ;€%
000

M=7"o1L/(a1) ®--- D L/(as)
0000000000000 0000000000000000000 ;0000000
000000000000000

gbboobobooobobooooboooobobouobogbn=000000

00 5.8. GOOOODOOODO0OO0GOOOOOOOOOOODOOOOOOOOOODO GO
00 (exponent) D00 e(G)0O0 OO
000 g¢geGOOO0¢® =e0O0D
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5.3 UUOn

OO0526000000Jordan 0000000000 DOOOODOO
KOOOOOAeM,(K)OOOOOO 4450000

p: K[t] = Endg (K"),t— A

000000000 p0000000DO0O0DOOO0OK®D KY)OODODOUODOOOOOD

0 Kj)0O00O0O0o0O0o0o
005260000K"0

K" = (K[)™ © K[t]/(a1) @ --- ® K[t]/(as)

000000000000 KOODOOOODOOm=00000ay,...,a; € K[t]OO0D0ODO
000000000000 00000000=p;" 00000000

00 5.3.1. KUOODOOOK¢OOODOODODODODOUOOOODOOOOODOoOoKOOOOO
gooo

O0KOOOOOOODOOOOOOOp=t-A0000K{ 00000
K"> K[t]/(a1) & --- & K[t]/(as)
0000000000000 +0 ADOOOOOOOOO000¢+0¢000000000
0000 - (t—a;)) 0@ @0

0<j<m;,—100000000C000000ODOCO¢tODOCO0O0O00O0DOCOOO Jordan
oo0o0O0O00000OK"0 ADOOOOOOOOOOOOOODOO00000 Jordan O
oboooooboooogon

000
1] 00000000000000000

2 000000000 00O0DOO



