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1.1 Ooogdgd
0D000000000000000000000

.0o0ooon

.0oooo

.00ooooooo
obooooobooooboooooooooobooo
.00oboooooboo

.0oooo

goooboboobooboobooboioobooobgoo

1.1.1 00

O00setD00MOOO0O0OO0OO0OO0OOCOOO0OOOOODOOOOOOOOOOO0O0O0
goooooooooobobooooboobooooboooooo

{1,2,3}
obooooo1230000000000000000
{1,2,2,3}

googbol1ooboz2gobg3gooobobooboboobooboobooboobo
0000000000000 00000000000000000000 (multi-set) 00O
oboooooboooooboboomuoboooooobooooooboobooobooobooon

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

O00ONODDODOOOOOOZOOOOO0O00QOOOOOOOOROOOOOOOCOOO
00000000000000
N=1{1,23,...}

oooo
Z=1{0,1,-1,2,-2,...}

good
n
" Tm
Q {m|n€, e N}
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0000000000000000 |0000000000000000000000000
0M20000000000000000000000RD000000mO000000
ooooooooo

00000000000000000000000000000000000000000
00O0N,Z,QR,CO0000000000000{1,2,3)000000000

00 S0000SO000000 SO000 (cardinality) D0004(S)000 |S|0000
00000 |S|0000000000000000000000000000 #(5)0000
#({1,2,3)=30000#(N)=cc0000

00 111, 0000000000000 00DO000O0ORODOOOOONDODODOODO
0000000000000 00000000O00O0U0o0oUooO (oo)yoooooo
oono

00000000000000000000PO0ODO0ODO0O0O0

0= {).

ugb 112, 000000 =000000000000DOO0O0DO0O0ODOO0ODOODOOO0O

1.1.2 00O

o0 1.1.3. 00000 S, 70000DL0O0O0O0 SxTOOosOooOOorooooooooog
oooooooboooo
SxT:={(s,t)|se S, teT}.

goodobobbooooooo
SXxTxU:={(s,t,u)lse S,teT,ueclU}

0o0oooo
SxS0 S20000r0000000000r0000 SxSx---x50S"00000
00M()000 SO000-00000000000000

00000008 0 {(s)]s€S}000000000S00000000000000
$°00000000000000000-,=000000000000000000

S°={0}

gooobooobgo

1.1.3 OO0

00000 S, 7T0000SO0TOOO0O (mapping) 000SO000O0O0OTOOOO
0000000000000 000000000000 (function) 000 0O0O0OOOOODO
00000000000 fO0000seSO000O0f00D00TOOOOOO f(s)00OO0OO
sO fO0000 (image) 0O OO



1.1. ODhood 9
0 114. 000000O0OO0OO
flx)=2® -2z +1

gbogbooobobooobobobooboboooboboooooobobobog
0000000000000O00O0O0O000D f(-)OOOOUOODOOUODOOOUOOOOOO
0000000000 x0000002%2-22+10000000000000000000
gooobooooboood

gbobgoobooboobobboooooooooobobobobobobobobon
oooooooo

fO000 SO0DO0D0TOOOODOODOODODODOOOOOO
. f
f:8S-T, S=T
0000000000000 00000000diagram 00000000

f+ s - T
s e 1(s)

O00000000SO f0000 (domain) D0OO0O0OOOTO f000 (codomain) O
oobooobooobooboboooobbO —00000000000000000000004d
oo —wO0MOoOooOOobO0ooobobOobobogoboobooo

0 1.1.5. 0 1.1400000000000000

f: R — R

x — x22—2x+1
oooo
00 1.1.6. 0000O0O0OO0OOOOOOOOO

f: C — C

x — x22—2zx+1

ooooooooooo fOo00O fOOOOOOOOODOOOODOOODOOOODO
ooooog

00 1.1.7. S, 70000000800 70000000 f,¢g0000000000s€S
000D f(s)0 g(s)00000000000000000 s00000000000000
f(s)0 ¢g(s)00000000000000O0f=¢0000

000008=1{0,1,2}0 T={0,1}0000080070000 f(s) =s>—2s+ 10
g(s)=|s—10000000000 f=¢00000000ROORODOOO0OOOOO0O
f#g¢g0000

00 1.1.8. 000000Of,¢g:S—=TOOO0OODOOOOO
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00000000000 seSO0O0O0 f(s)=¢(s)00000000DDO0OOOOOOODOO
ooboOddDb f=¢g0000000D00O0OODOOODOODOODOOOODOOOf=9g0O00O
O f(s)=¢(s)00D0000000
0000V (forall,forany 0 a00000000)00000O
f(s)=g(s) = f=geVseS fs)=g(s)
O000000000000000000 seSO0000f(s)=9g(s)0000000ODODO

00 1.1.9. 00 SO00D0 70000000000
Map(S,T) :={f | f:5—>T}
O00000Map(S,7)0 7900000

f:S—>T,¢:T—UD00D00O00DCOCOD0D0000000000Oggof:S—UDODO
00seSOO000

(go f)(s) =9(f(s))
0000000000000
000000000 A:U—-VO000000000000000

ho(gof)=(hog)of (1.1)

00000 (000000000000 associativity 000) 000000000000 s€ S
oood

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

o0 1.1. (1.)0DO0OooooOoOO

00 1.1.10. 000O0OO0OOSOOO0DOO0O0OO0dsOOSODO SO0DO0OO0ODOOOOOOOO
OO0000ids:S—S00
Vs €S, idg(s) = s.

(Vs € SO0O0OO0 SO0 sO00O0O0O0O0OO0)idseO SOOOOOO (identity map) O
ooo

OO0 1.1.11. f: S—>T0Og:T—SOO0000inversemapl 00000000 OODOOO
go f=idg, fog=idr

oboobOoomoooooboooooooooooobooooobooooboonog
oooomm
ocoooosSoooo0oroooooooooog

00000O0O0OSO00 fO0T0000000O g0 SOO0OOOOOO (OO0 gof=idg
O00)000TO00O0O¢gO0OO0OO0 fO000O0O0D0 (00O fog=idpy000)0000
googo
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OO0 1.2 f:S—T,9:T—SO0000

go f=ids, fog#idr
0O0o0O0DO0D0O00

001112 f:S—-T7T0000000000C0O00fODOO SOOOOOfODOOOSODO
O007T0000000000000f(S)0D000DO0OOO0O

f(8):={f(s)ls € 5}
00007T00000000000000 f(S)cTO

00 1.1.13. f: S —T 000 (surjection, epimorphism) 00O OO0 f(S)=7T0000
00oo0oooooooToooooOofo0oOo Soooooooooodg
O000000¢teTOOOUODOO seSO000t=f(s)000000000O0O0ODOO
gooono
VteT,3s € S,t= f(s).

0o 1.1.14. 0D Ododooooboooa
Vi e T[3s € S(t = f(s))]
ooooooobooboobg
0000teTOOOO[|OOOOOODOOO

gooobooobgo
gooooooboobad

[3s € S(t = f(s))|(Vt € T)
dobdddooooboooobooboooooboboooooooooa

oo 1.3. ggooooobood
ds e S|Vt € T(t = f(s))]

gooooooboobooboobmooroooboooooooooroooobooonog
oo0rooobooooooobobooooboon

00 14. f:S—T,9:U—-SO000000fog0000D0D0O0f000000000O
ooo

o0 1.5, f:S—T0O00000yg,¢:T—UO0000000O00OO
gof=gof=g=¢
000000000000 dD0Oright cancellable O O O 11

00 1.1.15. 00 f: § > TO00D00000000000000g:T —»SO00000
fog=idy 000000000
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0000000000000000
00 1.1.16. 00 f: S—-T00000¢teT0000S00000

7 = {s € SIf(s) =t}
0¢0 f0000000D000000f0000 000000 SO000000000

00000000 f00000000000O000ODOOD¢teTDOO f7Y(H)O0000OD0O
oooooooono

00.00000¢teTO00O0fY(»)00000000 s000000D000O g(»)00D0
oooooobooobo g:T—-SO000DODOOOOO (]

00 1.6. 0000000 ((CO0OOOCOOOUOO 14000000000)

00 1.1.17. f: S —- T 000 (injection, monomorphism) D0 O0000SO0000OO f
odoooooroooooooooboooo
gooogood

Vool €S54 8 = [(s) £ (s
goooobobobogd
Vs,s' €8, f(s)=f(s')=>s=4

gooooooo

oo 1.7 f:S—-T7T000000yg,¢:R—SO0O0000O0OOOO
fog=fogd =g=¢

OO00MMO00D0D000000O00OO]left cancellable O 0O O M

00 1.1.18. SO0000O0OO0OOOOOOOD f:S—TO0000000000000000
¢:T—>SO00000gof=idg000000

00. f0000000000DO0ODODODODO¢teTO00O00OOO f7Y(¢») 000000000
10000000000000000D00000t0000g(#)eSO00 f~1(¢H)000D0
000000000000 000000000O0D0g(t)DODOOOOgof=ids00000O
ooooooooobooboo O

obO 1.8. 0000000
00 1119 f:S—-T0000000D0CCO00O0OOOOODOOOOODOOOOODOO

gooobooobooboobobooboobobobboboboobo

OO0. fO00000000DOOOODO 1115000 ¢9:T—-S50000 fog=idprp 000
00000000000 f00000000000O0OO 1.1.18000 ¢ : S —-T0000
Jof=ids0000000000OO

O0000Ogy=¢ 00000000 fO0U000OO0O0O0OOOOOOOOOO (1.1)OOOO

g =g oids=g'o(fog)=(gof)og=idrog=yg
Dooooooo O
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ob 19. 00 11.1900000000000O00OOO

00 1.1.20. f: S—T00000000f:5— f(S)0000000000000 TOO
000D0D000#(S)=#(f(S) <#(T)000000

#(S) < #(T).
00000 #(S)=#(T)0000f:S—-7T00000000

00. #(S) < #(T)0000000000000000000#(f(S)) = #(T0000
f(8)cTOOOOD f($)=TO0000000000 O

00 1.1.21. f: S—»T0O0000000yg:T—S000000000000000 SO
000000004 (T)<#(5)000000 #(8)=#T)0000f:5—-T00000
000

Jod. 0odb 11200 g00ooobooooooa O
0o 1.10. 0000 1121 0000000004
oo 1.11. S,70000000000O0

#(S X T) = #(5) x #(T)
goboooooooooooooobooooon
o0 1.12. S,70000000000O0

H(TS) = #(T)#)

gooogoao

00 1.13. 00000000000000SO07000000000000000000¢0°
01go00oooobobooobooboooogoo

00 1.14. SO0O00O0DODOOOO

5{1,2,... m} Sn

oooooo((sS"000 1130000« 000000000000MUO0U000o00O
000000000000 0O00o0o0oDo00o0O0D)0D 1.330000

00 1.15. OBernstein 000 [1, p63)J00000000O0OOOOOOOO
f:S—-T000000yg:T—-SO0000DO0O0O0OSOO0TOOOOOOOODODOO
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1.14 00000

Ss,T,uvooooon
f:SxT—-U

O0000000Ose S,teTOOO0O f(s,t)eU 000000000000 sp€S5S00
googooo
teT — f(so,t) €U

gooooooooooo0Tr-—-uvooooooooooooo
fso(t) = f(s()?t)

00000 f, O Map(T,U) 000000
0000000sg— fo O
S — Map(T,U)

0ooooooon
000g:S— Map(T,U)000000000000g(se):T —UDODODO0g(so)(t) €U
000D00000/f(s,t):=g(s)() 0000 fOSxT—-UD00000000

o0 1.1.22. JOOoOOod
Map(S x T,U) — Map(S, Map(T,U))
gooooooooon

od 1.16. 0O00OO0OO0O0O0OODO

1.2 00O

00 1.2.1. SO00D000O0O0SO00O0O0 (binary operation) 00O
SxS—S
goooobobobogd

0 1.2.2. 0000 f(z,y):=2+y0 RxR—-ROOODO00000O0O00O0O000O000O
0000000C00000000000000000000000000000000000
oooooooo

1. 000 NODOOODOOOOODOOOOODOODOOO0ODOOO 1230000
200z00000000O00OOO00O0DOOOODODOOODOOOOODO
3. 00 ROO0O0O0OOD0OI0OOO0OUOOO0OUOUOOOOLl+ 0, (- 00
4.00000000D00O0

oo 1.2.3.
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1.00 SO0000 000000 DODOOODODOOUO0ObO SOoOoOoUoooooo TOO
obooroooooboo0OobobbocobOoboooono

$1,89 €S = s108 €85

goooooooboboooooorooboooooboboboooboooooobo
00000 S00000l1-4=-3¢S00000000000000000O00O0OO0O
goono

2.000@m00SOO000OODO SoOOO0O0ODOOoOODbOODODOODOSDDOO
do000doO00oooooosSdodo0boonDooDbOooooooooo
000000000 ROOODOOOOOOO0O0GODODDOO(-)"00000000
ooooooOoooo0o0ooDOoO0oooooO0ooboOoOooDbD RyoO00 e, 00000
00c"0000000000000000000

00 1.24. 0000000000000 0OOo0 xOOODOOOOOUOODOODbOODODO
good
(a,b) —aob

000000000000 e 0 ;0000000000

1.2.1 n0O00

00 SO00000000S000000 (unary operation) 00 0O
S— S5

oooo0oooopooOoosSooogopod«-0000 —s0000000ODOODOOO
ood

oooosSo»-0000D00 SOO0O00000D00O S"=SxSx---xS—=500000
0000 SO0 nO000 (n-ary operation) 00 OO

0000000000000 (nullary, zeroary operation) O O

f:8°={0}—5

000000000000 0000f(()eS00o0U0oo0oooooOooooOooosSon
cooboOoOoOoooOoOoDOOoOoOoSsOobDOOoOoO0DOOO0O0ODODDODOnOODDODOSODO
n000000000000 SO000O00O0O0000o0ggooooooooooooon
oono

1.2.2 00000

nJ0000000000DO00O000OO00b00O00n
o00o0o0ooooooo0oooooooooookKOoDooobooobDoooooDooo
b0 KOoooooboooobobooooooooooooooooom™

o0 1.25. 0 KOOODOOODOOoOvoooooooo
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VA (00000000)00 V

VB (000000),000000

VC (0000000000)KOO AD V, 0000000000 Aovel,
0000080000000 000000MOONNNNN00000 200000

Oo00ooooOovyp,ooooooooo voooooooooooooooooooooo
KxV -V

O0do0o0ooooooooobooooobooooon
gooor,sgooooooood
TxS—S

00000070 SOO000O00O (Doooo)o
oboooooooooobooooooon

0 1.26. 0000000 R"0O00 x,x' —x-x'00
R" xR" - R
obooooOobooooboboooobooooooon

0 1.27. S, 7,U0000000000000
Map(T,U) x Map(S,T) — Map(S,U), (g,f)—gof
0000000000 0000000000000000000000000000000

gooooooooon
51XSQX~'~XSn—>T

ooooOo00ooOo0o0ooooooob0oooO0o0oD s12200000 000000
ooood
o0 117 000ooobOooogoooo

00 1.18. f:S—»T,¢:T—-U000000000000

l.gofO0O0O0D0O0OOgOODO
2.¢9,f0000000gof000
3.90of0000000f00DO
4.¢,f0000000gofO0DO
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1.3 U0ooooon

1.3.1 0000

00 1.3.1. XO0OOOOOUOXO0OOOOO (binary relation) ROOOx1,20 € XOOODO
$1R$2
gobooooooooooooooog

0132 00 ROOOODOOOODOOODO >0000000002;, >2,0000000
oboooooboooooboood

RO XODOODOOOOOOOoOO
R :={(x1,22) € X x X|z1Rxa}

0000 XxXOOOOoOooooooooooo RODDOD XOOOOODOOOoOoooo
oooooooDoX xXOoOooooRrROoOooooo

r1Rxo & (.Tl,xg) ER

O000XO0OO0000ODOoOoOO00000o0XooooooooXxXoooooooooo
oooooooogo

ol 1.3.3. 000000000O0O00DOC0O0OO0O0O00O000O000000O0000O0o
oooooog
0000000000 ADODODODODODO0OO0 BOOODMODODOOODODOODODOOOO0OO
googoboooobooobooboobobobobooboboobobooboooooo
ooooooooXxXoooooooo

A=X000000000, B=XxXOOOOOOOO

oooooboOd R—ROODOO

00000 (natural, canonical) 0000000000000 0000O0ODO0OOOOOO
ooboooboooooooooobooooboobooboobooooOoooooboooonoo
gooooooo

O0000o0ODoDODO0OD A BODODDODODOOOOOOOOOOOOOOOO0

A=B

obooooOobooooobobo0oobo 40000000000
ooooooooobooboboooobooobooboooo

AR

0000000000, canonically isomorphic 00 0 0)
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1.3.2 0J00O0ogoooo

00 XoOoooooobooooooooooooooooooboooooooooo NOoOoOo
gbooobooobooboobobooboon

N:DDDDDIIDDDDD

O00o00O0JJoyooooooooooooo[Joo0oo0ooo0ooooooooo
000000000 mM 000000 (direet sum)D0000O000O (disjoint union) 00 00

OO00o0O0ONOO300DbOO0OO00o0O0obOOOO0O0D Gy, 1000000D0D0 4, 2
ooooooO0oo c,0ooooboooonoo

N=J] &

i=0,1,2

ooooog
ooooooooooboooooooocoooooooooo

C,:={z€Cllz| =1}

oooo,C, (r00<r00000000D00O00OO0CO0O0DOOO0ODOOUDOOO

c= J] &

reR,r>0

googooo

00 1.34. XO0UOOOOUOOXOOOO0OOOC; iel)0 XOOOOOOOOO

x=Jac
el
0D000000000000000000000000004,jel,i#;0000 CinC; =0
0000000000000
x=]]c

iel
00000000000 +eI0D000C; #000000000C; el XDOODO
(partition) OO0 00O
C; 000000000000 (cdlass) D000

00 1.35. J00000000000000000000000000 X0000000
000000000000 0000000000000000,300000000000
I={0,1,2)00000000000000000000000007I={recR0<r}0O
000
XO0000O0O0O0000000000000004€/000 X00000 ;00000
00000000000

00070 index(000)00000000C;0 CO class0 CO
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X000C ((e)00000000O
i~ 00000000 (1.2)
00000000 ~00000000000000000 [EY[EE30DO0O0000

00 1.3.6. XO0OOOOO ROOOODO (equivalence relation) 000000000000
ooooo

E1 000 «¢RbOO bReO OO aRe
E2 000 aRa

E3 000 aRVOOO bRa

ooboooob0 ROODOOOODOOOODOODOOODOOODDOOLOD XDOOoOoboooboo
ooooooXxXOooooooooooooobooooooooooo

00 1.3.7. (X,~)0000000000000000O(X,~) 0000000 (equivalence
class) COODODXO0OOOO CcXOOODO

coooog
r1,x2 € C OO0 z1 ~ 22
rpeCO0 zy~2000 z9€C

oooooao
OO0000zeCcOOOODDOOODO

yeClO eax~y

googooo

00 1.3.8. (X,~)0000000000000O0OOCG,; (e0DDUDOODOOOODOOO
oooooooo xooooooo

b 1.19. 0000 13800000041

ooooooXxXgoooooboooooooboobooXxoboooooboooooooboo
obooOonoooooobooooboobooooobob 1330000000

o0 1.3.9. 0000 138000000000000
X/~

O0000XO~00000000000000XO0000000000000000000
godoooooo
x€X00O0OUOzeCOOOUOOCeX/~0000000000 CO [z]00O0zOO
O0z000000000 000000
oo
qg: X =X/ ~, x|z

0000 (quotient map) 0O OO
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0 1.3.10. XOUO10O 10000000000 Db000z; ~2z002; 020000000
ooboooboobooooooobooooboooboobboooooooboooobooooonoo
Oo00oO00bO0OMeO0 b0O00O0O0D0VDD « OODOOODOOODODOOOD~DOOODO
oood

000 XO0MooooooooUoooo0oo0X/~000000000000000

0 1.3.11. (000000000D0)
X,YO0OOOOOf:X—»YOOOOOOOOOOOOXO000000 ~;0

x1 ~5 w2 & f(x1) = f(2)
Jo0oodoooopoooooouooo
Oogd 1.20. O 1.3.11|:|NfDDDDDDDDDDDDDDDD

000XO0O0O0000~00000000000000Y, 00000 ~=~;0000
00000000Y:=X/~, f=¢q0000000(00000 1.3.240 (1)0)

1.3.3 U0b0booooobbooooon
ooooo

goooood
f:ZxN—=Q, (n,m)»—>2
m

oooooooo 13.110000~,0000000 ZxNOOOOOOOOOOOOO

n
(n’m) ~f (n,7ml)<:>E m
goooood

0000000000000 0000O000000o0O0UooO0oUOo(oooooooo
DDDD)%|:||:||:||:||:||:||:||:||:||:||:||:||:|DDDDDDDDDDDDDDDDDDDDDDD

gooboboboooboboboobboooboobooobooboUbbooobooboob
0 1.3.12. 00O NOOO zOOOOOOOODODOOOOOOoDOobOOODOoOOoOo
(ZxN)/ ~,
gooobobooboooboooooo ~0
(n,m) ~ (n',m’) < nm' =n'm
googooo

00 1.3.13. 000000000
(ZxN)/ ~,

0000000(mm 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

gooooooooboood
Q:=ZxN/~

goooboobooboobobooboobooboobooboobooboon

n n nm' +n'm

_+_,:7, (1.3)

m  m mm
|:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:|DDDDDDDDDD(:WGH—deﬁned)|:|
gooooooooo

OOoo0ooQoOOoOoDD 0O

gboooboooboooobog

ooo

= w

00003=2000000
000000000000

0 1.3.14. O0OO0OOO
n
Q—Z,——n0O0mO0O0000O
m
OO0000o0oO0oooooooooooooooooon

-2z —n0mO0O0O000
m

00000000000000L~100002~20000000

00 1.3.15. (X,~)000000000000000¢:X — X/ ~00000000F:
X -YOoOooooooooo
00 h:X/~x—Y0OOOOO
f=hogq

0000000000000000000000000 2,4/ €X000
z~al = f(z) = f(af)

00000000000 000ARDDOOOOOOODDOOOO fOODOOM
00000000 fO00000 ~x 000000000 0000000 fO well-defined
googoooo
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00000D0000000000000000X000000000000000000
00X/ ~00YOOOD AODOODOOOXOOOOODOODOf:X —-YOOOOO
00000000 f:X/~—-YOOOOOOOfO fO00O0ODO

000D0000000¢g(z):=[x]0000000fo¢=000000000000000
000000000000 f0000000000000000000000000O0000
0000000000 2,0/ € X000ODO

v~al = f) = f()

oo0ooooobOoomoobooooa
ooooooooooo
X =7ZxN

goono
fln,m)=n0 mOO00OO

0000ooo0dg=f(n,m)DOOOOOOOOO
n=mqg+r, 0<r<m.
good
(n,m) ~ (n',m)

ooo

n' = (nm')/m=m'q+rm'/m

O000n,m¢q0OOoon rm’/ml]DDDDOSTm’/m<m’EIEIEIDn’EI m' 0000
O f(n,m)0O g=f(n,m)OODO0OO rm//mO0000
oo

(n7m) ~ (Tll, m,) = f(nam) - f(n/a m,)

000000 13150000 f0 well-defined 0 000
f:ZxN/~—TZ
0000 f(jn,m])=f(n,m) 00000000000

00 1.21. 00@M»nO0 mOOOOOOOORO mODOOOOOOODOOOQOOOwell-defined
ooooooooooo

0000 1.31500Y0Y/~000000000000000O0O

00 1.3.16. (well-definedness) (X,~x), (Y,~y) 0000000000000 0OOOgx :
X X/~x,qv:Y —>Y/~y 00000000
f:X—-YOOOOOUOOODOUOOh:X/~x—Y/~ 00000

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

00000000000 000ARDDOOOOOOODODOOOO fOODOOM
00000000 f00000 ~x,~y00000000000000f0 well-defined O
goooon

0 1.3.17. (X,~x), (Y,~y), (Z,~z)0000000000000000000¢x: X —
X/ ~x,qv:Y =Y/ ~y,qz: 2 — 7/ ~2, 00000000
f:XxY—>z0O0OOOOOO

f:X/ ~x XY/ ~y — Z/ ~y

00000000 z€eX,yeY OOO

flax(x),qv(y)) = qz o f(=,y)
0000000000000000000000 #,2/ €X,y,y €Y 0000
rox ', y~oyy =0 f(ay) ~z f@y)

0000000000000 fO ~x,~y,~z0000000000000000 f0 well-
defined 00000000000 fO0D0D0D0D0D0DDODOO

0O 1.3.18. (S,o) 000000000 0UOO~0O SOUOOOOOOOOOOOOOOS/ ~0O
000000000 (000 s1,82€S50000)

[s1 0 82] = [51]5]s2]
goooooooooooooooo
81~ 81,82 ~ sh => 5108y ~ 8] 05

00000000 ouo [sJ0seSO000 S/ ~00 (0D00)00000OO0OO 1.3.9
oo
obodb0OoOd ~OD0OO0OO0OO0O0OO0ODOOOOOO0

00 1.22. 0 13120000 X:=ZxNODOOOOO +0
(n,m)+(n',m') := (nm’ +n'm, mm’)
oooooooboob 1.3.80000 ~ODObObooboooboboooo
Q=@ xN)/ ~

gboooboooboobgooobooboo
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1.3.5 000

O00000000000000000000000 mODO (modulo) 000000 (congru-
ence class)0 00000 (residue class) 0000000

00 1.3.19. mJ000000z,yeZ00002z0 yOmOOOO0O0O0O00O0O0D0O0z—y
OmO000000000000C00D0O0

=y mod m
OO000oO0DoOO0 zZzooooooooog
00 1.23. 00O00DOO0OO0O0O0ODOOOOO0OOOOOOODOO

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

00000000 ¢gO0 r000000000¢0 20 mOOOOO (quotient)Dr 00O
(residue) 0O OO

00 1.24. 0000000 ¢O r00000000O0DO0ODODDOOOOODOO
0 1.3.20. —10 7000000060000
1=Tx(-1)+6
gogd
00 1.3.21. mO00000000O0OQO Z/m0O
Z/m:={0,1,2,... ,m—1}

goooog
x€Z00002z0mOODOOUOO rp(x) 00007, 0O

Tm : L — ZL/m
obooooooo

o0 1.3.22. 000000

r=ymodm& T~y Yy
(~0000001311000000M0

Ub0ddz—yUmiO000000D00D0000020mDO000O000yO0D mOd000O
obooooobooooobobooobooboooooboooooooon

od 1.25. 000OOo0o0ooooo
od 1.3.23. mUDOUO0OU0U0UO=0mb00000000ODODODOOOOO0O0O
7] =—1Z/m

00o00o00o00o0o0oU0o0oo0oUzZ/=02z/m0O000 (O 1.3300)000
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oo. (Z,=)0r,:Z—2Z/m000 13.150000000000
Tm L] =— Z/m

0000000000000 D020000000 #]0000m,(x)00000000000OO
r, 00000007, 0000000
00000007 (z])) =m(y)) DOOODO[z]=[y]000000000O0O0O 1.3.1500

rm (%) = T ([z])

ooo
T () = Tm([2]) = T ([y]) = rm (y)
000 z~,,y000 132300 2 =y0000 [z] = [y]O O

o0 1.26. zZOOOOOOOOOOOOoOOoOOoOooOOoooOo moobOoOobDOODOOODO
0000000000000 13180000 Z/mO0000O0O0D0O0OOUODOOOOOOOO

000000Z/mUO00000000O00O0O0OOOOOOO???MmMm

00 1.27. z00D000O000 z+— |2|0 Z/mO00000000000O 131600000
good

1.3.6 U0O0OOOOOO
00132300 0000000000000 0000ODODOD0O0O000OOOOO
00 1.3.24. (0000DOO0)
1.(X,~ 0000000000000 00o0ooo
g: X - X/~

0000013110000 ~,0000000~=~,0000
2. f:X >Y0O0OO0OOODOOOOOOOOOf(X)CYO f000 XO000000000
00f0

000000oOooo f00oo0oo

00 f00000000D000000ODODO00 A(X)0D00O000000
fiX])~p— f(X)
ooooooobo
obooooobooooooobooooboboooooDn

o0 1.28. 00 1324000000 1323000000
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20 Uoutbbotdtdbtgtdod

21 000

211 0O00OO0OO0OO0O0oOgn

000000000000 SO0000 (magma) 0000
00 2.1.1. 000 (magma) 00000 SOO0SO0O0OO0OOO
0:5x8—=S5
00 (S,o)0000
000 (Z,x), (Z,-), (N,+),(N,00)0000000000000
0o 2.1. (N,-), (z,00)0000000000000

00 2.1.2. 000000000 (groupoid) 000000000000 OOO0ODOODOOODO
obooooobOoooooobooooboboooboobobooooon

00 2.1.3. (0000000) (S,0s), (T,op) 10000000000(S,05)00 (T,07)0
0(0O00)000 f00000 f:S—>70000

Vs,s' €S, f(soss’) = f(s)or f(s) (2.1)
googoooooooo

0O 214. e NODODOO

L,:N—=N, 2z ax
D00000L,O (N,+)00 (N,+)00000000000000
Lo(x+2") = Lo(z) + Lo(2)
000027 0000)000000000000000O0O0O0OOOOO
a(z + ') = ax + az’

ooooooUuo0o L,O0(N,+) OO0 (N,+)O0OODD0OO0D0DD0O0O00O000000 L, O
(N,x)OO (N,x)OooOoooooouoooo

Lo(z x 2') = Ly(z) X Lo(2)
0000000000 00000000 e#41000000000

00 2.2. eeNOOOOOO 2—e¢* 00N, +)00 (N,x)ODODODODODODOODOODOOOO
ooo



2.1. OO0 27

googd

00 (21)J000000000000O0OO commutative diagramO0 000000000

S xS Xy TxT

log O lor
S ER T

gooooooooo
fxf:SxS8—->TxT

00 (s,s') — (f(s), f(+))00000000000000000000000O00000O0
0000000000 0000000000000 000000000000000000
00000000000000000000000000000000000000000

00000 (s,¢) 000000000000 (f(s),f(s) 00000000000000
f(s)of(s¢)0D00000000D00000000 sogs/0000000000 f(sogs)O
00000000000000000000000000000000 (21)0000000

00 2.1.5. (S,05)0(T,07)0(U,0p) 0000000f:S—T,g:T—U 0000000
goooooo
gof:8—-U

obooooOoboooooboooobooooogoono

gbo.oo0ogood

(go flwosa') = (go f)(x)ouv (g0 f)(z)

000
go flzoga’) =g(f(xosa)) =g(f(z)or f(a')) = g(f(x)) ov g(f(2"))
00000000000000000000000000 f00000000000000
¢0000000000 O

oo 2.1.6. 0000000000000 OOOOODOOODOO

Sxs X orxr Y uxu

los O lor O Lou
g

S ER T U

obooobOoooobooobooboooboooooboobooobOoobOOoboooobomo
googbgobooboobooooboobobooboobob™oboboooobo
goooboooboobgooobgooo

(gxg)o(fxf)=(gof)x(gof)

00000OO0DO0O00O0bO0bO0OdbDggofO0O0OOODODOOODOODOO
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00 2.1.7. (S,os) 000000000 ODOO
ids:SHS

O00000000000000000000 SO00000 (identity morphism) 000 O
(T,or)DOOOUDOOOOOOOOUOO f:8S—-TOyg:T—SO00O0O

go f=idg, fog=idr

oooooo0obooOooggO fO0fDOg0ODOOOO0OOOODOOOOOOOODODOOODO
obooooOobOoooobOoboooobooon
(S,05)0 (T,opr) DODOOODDOODOODOODOOOODOUOOOODOOOO

00 1.1.1900000000000000000O0O0O00 SOOOTO0DOOOOO0ODOO
gboooboooboobooboboobo

0 218. 00000000 R,oOOODOODOO expO

exp: R —Ryg, z+— €7

00000 (e=2718---)00000 log (=log,)00000000000000
expO00(R,+)00 (Rso,x) 00000000000000000 200 2,2/ 000

’ ’
T =" x e”

Oo000O0000oo0
log 0 (Rso,x)00 (R,+)00000000000000000000 2,2/ 000

log(z x ') =logz + log 2’

ooooooooooo
O000expOOD0OOOOO0OOODOOlogOOOOODOO

00 2.1.9. 00000(S,o)000000000O00O00O0OO0OOOOOUOOOOOOO
gooooooooogo
Of:S—-T000000000O0CO00ODODDOO0OOOOO SOOOOOOOOOODO
oooooorooooooooo0ogooooobobfOo0O0OoOOOOO0OO0OoOoOoooOO
oboooooooooon
ooooog 2150
Of:S—-T,g:T—-U0U0000000C0000DODODOO0OOgofO0OOOOOODOOOM
ooooooo

00 2110 f:S—-T000000000000000O0DOOOCOOOOOOfOODODOYG
Ooo0o0oobOg:T—-S0O0O00000000DO0DOOOO fOOODDODOO

ob0. 0011190000000 ¢0000D00O00¢g0O000O0O00OOOOOODOOOODOO
O000ooOooooo ¢ eTOOO

g(tort') =g(t)os g(t)
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oooooooooooboo
ocoofO0DO0O0O00DOOOOO0ODOOOOODODOO fOODOODDOOO

flg(torth)) = fg(t) o5 g(t'))

00000000000000000fog=idy 000000000 topt 0000000
0 0000000000000 f(g9(t))or f(g(#))0000tep# 000000 O

00 2.3.exp: R > R0 (R,4) 00 (Reg,x) 00000000000000D0000
0000000 logOd 2,2’ >0000

log(z x 2') = log(z) + log(z")
ooooooobogoo

00 24. (5,x)000000070000000f,g€ Map(7,5)0000

fxgeMap(T,S), (fxg)(t):=f(t)xg(t)

000000 (Map(7,S),x) 000000000000 OO00000O0O00O0O0000OO0
oooooom

00 2.1.11. 000000000000 00O0000 MapR,R)OOOO(R,+) 00000
00000000000 +000000000000000000000000O00O000D0

2.1.2 00000

00 2.1.12. (S,o)J0000000T CSO00O000O0O0OO0OO0OO0.0TOOOOOD
o:TxT— S

(0000000 0)0UDO0DOO0OU0OO0OTOOOUOOOO
o:TxT—T

O00000o0ooo (7,o)00000000000 (S,e) 00000000000 o|p O
obooooobo0oooobobodeononno

00007 cSO0O0.0000OD (0 1230008 7T000000000O)00OO0
Orooooooooooobooboobooobooboooboobo

o0 2.5. 0000000

L.(N,+)0 (z,+)00(z,+)0 (Q,+)00000000O0
2. 0000000000 Map(R,R)OOO0000O0O0O00O0O0DOOOO0OOOOOOO
000000000000000MO0000000000000(0
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00 2.6. (S,0)J000000TCSO000O0O0UO0OOteTOteSOU0O0OOOODO
00 (immersion, embedding) 00 00O

v:TCS

goooon
JO0gbo0oobbo0obooobboob rooooboobboooTrD oo
ooooooooo

2.1.3 0OO0OO
00 2.1.13. (S,o)0000000~0O SOO0O0OOOOOOOOOO
qg:S—8/~

O0000000O0000o00UO0U0sD S/ ~00000000000000e0 ~000
0000oo0o (0 1.3.1800)000000

O000O0e0U0OOOOOOOOO(S/ ~0)0 SO ~00000000OD0O0OqOODO
gooooo

googb 13180000000

0 2.1.14. 00 122000000000000 (ZxN,$)0000((ZxN)/~,+)000
0000000000000000

00 2.7. (Z,x)0000(Z/m,x) 0000000000000000

00 2.1.15. (X,ox)0000000O~0 X0OO oxO0O0DODO0OD0ODOO0O0ODO(X/ ~
,0)000000000¢: X —-X/~00000000000000 (Y,oy)OOOOOOO
o000 f:X—-Y0OOOOO

fO0~x0000O0D0D0O0O00D00000000 2,2 eX000

xr~x @' = f(x) = f(a')

0000000000000 131500000 f:X/~x—YOOOOO

00000000000000000000000f00000000O0000
000000000000 fO00000 ~x0000000000000000 £0O well-
defined0 000000

00.00 13150000000000000 f000000000O00O0O00OOO0
oood

([xox 2']) = flzox 2) = f(x) oy f(z') = f([z]) oy f([2'])

goooog (]

=
=)
ol
H\
Il
|
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00 2.1.16. (000000000) (X,ox)d(Y,oy)OOODODODOOOf: X —->YOOOODO
0000000000000 f(X)CcYO fO0O0 X0OOUOODOOOOOOO

1. f(X)0DYyOoOooooooooo
2.~;000000000000000000
3.f0

0000000000 f00000

00 f00000000000000000000 f(X)000000000
fiX)~p— f(X)
0000000000

oo.

1. f(X)00D00 f(z), f(z)) 0000000 f(z)oy f(z') = f(xox 2') € f(X)ODOO
O0f(X)CYOoyODOOOUOODO

2,01 ~p @ xp ~p 2y 000 f(21) = f(21), f(z2) = f(23) 0000000 f(zroa) =
flzloxy) 000000 21029 ~5 2f 0oxs0

3.00 2.1 1500000000

frX/~p— f(X)

0000000000000 00000000000000000 13240000000
DDDDfDDDDDDDDDDDDDDDDD 211000000000

oo 2.8.

T={zeC(C|lz| =1}

0000x00000000000(C,x)00000oooTcCcooouooooo
ooooooobo

Exp: (R, 4) = (C,x), e

oboooooooooobooogd
3.00000

Ogooogoog =00
r=1r -2 €Z

Oo0ooo0ROOOODOOOOOO
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2.2 00O

221 0JO0OOOOO

00 2.2.1. 00 (semigroup)GOOO0O0O00OO

GA (00DO00D0O0O0D0D00)00 Go

GB (0000000 DOOO0)G,OOOOODO o
00000000000 (oo0o0oooooO)ooDooooo

G1 (0 OO0, associative law)
91,92,93 € Go = (910 92) 093 = g1 © (92 © g3).

00000000000 (Gy,o)JUODDODOOUOU oOOODOOOOUOODOOOOOO
OO00000oO000oDoo0o0bD GoOOO0O GO0O0O0Ooo00000u0nDo0odgeGoOOO
geGOUO0OUOOO f:Go— SO f:G—-SUO0000000000O0DO0O0OOO G = (Gyp,o)
oood

0 222 1.(Z,+),(N,+),(nr00000000,0000)0000000
2.(z,-)00000D00O0O0DOO

(a—b)—c#a—(b—c)

gogooooo
3.(N,0DO)OOoDDoooo
209 # (2

oood
4.50000000SODO0O00O0OO0O0O0ODODO0OODOOOOO

(Map(S, 5),0)
0000000113000 (1.1) 00000

ooooooboooooooobooobooobooooooboobbooooobobooboooo
oobOooboooooooooobobOoooboooooboobooOoooooboOooonoo
oboooooboooooboood

00 2.9. (S,)0000000000O 1.1.220000

0:Sx85— 8

L:S — Map(S,S)
O0000D0000O000OL(s)00 (left)y DO sO -0000O

L(s):t—s-t
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0000
LO(S,-) 00 (Map(S,5),0) 000000000000000000000000000
0oooo

oooooooboobgoa
Vs,s' €S L(s-s')= L(s)oL(s")

00000000000000 ¢"eSO000000000O0O000O0O0O0O0O0O

222 000000

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

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

gbobgooboobobooooooooooooooobobobobobobobon
000000000000 00O0 [GlloobO0U0oo0ooooooooooooooooo
obooOobOooOoooooobooboboboboobobooooooobooboobOonag
gbogboboboboobobobooobobobooobobobobobobobg
gooobooobooboobobooboobooboobooboooooboo

00 2.24. 00 G,G¢,¢"0000000000 f:G—-G,9:G —-G"'0000000
O000O0gof:G—-G"O000000OO

ob0. 00b000obO0boooocooboooooooboboogo 21500000000 (]

ooooooobo 217vy0oo00o0obOoO0obDOo0bOoooooooOD™obomooobooo
gooobooboobgooboboobooob

00 2.2.5. (S,0o5) 00000000000
ids:SHS

000000000000 000000 SO00000 (identity morphism) 00 0O
(T,or)UOODOODDOOOODDO f:S—=TOg¢g:T—S0O0000O

gof=ids, fog=idp

oooooo0oboooggO fO0fDOg0ODOOOO0OOOODOOOOOOOOODOOODO
obooooOobOoooobOoboooobooon
(S,05)0 (T,opr) DUDODOOODDOOOODDOODDOOOODODOUOODOOODOOO

00 226 f:S—-T000000000C0000O0OC00O0OODOOOOOfODODOO g0O
O000g¢g:T—-SO00000000000DDOO fOOOOODOO
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gbo. odbodbgooboobobobobbobbobo2i10b00b0000D0n O

00 227 1.5,800000000S00 800000000 (magma homomorphism)
gogd
Hommagma (S, S”)

oogoooos=s500no
Endmagma(S) := Hommagma (S S)

0000 SO000000000 (magma endomorphism) 0000000
2.5,0000000S00 80000000 (semigroup homomorphism) 00 00O

Homgemigp (S, S”)
ooooooosS=s5"000
Endsemigp (S) := Homgemigp (S, S)

0000 SO00000000 (semigroup endomorphism) 0000000

223 0O0O0OO

00 2.28. (0000)00 G=(Go,0o)UODUDODUOODOUG, 00000 SOOUODOOSO
oO00O0OODOODOOOODODOOOOODOOOO

00 2.29. 000ScGo0OOO0O0OO0OOODODODODODOOO SOoO0OODODODOODODOD

ob0. 00b00b0o00C0O0DbO0OObOO0ODbOO0OO0OOODbOOOOODbOOODbOObOODbOObOOnOO
go00d0o0oo0o0dOoOoooooooOOo0U0OooO0oU0OUUoOoDoDoOOgUoOoOo SoooDoOo
googobooobooboobobooboobooboon

ao(boc)=(aob)oc

o000 SOgpooO0oOoU0o00ood0ooooDoUDooUDoGyUDOOoOoDooooOooon
oo0o000 GeOoOoooooboooboooDooboooDboOg ScGohbooooooooo
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gooobooooboood
obooooobooooboobooooboboooboobobooooobooon
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ad
ooooooboooooooboooon
00 2.4.58. 1/n00000000O00OODOO0OOO

1.000n—-1000
2.n00000000000007»n—-1000000000
.n00000000000»n—100000O00000O0OO0OO0OOOOOOOO0O
ogoooond
4.000 (p(n)DD|:||:||:||:||:|Dgo(n)D|:|DDDDDDDDDDDDDDDQLZ...,’n—l
oD nO000000oO0o0ooOoooonoo (|:||:||:||:| 1,2,300000000)
5. 0000000000n0 22x5 (5,40 000000)0000000000000
6. 000000000 0O0oOoObObObObObOb00On000000Oo0OOObOOoOoLOOooOoOo
oo
n=2%x5"xm,
Jo0d mO20050000000000000000D0000000O0s,t0000O
aod

2.4.12 000 Z/n0 (Z/n)*

1/70000000000000DO0000DO0OD

LW o
GO
W] 2

MW
o=

022 1/7f0 1000000000
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1/7000 (0 22)000000000000000DO0OO0O0OO0ODO

1x10+-7=1 003
3x10+-7=4 002
2x10+7=2 006
6x10+-7=8 004
4x10+-7=5 0OOS5 (2:2)
S5x10+-7=7 0O0O1
1x10+-7=1 003
ooooooooooooOOOOO0O0OO0OOO0OO0OOO0OO0O000000000000
=1, x Zz(xi_1><10) mod 7 (i=2,3,4,...) (23)
O0000D0emodb00e 0 600000000000 O00O0O0O0O0O0O
(Z/7, %, (1)
oooooooooooooo
x1 = [1], &y = Tm—1 x [10]
ooooooooooooooooooooo
xy = [1], 22 = [1] x [10] = [10], 23 = z2 x [10] = [10]?,... , 2, = [10]™7}, ...
oooo
ooooool/~0000000
Ty =1, xi:(xi_lxlo) mod n (i=2,3,4,...) (24)

00000000000000000 (Z/n%,x,1)0000
z; = [10]"" (i=1,2,...)

oboooooboooooboood
000000000 ¢000 ;0000 1/n=0.a1a2a3--- 0

a;=(r; x10)=n 00 (i=1,2,3,...)
000 2, 00000000000e,00 2;0

XT; = 1001 x (1 —0.a1a9---a;—1 X ’I’L)
={10""1 x (1/n —0.a1a2---a;_1)} xn

= {O.ai+1ai+2 . } Xn

00000;00000000000{}000000000000; 0000000000
gobooobbod 2,00 ;0000000 ;00 2; 000000000000 2,00
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000000000 ;0000000000000000000000000000000
oooooooo

0000 (1000000000 (00 24.900) (Z/n*,x,1)00000000000[10]
0000000 s00000000000 «,000000000000000000000
00024540000000(e=4g%g'9¢%...,¢°,9°=e,...000000)
00000D0000000000

00 24.59. n00000000[10eZ/~,000000000000001/A00000
0000000000000 100 Z/n*00000000000000000O0O0

0245600000000000
0 2.4.60. 000000000000 Z/»*0000000000
0000000000000000000000000

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

0020000000 .,000000-,>2000000000000000000
oo.

cO00D0DMO00D00000000MmM(Z/n)* Cc{meZ/nimD0 nO00000 }000D0
00000000000 me (Z/n)*00000000mO0 000000000
0ooooooo

ooooooooooomdnO000O0O0O0ODDODODOD mORDOOOOOd>1
O0000m=med,n =nd0000mO00000000 ea€Z/n00000
a-m=102%Z/n000000¢00000000(e-m)modn=10000000
Oo00o0oDoooooDbsODOOO

am+bn =1
DDDDDDDDDDDDD(amD nO0000000 10000em—-10 n00000O0

am—1=¢gn0000000—-¢Ob00000O0ODO)

O000em+bn0d00000000010d>1000000000000000
O00Om=med00 n=ned 000 am+ bn = amoed + bnod = (amgy + bng)d 00 O
dO0OO00000

>D0000000000000U00OOOmEeZ/n0000 n0000DO0O0O0O0OOOOO
24.620000
am+bn =1

000000 «,b00D00DO0O0ODOOO
am = (=bn+1

go

am mod n =1
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gog
a :=amodn

0000 zZ/n,00000

adm=mad =1

0000000 mOOO0O00m e (Z/n)*0

00 24.62. mn 000000000000 0OO0dOODOOO
{am +bnla,b € Z} = {cd|c € Z}
goooog

0 24.63. 00 d=100000 mnO000000000em+bn 00000000000
oogooooooodg
am+bn =1

ooooob e, b0000O

O0.em+bbn 000000000000 d0000000DO0OO0 CcOOODOO
>D0000em+bn 00000000000 ODOOCDOOODOOODOOO e=aym+bynDO0O
O0eddODODO0O0ODOOe>dded mnO0O000O000OCOODOOOO0OdOOOODOO
0000000000DoDdDnDOdd>ed000 d=ed0000am+bgn=d0000000
(cag)m + (cbp)n =cd0 000 DO000OO
e0mnO000000000O00O0O00O0OOOOOOOOOmO egobgoO

m=gqe+r, 0<r<e—1
goooboobobod
r=m—qge =m — q(agm + bon) = (1 — gag)m + (—gbo)n

O000r0 dm+Vn0000000e0000000O000OOOOOOOOOOOOOO
gbogboobodo<sr<e—-10000r>0000000e00000 00000000
goboooobobobbdoobr=0000000000000m0bO e00O0OoOoOoOooOO

ooooon
obooOmO 200000000000 e000000000O0000000O0 ed m,n
oooooooo O

00 24.64. J0000O00ODODOOODODOOOODOODOOOODDOOODOOOOO?MMM

b 24.65. 0000 DOO0DOO0OO0ODOO0ODOOOn=00m=0000000000

googboobooboobddn=m=0000000000
oooooomDOODODOOOOmOOODOOOOOOOOOO0O0000000000Mm=n=20

obooooobooooobobooobooboooooooooooboooobooboom
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0 2.4.66. #(Z/n)* = p(n). 0000 e(n)00,1,2,...,n—10000 n 0000000
0000000000000 000000(@CO 24580000000000)
o0 000000
(Z/n)* ={1,2,---,n—1} CZ/n

O ¢(n) =n-—10

00000 24590000000000 [10]e (Z/n)*00100 n00000000O0OO
000000000020 500000000000000000000000100000
0O¢rn) 000000 1/n00000000000O00OO0O0OOODOOOOO RO 1000
obooooobooooon 2458000000

o0 2.33. 00000
o0 2458000000

24.13 0OD0OOOO0OO0OOoOODOOO

oob0oooooobooobooobooobobOooboooooboooboooooobooon
obooOobOoooooobooboobobOoboboooooooooooooboooboOonag
ooooooooooooooboooon
gooobooomoooobobooobooooboooooooobooboobooo
000000000000 0U00OO0 (0 1.33)000000000oooooOn
ooooooo

f:(Glyolael)_)(G27027€2)
oooooooooO~y000000000000000

00 2.4.67. (G1,01,€1),(Ga,00,e) 00000f:Gy —» G 000000000000 ey
0000 fO00 (kernel) 000 Kerf 000000000

Kerf := f(e2) = {x € G1|f(x) = e2}.
00 2.4.68. DDDDDDaNfb<:>a~f<erfb.
0o.

a~pbe fla)=f(b) e fla) ' f(b) =e2 = f(a™'b) = ez & a b € Kerf.

0 24.69. 00 fO0D0O00U0OD0O0OUOOO0OOKerf ={e}00000000O0O

gobooobobooobbooobboooboobboobbuooobooobooon
goo

00 2.4.70. O (G,0,e) 0000 HOOOOOO (normal subgroup) 000000
Yae G aHa '=H

googooo
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o0 24.71. 00000
YVaeG aHa 'CH

0000000000000 00aHe ! c HOODODOOODOOOOD « 00000000 00O
000 e« ‘0000
a 'HacC H

00000000 «0000000 e '00000
HCaHa™!
gdoooooooooouoooa
H=aHa!
gooooooood
o0 24.72. f: Gy, — G, O00000D000D0OKerfO GyOO0ODOOODOOOO
oo, [S1):
a,b e Kerf = f(ao1b) = f(a)os f(b) =ez02e2 =e2 = ao;beKerf.

[S2]: e; € Kerf O [HC]f(e1) = e 00O OO
[S3]:
acKerf= f(a™') = fla) ' =ey

000 a ! eKerf.
0000000000D000O0geKerfOOODODODOOODO

flaogoa™) = f(a)o f(g)o f(a)™' = fa)oeso f(a)~' = ea.
000 aga~! € Kerf, 0000

a(Kerf)a™' C Kerf.
00000 KerfOODODODOOOODOO o

0O (G,0,e)0000~000000O00O0O0 0000000 OOUOOODOODOOUOOO
obooon0Oz242400000000000

q:G—G/~
000000~=~,0000Kergq=1[e]00000000246800000000000000

00 2.4.73. (G,0,e)000~0 o00000000O00O0O0U0OOO0OOH =[]0 GOO
00000000~0~5E000oooooo

G/ ~=G/H

oood
O00DHOGDOOOOOODODDOODOO~LE0.0000000000000000

G/ ~L=G/H

000000¢:G—G/HOODOUOOOOOOODOO
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gogd. DDDDHDDDDDDDDDD~§{D ocJOUOODDODOOOUOOODDODOO
a~bdDOb~EY 0000

(ab) " (a'b') = b~ Ha"ra )b = (bW )V 'a'V) e HoWHY ' ¢ H
00 ab~Lab¥0000 o0 ~5E 00000000000 a

OO0O0O0O000000 24.240well-definedness000 24.300000000000 2.4.32
oooooooooooboo

00 2.4.74. (G,0,e)00000NDO GUOOUODOOOOOOOOO
q:G— G/N

000000000000000.00000 e 00000 ()"'O0G/NOODOOOOO
0000O(G/N,s,e)0 GO NOOUOODOOUOOOg¢OOOOOOOOO

00 2.4.75. (X,ox,ex)J0000ONO XOOUOOUOOOOOOg: X —-X/NOOOOO
0000000 (Y,ey,ey)OOODOOOODO f: X —->YOOOOO
0000 A: X/N—-YOOOOO

f=hogq
0000000000000000000000

N C Kerf

00000000000000AOO0D0DDDOODODDOOOOD fOOOOOMM
00000 fO well-defined 0000000

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

0ooooo
a'be N= f(a™'b)=e
O00D000OO0ONcKerfODOOOOOOOODOOOO O

00 2.4.76. (000D0000) (X,0x,ex)0(Y,oy,ey)00000f: X -YODODOODO
00000000000 f(X)cYD f000 X00OOOO0OOO0O0OO

1L f(X)0YOoOOooooo
2. N:=Kerf 0 XO0OOOOOOO~kOo000D00D00000000O0DO
3. f0

0000000000 f00000
00 f00000000000000O0OD0000 A(X)000000000

googooboooo
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gooooooooooooooo
NO GOOOOoooooaoao
NG

googoogo
00 2.34. 00O 2200000
Exp: (R,+,0) — (C*, x,1)
ooooooo24v6000000O0O0a
(R/Z,+,0) — (T, x,1)
oooboooooog

o0 2.35. 00000000000

ocoooooOooooooobobooooooOooo
C*/T — Rxo
OOooooO0o0ooooo0ou0bD R, y0O000DDOOODOOOOODODOOODOO

OO0 2.36. 000 zeC*xO0000O ﬁDDDDDDDDDE[CX/R>OHTDDEIDEIEIEID
ooo

00 2.37. KOOOOOOROOOOOOOOO0OOO0OOMOOO A det(4) O
(GLn(K), %, In) — (K™, x,1)

000000000000000

0000 100000000000 GL,(K)ODODO0O00 SL,(K) (00000, special
linear group) 000 0SL,(K)O GL,(K)0OOO000000000000GL,(K)/SL,(K)
00000000000000000

25 00O
00000000000000000000000

00 2.5.1. 0 (00 ring) ROOODODO ROOOOOOO0O00000 +,-00 (R, +,-)0
0000000000000000000MO0000000

Rl (R,+)00000O00O0OOUOOOOOOeROOOOOO
R2 (R,)000000D00O0OO0ODOO1eRODODO

R3 (000O0)000 a,b,ce ROOOO (a+b)-c=(a-c)+(b-c),a-(b+c)=(a-b)+(a-c)
gogoooo
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oood
R4 (00OODOOOO(R,)00D0U0OU0DOUDOUDOUOUDOUOUOOa,be ROODOO a'b=b-a

00000000ROOOOOOOODOO0OO0O0O0OOO000O00O0
(R,+,-) 000000 [R1-[R3]00000000000000

FOOOO (R,-,)ODOOODOOODDODOOOODO

0000000 (R,+,)000 (skew field) 0 0000000000000 (0000 [R4] 0
O00000)000000 (commutative field) 0 000000 (field, O Kérper) D OO0

0 252 7Z/,00000000Z00000000%/,~0000 ¥00000000000
0 (0 24.8)0(Z/n,%,[1])000000000000 232300000000 [R3]0000
ooooooo

([a]+[8])[e] = (lal-[¢]) + ([b][¢])
00000000

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

000000000(:ae—[e00000000000000000O0000000O0)
00000 [R40000000000000
Z/n0000 +,%,0,(1] 000000 +,%,0,1000000

o0 2.5.3. (Z/n,+,x) 0000000000000 0OOOOOOOOUOOORO0000O00O
goooogoo

obO. 000oobocobob0OobOO0OO0OOO0O0OO0OOobOOoobOO0o0ooOobo0oobOoooooboon
246600000Z/n00000000C00O00O0O0,1,...,n—10000 00000000
gobobooobbodnbbOO0OO0O0OOO0OOOOO0ODLDOOrO0O0DDOOODOODODOO
goboboobboooobobooooooobbooobbuoobonuobbooooog
oo (]

00 254. 0000000000000 0ODO0OO00OO0OO0OO0OO0OZ/RO00000000
gbooobooboobgoobobooboo

000000000000 100000000000 ooooooooo(N,HOoooo
Oo00o0ooooo0ooOooOo (NU{0},+)0000O0U0DDO0DD0ODOOUDOOOOO0OOOO
00 (z,+)0000O0O0O0O0OO

O0o0oO0O(N,+, 00000 (Z,+,)000000000000O0O00OOOO0OOOOO
gbo0oooOobOOoOoOoOobOOobOoOoboOobOOobooooobooboonog

0000000oo0o0oo(@,+,)0000000000000O0O (rational number
field) OO0 (R,4,) 0000000 (real number field) 000000 (C,+,-) 00000
000 (complex number field) DO O 00O
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2.6 0OU

oobObO0oobOoO0o0oooOooobOooooO0ooobO0oooOoOo0oobO0oooOo0oobOooooaon
gooooooooooooobo

o0 2.6.1. G;,G. 0000 (D0O0DOD0O00O0O0UO0OD)0D00O0O0DO0OUO0O0UOOO
O0G)xG 0000000 oo0o0ooooo0oooobooooooooooDoooooon

1.00000G, 00000 GeOO0OOOoOoooooooooogooo

G1 x G2 ={(91,92)|1 € G1,92 € G2}

2.000000000000O0D0O00O00

(91,92) © (91, 92) := (g1 01 g1, 92 02 g3)-

3.000000000000000 G,,G.0000000000 (e, e2)0

40000000000 (g1,9)00000000000000¢;0 G 00ge0 GoOO
000000000000000 (¢7Y¢ 0000000
0000000000000

0000 G1,G.,Gs000000000G, xGyxGsOOOOOoooog
G1XG2XG3%(G1XGQ)XGg%GHX(GQXGg)

oo0o0Mm=ooooom
O000000000000DAODDUOO(GAM s ea00 (D0OD0ODODOODOODOOO
0)oo0oOooooooooo

] e

AEA
0000000000 G,O00O0O000o0oo0o0o0oooooooooooooooooag
oooo (gA))\GADDDDDD (|:||:||:| AeAODODOD g eGyOOOOOOOOOOOO
|:|)|:||:||:||:||:||:|
(9x)aea © (9\)ren = (9x 0 g))rea

goooogg

G,,G, 00000000000 Gy xG, 0000000 oooooooooooooog
000 cGOooo0on G,,Ge,...,G,00000D00O000O0O00OO0OO0DOOODOOODOOO

0o0o0oG,o0o000b0b000b0G, 000000000 ooooooooo0oo0ooo0ooooon
goooooooooo

00 2.6.2. G;,G. 00000000000 (¢1,92) €G1xG, 000000000 goO
ooocooobooooon

ao.
(91’92)m26<:>(g71’n’g72ﬂ):(61’62)<:>g1177,:€1’97271262-
oooooood0mO o 00000000000 mO g2 000000O0DOOOOODOOO

gbmoboooogooobooboobooboobooobmuoobooobooo mOonDO
O (g1,92) 000000000 g1, 0000000000 ODOOOOOO O
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O00000G=GExG, 0000
Glg{(gl,egﬂglEGl}CGlXGg

OO00000n:Gi—-GOOO0O00000000D0000w:Ge—GOOOOO0ODO

OO000D0000GE=G xG, 0000000000000 000DODGO G;OoOo0OoDOo

0 u(G1)0 G 0000000 1e(G)00000D0O0UODOODOOOUDO
000000G,,G.<GUO0O0O00O0O0O0O0OO0O0O0OO0O0O0OO (g1,92)— 910920

G1XG22G
gdoboobooouoobooooboooon

o0 2.6.3. G;,Go< GOODOOODOODO
m: G1 x Ga—G,  (g1,92) — 910 g2
O0oooogogoooooooo

1.6, 000 G, 00000
2. G1 NGy ={e}
3.G000000 g109g2000¢1 €G1,920€G00000

o300o0oooobooooan

O0.000000000Ah:GixGe—-GOOOOODO0O0O000g1€G1,920€G 00000
Gy xG, 0000

(g1,e2) o (e1,92) = (g91,92) = (e1,92) o (g1, €2)
0000000 AO0000 GOOOOOAROOOOOOO

h((g1;e2)) o h((e1,92)) = h((e1, g2)) o h((g1, €2))

OO00000 g1ogo=go0g 0000000
AO0O00O0000000 24.6900 Kerh={(e,e)} 0000000000

(91,92) EKerth < gioga=e < g1 =gy ' € G1,Go

000000G NG, ={e} 0000000000000000000¢0000 (g,97%) €
Kerh 00OOD0OOOOOO
0000000AODOOOODODODOOOO
000000000000000000000ARDOOOOOD G000 G,00000
0000000000000
00000000000 GiNGy={e}000 246900000000
000D030000000000 O

gboogboooboobooboboobooboo
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00 2.6.4. GOOOO Gy,...,G, 0000000000 f(g1,--- ,9n) =g10G20 -0 gn
00000000000000000000000000

fZG1XG2X"'XGn—>G

00000000000000000000000000G,;,G;0000G, 000000
G;00000000000000000

00000 f0000000000000@geG;(i=1,...,n)000 ¢ -gn=e0
00000000 ¢,0000000000000000000

27 0O0OO

00 XO00OOOO SxO0O00DOO00000X00 X0OO00oooooooooooooao
0000000000000000000X000000000 7, 00000000000
0o

X=TuU, TnU=0.

(00D0D000X0OSO0T0000000000000000X=7][[Uy00000000
0oo)
000Sx00 f00000TO00TO0000UOO0OO0UOO000000000000
0 Spy0000

Sty ={f € Sx|f(T) =T, f({U)=U} C Sx.

000 SxgodooooodoooopooooosSp0DOooUuoO0ooDooOooooon
O0vwelU—wO00000000000 Spy000000O000C0COOO0B0O0O0Sy00O
Sy O00000000000000000 Sp,Sy<Spy00000000000C0O0O0COO

St x Sy = Sru

goooboo2e6300000000000D0O0ODOODOOO
OO0 XO0OODODoOoooooOfeSxODOOO

fHhcTe fM=T<f(S)=S< f(S)cS
goodooboboboogoo

00 2.38. X ={1,2,3,...,n}00 Sx0O S, 000000000€S5, 0000000000
000000 Sy, xSy, x---xSp, 00000000000000000 (cyclic decomposition)
DDDDDDDX:HfﬂTiDDDDDD

o€ St xSp, X xS,
00000000000000000 XO00O0O0O0ooooooooooooooooooo

1.X00# 0000000t eTn 0000000000000 O00™(t1) €Ty (meN)O
ooo



28. bOO0OOOO 7

2. {o™(a)jm = 0,1,2,...} 0 a0 o-00 (orbit) DO0O0OTY 0 a0 -0 0000000
JGSTIXSTfDDDDDDD Tr00 0 XO0OODODDOOoOooooo

3. 7f=000000000000000000007Tf00000 t,0000¢% 0 o-00
0700000000

oc STl X ST2 X S(TlUTQ)C

ooooooooo
4. 000000000 -0000DOO0O0O0ODOODOOO

O—GSTIX"'XST;C7
;0000 «-00000000D0000000O0O0O0O0OOO0ODOO0ODO0O0ODO0ODOOO0

googoooood

0=010020---00%

obobdbe;, 00000000 o, 0 T;00000000000000000DO0DOO0OT;
000000 (cyclic permutation) 00 0000000000000 O0O0OOOOOe; 00O
oooooooboooboobobooooboooboooobooooD0 oo OO

00 2.39. 00000000, 0000000000 0O0OOUO #(T;) 000000000
goooog

28 U0O0OOOOO

m,n00000000¢,:Z2Z—2Z/m0000000000000000000Kerq=mZ
O000OmnZCcmzOOO0O0O0O0O 247500

Gm : Z/(mn) — Z/m
obooooobooooobooboonogd
[a]mn — [a]m

gooooooooboobobobomedobbbbDO0 mUODODOODDOODOOOOOOO
gooooo
oood
Gn : Z/(mn) — Z/n

0000000
00 2.8.1. (00000O0D)
(Gmsdn) 2 Z/(mn) — Zfm x Z/n,  [a]mn = ([a]m, a]n)

gboooboobooboobdmUdnbOoobobooobooooboo
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00.000000000000 [¢)m, 00000 [a)m =0, [a], =000000000a0
mO0,n000000000000000000«0mr000000000000000
00000000 mpnO000000000 [am, =000 246900000000000
0000000 meO0000000000000000000000 (00 1.1.20)0
000O0mer0000000000000m,n000000«0me000000000
[a)mn #000000000000000 [a)n=0,[e), =000000000000000
0000000000000000 O

o0 2.8.2. (¢gm,¢) 0000000000000 ODO0OOO0OOOMAPO000000000
obooobOoboooooboooooboooooobooooobooDn
obooooooooooboon

000000000000 00 o(n) 00000000000 OOOOO
00 2.8.3. G, G, OO0 oOooooono
(G1 x G2)* = GI x GF.
00 2.40. 0000000000
0 284. mnoUlUO00000OO0OOOOODOO
(Z)(mn))* 2 Z/m™ X Z/n*.
gooooooooon
p(mn) = @(m)p(n).

gb.0od281000000000000000000O0DODODDOODLDO0ODLOODbDODO
oboooooooooobooooobooon (]

00 2.8.5. (Z/(p™)*0 pr—pn~ 000000000000 o(pt) =p" —p"~'0

0000p0000D0O0O000 000000000000 1/p00000 pr1t0O0D0
gooooooo

00 2.8.6. n=p{'---ps= 00000000000 ¢p(n)=(p* fpil_l)...(pzs *pgsfl)lj
O00. o(n) =) ppEe) 00000 O

29 00O

o0 sSO000 Xhooooo
f9xX—-X

ob0oooOobooooobobo1r220000000000000A0
p: S — Map(X, X)

00000000000000seS000p(s): X —»XD00000 p(s)(z) € XOOOO

goooboooobooon



29. OO

0 2.9.1.
XO00OoO0SxO XOoooooood

Sx xX =X, (o,2)— o(x)

ooooo
KOoooooooooooooooooboooo

GL,(K)x K" — K", (A,x)+— Ax
gooon
o0 29.2. 008 X0S0X0000
p:S— Map(X, X)

gooobooooboood

79

1.50000 (S,0s)000000p00000O0OODOO SO XOOUODOOOOOO pO

(S,05) = (Map(X, X),o0)

oo00oooooooooooooo0ooo sgoooooopooosSo XxXooooooo

oooo
2.800000 (S,05,es)0000p0

(Sa 05765) - (Map(X7X)a o, ldX)

go00oo0o0o0o00DooO0o00msSO Xooooooooooooo

3.500 (S,05,e5) 0000p0
(S,OS,@S)—>(Map(X,X)X,O7idx)
0o00d0o0onoDoooDmsSO XOoooooooooo

o0 241. 00 2920 0000000000000000

1.S5000000000000000000p0O0O000DOOODOODOOODOOODO

goooobobood

AB Vs, 59 € S,Va € X, p(s1)(p(s2)(x)) = p(s1 05 s2)(x)

oooobooobooboooooo
s1-(s2-x)=(s10582) @

ooooooooo

2.500000000000p0D0DO000DODOOOODODOOODODDOOO ABODDOO

AC p(eg) =idx
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00o00000o0oooooooog
Vre X,eg-x==x

oooooooogo
3. S0000000D0p00O0DOOOODODDOOOO

AD p(s™') = p(s)!
00DO0O00D000D

000000 2420000058000000000 ABO ACOOD ADOOOOOOO
oono

XO0OOOOOUOOOOOUOoOOooOOOO (endomorphism) 0000 End(X)0OOOODO
00000 XOOOUOOOUOO End(X)OD XO0UO XOUOOOO0OOUO0OO0OO0X0o0 KO
000000000 End(X)0 XO0O X00OOOOOUOOUOOOOOUOOEnd(X)OODO o
O000idx 00000000000 End(X)0O0D00000 End(X)* 000 249000
000000000 Aw(X)OOOOXOOOOOO (automorphism group) 0000

0 293. KOOODOODOX0O»,U00OOOOOUOO K"OOOOOOEndg(X)O K*OOO
00000 KOOOOoooUooOooO.UOOUDOOOOOO M, (K)ODOOOOOA € M, (K)
OO000A0 XOOOoooooooood

Ly X—->X, x— Ax

gooon
p: My(K)— Endg(X), A Ly

0ooooooooo
p000000000000000000000000000000
M,(K)ODOOOOEndg(X)DO0OO0O0,000000000 (007??7?2)0
Autg(X) := (Endg(X))* D00000000000000000GL,(K)DDDO0O0O

0000

00 294. XUOOOODODODOSOOOO (O0UDDOOO0OO)000O0O0OO0OO0O(OOOOO
0)ooo
p:S — End(X)

0SO000X0O0O0O0O0O(0UoooooO0)oooouoosSoooooooooooooo
oo
p:S — End(X)

0SO0000XO00000 (group action) 00 0000000X 0O S-00 (S-module) 00
O0p0O SO XOODOODODOOO
p000 Awt(X)0O0ODOD0ODOO0OO 24200 f=p000000000000O0ODO0O0ODO

p: S — Aut(X)

OsSsO0XO0ODooooooooooooooo
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ooooooxooooooboobooobooooooooogoooobobobooooo
obooooobooooon

0 2.9.5. (S,)00000000abeSO000 Lo(b) :=a-b0000 L, € Map(S, S)0
gooboooood
p:S—Map(S,S), ar— L,

0S000000 (left regular action) 00 OO0
p0 (S,) — (Map(S,9),0) 0 0000000000000 000O000O

La~b = La o Lb
oood
La.b(C) = La [©) Lb(C)

goooooon
(a-b)-c=a-(b-c)

0000000000o00(sS,) 000000000 Soo0oo0o0oUoUoooooooo
obooooooo

0 2.9.6. (M,+,0)00000000 f,g€End(M) 0000 f+gpq,y, ¢ € End(M) 0

(f +End ) 9)(z) = f(z) +um g(z)
Jooooooooooooo
00000 o000 (End(M),0,idyy) 000000000

folgth)=fog+foh, (f+g)oh=foh+goh

O00000000Ed(M)OODOOOO
MO KOOOOOOOOOOUOOO0OOODUOOO0O0O00O Endg(K™)ODOO0OO00OOEndg(K™)
0OM,(K)OODODOUOOOOOUOOOOUOOODUOOooOOoooooooooooooooo

0 2.9.7. (M,+,0)0000000(M,-1)00000000000000000000L.(b) =
a-b0O00
p: M — Map(M, M), a+— L,

goooooo pO
p: M — End(M) (C Map(M,M))

obooobOobooooobobooobobooooobooooon

1.p000 End(M)0 00O
2.p0000000

oooooao
000 ple): M -=MOOOOOOOOODOOOOOOOOOOOOOOOOO

p(a)(b+c) = p(a)(b) + p(a)(c)
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googoobobooobbbobood
a-(b+c)=a-b+a-c

oooooooono
ooooog

pla+0)(c) = (p(a) + p(b))(c)
oood
(a+b)-c=a-c+b-c

googobooobooboobobooboobo

gobgobooboooboo
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3.1 0000

gbobooobgob 2510000000000 0000b00b000bO0bOobLO0oOOn
gooo

00 8.1.1. 0 (00 ring) ROOODOOD ROOODOOODOOOUOO +,-00 (R,+,-)0
gboooboooboobooboboobmooboooobgao

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

R3 (00D00)000 a,b,ce ROODOO (a+b)-c=(a-c)+(b-c),a-(b+c) = (a-b)+(a-c)
gogoooo

oooooooo
R2’ (0OD0O0O0OOO0OOO0O)leROOUOOO(R,,1)01000000000000OOO

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

R4 (0ODODUDOO(R,)000000OO0O0O0DDOOOODO0OO a,beROOD0OTO a-b=b-a

O00000O0O0OROODOO (commutative ring) 000000000000 0OOOOOOOO
gbooooooooooboboooboooon
goooooooooobobbooooboobooboboooobooboooDoog

FOOOO (R,,1)D0O0000O0OO0OO0OOOOOOO
O000000OROOODO (commutative field)J OO0 00 (field) 000000

oobooobooOooboooboooooooobobooooOoooboooooobooooboooaon
oobO0oobooboboooboooooooboooboobboobooooooooooooboobonoo
ooooooooooooooboo

oo 3.1.2. 00 251 000000000000000000000000000000A0O
ooooooboooboobooooooooboooboobooboooooOooooooooonoo
ooooooooo

oomooboooobobbooooboobobo
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3.2 UU0ooboood

0321 1. 00000ZO000000000O0000O0000000 100000000
0000000

2.Q,R,CO000O0000O0O

3.Z/n0 (00D0)0000000000000000000000R,000000000
00 (00 2.5.3)0

4 RODDDDO000O0O M,(ROODODODODOROOOOOO M,(R)OOOOOODO
RODDOOOODOOn>200 M,(R)ODOOOOOODOO

5. RO0D0000D0D00OROOOOOOONDODOD RYOOOO0DO0O0 (§3.3)0ROD
00000 R{000D0000

00O 3.1. ROODODODOOOOOODOoOoDoOoOoO
VYVae R,0-a=a-0=0
ooooooooooog

000:00000000000=04000000000-a=(0+0)-a=0-a+0-a00
00 —(0-e)00000000

00 8.2. ROODDOUDUOODODDOOOO(-1)-a=—-a0000

00 3.22. 0000 RO0=10000000000R={0}0000000O0O0O0O0OOO
oooo

1=000000 3100

gooooooonooDbo

o0 3.3. 0000 ROODODOODODODODODO ROUDODDODOOODODODO
goboobooooooboboooobOOoOobOOoOoOoOoOoboOoOoooobOoOobOOobOOoOono
oooooooono

goobooooooboooomoooooooobooooooboooooooooooogoo
00(dU00)0 ROODOODODOUOUDOOOUOUODOOOOU 40000000 OO OOO
ob00 -0b00b0oooco1l1o00boooboooboooon

oo 3.238. Ry, R OO0O0O0ODDOOOOR, 00 RR,OODODOOOODODOODDOOO
f:Rl*)RQDDDD

fle+iy)=f@)+2 f(y), flzay)=f(z)2f(y, 00000000000 f(1)=1,
0000000000000000000000000000

00 —0OO00OO0OO0OooObDoooobooOobOoonb 24190000000000000000
ocooo, -0 fO00D0OO0OO0OOOOO



3.2 0DO000OO0OO0O0DOO 85

00 38.24. R;,R, 0 (000)000UOf:Ry —Re,9g:R— R O00O0ODO0O0OOODO
ocoooooooofoO0bOOO0O0O0OODOOO0 fOODOOODOR, O R, O000DO
gooooo

00 3.25. f:Ry— R O0OD0O0OO0O0O0O0O0O0O0O0ODO0O0OOOO00O0O0OCO0O0O0O0ODDOO
oono

00 34. 0000000ODOOOOOOO0OO0ODDDO fOOODgOOOODODOgODDOO
gboooboooboobg 21110b00b0obooboobooboon

oo 3.5. 000
q:7—1Z/n

0O (QO0)0bo0oU0ooooooooo
o0 3.26. ROODODODODOOODODODOOD ZzO0O ROODODDOOOODODOODOODO

oo0.00bOoboooooobogoogoooonb 1z0 1g000000000DODODO
oboooooooo24500000000000000000000000000000O0
ooboo0oooOoobooooooobooobObOoobooboo0oDn—g¢"0O0000000O0O
ooooooboO ngO OO0
nezZUOOUOOnlzg00000D0OD0OO0O0ODOOOOOOOODOODOODODOODOO
oboooooboooog24500000000000000000000

(nm)lg = (nlg) - (mlg)

0ooooooooo
1(1g) =15

oboooooboooOdnlgpg0b0b0O0ObOOO0OOOOODOOOOOODO (]

00 3.2.7. RO (00)00000ROOOOO SO ROOO (00)0000000(00)
000000000000000000000000000000000000

eabeS=a+bcs
e 0eSs
eaeS=—-qacs
00000000000 00000 SO ROUOO (DD 24.23)0000
eagbeS=a-besS
e JODDODOODOO1eS

0000000000000 00 SO ROODUOUODDOO 229 000000000000
0000000 SO ROOODOOUO (0O 23.180000000000
ooooosSoooooooooooon

0328 1.zZcQcRcCOOOODOOOODOODOOOODOOOO
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2.000002Z(00000000000 2439)0Zz000000O0O0O0O0O0O0O0O0O0OO
ooooooooo
3.mnO0000000000000

am+bn=1

00000 e, b000 (00 24.62)0f:Z/m — Z/mn 0 [x]m — [bnz],, 000000
000 welldefined DD OOOO0OO0OODOO0O0OO0OO0OO0OO0O0O0O0ODODODOOODODOOOODOO
goooooooooboo

bnx x bny = bn(xy) mod mn
0oooodooooo n0oon
bxbny = b(xy) mod m

0000000m=1medmI0000000000000000000000O000
O f([Um) = [bn)mn # [Ulm, 00000000000000O00O0

o0 3.6. SO ROODDOODOODOOOODOO
t:S— R, srs

gooobooobooobgooo

3.3 0o

00 38.3.1. ROUODODUDOODODO¢tUO ROUDUDDUOUUOUDDUOUUORYUUOODODROUDO
000000000000 000D0D0OUOROODO

ant™ + ap 1t" V-t ait+ag (a; € R)

00000000000000000000000000
0000000000000000000000000000 RYO00000000ay,...,a,
000000000000000000000000RCR[00000000000R[]O
00000000000000000 f(6)0 f(t) = ant™ +an_1t" ' +---+art+ag (a; € R),
a4, #0000000000000n0 fO000 (degree) 000 Odeg(f)000000000
00 —~c 00000000000
RODOOOOOODOOOOR( OO0 10000000000000000000

0000000 Rlz,y) 000000000000000 apme”y™ 00000000
00 3.7. S:=R[z]00000

O Rz,y]0OODOOODOOOOODO
gogooooo
azx® + bry + ey’ +ex + fy+g=cy’* + (bx + )y + (az® + ex + g)

gobooobooobbooobboooboobboobboooboooboooobo
googd
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3.4 0OU

0000000000000000 SO0000mM7TcsSO00000 SO00O0oOooono
0000 70000000000000000 SO00000000000
0000000000 CO000002eCO0000000OO00 ROODODOOOOOO
00000000000000000,1e ROODOOOOOOOOODOO14+14+1,-1-10
0000 ROOOOZCROOOOzeROOeeZOOOO az e ROODO 22,23,...,€ RO
0000000000 00000000000000 ROOOO

{Zanz"mieZ}CR.
ooobooooboobobobobobuobobobbobooboooUobUo z20b00bDOobog
gooooooboo

00 34.1. 0000 Z>;)000000000COUOOO0CODO0OOOUOOO-z0000000
ooooooooon

00 3.4.2. t000000000D ZOOUODOUDOUOOODUOOOODOOOOO ZHO 20
0000000000 Zz)00O0O0D0O0O0O0O0000O0O0O00OO0OO0OO0t+ooOoooOooo
oooooboooo 0000000000

0 34.3. 000z0i:=+/-1000000Z} cCOO0O000022 =1, 2% = —z,
»4=1,..000000-:00000000000000000000

Z[i) = {a + bila,b € Z}.
0000000000000000

00 3.44. ROOOOOOOOOOOOO SO ROO (R-algebra) 00 OOOOOOOO
00000 p:R—SO0000O00O0O0ODOO0OOOOOOO (S,p)000 ROODOOO

00 3.4.5. (S,p)0 ROODOODORO0000000OseSO SO000p(R) 0000
000000000D00000f(t)eR0000000 p00000000 p(f) eSO
000D000¢t0s00000000000 p(f)(s)eSO00000

¢: R[] =5, f(t) — p(f)(s)

O00000000000¢(t)=s,¢lgr=p0000000000000000O0OOODO
¢0000SO0O00 p(R)U sO000O0OOUODOOOOODOOUODO

gb 3.8. 0000000000

ooooooooooOO0O0O0000oo0o0o0ooobORcSOOOOODODOOOpDODOO
Oo00o0O00oO00oooOo0o0obOobo0oooobOobzcCOoOOb0zeCOOOooooOO

¢:Z[t] = C,  f(t) — f(2)

goooboooboobooboboo
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0 34.6. ROOODODDOODOOOS: =M, (ROODDOUOO0OO0Op:R—S0a—al, 00
000000000000 00D00U0O0OD0 AeM,(R)OOODODOOUOOOOOO

o Rlt] — Mo(R), t— A

O00000D0DMRODDODDDOODOOODADO p(R):I]I]I]I]I]IZII]DD goooooO
oooo
¢ f(t)=at> + bt +crs alA? + bIA + cI = aA? + DA + cl

0000000 f(A)DOOD0O0D0000000D00D0U0OUO0O0O0OR[AlCcM,(R)ODDODO
gbooooooobooon

0 -1
0039 A={ )DDDDDDDDDDDZMDZMM:Mx@DDDDDDD
000000
3.5 UOQOoOnO

googobooobooboobobooboobooboon

00 3.5.1. ROUODOUOOOe=0000000b#A000000 RUOO «000O0O (zero
divisor) 00 00O
000000000000000000000 (integral domain) 0000

oo 3.5.2. 00000000

O0. ROOODODO0«e0O00000000b#00000a=000000061'000000
0000000000 e=abb~'=00"'=000000000000310000000 O

oo 3.10. 0O0DOo0obooOooobooobooobo

00 3.11. ROOOOOOOa,z,y € RO a£00000
ar=ay =T =1y
0000000000

0 3.5.3. 1.zOO0OOOOoOoOooOooOo
2.m,n>200000 Z/men 0000000 [m]-[n]=[mn]=[0 0000

00 8.12. 00000 ROODDODDOUOUODOODDOUeeR—-{0}000000O0DO0ODO
L,:R— R, xz+ ax
0000000000000 0000o0oUooO(@On:O 2.4.690)

00 3.13. J0UJ0O0O0 ROUUOODDODDOOOOODUOODee R—{0}000 (0O0OOOO)
L, 000000000000000DO000O0O(U0O:0000DO00O0O0UODO 1000
000000000000 0on)
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00 8.14. 000U (DO0UO0OUDOOUOOODOUOOOO)0D0OODDOUOOODOOO

00 3.54. ROOODODOOO f,ge R{|OO0DOOOOODOOODOO

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

ROODOODODDDOUOODOOdeg(l)=000
deg: (R[t],-,1) — (NU {0, —o0}, +,0)
obooooobooooono

O0. fO000n¢g0000mO00000D0000000000 ant™, byt™ (an, bm #0)
000000 ROOOOOO apb, 20000 fgO0O0O00000 (apby,)t"™ 000000
ooo0»n+mO00O0DOOOCOCOOODODODODODOOOOOOORDODOOOOOO apby =0
gboooboobooboobdn+mbb00booboob0ooboobooboobboobon

f,gO00OOO0OO0O00000D0O0O0O0O000DOdeg(0) =—00, —c0o+n=—-00o000000
00 (0000000000O00s24.1000000000000) 00000000 (]

3.6 UOOO

3.6.1 LOUOgOgOooOOOd

00 8.6.1. (00D00UOODOOO)RU (DOOOOUOODDOODOOUOODDOO)ODO
O000~0 ROUOODO)000O0O0OO0O0OOOO
god
g:R— R/~

000000000000000 R/~000000000OO000OO0¢UOOOOODOD
000000000000 000 z,2),22,25 0000

X1~ T Ty~ xh = +xe ~ T Tk, my T~ T T

goooboooobooon
ROODODOODDODODODOOOOOOODOOOOODOOR/~0010000000000
obooooobobOgOhOobOobOoOonooonbooon

O0.000000000 2424000 R/~00000000¢ODOODOO0OODOOOODO
0002211000 R/~000000000000¢0O0DDOOOODOOOOOOO R/ ~0O
obooooobooooobobooobooooooboooogogbonoogon

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

00000000¢q0000000000000000000000000000000 ¢(a-
(b+¢),000 qla-b+a-¢) 0000RO0OOODO0O0O0O0DO00O0O0O0O0O0O0OO0O
000000000000000000000000
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oboboooboobooooboooboooobOoboboob 2321000000DOOO
(00 242900000000000000000000UO0OOOOOOUODOOOOOOO

oooo)
000000000 242400000 ~00000000000000 221100000
~00000000 0

3.6.2 0000

0 (G,e,e) 0000000 0000000000000 ~000000000 N<«GOO
00000~k (00000000 ~R000000)00000000 (00 24.73)000
G/~=G/NOOOOOOODOOOO~00 NOOOOO

N :=[e]. ={g € G|g ~ e},

NOO~0O00000o
a~beaobteN

oooooooooood
0 ROODOODODO0OOOOO0ODOODOOODOODOOOO0OOOOUODODODO ~D0O00
+,-0000000000b0bO0bOo0o00ooooa -DDDDDDDDDDDDDD(R,—!—,O)
00000000~ 00000 +00000000000000O0O0O000000O000 I<R
ooooo
a~bsa—-bel

ooooooobogoo
I ={reRlr~0}

gogg
(R,+,0)0 0000000000000 OOOOOUOOOOOUOODOOUOUODIO
oooooog ~g:
a~rbsb—acl

OO0 .-00boob0o0o0oobobo0o0ooooo0o0ooooobooIoooooooooon
U0~ 0000000000DO0000DbO0bO0D0oboOoon

00 3.6.2. (0O0U0)ROOOUDUOOICRUODOOUOOOOOOUODOOIDOUOOOOO
(leftideal) OO O0ODOI0OU00O0O0D ROODODDOOOOUOOD IODODO0OOOOOOOOODO

Va€ R,a-1IC1
O0000000I0000000 (right ideal) DO O0OOO
YVae R, I-aCl

O0000000I0000000 (both-sideidea) 00000000000 O0OOOOODO
goooboobobmoobooboooobooboboobooboboobobo
oboocoooooooom
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o0 3.15. ROUOOOOO/cRrROODODOODOOOOOODOOO

Loel,
2.Va,be I, (a+bel),
3.VreRNael,(r-acl),

oooobooobooboobobooon
00 3.6.3. ROUODODODO~0O ROODDODOODOODOOOODOO
I.:=[0]~ = {z € Rlx ~ 0}

Oo000~0 ROOOOOOOOODOOOOODOODODOOOOI.ODDODOOOOODDOO
ooooo
oboo0lIcROODOOOODOOOOOO

a~rbsa-bel

00000 ~;000000000 ROOOOOOOOOODOOOOODOOOOOOO
~— 1,00

{ROUOOO0O0OO0OO0OOUOOOUOODOOOD }—-{RO0OODUOOOOODO }

ocoooooOoooobo0oooooo0 I—-~;, 0000000

O0. ~000000D0000C000DODOO0OO0O0D 247300 [.0000 ROODDO
OO0000D0zel . 0D000z~00~0000000DOO0O0O0O0DOOOO

00 3.1

a-x~a-0 0.

O0De-xel 00000 L.O000000C000DO0O0ODOOO0OOO0ODOODOOOODO
googd

O~00000D00000 =L 00000000

ocoooooboo/0o0goooboo00 ~000000000000DOOOO0OO0OODOO
oboocoooooooooonoo O

gd 3.16. 00O 3.63000000D0O0O0O
00 3.64. ROODO/0O0O0DO0ODOO0ODOOOOOG,be ROODODOOOO a=bmod IO
a=bmod I a—-bel
00000o00oo0obodD ~; 0000007000000 DO00D000DO0O
0 3.6.5. (00000O0)RODODUUOOUDee ROODODODROUDODO (a)O
(a) :={r-alr € R}

O000000000000000000«00D00000000D0 (principal ideal) 0000
O000«0000000000 (0000
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00 8.17. 000U (e) 000000000 D0DO00O0D0ODROUODODODOODO (a)O
oboooooooooooono

0 36.6. meZ00000000 1319000000000 2=ymodmO00 3.640
000 7=(m)00000 z=ymod (m)000000

3.6.3 UUUOOOO
00 3.6.7. (0000O0O0OO0OO0OO0O)ROOOOOIODOOOOOOOOOO
g:R—R/I

00000000O0U0Do0OooO R/ID0OU0DO0OOOOOOOOOOR/IODROIOOOOO
O (residue ring) 0000 ¢O0O 00000 (residue homomorphism, residual homomorphism)
agood

obO.0036300036.100000 (]
0000 ooo0o0ooo0oooUoo0ooD 366000000 R=Z,I=(m)0000
R/I=17/(m)
oo
ZO0z~y<2x—ye(m)000000OOOOOOOO

000000000000 132100000 Z/m0000000000000000 Z/m
0z/m)000000000
Z/m00000mOD0OO00000000000000000MOO0O000000000

OO0 3.6.8. (DDDDDDDf:Rl—)RQDDDDDDDDDDDD (Kernel)D
Kerf :={x € R1|f(z) = 02}
00o00o00oDoU0bDO0OR, 0000 fOODOOOODODOOO

00 3.6.9. 0000 36800Kerf0 Ry OODOOOODOOOO

ob0. 00 3100000000000 000™0bOobOobD0o0obOob00onD 2433000
ocoooooooooOoOoOoOOOObOOOO~yOD RyOO0O0O0O000O000000000
000000000000 36300 (0., 00000000000000 KerfODDODODO
0 O

b 3.18. 000o4oogoogod

00 3.6.10. ROOUOOUO/O ROOOOUDOOUODOOUOOg:R—R/IDODOOOOOOOO
f+R—-SO000D0000O000O0O0
0000 h:R/I-S0O0000

f=hogq
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goooOoOoOoooOOOODODODOOOOOOOO
I C Kerf

00000000000 000ARDDOOOOOOODODOOOO fOODOOM
00000 fO well-defined 0000000

obO. 00000000000 247 00000000000000000000000O0
000 f00000000000000O0ODOO00000O0DOODOO000000OO0

Flrlyln) = F(lz - yln) = f(x - y) = f(2) - fly) = f(lz]r) - F(lyl1)
ooooo O

0 3.6.11. §2.8 00
Gm : Z/(mn) — Z/m

0000000000000000000000000000 3.61000000R=2,5=
Z/m, f:7Z—7Z/mO0000000007:=(mn)0000

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

oboooboooboooooobdmeO0bDO0O0O0 mOOOOO0OOOODOOOOOOOO0
oono

00 8.6.12. (0O00DO0OOUO)RSOU0UOf:R—-SO0O000OOODO0OOODOOOOO
f(R)cSO fO000 ROOOOOUOOOOO

1. f(R)0 SOODOOD0OO
2.7:=Kerf 0 ROODOODOO0OOO~;0 ROODODODOODOO0O0O0OO0D0O000O000O
3. f0

000000oooo f00o0o0o

00 f00000000D0O00000OOODOO00 f(ROOODOODOOO0
f:R/I— f(R)
ooooooobo

ob. 0000000 2470000000000 (]
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O 3.6.13. ROODOOOOOOOOO 3260000000000 f:Z—-R,1z— 150

O0000OKerfO ZOOOOUOUOOOOOOUOOOMm>0000 Kerf=(m)OOOOO

obooooooooooooboooon
O00000f(z)cROZ/mDO0O0O000O0O0OOODOOODO

00 3.19. 0O000O0OKerf=(m) OO0 mO00O000000000MMO0O0O00O 2.4.540
oo

0 3.6.14. R:==R[]0000000
FiRE] = C, g(t)— g(vV-1)

ooooo
Kerf = {g(t) € R[t]|g(v—1) = 0}
ooooooooo0oo
g(t) € Kerf <t —v/~1|g(v-1)

00000000 ¢()00 v—1000000000000000 —/~—100000000
O0g(t)0 (t—v—-1)(t++v—1)=t3+10000000000#+10000000000
00 A)00+y/—10000000 h(y=1)=000000 heKerf0OOOOOOOO

Kerf = (t* +1)
000000000000000
R[t]/(#*+1) = C, t—+/—1
000000000000

0 3.6.15. R[t]/(+*+1)00¢+00000000 [{|000000000¢t0000000O0O0
O0D00OR[/(#*+1)00000000000000000000000000000O0O000
0000#+1000000000000000000000000000#=(2+1)-1=
—-1mod (#*+1)000000¢t0 v/~100000000

0 3.6.16. 0U0D0D0OD0D0D0OUOUO0OD0UD0OUOR[z,y) 0000000 D0O0O0OO0DOO0OOO

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

00000000 Rz,y]0000000000O0O00O0O0OOOOOOOOOOOOOOOO
oono

(xa y) = ((L(.’L‘, y))

00000 e(z,y) 0000000000 0U0OODOO 2,y0000000020 a(z,y) 00
O000000y0O a(x,y) 00000 UOOOOOOOOOOOOO a(z,y)DOOOOOOO
oooooooooooooo

00 38.20. 000U (x,y) 00D0ODDOOO0ODDOOOOOOOUDOODOODOODOOOO
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3.64 DOUOUOOOOO

ROODOODOOOOa,be ROODOODO
ar =10

O00zeROODOODDODOOOMO «ODDOOO00D00Omultipled0000eO0 b00D00O
0000 (divisor) DO0OO0eO bO00D00O0OOOOO

alb

oooooo
a-0=0

goooboobooboobuoooboobooobOoboo
00 8.21. b0 « 000000 D0OOObEe (o)D0D0DD0OOOODOOUODOODOOODO
00 3.22. b0 « 0000000000 C(e)0000O0O0O0DOOOOODOOODOO

ROODODODODOOOODOOR*0O ROODODUOOOOODOOOOOOOOOOOOOOOO
000000 (unit element) 00000

00 3.23. cc ROODODOUODOOODOODeO 100D000DOOODOODOOODOODOOO

00 3.24. ROOOUODODUOOOUOUOee ROODODUOUODOODOODUOOR=(e)000O0O0ODO
ooooooooooo

00 3.25. 00000000000 ROOODOODOODOOO
00 3.26. ROOOODOODOa,be ROOOO
(a) = (b) & Ju € R*(au =)

googd

3.6.5 LUUOUOOOOOOOO

ROODOOUOOOOOIOOUOOOOUDOOUOR/IDOUODOOODOOOOOUOR/T
ooooood [a),b,e,be ROUDODODODODDODOODOODOODODOODOOO0ODOOOOOO

[a] - [b] = [0] = [a] = [0] OO DO [b] = [0]
O000O0O0[z]=0)<zel0000[a-[b=[e-b)00000000O00OO0
a-bel=acl000bel

googd
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00 3.6.17. ROOOOOOOOIcCcROOODOOOOOOOOO
Va,be R,a-bel=acl D00 bel

O000O0O000I0RODOOOO (primeidea) 00 000O0O0OOI=ROOO0O0OOO
ooooooooooobobooooo

00 3.6.18. I=ROOOOR/I0 [0)]0000000000000000000000 [0
00000000000000000000000000000000000 3510000
000000000000000000000000000000000000000000
0000/=RO000000000000O000000000000000

00 3.6.19. ROOUOODOOOOICROOODOOOOOUOOOR/IDOOOOOOOOO
oooo/000o0boooocooooooon

000000000000 00 (prime number) 000000

0 3.6.20. R=ZU00O0O0Oee€ZUO0O0OU0O0OO0OODO («)000000O0O0UDOODOOODO
U0 «000000D00O0DOO0

0O0. () J0000000O00O0OO0O0OO
zy €(a) »z€(a) 000 y€(a)

000000000 (e)0 «000000000000M 2y0 «00000002,y000
00000 «000000000000000000O00O(e) 00000000 0oooon
bbodbO0«000000C0CO00O0O0DOOO0ODOO0DbOOO0ODbOOO0OOObOOObO0000O0aO
00 ae=mnd000 z=m,y=n00000000000 O

b0 3.27. 000000bOO0O00OooOOn

00 38.28. J0OUU0UOU RUOOOIDD0OUOOOODOUOOODDOUOOR\IODROOT
000000000000 (R,x,))0ODODODOODDODOUOOODDOOODOO

00 3.6.21. (00) ROODODDDOODOOODDee ROUODODDUOOOOO(eDOODDOODO
0000000000000 2y=az00 z,y,z€c ROODDODOOOO0 2000 yO 00O
ooooog
obobO0ob0oo0oobobooobbebOOOOO0OODOODOODOODOODOOMe0OOOOO
R=(q)0000ORUOIOOOOUODOOUODOOOUOOOO

ROODOOODODOOUOUOOODOOUDOO (0D £)0D00O0OO0

00 3.29. ROODOOODODOOODOOROOODOOODOODOOODODOOOODDOOODO
oood

00 3.6.22. 00000000 2000000000000 O0OO0OOOOOOOOOOOO
ooboooooooooobooobboobooooooooboooooobobooobooooonoo
ooooog
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3.6.6 DUUOUOOUOOO

00 3.6.23. ROODOOOOOOIODODOOOOOOOOI0OODO ROOOODOO IDO
0O ROOODODDOUOODIODOO0OO0OD (maximal ideal) D000
ooooooo0oooOoo0o0obob0 ROOOOOOODOOODODOO

00 3.6.24. ROUODOOODOO/0OO0D0OOUOOOUOOOOR/IDODOODOOOOOOOOO
Igo0oooooboooocoooobooo

00. R/I0D0000D000D0/000000000000000O0/0000000 ROOO
0000ICJCR(J#I,#R)000000000zeJa¢I0000000x¢l000
[z] e R/IO[0]0000R/I00000 [z]0000000000 [y € R/IDODD [2][y] = [1]
00O00[:R—R/I0D0000 (003.6.70 ¢0 [))000 [0] = [z]y] —[1] = [zy—1]00
00000 ay—1€I0000zeJO00ayeJO0JO000000 1=ay—(zy—1)e JO
000000reRO00r=r-1€J00000 RCcJOJCROOODODOOOO J=RO
000000000 /00000000000

000/000000000000000 R/I00000000000OR/I000000O
0000000zeRO00 [¢)0000000000000000000000[]+#[0]0
0000 2¢I0000 02000000 ROODOO I+(2)={a+czlacl,ceR}O
000D0/000000I+(z)=RO0D00000a+ecz=1000acl,ce ROODODO
00000000 [a;=[0);00

(1] = la + cx] = [a] + [cx] = [ca] = [c][x].
000 [z]e R/AIODOOOODOO00OO0OOOOO0 0

goooboooboobgooobgooboo

00 3.6.25. ROOOOOOODOQOOIDI#RO0O0OOODOOOOOOOODOIOODOO
oooooo RODODOOO

00O 3.30. RO ROODODODODODOOODOODOO
I:={JCR|J:-OOOO,J#R}
gogd

1.7000000000000000000O1)00O00000O0OO00
2.Zom 00000 00000O0O0ODO IeZ00000O0O0DO0OOD0ODDOD0OOOOOOO
ooooooo

3.7 ODOOOOOOO
3.71 OUOOOOOODOOOOOO

oboocoooboooooooboboooooboobooooobooboooboooooboo2to
jO00ooobOoboooobooooboonog

2" = 3x
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gobooobbo 00000000 DO00bOO 30bb0o0bOo0obbOobObOoOobO
JO000ooobOobO0obooOoboooboobooobooooobooonog
boboobmobooboooboooooobo0ooooooooooooboooOooobon
goboooobobobooooooobooboooooobobooooboobobobobg
googoboobooboobobooboobooboobooboooon
oboooooboooobooboooobobooobooboboooooobooon

oo 3.71. z000ooO0oboOoOooOoooobooooobooo

0D0O000000000000000
000000 RODOOOOeO000ee ROOOO (¢)000000000000O0
0D00000000x,y,2€ ROODOO

zy=az= (e R,x=>ba) 000 (Ic € R,y =ca)
oboooooooooomoaog 3.6.210

00 8.7.2. J0OO0OU0O ROUOOUOUOae ROOOO (irreducible element) 00000 a
0000000000000 00000b000000x2w=a000 0 y0O0O00O0DOODOO
oo0o00oooboooboooo

gooooooooboboooooo

=¢0002z=e¢000y=a¢00000000000000000000000
(-1)(~a)=«000000000w000000e=u(v"le)0000000000000
0oooooooo

Y
,]_)

OO0 3.31. ROOOOOOUOeeROODODODODDODODOO a#00
zy=a= (b€ R,x=>ba) 000 (Ic € R,z = ca)
googoobobboooooooooboog
ooooboooboobooboboboobobooboo
00 3.73.Zz00000000000000000000O0O0OO (prime number) J000O
oooooo3710000000b0o0boobooooooon
o0 3.74. 00 ROOODODOOOODOODOOO

gb. 0dbgoooob 3310boobobobib z=100000000000000O0O
cO0000D0O0O0OCODOODOOOOO (]

ooooo3rilooooooooooooooooooooooogooooobooooo
goo

00 3.75. 000000 ROOODDOOOOD @, b00D0000D00O00e=wb00000
w€e€R*0000000000a~b00000O
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b 3.32. 00DOOooooobobooobooboobgo

ooooooooooon

00 3.7.6. 2 €Z0002#00000Z000000000000000 py,pas...,ps O
000 ny,na,...,ns (>0)00000

— 1,12 uz
T = upy'py® - py

gboobobobob0w=£1000000000000 2100000000000 0O0O0
oooooao

_ my M2 Nt
xr = Uql q2 qt

Ub0o0oob0d0Ovw0d £10¢, 0000000000 O0s=t0 0000000000 =£p;
ooodm;=n, 0000

00.p000000000py|e=v¢™ ---¢*00 pv000 py]q 000 ... 000 pylgO
pmlv000000000000000000 p,0000000000000000 p10 ¢
000000000¢qO000000000000000 p|@000000¢ 0000000
pm=+ 0000000

ny, N2 N __ my M2 Tt
Uupy P~ ccPsT =Vq o7 Gy

obooooodpp=+xq 00000000 3.1100

—1 —1
upy'”T Py epet = (FU)gt T gt gy

0000000000000 O0m =+ 00000000000000000000000
000000000000000000 0000000000p;, 000000000000
0000000000000000 p10 ¢,..., 0000000000 00000
00000000000000C0000000m0O ¢ 00000000C0gq,¢s,...,q00
0000000000000 000000000
00000000000000000000000000000000 £10000000
00000000000000000000000
:000000000000s=0000000000000000000000 O

o0 3.7.7.z0 00000000 z0000:00000000000D0ODOOO

00.2000000000002z=yz0y,200000000000000000000
lyl,l2/0 |z|00000000|z|00000000000%=100z=410000000
0000000000000 <n-100000000000000000000 |z/=n
0000000000000z =y2004y0-000000000000000000000
00000000000 000000000 O

googb@moobooooboobooboobbobooboobobooboboobo
gooooooooogoo sri1boooooobooooooboooooboboo
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00 3.7.8. 0000000000000000000000a,beZ0000 dla,dp00 d
0000000 ¢a,chp0000 00000 ¢ d000000000000d0 ged(a,b) 0
0oo

O0.em+b0n0000000D0OCCCOO0O0OOOO0O0O0dOOOOOOOOOOODDOO
obooooobooooo2462000000000000 (]

o0 3.79.ccZz00000000D00ODO0OODOODOOOODOO

O00. az=2y0000ged(a,z)[« 00000000000 ged(a,z) ~a 000 ged(a, x) ~
1.

000000 a~ged(e, )|t 00000 oz 000000000000 O0OOOOODOO
0 ged(a,y) ~a 000 y0 000000000000 0OOOOOO

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

go0o0ooOoOoOoOoooo
an+br=1,am+cy=1

gooooobobobogd
a(anm + ncy + bxm) + bxcy = 1
00000 246200 (aX + (zy)Z=100000)
ged(a,zy) =1

gboooo0dez=2y00
al ged(a, zy)

ooooooooooobono O

3.7.2 0O0OOO

oooooobooobbooooboobooooboooobboooooDoobooobooogoo
obOooOobooooobooooboobobooobooooooooooooboobooonag
ooooooboobooobooooooboobbooobooboboboooooooOooonoo
ooooooobooooobobooooboooboobooboooobooo

oboboooboooooooooooooooboobooboboobgoooooooooo
obooobOooooboooobOooooobooooobooocoboooooooobooon

gobobodb =00000000 ==00000000000b000d

oooooao
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3.73 ODOODOODOO

00 8.710. (D00O0DD0O0U0)00 RODODOOD0OOODODODOOODOODOOOOODODO
O0OROO0ODOUDOOOO (principal ideal domain, PID) O 0 OO

obooooOoooooobo24620000000000¢0
o0 3.711. 000 z00O00O0O0OO0OOODOOO

0O0.czOoooOoooooor={0j000I=(0)00o000OoOoOO0UoOoOoOOn
00000I0DDo000O0O0D0ODO0D0D0zel000 —zel0000O0O0O0O0O0OOOOOT
0000000000000 00000dOD000deID0000 reZ000 rde IO
ooo

(dycI

OO000000000O000DOb0bDzel0000O0ODO02zO0dODOOOODDOODO
r=d-q+r, (0<r<d-1)
000000000z el,dgeclI000000I000O00ODOOOO
r=x+(—dg) €l

00000000040 I00000000000000000000r<d-1071000
00000000 ->000000000000000000r=000000000000
DOz=dge(d0000IC(dO0O0D000 O

00 3.7.12. ROODODODODODOOOOa,be ROOOO
(a,b) :=={xa+yblz,y € R} C R
0O ROODOODOe,b0D00DOO0OO0OOODOOOOMODOODOODdOODOO

(a,b) = (d)

000000d0e0b000000000Oged(e,)00000040000000000
00000000000000000000000000
de00dbpO00D00000Oca00 ¢p000 ¢d0O0O0

00.00000000000000000000 332000000
0000000(d) = (a,b) D (a)00 de000000 cla,cfp 000 abe (¢) 00000
00000 (a,b)C(¢)00000000000 O

o0 3.7.13. ROOODOUODODOODOO

1. 000000 zeROOOODOOOODODOO

2.00000000000D00DOO

J.oobobobobobobobobobobbobobobobobobobobon
gooooo
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ob0. 1.00000eeRODOOODOOODOOOOOOODOODOOODOOeODOO
obooooobOoooobOobobo0e0bOoOOoOobOObOOOOOn

a:albla a’labl¢-R><

oooobood0e, 000000000000 O000DOD0O000DODOD eODOOOO
ooooooobo
gooooooobooooooooooooooboooooooooobbooooDoooo
oboooobob0a0boboooobooooboobbooogooboon

a; = agby, ag,by ¢ R™

000000000e 0k 000000000000000000000000000
000e00000000000000000
0000000000aa,azlas,asla,... 000000000000000% ¢ R* O
O0a;~a1 000000000 (&) = (aipq) 000000000

(a) C (a1) C (a2) C (ag) C ---

goooobbtbdooo0 coguoobbboooooooboo
gooooooo

I:=U2(a;)
g0b0od0o0obooOOo0obOOooooooOO0bOo0o0oooOgbooOOoROOOODOODOO
goooobbbbooooobobbbbobooooo
O00000000000000I=(x)000 20000002 €I000000O j00
goo

z € (aj).

000 (x) C(a;)0(x)=ID(a;) 000000
I'=(a;) C(ajq1) C---C1

ooooy00b0boboooobo rooooooboboo
2.00000000az=2y0000«2z0 «y000000000000OOOOOOOO
oboOobooobOoobooboooboooboooboooooboooboooono srononog
gboogoboooboobooboobooboobooon
. Ub00bboobooboooobooogoo s7edbobobooboboobooboobooboOon
gboocooobooooooooooogooon
O

go0oooooooooooooboooooooooooooooooonobooon
00 3.7.14. 000000 ROOOOOOOOOOOOOOOOOOODOOOOO
LclhclyC---

000 cOO000DO0OO000DOO000D0O0OROOO0OODD Noetherian ringd 0000
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goboboobbooobbooobbooobooobbooobboobboobbooon
obooOoboooooooooboobobobobooooooooooobooboobOonag
oboocoooboooobOooboooooboooobOobooooooboooooobOOoooconogn
gooobooboobooboooboboobooooboooboboo™ooobobo
googoboooboobooobgn

00 3.33. ROOODOODODODOOOODODRODODODOOOOOODODOOOOOOODOOO
Jodddodooooooooooo roooooooooooo0 a,...,es e I000
oo

I=(x1,...,25):={rix1 + roxo + -+ + rsas|r; € R}

obooooobooooono
o0 3.34. J00O00OOobOoboOooboobooobooooboo
o0 3.35. 0000O00boooobooboooooboooooooboom

000000000 00oooooo0ooooooooooooooooooooooooon
00000000000 00000O00 (uniquely factorized domain, UFD) 0000000
Oo0oo0ooooooooooooon

oo 3.715. OO0DOO0OO0ODOODOOOOODOOOOO
oboooooooooobobooobobooooooboo

00 8.716. ROUODODUODODDOUUOODOUOUORODOUOOD

ob0 3.36. 000000 DOO0OOOOOO

oo 337. 000000bO0bO00boOoooobooooboooooobooon

3.74 DO0OU0OOOOOO
obbooboooobooobooooobooboooobooooobooooooooon

00 8.717.000000KO0O000Of,ge K[t)|DO0O0Og#000000000 q,r € K[t]

googg
f=gqg+r, 0<deg(r) <deg(g)
oooo
O0. 00000o00oooooouooooo O

oo 3.718. 0000000000000 O0O0DOgOOOO0OOCOOOOOODOODOODOO
goooog

b 3.38. 0noogoogod

00 3.719. KOOOOOUOOOK[OOOOOoOOooooooo
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O00.003711000000000000000000ICK0D00DO0O0O0O0OOOO
O0000o000oooOooooooolI={oj000II=(0)U0D00O0C0OOUOOOOn
0O00del,d#000000deg(d) 00000000 O0O0OOOODOOODO (d) CcIOO
god

IcC(d)

gooobodDoOfelI00DODOOODOODOOOOODOO
f=dg+r,0 <deg(r) < deg(d)
00 ¢qr000000fel,del00O
r=f—dgel, deg(r)<deg(d).

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

gbooooooobobobobobobobooboooboobobboboobobon
oooooooo

00 8.7.20. U000 (S,>) 00000 (well-ordered set) 00000 O0SO00O00O0O0OO
oooorooooooobooog

0 3.7.21. 000000 NOOOOOUOODOOUOOOUOOOONU{0} O NU{-c0}OO
googoood
zOooooooooOozoooooooboooboooooboooboooobooooooooo

00 3.7.22. ROOOOOOORODOOODOOODOODOODOOOOOODOO VODO
v: RV OOOOOOOOOreROOODO

vir)=0V 00000 & r=0

obooooooooooboooobooon

VfERVgER, ¢g#0 = 3JgreR f=gq+ror) <uv(g).

oo0oof0Og000DDOO r000D00OOCOOODOODOgOO0r00b0o0000D0O
oood

0 3.7.23. ZOOOOOOV =NU{0}000v:Z—VOu(z)=|z/000000000
goooboboobod

Kt]DOOODOO0OV =NU{0,—c0c} 0000 : K[t] - VO v(z) =deg(x) DOODDODO
ooooooobooooon

o0 3.724. 0O0DOO0O0O0OODOODOOODODODOOOOODOO

oo 3.39. 0000000000
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00 3.40. 0000000 Z[ijcCOO0O0 (0 3430V =Nu{0}000
v: L[] = V2 22 =|z|?

obooooobooooobobooooboooon
googobooobooboobobooboobooobo

00 3.41. R=2Z[y/-3]00000
R={a+bV/-3|a,beZ}
0000000000040
4=01+V-3)(1-V-3)=2-2
0000000000000

1.1+v-3,1—-+/-=-3,2000000 ROUODOODOODOOOODODOO
2.00000000000DO0DOODOODOO

OO0O00ORODOOOOODODOOODODODO

3.8 OO0
z0OO0O0O QOOOODODOOO 13120000000
(ZxN)/ ~,
gooobobbbooooooobog ~0
(n,m) ~ (n',m’) & nm' =n'm

goooog
oooooobooooobD ROODOODODODODOO

00 3.81. ROODOODODOODOOOOO (00O O quotient field, fraction field) Q(R) OO
Q(R) =R x (R—{0})/ ~,

(a,b) ~ (a’,b') & ab =d'b

ooooog
(e,) 000000 $0000QR)OOOOOODDODODODODDODODOOOOOOOOOD
ooooon

OO000D0D000000C000D0000000 well-definedness0 00 000000O00O0O
oboooooboooobobooobooboooooon

00 3.42. Q(R) 00000000000 0D0O0O0O0OODO0O0OO0O0O0O0OOOOOO
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gboooboooboobooobon

00 3.8.2. ROOODDODOOOOUOOOOOUOO (R,,1)0000UOOO SO ROOOOO
oooo

00 3.8.3. ROUODOODODODOODOSO ROODDODODOODRO SOODOOOOODOO,
fraction ring of R by S) S~'RO O

ST'R:=RxS/~,

(a,b) ~ (a’,bV) = Is€ S ab's =a'bs

0oddodd(eb)000000 0000
ooooooooooo0ooooooOoRO SODODOOOOOOOOO

00 3.43. ROOODOOOOOOO0S:R—{0}00000000000000000000
00S'R=Q(R) 000000000

00 3.44. ROODOUOODODODODORO QR OODDOOODOOOOODOOOO

EIEII:II:II:IR—>S_1R(r|—>%)DDDDDDDDDDDDDDDDDDDDDDD

00 3.45. 00000000 ¢:R—S'R(r—5)0000000000D00D0O00O0
0000000 ADDDOOO f: R— ADDODOOOf(S) c AXDODODOO 000
f':ST'1R—-ADO0O f=foe0000D000000 f:S'R—-AOD0O0DOOOO

00 3.46. 00000 ¢:R— R O000000D0O0O0O0ODODOOODOOOOODOOD
0000000 AODDOOD f: R— A0DDODOOf(S) c AX00DO0O0O fO0D
f:R - AD0DO f=fo¢ 0000000000 f:R —-A0D0D0D0O0O0DOO
000O00OR O S'ROODDOOOOOOOOOOODDDODODODDDDODOA:R — SR
00000 ¢=ho¢ 00D0OODODOOO
0000O0OROO0OD0O0OOR —-S7'R, ST'ROOOOOS'R—R OO0O0O0DOO0OOO
0000000000000000000000000 ¢0000000000MO000
0f/000000000000000000000000(

0000000000 R—ST'ROODDOOOOOOOOOOOODOOOOODOOODOO
O00000000000000000000000M 000 (universality)DOOOOO0O
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4.1 0000

4.1.1 OO
000 (M,+,00000000 (module) 00000

00 4.1.1. 000 MOOODDOOOO End(M) 0000000000000 O0OO0OOO
oboooooooooooonbo

gogg229600000oooon
00 4.1.2. ROOOOOMOOOOODOOOODOO
p: R — End(M)

00000000000 MOO R-O0O (left R-module) 0000
ROODODDODOUOOOpOO0DO0ODOOOODOOOODODOO

oooobOoobOoo 29200000000 RAOODMODOO ROODDOO MODOO
ooooboooboobooboboboobobooboo
00 11220000 p: R— End(M) C Map(M, M) O

Rx M — M, (r,m)— p(r)(m)
000000000p(r)(m)0 mO0 000000000000
rem := p(r)(m)
ooooboobdobob ebUObUOUobObOObOObUOUODbUOODbUOODbOODO
00 4.1. (R,,1)000000(M,+,0000000000R0 MOO (0)00
e:RxM— M, (rym)—rem
000 MOD ROOOOODOODOODOODO

l.re(my+mo) =remy+1rems
2.(ri+ro)em=riem-+roem
3.(ri-ro)em=rye(roem)

4.1em=m

0000000000000 000(0O0O0U p(r) eEnd(M), p000000000O00DO0OOO
pU0b000bObbOODbOOpOOOODOODOODOODOODLOLOOODbOOm
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