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X LC&IC

RE L 1Z, MPRZRED [k xe OFEE] BMTA. TNSRDEENIZE D THE) %
ZUTWB &S HEETH L, BFDIZFL AL WS 0TIZEWT, BRIZZD & S iEED
H@IZRSNE7-0D, ZNSIZENHUATEL ZEEREBLDORIIZDRNS, %ﬂ(?@%
b‘r&"i’i@bf HETHDLERLINB LD h->-=HOMETHD, [FE B K] %

BLT, REFOEBEZZIONZDOADHKTH S, Fiz, K%@%@tbf‘$ﬁ-%/
A REWS XV IEDPHRARBREZ2EATLIZEIZLD, ZBDON—RKLETITF5AALH
HNTWD, ¥BE- €/ 1 Rk, fHEERYELR Y CREREREE2 L TWE 2, ThzEko> N
BEOEBEIIDIZVEELLTWS,

RECRIE, B ABIZ X DRI NG, BEEEVZS Tho72 & ST, MIFHIE. BR
BENZ @i?’%f—“@ VBRI NTVWEDERTHE 0 ICEBEMNTHRK R W E
BN, B, BNTL 2L ZNEEREL EMNET, FRITHRNR AL b T
5,

BBl 22T THD,

(ab) ™ =a~ 07! (1)

EWIARE, BRERSHI>TWVWAERES, ZZ T, GRTIEEERDS HIZ a,b IZEHKT
HBEEZDHILIZLTWS, TLUT, EREREBRTER LTS, &HS, LIT3H, a,bH
2x 2FFH IR B b, —RIZIFAR D LTV, R D NLD DT

(ab)™ =b""a™" (2)

THb, LT, @) DBIZRD L, a,b HMEEOARTEER — N —FHRTHR LT 5,

Tl (D) % () 1ZEARDDITH L TR, a/urz,ubcb R U TR LRV DA ?
BRETOHFETIE, () IXAHE, EB EIEETIIRLT 207 TIERLL v, RE e
M%’moobwﬁ&# CHLOWEBOERREE RS Z L, () BRALT B E D DR
WER SR,

BB TR, BHEE. R EERBR EREDHOESG2FZ5RbDDIC, ThordE
72 $HEETH-> T HDOVWWE D] %2F%T 5, £LT, [ZnsDMEEZHZT] &0
SAGER T S, AT E B0 —(M) % (0) R TEZ»—2HRTH L, FI¥INA
HOVWWVEEDZ L 2R E WV, ZTIRSFHINAZZ L2 EHE VS, 23T Hl
WHEZERRREZEZHLUZE &, ZNSREOAMEE T HhFHARNE, EOEHBHK DD
o b

ZDE, NEIEHPNNEDEDBORALIZITTHED 6, éEHHT%B%‘Z (ffi 2 B IEHWHAD
RONDTHST) SELFLDESIDMbRPT W, 222, () BEBICH LU THLT
B0E D DI, %i&@kd\tﬁt‘@mﬁ}fﬂﬁﬁ%io7‘:<%ﬂb&<T%aﬁ/\bd’bé

FEE. (2) IZE/ A NOR/HLIEEN DD T 787z 572 2 DD A% {572 3K% TREW



6

TEHEHMTHS (MEETI), ZU T, FHEE FH EEL 770 ENnd»REICEL T
/A4 FORAHZER L TW5,

FEIIUNLL, ZOFHEINTEMBIETERVL RN EY, ZOKREZHFATH S B
2, B 5WVIHMTENPFARBEICENB LG S Bz, 205D SENEREN L WIEE Y72 0
IZEZATLKBZEES,

ZDOARZELIZY T, EBEHZ THLPHWOTREZE > SIZEUZARNEED)
ZRVWHUDDOHET S L5 ICHE L, B BYZO¥RE ALK, T2 AREIZER
TE2DO0] o0 bhrbkhrolz, BH, ITIELRBERA, T WEABOIEHZ 2
SHEEVH D, ZORMIZHTE2PRDMEBOITEER/LILNTE, ZORTIH, VWA
WAREDEIRD ANT MFEDITFL< ] #HZ T2 L5008 T TW5E, D7D, @FEONR
BOBRIENPZELIBNBEBLTH S, FRERE /1 NEFHIEI > THEALEZ, £/, FAMEEE
BHIZBEUT, 2L OARIENFIHZ L\ TG & BE4ITHT 2 HERER ] %2 BB UE
& e BRI ST - CHai U 7=,

BEDOMIZR D 72 EH <, FUTHLW, 72 & I EERIE R E I L WA T, 5—
AFEEXR T — AN —ZADOMEICE L, BBRPEEC AR Y, (HIZE) REOBES
BRHIZRAZEDNHD, ZOLIHEANPSD, BEOHBIETIIEEI NG S RHRNFHIE—
HEE 2T H, FEERR L XD, ZNORAVNRF TN TH B LIEESI WD T eh, 7y
—IZDOWT, WD/ THHLTBEL I &I LT,



B1E FA. BR EE

1.1 &5EE5RK

PARD &S B HIHA AL TW 2 BEMEDDH 5,

1. 4. 54

2. RES, HHS

3. WEAMG, W AR

4. BEHITH B T & LHBHEPFET B Z & e AFRIE
5. HiTHl e, HEHOEG

6. £AEDEM

INSOFEAZHFELTHNIE, ZOHCIIFRIELTREWY,

1.1.1 &4

£E (set) 21X TLODEFEN ] ODZLTHD, TN EELALERT DI LIZLAEL,
HEBIET 2062082030 %, ZOEADITTE7ZITESR (element) &\,

{1,2,3}
CENZS, 1235006 RIELEERT,
{1,2,2,3}

eENES MM 2—l, 22 _fF, 32—HELES] ODXDIIRZAZ7ZA50K, ZOLSICH
U2 EELUTEHEATHE 2D LTEZS (BEEDOMBEEZ TEODEED | 1I%E
£E (multi-set) LIEENBEH, ZZTiEkEbirw), BEHELTEINTE DT EHER S,
L7223 T,

(1,2,2,3) = {1,2,3)
Thbd, NTHRBDES, Z TEBOES., Q THHEBOES, R TEHRDOES, C TESE

BOELEZRT, Lzh-oT,
N={1,2,3,..}

Thb,
zZ={0,1,-1,2,-2,...}



8 FH1E £E, 5% HA

THD. "
Q:{E\neZ,meN}

Thb, ZOBRBOTIETIE, MR | OH2ICEIPNTVEHDIEREMEEZRLTWS, Thb
b, L 323 DEEDRI NV, RELEMENDHD £, n ZBET, O mFARKTT
WO EIKTH B,

FTOENWERBETH S &5 wESEBREEG LV, ERETH S &> RELE2BRES Y
Wi, NZ,Q,R,ClEVTNEERESGTH L0, {1,2,3} HEREATH 5,

BH STl S OTOBiE S DRE (cardinality) & W\, #(S) 721 |S| TET,
% DARTIS| DIEFIBEHAINTVED, MNEEHSDLVDTI Tl #(S) 2.
#({1,2,3}) =3TH Y., #(N)=00 TH 5,

FE 111 EBEESGLZ VS TEWVWAWVWAREENRDH S, RDOTOMEEIX N OTOMEB LD
BHIZKEW, §i&EZ2ZEGIEE, RE2EEEE WS, ZIUIDWT XD IEMIZH D 72\t
ik, EYZREENE (1) 2 ) 2BBLTIELWL,

EESDIANENEEETOILTHEIEE, SETOWHEEELESV. SCTTHoDHT,

VDL AFEBRVWEGEEERL VY, ) TEY, T4abL

0= {}.
EE 1.1.2. LoRXOtD = 0FMRIE, [EL2HELIZLVERETS] OEKRTDH 5,

B£ES,TITHLZDOHBERD (intersection of S and T) % SNT :={z |z € S»Dz e T}
TEHEL, TOEHES (union of Sand T) 2 SUT :={z |z € S /2 e T} TEH
5,

1.1.2 E&

EFE 1.1.3. Z2O0HEESTIZHL, TOEBESxT %2, SOe T OILOMDOEBIRDOES

LHEET D, ThbbL,
SxT:={(s,t)|]s€ S, teT}.

ZDO EDOEEDEEE FRRIZ,
SXxTxU:={(s,t,u)lseS,teT,uclU}

CEHETD, SxSESPLEL, nEEHAE L TELE, nHOEESXxSx - x5 & S"
eEL, I T) odiz SOt E n fAER7ZEDODES] THE, 2H>F25L. St

{(s))s €S} LBRBDTHBN, S LA—HTZOMPEETH 5,
SORBEITBETEIRETHAID0?2ETn=0F25L, 0fHURZDEISEIT

S°={0} (1.1)

%% 1 T RAETH 5,
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1.1.3 EBi§

ZODEE S, TIZHUL, SHhS6 T ADEM (mapping) &1E, S DLW LT T D% 7
FOLDEDIED/HDI L THD, GO & EEH (function) L H WD, T FE
EoT, BBELIFUIE fTET, se SITHLT, fAEDETDIDI L% f(s) &R,
s D fIZ & B1& (image) &\ 5,

Bl 1.1.4. ERBETIELIXLIE
flx) =2 —22+1

CEVWTHER (=54) 28ET5, . INEFTR TEIhs 82~ MHido =
DLV, BT, BEROSBIZED XS 7% f(2) 1& MEROELED S FROELNDES]
ML T\, [E s 2b 55T, 22 -2+ 1 2B U OEITHMAI, Tha Eok
SIZEERLTWZDTH S,

KETIE, B Wwo726, TEOEEDLS EOEEANDERLEDN] 2iF-EDIHTH
MR TEBE SR,

FIEEGSHhOEET NDEB{RTHEIL2H5DLTDIT,
f:S-1T, Shr
mEeERY, ZORMPE, OO0 (KA, diagram £\5) TERLT

f+ S - T
s = f(s)

DEIERBRT S, S % f ODEHY (domain) H 5 WIFREE. T % f DB (codomain) &
HBVIIREEGLE D, ULoIERUDOKRA = 1k, hESLKESGEEIEETHLDIZXIL,
Lol 2EDERM -1t [ZOXE2IDOTIIET] WS 2R LTWS,

5 1.1.5. #l 13 OB ZE KRN TH 5 b,

fr R — R
x = x22—2rx+1

Lin%,
AR 1.1.6. A UAD, HEHD 5 EHEHANDEH

f: C — C
xr = 22-2zx+1

EEDEZDETE, Z0O fldk LD f LITWBES - MEGDVERLZRDZ LW RPoEDEERT
hbBEEZDB,
EFE 1.1.7. S,T2HEEELTE, SHOETAD_DDEMHL fgELWEIX, EEDse S

ZXUT f(s) & g(s) ELWZ L THB, DED, FARsz2EH-TH, FHEMEETHS
f(s) & g(s) WELWZIETHD, ZOLE, f=gLKT,
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e 2R, FBOENES S ={0,1,2}, T={0,1}%2FZ5, S»o T ~OHEH f(s) =
s2—2s+1,g(s)=]s—1 IFEFELWV, Thbb f=g, 5. ACATR»S5 R~DH
WrEdde, f£9Thb,

R 1.1.8. FOXSIT, fig: ST &d5, TOLE,

LENZS, [ZORED s € SIZDWT f(s) = g(s) BRIV ILD] ZL2BERTE2DTHS
B, ANZESTE f=gDIEE2IDEIIIEFELIELHD, HoblLw, £IT, f=gD
L& f(s)=g(s) eELZLEDH B,

BFFLEV (for all, for any D a D KXFDHNLEH) &AWL

fs)=g(s) & f=geVseS f(s)=g(s)
Thd, TIT. BREOHEL [2TDse ST, f(s) =g(s) BHY TD) LEb,
EE 1.1.9. 8 ShSEA T ~ADEELEOES %
Map(S,T) == {f | f: § =T}
ThobT, Map(S,T) % TS & b,

EF 1.1.10. (HKEH)
f:S—=T,g:T—=URB_DDEZRNBGEZONZLE, TOEFKEB gof: S — U %L
HDse Szl T
(g0 f)(s)=g(f(s))

LB EHRELUTERT D,

i 1.1.11. (BBOAKOMATHE)
FEORWMT, S5 h: U=V RIZESEEHELTEH, ZOLE,

ho(gof)=(hog)of (1.2)
WALS B (BB DA EIZEE Y 2 B associativity &\ 5, EEEAMEEE D),
FEBH. $RXRTD se SITXHLT
(ho(gof))(s)=((hog)of)(s)
EERFEVA, BLEE hg(f(s) T —HTHEDTER 5, O
B 1.1. (I2) O % 5kt &,

EH 1.1.12. (EEEH) S 2HEL5L T35, idg T, SHhS SADTELEZBRVESERT,
Imbb, idg: S — SIFR%E I TER,



1.1. #&H:5H 11
i 1.1.13. ([HEGEO JALEA)
D f:S =T, g:U = SITHLT
foids=f, idsog=y
PN T B,

(Z2WSEWHELES, EOa VY TRYISNZEADETNENPFEFIZKED LD &
ZERT5,)

EFE 1.1.14. [ ST Hg: T — SOHEH (inverse map, FHEEF D) THD LI,
gof=idg, fog=idp
MDD Z &,
ZDLE, SOTLOEE T DTOEIELL &5,
WK GRIE SO fTTIZE-T, IRIZgTSITEDLICIZED (Ihdigo f =idg
L), £72T Dii%E g TE-ST f TEDEILITREDS (ZHD fog=1idy LFME) W5 Z
ETHb,

BB 1.2. f:S—>T,9g:T—STH>T
go f=idg, fog#idr
X725 &5 & fEN,
T 1.1.15. [: S - T 254235, 2O E, fizks S O (image of f) &%, fI
EoTSHhokh2 TOROEKTHS, Zhk, f(S) THRT, Thbb,
f(8):=A{f(s) | s € S}.
Ihix. T OEHNELETHZ, Thbb, f(S)CT.

1.1.16. f: S — T »424 (surjection, epimorphism) TH 3 &k, f(S) =T BKLT
o BVWHZNE, TOYDE, FIZE->TSDIENALKTNWE I L,

ED. RO teTIZH L, D s SHeNTt=f(s) LWIRIINITEI LT, i
BATHTIE

Hn
EE
5

e)

VteT,3s € S,t= f(s).
FER 1.1.17. Eo@m#ERiE, EmRcERT
Vt e T[3s € S(t = f(s))]
EELIREDHOTHD, Zhi,
MEEDte T IZHU, [ OHFEDED D]

ZEEEKRLTWVWS,
BFETIE AUE®ROHEAZ

[3s € St = f(s))](Vt € T)

DESIZEHENDTEILEH D,



12 1w BE R EEA
B8 1.3. L., EFZz ANZEZ T
ds e SVt € T(t = f(s))]

3B, EOWIEKIZRED, (B S, THWEELETHRVWEZIZE, TH—THELATHS
ZY, SELITHEELELEDOEIZIZ. ¥H5REZTLED,)

E&E 1118 B f: S =T, g: T = SMW fog=idy i3 E, gld f DEWEHT
H % (right inverse map) &\ 5, f ik g DEHEMRTH S (left inverse map) &\ 5,

B 1.1.19. B4 f . S - TN THEIBETRRME, D 9g: T — SHFHELT
fog=idp B L TH5, THDLE, IRIPKIL,
[ 2%eH o f BB EEERD,
FEFADHTIZ, MHEEE —DOHET 5,

E&E 1.1.20. BB .S T 2FX 5, tcTIZxfL. S OWHES

I ={se S| f(s) =1t}
Z D fIZ X D4 (inverse image) &\ D, TAUE, [f TED L tIZ8D X574 S DiLD%k
Gl THhD, LLIZHRT 20, TTEHRSTES () THE I 2ERLTEL,
ZDERIZED., fORRFTHDIRETIEME. TRTDLe TITNU f7H(t) BETR]
ZLiTks,

FEH. (@ T o)
BENE  Zte TITH U, f7H) oIzt s 2B L. ThiE g(t) LEERT D,
ZHOULTE-7zg: T — SlE. LOMBEDERMY fog=idr ZH7=T, O

IR 1.4. +oME2RE, (b b 22 2EMECOO 1 2fi-TETES, )

EFE 1.1.21. f:S — T HHH) (injection, monomorphism) TH b & ik, [S DELRBZ7TLD f
CEBBIE. TOREBITTHE] T,
A TE R
Vs, € 8,5 £ 5 = [(5) £ ()
DI E, WEEH-T,
Vs,s' €S, f(s)=f(s') =s=¢
EE-THHEL,
R 1.1.22. SZHETRVESRLTL, BR[S9 - T PENTHLRETDFRMEE, H5
g:T = SHHEELTgof=idsg &RD I L, Thbb, RIKIL,

[ & f BEV GG ERD,
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FERH. f BB TH B VWD T8Ik, BTOt e TICHUTES f~1(t) OORA 0 £7/-1%
1 THBENIZETHD, £IT. TNEND LI LU, g(t) € S% (1) B L f1(1) 1A
HHEZFDILE L, (2) T TRFNET D2 RATEVLRS LD, ThiE g(t) LED S
(ZZT, S£DZEMH->TWB), ZHLTHONZZg: T — Sikgof=ids ZE7ZLT W3,
INTHEEITRI N, O

& 1.5. +otEz R,

B 1123, [:5 - T AT g Ll Tl g T g= o £%5, LEKo>Ty
% f DWHRE 7B,

FEEH. AWiER g T — S & fog=idp 275729, EWEH g 1Xg :T - Slkg of =idg
BT, g=g ZEAEIVH, ThIEREAHE ) 2AWT

g =g ocidr=go(fog)=(¢of)og=idsog=y
IZEOREINSB, O
% 1.1.24. f:S > THHEHREZFETE, TN Z—D2TH S,

FEH. g, T = SEZ " DODOHERET D, g I ZLHGHRTHY, ¢ ZEFGHRTHE0 5,
LOMBIZED g=¢ THO, FE—DLK5B, O

EE 1.1.25. [: S - T P ERERFOLEHSEMIE. 2RI OBERTHEI L TH S,

FERA. AEEVEIZGE O, T2 2 6455, +aMEiconWTid, mE @ » o f BAEHEE
BafOZ b, MELTIR2 76 fBESEEGEEZSE DI LR LNEDT, M 123
MOWBRERDODZ bbb, O

T 1.1.26. EHPOHEHTH S & 5 0EH %, 2BH (bijection) &\ 5, —XF—XT)& (one-
to-one correspondence ) £ £\ 5, FEOEHIIZI LD, IhiE TWEGKERO>Z L] &
[FET®H 5,

8 1.6. M 123 D, X EENLEHZEX X,
W 1.1.27. S, T % AREAL TS, [:5 = T HRI2EEHEPBNIE. #(9) = #(T).

fRE 1.1.28. -S> T 2EHLTHE, f:5 = f(S) FLHEHTHD, LoTHRIZT »E
RS DKL, #(S) = #(f(S)) < #(T). LizhioT

#(9) < #(T).
LU SIZ#(S) =#(T) 55IE, f:8 > T IXENHTH 2,

GERH. #(S) < #(T) $TEHS M, T WAREST #(S) = #(T) THEHERET S L.
H(F(S) =#(T) &V, f(S)CT L/ADLET f(S) =T, E->TaH %5, O

B 1.1.29. f:S T 22 d5&, g:T — SKRPEHVFMLET S, Lo TRIZ S A
EBRESDORIX, #(T) < #(S). BLILIZH#(S) = #(T) &5IX, f: 8 = T IZ&#ET
b5,
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FERH. MECTTAIC LD fog=idp 85 g: T — S HFFEL, METTZA XY g IZHE, S
NWHREAS D & SHEFOGMmE g INUTHMATS L #(T) < #(S). E5DHLT 5
LE, FAUMEILLD g BERFNTHLZ Db nd, fRgDOWHTHEZ LI fog=idr
ZEPS g ZERT XN, f BT EE OO TRES LIRS, O

RRE 1.7. f: ST 228U, g, : T —-U%_DDEMH/LT 5,
gof=gof=g=yg
Eart, (@ENIADSHETE S, right cancellable &\ 5,)
RISE 1.8. f:S T 2¥HE L, g, 1 R— S % D054 ET 5,
fog=fog =g=¢
., (BHHIAENSHETE S, left cancellable &\ 5,)
1.9 f:S—T,g:T U953, MFEIFHT L,
1. go f BRFRSIE g ix24
2. g, f BERFRSIE go flELH
3. go f HRHEZRSIE, L
4. g, f PEHR SIE go f WG
B2 1.10. S, T 2 BREG LT L &,
#(S x T) =#(S5) x #(T)
ZAEE &, ERARMEDOEMDL IR Y 50 ?
fIRE 1.11. S\ T 2 AMELG L T5 L &,
#(T%) = #(T)#
% Rl &

RIRE 1.12. (PX#) LoOMBEIZEWT, ST HWEEETHIGE2ERTLI LT, oY
LLOERTDHIENEYTHD Z L EES,

72 1.13. S 2 HRELGLTH L &,

5{1,2 ,,,,, n} _ Sn

ZAEAE L, (S"IEERLCI 2SR, “=" 20HDEB k-2 5% T, [ALHEDLARTZ
EMTED] LWVWHIBW =27 v 2AEKRLTWVWS, ) FI33 %23,

18 1.14. (Bernstein OEH (1, p.63], H L WHBIZALA Z25E D720H12)
[:S =T R2H2BHE, g: T — SEBEHFRHNE, S»S T AORHEHVEAET DI L
TR,
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1.1.4 BEREER

ST, U #8552 U,
f:SxT—U

2558 %FEZ B, s€ St e TIZHUT f(s,t) eU WMEEBDDIFTHSLMN, Fspelx—
DEE L T,
teTw f(so,t) €U

RBEGEEADL, INRT 5 U RBEHETHE, Thbb,
fso(t) := f(s0:1)

LB fo, & Map(T,U) DETH 5,
LW ZEIE 5o Sy 1
S — Map(T,U)

25 E58% 525,
Wi, g: S — Map(T,U) 255152 5, g(so) : T — U THY., g(so)(t) €U
THB, ZIT f(5,) = g(s)(t) LBIHE FRSx T > U %5 5&E 525,

EHE 1.1.30. EOMIGT.

Map(S x T,U) — Map(S, Map(T, U))
55 ERANESND,
fRE 1.15. LOEM %Y X,

1.2 HE

E& 1.2.1. S2EAL TS, S LOZEES (binary operation) & &,
SxS—S

BEGHDIETH D,

Bl 1.2.2. BRI f(r,y) =2+yERxR - RZR254%25250DT, ZHEHETH S,
ZOTIEFEE TR &N TwWb, DN, ZHEEEOHZ EIF5, o ZNICiE, TZIH
HBIZRZTES TREVWED] Oz B3,

1. BREN Eofl, ., &  EE T Tcwin], ZOHEIZWTIE, TorE
23 %2&1)

2. BEZ Lo, . M., FEIZIZEAC WY, BIZHEFALTWZAW,)
3. EHR EOML £ B (EREIIERTESRVILEHD, 1+ 0, (-1)" &E,)

4. (%) 1750/, 2. ¥
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EE 1.2.3.

1. £E SHHEE IZFHALTWS, ik, BROIBIZS2EL IV REREET N
FEL, TTRZHEBEE o Y (B LT) 526N TWT,

$1,80 €5 = 5108 €85

i3I, BIZIE, BEOEA2 T T2, TIIXEENERINTVWS, HA
BOEEE ST, 1-4=-3¢S7%DT IHRBIZEIZ (DWT) LTV
WwloEwnsd,

2. TN, TRESOHIEDESE S) DA LITIZHEE o WEBINTWVWEA, S &R
WBEZINZ W] 2% [SHEBEIZEHALTWARW] 2WS Z2hd 5,
PlzIE, EROREKREZE D, “HHEL LTHS 2EX 5, (1) Dl EiF, ¥
IEHEL TS, HRIZIFEES W, LA L, EOEBOESE R Dt a, b iz L
Tk, PEFXD I EERTHEDEY Th 5,

EE 1.24. ZHEAEZRTOIIZ, —DOfE (o ® x YY) 2EDHT. Z2DO1LDMIzZE
ZLHE
(a,b) > aob

DBHoLHLWD, RZIE a® P ¢ DL RFINE B D,

1.2.1 nIEEHE
KB SHEZSNLE, S EOBRIFESA (unary operation) & (X544
S—S8

DL Thd, Hle LT, SHEHDLE, 2 IZH LT —x 2X)6 I ¥ 25 4IFRIHBERE T
bHb,

—#iZ, SO nHDOERENPS S ADEH, 258" =5xSx---x85—= S DEOER
D% S EDnIREER (n-ary operation) &\,

ZDEFRIZHES &, S LD 0IEEE (nullary, zeroary operation) & i

f:8°={0}—5

DIEDEHDZ L THb, ZHik, f(() €S E2/DDZ LIRS, TRbE, SIZH
3 0HEEZ —DPRDBZLIE, SO —DRDBZIELTHD, nHERN, [SOL%
nflE S5-oT, ZRUIGLT S D% LMERD B HiE] THEZ 6, 0EHEAIX (SO
2—D2bHb 50T S DI LERDZHiE] Lab, iz TS0z 1RO S Hikl &
%5,
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1.2.2 &VW—DEHE

n HEEOMHAZ B T E 5L WHED 2 XIZH 5,
MmO E#HEE H>TWws AR Buntiz S5, K 24 (§e3) &35 (kK LW 5%
ERIOMWAIRT K BEHOES, FLRBERBOEE, EbohloTuTnn),

EE 1.2.5. (KK Lo (M%) fBEMV i3, MEe LT

VA (BHEELIEND) EE TV,

VB (&I 5)V, Lo —IHEEA

VC (AAT7—f5EEND) K DL A & Vo DIL v IZHUTEES Aov € Vp

THho>T, SOORHAEZTHDE VS, (AHIXZ Z TIXEM. HIlZ XK 0] 2 4 =21,
EEUAETHEREBEIATEAONS,)

DB, Vo LELARELIAZTFHRELTV EL, §58, AWT—ELREN D HEFEIL,
KxV >V

DIEDEMHRTH V., @EDEKRTO IHHE TIER W,
—fRiz, T,S 2L Lz &,
TxS—S

DIEDEGRE T DS ADEAEND (ZENEV), ZOHFEZOPAX. AA7—fFEK O
VAADIERTH 5,
fiizd, WAWARRA TOEEND B,

Bl 1.2.6. A7 PVERR® ONBIx,x" - x - X' 1,
R" xR" = R
BRABWDEHRTHY, 5FETORFAIZA> TV,
Bl 1.2.7. S,T,U 25%&6& 95, GHOEGHKIZ
Map(T,U) x Map(S,T) — Map(S,U), (g,f)—gof
BEEREGZ D, Inb, HRELEFIZWE Z AN, 5 E TORMHAIZA>TWAR,

—BIEWEHEEZT DL,
S1xSyx---xS, =T

DRDEHEETHAEL Vo THRWV, A, AHTIEYMH §CZ0 OFRIKTO n HEFE D A%
o>,

RIRE 1.16. X X REBEOH 2217 &,
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1.3 RMERER & RER

COETIHAMARER S, INFKRT, 1/2 = 2/4 = 500/1000 72 & &b o7z, L L,
HOHZOTEZITHAD L, 12/4=500/1000 £IFESI WS Zen?REZH»S LTRAKES
U RW0h ERDPBE 5, HlziE, KA TETE2/4ZE W] AT TV % 4%
gLT2yn<Nn7z] 550 ULWA, 11000 %53 LT 500 Y niz] SEETH D, EB/N
FRTIE TRACERWGRI W, &, [ZEFRLT) HATWEEEEZ 5,

IR R B &5 THRMERIR) & THRERE] IC&-oT THUEES ] LW HBERA X DB
BIZEHRTE 5,

1.3.1 —IEE%

EF 1.3.1. X 285295, X EOZIAREMFR (binary relation)R &1, z1,22 € X IZH LT
$1R$2
WHALT B ED (HTHEH, WTHoh) PROLSNTVEH D,

Bl 1.3.2. EHERICIIKRNEFRE KENDER > BEEINT VDS, 21 > 2 THEDKEW
" ELONIIELENSTH D,

RM®™ X FOTIEBRTH S & &,
R :={(z1,22) € X x X | 1 Rx2}

B X x X DFNELEWEES, Zhid, ERBRRIZHE X DLORTE2LETED-L
DTHD, HiZ, X x X DHNEER ZEDD &,

1‘1R332 = (561,1‘2) cER

ko, X EOTIHEBEBREEES, oT. X EOTIEBEFGE, X x X O¥DEES LI,
AEMNZFE USSR TH 5,

X 1.3.3. [REMICACHES] CIFESVWIOIEKRTH LD, EDTHL, . KEIX, &
DRMEFET

HEEFHIHIROES A L. BOBFHRNROES B Oz, THRZ, #EFATHZ
NE—FIZEVWO E5%, fiER, BV, SWBADLS5%, BAZ0ETD] —X—XIinhi T
19 5,

FOBITEZIX. X 2HEAL L E

A=X LOTHBERDOES, B=XxX OWMrEEOES

THhH, ABER—R THS,

[E4R7% ] (natural, canonical) & WO HPIEKRE L TIE-E D LRV, B S5, B
MZREZDTERV, AHDOE Y ZKFEL 2 DRDFEZEE S, il T S BITilFn
TS VWiREE S,
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ED &Sz, ZODHEA A BOMIZERZR —X—EM1H—DFHET 5L E,

A=B
EENTLESIZEEZ W, FIZMECRB O &S RIGETH 5,

M. BEBEIZIFEFE UL BRVOTEILZIES BEV, 22T,

can

A =B

Ly, (BREMICAE, canonically isomorphic &\5, TFHE] &\ 5 SEIERED
RSN, ATITY —mOHFETHY, TITEIS-&WMUTIELY, )

1.3.2 &£&509% & FEERK

BHEX &2, HOVIRDSBRVWETRWRIESIZANET LI 2F R 5, FIZIENIE 4

BOEEGLHHOEGIZHE TN, ZORMNE.
N = Bfo%s [ FHo%s

ThobT, [[IFU LUEERDOELBSTHSEA, [ TORANZESITIBE LS VRN &
L EHET LT T. (EE5D) B (direct sum), 5 W IZ2BEH, FEZXH (disjoint union)
55, WTFOEHR3A THIPT 5,

ol LT, NIk, 3 TE-7ZROB0THE2HDDEE Cy, 1 THHRELEDDES O, 2
THHHLDDEE C IZnHIE NS, ZOREIX

N= [ ¢

i=0,1,2
TRIND,
Rz EENDZdHD 55, Cx. HNETHELT
Cr:={z€C||z| =7}

EBEFE, Cp (rlF 0 <r OHIFHDFELZ RHH<) FCONEZEE5Z5, ZOWRNIZ

c= J] o

reR,r>0
TRIND,

EE 1.3.4. X, 285275, X DI THERATFITONWMAIERKC; (i) ik, %
P TITRU C 783 X ODEDELEHEDSNZEDERT, X OHPESHEC; ic ) B X
DWETH 5 LI,

x=Jc

el

BEONDOZ Y, C (i€ ) MEMTHZ L, DI, je i) 8L TCNC =07
MOVDZ e, BRTHSL X2k, ThEWRT LD, C %

e

icl
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LHELZED DB, C; (i € 1) D X ODHE (partition) TH S L%, X O#HE THDEF, H»
DETDiec[IZP2WTC; 40 THBHI L,
C; D—2—2% ZDHHEDF (class) &\ 5,

FE 1.3.5. I BMAROPENTHESEZ 2NV, B, EHT S X OBREE-HIC
L&D B7ODH/FOELSZ LR >TV, EORITE 2, 3 TEH - 7ZR D DEHEITIE
I={0,1,2) TH5L. EEBEHSEOREZ I THELHECIZI={reR0<r} TH
%, 4B, I index(AHL) DIHXFTH D, C; D C & class D C,

ST, AHIOEHMIX ToEl) & TFRERER] OMOBERZ X —xibzenRdI e TH5,

EE 1.3.6. (E|H S FAMERIRZ KT 5)
X OREC; (i€ ) REASNEET S,

T~ To S x & o WEUHEIZET (1.3)

WX THBR ~ 2R T S &, FHEBEGRORE (Fo [E1][E2][E3]) 2T, Ihzs
BNCATBE L 7= EMERR & W S,

£ 1.3.7. X Lo IR R FEMERR (equivalence relation ) TH 5 &k, IRD=D% A
=3l L,

E1 #8H aRb 7D bRc 72 51X aRc

E2 KHHE aRa

E3 X aRb 72 51X bRa

(728, RZFMMEEBRELZEE, aRbDZ L% a & bIFRIZEHUTHETH S WS, )

FERH. (EBE 3B D.) El. aRb D bRc £ 9%, aRb K0V H 5 i€ I PFELT a,be Cio
bRC £V %2 j € I MFIELTbceCj. be C;NC; L7255, REOENMELD i = j,
UL7zhoTa,c€Cio £oTaRe, E2. REIOHWENL VDB icIDPFHELTacCp, £o
Ta,a€Cip £oTan~a, E3. aRb 725X ic I BFELTa,be Cio £oTh,a € Cy
& > T bRa. O

ZD&SIz, aEr»SFEMEBEIERE NG, Bz, FEREG R PG SN E Hn
ZRMERRIZH 2 L 570 X DAL 2 KO THE DS L, X DAEINERZoND,

£ 1.3.8. (k)
(X,~) 28G5 20 LORERER L T2, (X, ~) 1281 B EMERE (equivalence class) C &
. X DEAEACCX TH-oT

Cl1l C ¥z Tizwn
C2 ZT1,T2 6073:‘:)‘31131 ~ T9o
C3 ECﬁ‘OxlNl‘g,tﬁ‘aci‘l‘gEC

ZiizdHDDI &,



1.3. [FAfEBEfR & [FfEXE 21
8 1.3.9. (X,~) 284 2O LORAERFRE TS, rc X ITHLT
Cx:{y€X|xNy}

CEFETDHE, O iz 2EOE—D20REETH B, /2. C Z2—D2DE{EEEL T 5, H
EEOEZHRLD, ClEETHEV, LENR-STzeCkhk—D BRI NTEL, DL X,

C=0C,
Thd,

FEEH. C, BAMEETH B Z L : Cl. LD 2 € C,. Lo TETIERV, C2. 21,20 € C,
HOEEHELD 2 ~ 2, 2 ~ 2o LD 21 ~ 2o ZTNIZHRBEZHVWT 21 ~ 29, C3.
21 EC, D~y Ol s~ CHBEEZHVWCs~23. o Taz3eCpe ZTNTH
EEEE A7

reCHRLIXC=0,ThHdIL :ycCBRoIEC2ED 2~y £oTyel,. THbH
CCCu F72. yeCobiz~yTCIEDyeC, THOLLC,CCy £oTC=0C,
EE AT, O
E# 1.3.10. LOMED C, % [z] £7213 2 TRLU., 2 BET 2FEMEFE. 721k 2 OFMEREE
W,

EIHE 1.3.11. (FEEBEFE» S DEIZHEKT D)
(X,~) 28G5 20 LOFRERKRE L, C; (iel) 22NV A 5FAEHOESLT L,
N X 0ndElels s,

FEMH. ETH DI MERD v e X DAMEH 2] ITEENDLDT, AEHEHOESIIWETDH
5, EFMITHBIL :C; & C; IZHBDIL ¢ WIFAET B LT 5 LAET 5, @METL3II LD
Ci=[z]=C; B, ZTHRVIE : AEEOERD SE TR, O

EIE 1.3.12. CHIZBIZLD, X DRE»S X FoREEGIFERTE 5, ¥z, FEE
B EOTHIZE D X ODENHPRERTE S, ZORSITED,

X LoOREEFROES - X ONEIOES
5%, BRE—N—EPFoNns,

FERH. REPE CE3m, ER 3T OFEHEZES & WM TH D Z L 2llENDB I ENTE D,
FRRFEFHCEPED, AL DB RELLE LNAVERL LT, (22008 Ci(iel) &
Ci(j e NBALTHD] LS ZLEMMALL TEL, AL LT{C;|iel}={C}|je J}
MRS HEE, ZhoondElz TR £Ww), O

ZOEWET., X FIcAEEfRE 252528, X ONEE D52 A2 LIFAL D
L Thd, (TRALZL] 2IFESIVDIIENIZIOVTIE, EILIIE2BBOIL,)

EF 1.3.13. LoTH TN Iz W T, FEEEOES %

X/ ~
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op

G, WA
LHRLU, X O~ IZ&5BEA (quotient set) &\ 5, Tk, X OFEEFHD D —D% 51
DXL TRONIELTH S,
i)
qg: X —>X/~, z—|[z]
% EER (quotient map) &\ 5,

FEBIFRDEFH & FEEDEHR D S|
r~y Sy E (1]
B&U
o~y o] =yl
ML T B,
Bl 1.3.14. X %2, HEFROEFDELSGL U, 21 ~a0 % 2 & 20 FKETHD] 20D
BfRZE 35, 22T TAEALEKETHD] 0D ZIZLT, 61 TKEDKE
BEETHD] la L bDBEERS, b aZKETHD] LIRET DL, ~ (TFAMEREKRE &
5, v DRKEDEGD, FEH 2] L7425,
X iF, A= TKEIN—T ] ZREEINE, X/ ~1d KEINV-TOHEELLS, H
DU DEEPRNZ VN x DEEI N — T [2] = {2} £7%5 5,
Bl 1.3.15. (BD5 2 2RBEMBK - EE)

B§nH s L. ZOWESITIRD & 5 2REBFEVRSZ 605, XY 2HEAEE L. [ X oY
2EHETDH, Z0LE X LOTHBEKR~, %

ry ~p g & f(or) = f2)

THEAD &, THFEMERRIZZR S, ZORMERIZE S X OaEliE,
x=11 r'w
yef(y)
LiRs,
PIRE 1.17. BIC3I8 O ~p DEMEBRICRZ 28, BLXOMIRT20EP EO L5125 2
& A &,

Wz, X RICEERBIR ~ 526N E EDXIRY, f: X =Y ZHEL T ~=~y
ETBHIENHETHD, Vi=X/~, f=qgT IV, (BROEHIZTIAD (1), )

1.3.3 REBRREEHROOAVAAFEY T4

Z0, B LEMEEBRED IV ARFEY T 1] E\WS DX, IR HARFERD R WEER T,
LMD IZ VWE L EDLNDS, B, LEDDLPDIZK WETTERIZY VY IV TH S,

T 1.3.16. (BHEAMERREDIVRFLEY T 1)
[ XY &EFGHEL, (X, ~) 2FAHEAKRETZ, TOLE fLAPTVRFTLTH
22F, z~y= f(z)=fly) PRITHIELTH S,
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ZDLE, X OFMEE C Izt L, 2 € C DETFHIZE ST f(o) 1X (C DAIEFLZ) —
EDEIZRD, EoT, HECITHULT fOMHEIFZEIZEEXDENE, X/ ~ 25 Y ~NOEHN
EED, TOGHE f: X/ ~—Y LEE fFPOFEINDIEH LD, HBOEH 320
TEYVFFLLRRS,

BIEHDH

AU BARE 73451
f:ZxN—=Q, (n,m)H%

BEZTHD, PIEZIDIZE D, ~p BHRMEREBRDP Z x NIZAS, Tk, BERIZIE

n/

(n,m) ~5 (n',m') & % =

THAL6N 5,

ST, FHBEBZEZHBMTHo72h, NFRDIBE 72D, (ADEIFA > TV
Moleh) LR bDDRETHY, 72K LERUTHUIZZRSSDIRFECHLES ] &
SHDTHo7z, TD TRALBDE/RD | LWSHED, fEGE L DLW BIEICMZ S
2\,

Bl 1.3.17. BABN PEMZ ZEHOLDL LT, ZIHh5HFHEEFELBIEIEES
(ZxN)/ ~,
LB THD, I ITFHMERBIR ~ X
(n,m) ~ (n',m') & nm’ =n'm
TEHT 5,
T 1.3.18. FHHOESGL X, LoFlizH s
(Z x N)/ ~,
DZETHB, (n,m) DETZH[(n,m) DT L% 2 LEKHT 2,

EDEHRPSBRIC 3 =225, BERSIX ZOERIF[(1,2)] = [(2,4)] i2fli7z 580w
M, 1-4=2-2, T7b5 (1,2) ~ (2,4) 2SEBIZRKD,

1.3.4 Well-definedness
EOESIZUTEREIN-BEBOES
Q:=ZxN/~

ICXN U, HREPEREZERLZWET S, NARTIE, BIZ IR PEN S ZIHER Z

n n  am +n'm
m T T (14)
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LEHETD, LS, UL, ERIND THPALERITE> TS| (=well-defined) Z
LERTBENRD D,
BlZIE5. Q Lo “IHEA « %

nL
m m  m4+m
TEZBLIZELED, T8,
1 1 2
Ty =2
2 3 5
725,
2 1 3
— % — = —
4 3 7

THO. L =2 FET B,
£ o LRI % B,

Bl 1.3.19. 5%
Q—)Z,%Hn’im'@%’ﬂohf’éﬁ

EEZXBD, TNEBRALERIZZSTHS (Y10 LTINS, 2 PLEOR/NDEHETH
%) DI,
Q%Z,%Hn%m“@%’ﬂok%@

EWSDIREREERLR, $=2THEN, ;> 18DIT, 2 2E»P5THS,
EIHE 1.3.20. (well-definedness) (X,~) 2HE£A6 & 2D LOFRMERAKEL, ¢: X - X/~ %
BEGE T2, f: X =Y ZIEOEHLT S,
BB h: X/ ~—Y THoT,
f=hogq

BHMEZH DL DOWMFET 2 BETDERMAF, EED 2,2’ € X ITHU

z~a' = f(z) = f(a)

ERBIETHD, TDOLE, hiFE—2itikxsd (LIZLIE f TRENDB,)
ZORME, B fIZRERR ~ EAVARAFTIL THHE W (JE: TTICEXRTIIE T
ZOMGEREALTWS), 72 f »¥ well-defined THZ L\,

COEHOEIREHIZ, MOEBEOVTHE, X TR OR->TVWEEALT S, 5. i
EBEX/ ~POY NDEHRAEEHELZV, X DR oTWEDT, f: X =Y 2556%
EETHILT, [ X/ ~=Y ZEBELRZWL, fL fLoBRI,

fla]) = f(=) (1.5)
B EDITUEW, q(z) = [z] THoTeh b,
foq=1f (1.6)

LESTHRIUTH D, ZOLIM fFOBFET L LRET B L. [2] = [2] 2 51F f([2]) = f([z'])
THHHPS (EF) & f(z) = f(2) THEIIEDVBETHE, SWHZADL LAV RFLEY T 1
MEED z,2/ € X 1T LT

r~a' = f(r)=f(2')
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MIXSIT B L) BRETH D, Wiz, AVAFEY T 1 2KET 5, C 2 EEOREEE
3, 2€CBoIXC=2]THO., f(z]) = f(z) £2B72D1TIF F(C) = f(x) TH Y, F(C)
BEFETERS flo) LIRODB LRV, ZRNT—BENER S, 561 flo) ke e C DE
VHIZESBWZERRDESIZLTHOh 5, Choflliz 2’ € C ZEALZLE, o ~a 2D
TaAVAFEIFTAIZED f(z) = f(z')e ULEDHT, fIZC ET—EDHEEL D, ZODfH
% f(O) bkd B, ERIZye X LB, f(y)=f(y]) = foaly) L7%>72DT, foq=f
Lipotz, (GERDD,)
Eoy)y EIFofl 39 T,
X =7ZxN

THY,

f(n,m) =n % m TE&|l> 7275

Thd, ZOf% qg= f(n,m) L&D, Thbb,
n=mq+r, 0<r<m.
ERCRN
(n,m) ~ (n',m’)
ANCYES
n' = (nm')/m = (mgm’ +rm’)/m = m'q+rm'/m
THD, n',m'q FEBEEZDS rm/ /m BEHT, 0<rm//m<m Zro. 0’ Zm/ TElo7
G f(n',m') X qg= f(n,m) T, ®ROIErm//m TH 3,
&2 T,
(n,m) ~ (n',m') = f(n,m) = f(n',m’)
TRbbER DEMKT f 1% well-defined TH D,
f:ZxN/~—1Z
TH>T f([n,m]) = f(n,m) 7225 HDVBIFHET 5,
%8 1.18. LT, In% m THI-72p] % InZ m TH-7RD ) [TV EZ B &, well-defined
AN AN 7 8
FOEMIBZOT, YV A2Y/~y KO ERD L, ROEHREGS,
EH 1.3.21. (well-definedness) (X, ~x), (YV,~y) &G L 2D LORMERGRE T2, gx :
X *)X/ ~x,qy : Y *)Y/ ~y %ﬁjg{%&j—éo
[ XY 2EEOEHETD, G h: X/ ~x—Y/~y TH>T,
gy of =hogx
AT C Y R SRR SI ORI € ¢ S AW A E S U H =
x~x o' = f(x) ~y f(2)

LIRBZETHD, TDEE, hIFEE—DIZRES (LIXLIEfTERINS,)
ZORME, BAR fIZFEMERR ~x, ~y 12TV RFTILTH S 20\, f Y well-defined T
R R AR N
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FFHIREE IO RS, IROMBEDHHE FHEIZE1E 5,

R 1.3.22. (X,~x), (Y,~y), (Z,~z) =208 2D LOFRMEREKE T2, ¢gx: X —
X/ ~x,qyv Y =Y/ ~y,qr 0 Z = Z) ~g, BEGHBRET D,
[:XXY 5 Zz25H8eT5LE

fT: X/ ~x XY/ ~Ny — Z/ ~g

Th-o>T. Dz e X,yeY ITHL

flax(®),av () = qz o f(z,y)
BT OPGFHETIBETDEME. FED 2,2 € X, y,y €Y IZHULT
rxa, y~yy = flay) ~z f2y)

WAL T B, ZDIL% fld~x,~vy,~g EAVNRFTINTHE L0V, 72 f D3 well-
defined THB L \VH, DL E fId/-Z—DIlEZ 5,

ZOMBEIZPVWT X =Y=2=5,9d&, fIROZHEHBERELRD, ROZIPFONE, T
DRI THEAE S FORMERGE ZIHEEN IV AF TR 51E, X OpESIZHRIC IHH
BAEFET L] Zrx2TiRT 5,

% 1.3.23. (ZIHEELREREFROIV/AAFEY T 1)
(S,0) #EA L AL T 5, ~% S LORHEEKRETE, 20L&, S/~ LD IHH
BoTHoT (BTDsy,s0€SITHLT)

[s1]0[s2] = [s1 0 s2]
5 DWFAT BT+ 5M13,
81 ~ 81,82 ~ sh => 5108y ~ 8] 05

LIRBIETHD, (ZZIT[s]ldse SDIET S S/ ~ Dt (FfEME) 2 5T, FFMLCIT3
Z,) 0GR TEE, ok ~IFAVARFTILTH S E W, 6 1T well-defined TH
5L\, il —DitikE B,

RIRE 1.19. HII3TaI2HWT X :=Z x N Lo IEHi#HA + %
(n,m)+(n',m’) := (nm/ + n'm, mm’)
TEHTDHE, TNRAMZTWOERT ~ 2 IVRFTILTHY, [oT
Q=(ZxN)/~

FOZHERZERT H I L2t (IWH, DPHORLADELRETH D, )
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1.3.5 &[R4

AEHE DMz, BEAIZHE NS K2 FEH 2 U T m 27k (modulo) &9 2 &FE, Hl4
RREDRDHToN5,

E&E 1.3.24. m 2B LT, 2,y c ZIZH L, 2 L yBmEELEUTCERATHL LIE 2~y
NmTHOIYNEZE2WVWS, ZDLE

xr =y mod m

E
T=m Yy (1.7)

LHobd, TR Z FORERBGRE %5, ZOREERICEZREEEZ. m 2K T58
[E47 (congruence class) 7z IZRIRE (residue class) &\,

RBDEOIZ, [EOYIND ] ZEDEREZHEMRT D, nom 2HEE L E Tnhm T
Hognsd| id, (HE2BEaPFHELTCn=am &3] 2235, Indm OFEHT
HB] LE-oTHAMETH D, FiiZa=0225Z212&0, 0l m DEHD—DTH B,
m,2m,3m, ... [Afk. —m,—2m,=3m,... XN m DERTH 5,

fIRE 1.20. EOAFE/RAIL. FEBEGRTH 5 Z & 25RH,

EH 1.3.25. 1€ Z L me NIZHL,
rz=mqg+r, 0<r<m

DI q & r BUME—DFIET D, ¢ %2 v % m THI o727 (quotient), r ZRD
(residue) &\ 5, BIZXF ¢, RO IIXFr ZRBMSDIFI 5 LEHHFIZLS,

B 1.21. ZOEIBER gL r PWEHETDHI L, BLUM—DTH S I & z2RY,
Bl 1.3.26. —1% 7 CH-7ZRDIX6TH S,
—1=7x(-1)+6
Ehb,
EE 1.3.27. mEZHARBE TS, 0 € ZITHU, 22 m TESZRY % rp(z) LELT. 1y 1
T2 —{0,1,2,...,m—1}
REEHFTH S,

PR 1.3.28. EDIRH T,
r=ymodm& x~y Y
(~p ld B8 f D52 2 AMERIRTH 5, #1313 &2 2K,

I o —y B m THEOYN LD BREFDEMED, 22 m TEHoRD L y % m TEH- 7
ROEDP—HMTEILTHD, LV ZEEHRTHNWZITBE R,
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fERE 1.22. Loa@EzitHE &,
R 1.3.29. m 2 AR L. =, Z2m 2k $H5HEMKE TS, DL &,

Z) =m— {0,1,2,...,m —1}

REEHRBEHRD DD, ZNIZED, Z) =, £ {0,1,2,...,m—1} ZFH—H (33 2MH)
ER-R

EF 1.3.30. Z/ =,  Z/m 72X Z/mZ THH5HT,
FEH. (Z,=m) & T Z— {0,1,2,...,m — 1} 1$EH 320 O 544 % i 723 D T,
Tm 2/ =m—{0,1,2,...,m—1}

RBEEEFET S, Zhid, o OBT AR 2] IS L. r(z) 2SS EBE4TH 5,
P BEIHTRDT, 7y bRHTH B, BHMEERT, Fnl(z]) = Fm(ly]) HELT, [2] = [y]
RMIFIE R, A ST &0

RDT

YoCTanm,, yo MECERED 2=,y &5 [2] =[y. H

EFE 1.3.31. (KKR) (X,~) 2RALAMMARE TS, X/~ D& (§RbLEEE) (2
WU, ZNIET 500 e X 2 —MIERIGESR, INSE TN L2EDTHONDIEAR
% (X, ~) D—DDFKR (representative system) &5,

D&, BHr—[ri2&0. R— X/ ~R52HNPFEOND,

Bl 1.3.32. @ 329 THFbN Tz (Z,=,,) L, {0,1,...,m—1} IZ—D2DRKZRTH 5,
£z, {-m,-m+1,...,-1} $—DODREKRTH 5,

MR 1.23. ZIZBF2 “HEAETH M. B, Zlxehthm 2k T58RBFKE N
FINTHD, UEPoTRILIWOERT Z/m B2 “HEE2TED S Z L 2R,

ZHIZED, Z/m i TE) LN REMEENAS (if, &% o),

FIRE 1.24. Z B B HIHEE v — |2| 1X Z/m (28 1) % BIEHE % @ 0320 OEIKTE
HBEM?

1.3.6 EEOERZER
i 329 1E, — D REBIRICN LIROEIDOE LD L S i —ffbah s,
EIE 1.3.33. (A DYERREH)
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1 (X,~) 2#£E62 20 LOFRERRE T 5, EEG&
qg: X = X/~
TR, BICZIE D& S~y BEET DL, ~v=~y TH 5,
2. [ X oY RBEHVPEZONLTE, (X)CY T fIZED X DBELRT, 20
rE. A
X4 x/~phy
BREEH LB LD f, ThbE
f="Foq
BB f RO ET S, TUT, fOKRES%E f(X) ICHIRLTHEONS
[ X/~ f(X)
T RS LR D,
AL, B0 FABRKDPTLETHRITEATAD I L,

I8 1.25. EH 333 2 HW e 329 2t &
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B2E YUV, ¥E E/AN, OB

CTHBEEMEEINZEAEE, v EWD, TOHBEN REAEE 22T ST
EWVWS, XI5z, THATT] PEETDIEEIT, E/A4FEWVI, 512, EEOTIZH LT
WIDGFHET S L&, HE i, Zhold, iy >y v IEdEE oflchsd, Z
DETIX, INSOEEVE D0 DEBIIZID,

TR, BOMROFEZEDERIZ, MDD LTINS DAT Y FITh-oTW5b, ARBOES
FIEIZOWTx < Th b, KAEENZHZTOTEHTH L, ZOEEIC iriuﬁjﬁ
WD, T0)] ZMFMAT (0DFER) T0 U EDOBBOESL] 952, 0BT ERD,
E/ARERD, ZOHEHIZ, FxrMriNzse TAOE) »EEh (AORDOFER), ¥
BOELGE WD T »EEND,

RS REROBRIEDL X, v 7~ HEL %/4P%&bmwob#b\ﬁﬁ®ﬁ
FooEHAIAITIE, VIRUIRERERE /1 R385 T 5, Bl X, BHREEOEBETH S 4 —
b~ b VHEERD [FE] ORI THHE/ AR &— ﬂTéoit\ﬁiugwéfﬁ%ﬁ
U—J@WAi%/4P®#WkT%éOﬁ@%gﬁdﬂﬂmﬁfwétbf%‘ﬁﬁﬁ?%

FXRETEE/ A RBEELEZ S,

Flo. BEAGVHEZMR LU &, [REHEZOLDICERT 200 (7R % Z
DESITEZFETEZDON] EVWIREIZDE DWW, AETIE. HOMSIZT50z. BLo D
*##%wvav MRE, B A REMBITAZL T, INHDEHDHRI ZMBETES &

CEE L7z, B, TUNAF (77 VA0 FHERN) ORBOBRE @ ., v~ - %
ﬁ-%/4h%mofm

2.1 YU~
2.1.1 XU ETTTHERR
BHELZHEREOMEZ, v vewnd,
EE 2.1.1. Y7 (magma) &Ik, £E S &, S Lo IHEE
0:Sx 8= S

DAl (S,0) DT &, “HHEHF o 2 SIIVIYDBEESAZEREL VWD, HIZ, o W~
(S,0) D] W52 ,EHB, SEYIT T (S,0) DEESE (underlying set) £\,

B ZIE (Z, %), (Z,-), (N,+), (N, "%¥) Lk, v I <OHTH 5,

B 2.1. (N,-), (Z,XF) E~¥ I~ TRV I & &2RYE,
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ERE 2.1.2. YU/YOEER, EAHL IHEEOM (S,0) THB, H, [ IHEBEORE X
NEEEETITEVS | VWS ERE LIELIET 3, BEOTREL, NIV IEATH
5] iz, THEEE] LW SEOERPIARHBRIZZR S, AFETIE, REXRLFHD
Lizkd,

ER 2.1.3. ¥ 7E, HIEHRE (groupoid) & HIFENT Wz, 2, Sll@EEHAEL 5572
SHDED (R TORNAHTHE LS AT T —) 2T LBE 0,
EE 2.1.4. (XTI IXOHEFIR) (S, 0g), (T,or) Z_DDX I35, (S,05) 15 (T,or) ™~
DX U HERE (magma homomorphism)f &%, B f: S T TH-T

Vs,s' €8, f(soss’)=f(s)or f(s) (21)
DO D2EDODZ L, XRPSHHS DR E &k, Bz TR L\,
FR 2.1.5. LOZRME, TfIFHEE o 27T 5] [f XA o ZI-D] (f preserves o) & &5
Y, 0 FHWNWT, og L op DDEFKHIERLTED, HIOTHZ LIEILT 5,
5l 2.1.6. a € NITH L,

L,:N—=N, 2z ax

YEET B, Lo B (N, 4) 25 (N, +) AD T URB A S 7,
Lo(z+2') = Ly(z) + Lo(2)
B (RTD 2,2 eNIZDWVWT) KO VLDONE SN EFAMETH ZH, 2 id o EliEAl
a(z + ') = ax + aa’

VIRETH D, T Lo 1 (N, 1) 25 (N, +) AD T ZTHERBTH B,
—74i. FU Ly 28 (N, %) 225 (N, x) ~NOEFBTH 2P0 EI D EFEZTHD, BFAITH
S5MeEHETI L,
Lo(z x 2') = Ly(z) X Lo(2)

LB, D, X axy’. AT avar’ THD, ZUIMERDOEHREK 2, 2" 12 U THILT 5
RBEFDEMIE, a=a?> THS, HRBOHH TIXa=1DAPEYL, a=1ThHNL L,
R~ SRR, XHRTNIET ST EFETITIZR W,

% 2.2. a N 2T 5, Blfz o a® ik, (N,+) 25 (N, x) DY/ VMAMEEZ B L %
T,

EF 2.1.7. RN, FX D) 2. KO LS BN (AT#KA, commutative diagram)
TXY,
Sx§ I rxr
los O lor
s 57
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INTIHERIIR > TWRWDT, HIZHAT S, £9.
fxf:8SxS—=TxT

iF. (s,8) = (f(s), f(s)) TEBINZEHETH S, EDS FARDLD ZODERKIF, ¥~
DA TH D, MADEATO O X, ZOMKXMPAMTHE L, ThbbELDEE
D%k, A ERETHTICE>TE, ATRHTHRICR->TH, AUHDITARD Z L E2EE
LTWw3,

KELEDIEE (s,8) L Le &, A EIZ%BE (f(s),f(s) THO, TIhShFIZ%ED L
f(s)or f(s') &72%, —F., RULILELETFIZED L sogs’s. TIMHHIZEDE f(sogs') &
2%, ZOMAPTHTHD LIE, ZOMEN -T2 L, $74ab5 (20) IR 57300,

i 2.1.8. (S,05). (T,or). (Uoy) 2373, U., f:S—T,g:T—U %~ ¥R
LgBHE, G
gof:8—>U
EXIYEERBITHL, TNk, EFRBIOE (composition of homomorphisms) &5,
FEF. BOREZ LiE
(9o f(wosa’)=(go f)(x)ou (gof)(z)
VAR
gof(zosa’)=g(f(zosa)) =g(f(z)or f(z') = g(f(x)) ov g(f(a"))
EWEARD, —DHOESIHBOEHOER. —2HIFZ fPERETHE I L, =DHIF
g WHEERIBITH B Z L Kb, O
FR 2.1.9. ZOXSRFEEDHEHIFZ, RIRAZ2HNTHERAEILHTE S,
sxs TN X uxu
los O lor O lou
s L T 4% U

kR, KELEDOTE FTAE (os, fg DIEIZTTE) L ELELDE, 4 FA (fx fop,g DIE
D) CELZBORACEOTHS (LMo ERKOAHN), iz, ZOHTFHEEL
72D, AET (fx f,gxg,op EEL) ERBLULAZBDIIALEDTHS (GRIDIEAE
OFEM), XoT, EROEHREITHTH S, DT -D>DEHKIF

(gxg)o(fxf)=(gof)x(gof)
THDEINS., EEROEFFO R Huk

Sxg WHXEH g
los O Loy
S 9°f U
O EERT 5, ZOXKNOAHMEILX, go f O~ 7 < HERBIMEIZMA 5400, EEEID

s
28,
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EF 2.1.10. (S,05) ¥ ~v LT 5, [HEGH
idg: S5 — S

B IR TH D, O HERME S EOEFS (identity morphism) & .8,
(T,or) b ~ed5, ¥IVURB f.§ 2T & g: TS ThH->T

gof=ids, fog=idy

ERBLDNHBEE, g% f OWS (inverse morphism). f % g DHiff &\ S, Wi KD
X O R HERIAY &2 AT ST (invertible morphism), £ 7213 BEEST (isomorphism), EREK, %
IFHRIZARE WS, (S 05) & (T,or) DEICFAMEGELRHZ L E, TNH5DY I <IERAE
(isomorphic) TH 25 &\ 5,

TFHIO2ZR 2L, AMEHRIIEHEETHD, RMUEHRITS DILE T DILO—x—XfIHT
HoT, HEOHGEZMED FEIH) HDEH5ATW5S,

5 2.1.11. EOEHDOEEL%E Ry i, EHREE exp %
exp: R = Ryg, xr—e”

TEFETD (e=2718---) &, THhidlog (=log,) 2 EHRLTHLHEHNTH 2,
exp iZ. (R, +) 75 (Rug, x) NDOY I YHERBEHRTH D, (TED 2T v, 2" ITHL

=TT = o x %
WD ILDNSTH B,
log 1& (Rso, x) 26 (R, +) NO I YUERBITH D, EEDOIED FE z, 2" 12 L

log(z x ') = logz + log «’

NEOILDOPSTH 5,

Fo T, exp YT YHEBBHRTH Y, log lEZDHHTHD, (1E: ZIT. e% 1 TR
ERDIEDFEH o ITESHA, o ZIKE T 2B o, AL log, 2FEZATH, YT~
FARIDBESNE, ZOMEIZDOWTIE, e 2RI DIT TR, )

FR 2.1.12. WHBWE [(S0) 23 3T 5] LELDIFEV, DT, LIXLIK, kD &S
BT o7 EWHET S, [f: S > T2 IEFARMETE] LE-7-6. ThZIFT IS
RS IYOENSEZONTEY, TIZHYIYDOMENREZONTED, [~ o vHHE
BTHs] LWHILE2EHRLTWS I LIZT 5,

Bz, i T 1

[f:S—=T,g:T—U%~FIIERBETDEE, ZOHEK go f EYITIHRBTH 5, |

b TRG=

M 2.1.13. f: S > T WY TURAMTHOEHHNTHELTE, ZOLE, fOHEHKy
W=D HET D, g: T — SIEIIIHRARLRD, LW ->T fOHSER5,
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FERH. EHIIIZR KD, #EG g BMFAEL, RCCA KD, THEEE—DTHS, T
DgMH, IR THEZE2EZIEIV, THIZIE, EED ¢ e TITHL

g(topt') =g(t) o5 g(t')
MO IO L EFAIZEW,
T, fREHTHINS, EOBREMNDBITE [ THo 7 BT
flg(tort’)) = f(g(t) os g(t'))

AW DONEFHTH S (f BEHAS, f(2)=f@)=a=2a). LPBIZ, fog=idp T
BHBEDS, Ll tort YL, AR fFOMERBITH D Z L 2[5 L fg(t) or flg(t)
D, topt IT—ET B, O

B 2.3. exp: R = Rog 28 (R, +) 225 (Rsg, X) NDY I YEERBITH S Z L7212 flio
T, ZDOHEMR log Sz, 2" > 01X L

log(z x 2') = log(z) + log(z)
T4 Z & 2R,
W 2.1.14. (S,x) &z~ r~e L, TE2HEEL TS, f,g € Map(T,S) IR LT
fxge€Map(T,S), (fxg)t):=f(t)xg(t)

LHEFET DL (Map(T,S),x) I I~ ThHod, Thbb, [RIY el §5HEMDERIT
HRIZw <] b,

RIRE 2.4. FOMmEERE,

FR 2.1.15. WAMAFTE S EB EOFERBRAKIE Map(R,R) TH S, (R,+) EFv 7<%
DT, EREBERIZHH F REHEI NS, ZhE, BFESS5L2 250 KO TH5,

EBE. f,g € Map(R,R) (2 L TZENS DB E L TR f+g € Map(R, R) 1%, (f+9)(z) :=
f(z)+g(x) TEEIND,

2.1.2 EovI~<
EF 2.1.16. (S,0) 2¥ I/ $d, TCSaHnthardsd, “HEE % TIZHIRYT 5 &
o:TxT — S

2135, (0 LWIORIUREZEMo7z, BEITIX o|pur L ELKRETH B, I T, T OMER |
X (5o DEHEE T x TIWZHIRT 2] Ze2EKTS, ) GBollkd T xT OBENT
CABEE, ol

o TxT—=T

EED, ULizRoT(T,d)dvr~eissd, Zn% (S,0) DD F < (sub magma) &\ 5,
o DT, olp FiF (RELZHM WL EIHEH) o LELT,
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DED, TCSMWHEHBE o IZHALTWS (JEICZI B, S, T HWTHs I LIER) L&, o
TIZHIBLTEONAY Y2 T VI DTH S,

IR 2.5. Xz &,
L (N, )& (Z,+) D, (Z,+) 1% (Q, +) DA~ I ITH 5,

2. EHD 5 FEA DB Map(R, R) IZFANCBHL T v L5, FEED S FEHADHE K
HeRiE, ToHMa~ I~ ensd, GEGRBEEORIGEGEBZ 1 6,)

T 2.1.17. SEHEAL L. TCSLT5, ZOLE teTktc SIETEREZIEBEDAR
(immersion, embedding) &\,
t:T—= S

Thobd, (BB, IFAAREHEHA FIVYEDITHD, )

8 2.1.18. (S,0) XX L. TCSET 5, o: T — SHERBIZLD LS IT<D
Wi o MTIZABMBEFSEMIT. THo L TWAI L THD, ZDLE, opldod
TxT ~NDOHIEEZRY, ULizho ThiE—2FET 5,

EE 2.1.19. EDO XS ITHDIARK L DY (T, 0p) H5 (S,0) NDHEATI L 25 &, 27T
DIEHIAH (immersion of magma, embedding of magma) & W\,

v: T — 8
ThobT, (T,SHITZTIDEIILIHIENLS, IFHERBTHEILEERLTWS, )

IR 2.6. i 118 2/,

2.1.3 @W<I~
EIE 2.1.20. (S,0) X7 L. ~% S LOFMERKE T 5, #EH
q:8— S/~

WSV E 725 &5 B 0 01 5/ ~ ISERINBBETDRAE, 0 L ~ DAY
NFTNTHD (RIBZWDBM) 2L THD, ZOLE, ol dAEZBVIZEES, (S/~,0)
ZESD~IZEBEIRITEVD, ¢ EEERBL S S,

FERH. ZhiE, R iR s, 0

Bl 2.1.21. METCT@ BZE-oTWVWEDIE, vZ/ < (ZxN, 1) IZHU, (ZxN)/ ~,+) ZZD
BYIITHHENDI L THS,

FSEE 2.7. (Z, %) (CH L. (Z/m, %) REDWYI YL %5 LERE,

EIE 2.1.22. (X,0x) 27¥I <, L, ~% X EDox LIV RFT)L (GRIIZI DEKT)
RAEERERE T 5, (X) ~,0) THIYIYERT, ¢: X = X/ ~ 2fH#EREL L, RO~
< (Y,oy) LEEOX /MR f . X Y 25X 5,
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fMRax bV RFTLNTHE (CH I DEKRT), THROLEEED 2,2/ € X IZxL
r~x x = flx) = fa)

BENUTWER 5, EHIIZWICEIVEHRf: X/ ~x—>Y THoT,

f=1foq

nHNEELDOEDNME—DFET D, ZDEE, flAv I vHERTIZR S,
ZDRIME, < HERT fIXFEERGR ~x ICTVRFTATH B0\, 72 f D well-
defined TH B &5,

FEH. B IZZ0 I LD EHRE L TEAONT: f RV HRII AL Z IR L
[ 753‘\

f(alola)) = f(fxox 2']) = f(zox 2') = f(x) oy f(z) = f([z]) oy f([2'])
QU= s O

TR 2.1.23. (VY OMERBIEM) (X,0x). Y,oy) Zv¥ITEL, f: X oY BBEIIV
WERIAGEZ 5Nk Th, (X)CY TFIZkd X DERT, ZOLE,

L f(X) Y OWHI /I TH S,
2.~y o X AVNF I NARRMEEGTH S, LEhoT, X/~ BRI I LR S,

3. )
X% X/l y

RBEHEIRD LSRG f. TRDD

f="Ffoq
75 f R —DIFET BH, kv s v#RIY 25, LT, fOKESE f(X)
WZHIBRLTHE NS
foX/)~p= f(X)
R~ <R 5,

FIERA.

1L & f(X) DERDO = f(z), f(o') LD S5DED, fOERBMELD f(z)oy f(2!) =
Fwox o) € f(X) THEME. f(X)CY oy KEALT WA,

2. x1 ~p 2y xo ~p 2h O f(z1) = f(2h), flwe) = f(2h). f DUEREINEE —EES &
Pl ox 22) = F(a1) o Fas) = f(&) oy f(xh) = f(a, ox 1)

L7 %, Midi% AT 2 09 ~p 2h 0 T,
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3. HADUEFBEI 333 25 f=foq &y
fiX]~p= f(X)

DUME—DIFIET B, Tx ~p o/ O~y DERIZED f(z) = f(@)] THENS, EH
I DE&M%GZU fIR AN TH D, fREHRHTHE I 21X, EEOHR
R332 5 Lz, $5&, fIRERBTrOLEHTH I o MEETII &
DRI & 725,

fIeE 2.8.

1.
T={zeCl|lz|=1}

LB, x BEEROMET L, (C,x) EYI~YTH5, T CCIEREDHHTI VT
b5 ERE,

2.
Exp: (R, 4) — (C, x), 2™
WX~ IS HETH D Z L ERE,
3. YU ~FER
R/ =,+) = (T, x)
ERd, 2212 =13,
r=12' -2 cZ
TEHINS R LOHRERZKRTH 5,
2.2 B

2.2.1 fEEFEREFEH
EF 2.2.1. EB¥ (semigroup)G &%, Mk LT
GA #£4 Gy (REABR L LITIZND)
GB Gy L0 IHEF o, AM/&RL L IEND)
NEZ5NT, ROVEE (HEBEDONIE, axiom of semigroups £ XN 5) 2§72 H D,
G1 (f&&IER!, associative law)
91,92,93 € Go = (910 92) 093 = g1 © (92 © g3).

(F: EORETIE EED g1, 02,93 € Go i LT EDOFADE VLD ZE2E2BEKRLTWS,
MEED] LWOSERBKLTWEZ LIi1Zkb, UFRTH, IAE] 1i280WTIE THEED] &
WO BHEEZERTEHZLIZT 5, ZLDBEREFTH O L ZD LS RERPITHOATWS,)
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ZDESIT, TEEEG) &\Wolzb [(Gy,0) DT H > TIHIHE o BHEAIEAIZ 7236
D] DZeThHb, ZOFIKTG = (Gp,0) ELZLEHD, M, @ELIXLIE. 5EA Gy
DZEHEEDZHDIZ G LFHEVTULED ZEDE W, ZNiEd < T TEBEMNRFIETH 05,
AR TH B, Lo T, G = (Go,0) TBWT, ge Gy Ml ge G L EE, G4
[:Go—=SiEf:G—-SeEL, (ERFALIAYIY, IITICDODVWTEEAD, THAD
L, XY G LEERAEG = (Go,0) b, EHL HEHADMTH Y, Gy & G DAESLL
Wi, )

B 2.2.2. 1. (Z,4), (N, 4), (n RESFTHOES FTHIOR) 1L ERETH 5.,
2. (Z,—) RPERETIHRV, — Iz
(a—b)—c#a—(b—rc)
EhoTH5,

3. (N, RF) IRPEHETARN,
209 # (2')?

Zh 5,
4. SEHEAELT D, ShOTNHENDEHRDOESG L, BHROEGHDHM
(Map(S, S),0)
FEHTH D, CIBHOR (T2) L 0RES,

EEEIIZREENT, BEEELZON?ZEZIZL X< bhronwn, M, X IXEHROEK
ZIZUH, HEBEN 2 ITHEEZZSSADD, £, ROMEIZ, THEaENE, H3E
B3I I DMERTITH B Z L LAEAE] THEHZ 2 RLTWS,

B8 2.9. (S,) &2~ /r v 95, HMII30 LD, IHEHA
- SxS—> S

&
L:S — Map(S,S)

EHIBLTWD, 222, L(s) X4 (left) 225 s & - T 554
L(s):t—s-t

Th b, (LEHS5DOH/H, left multiplication &\ 5,) L A% (S,-) 5 (Map(S,S),0) "D
RERBITH B I L &, - PHREEEA 22T L EAHEMETH B Z & 2RE,
Vb RUTEERBITH S LT,

Vs,s' €S L(s-s")=L(s)o L(s")

EEVWHZOND, ZOMLIZ" e SERANIEDL L, MEENIFOSND,
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2.2.2 HBEDAERZD

E&E 2.2.3. LG = (Go,0) O G = (G),o') ~OFEHERE! (homomorphism of
semigroups) &l&. BRADHEDEH f: Gy — Gy TH-> T,

Vsi,s0 € Go f(s10s2) = f(s1) 0 f(s2)
PHRILTE2HDE NS,

Thbb, PHOMOMERBIL X, TNOD ez I v e AR UL EDY I HEREIT
HB, TE, PHEZERTHILH Gl ZELHL TOLOR?2 VWD THD, AN, £/ 1K
PHPEPAROMERMOERZTHRMKTH 208, ¥ERBIZEFINLDIFHEE L DI VN F
VT4 Thy, AHIFEHINS, (23], tEIrNE L, EFZIEI DR
5720, HRMDOERIZE VTR Z G LWL S 285 H 50 AN,

i 2.2.4. PG GG EEZNOOMO¥EREL f .G - G,9: G - G BHdLE, %
NoEDEM gof:G— G bUERMTH 5,

FERH. CERFOWERM L 3~ Y OWEIIO Z L 25, IR KD EBIZH D, O

i T2 ORI D AKIFHERTL ) WS ROMmETH D, T, /1 K, B B
B, WTIZBWTE [ZODHERB O SRIFHERTL] WS MEIRINS,
RIUYDGEDERCIIN L ERIZAL 512, RDESREHEET S, (EBE (w7~
WIS HEEERT [RE] LEESWMI T THS,)

EE 2.2.5. (S,05) ZPRL T 5, HEGH
ids:S—)S

PRI TH B, ZOYRHERBLZ S EOESES (identity morphism) & FE.3,
(Tyor) LARELT B, PR f: S T & g: T - STHo>T

gof=ids, fog=idy

CRBEDNHDBLE, g FD, f& gDIH WD, W EFED XS U %2 A
FITFAEBES, RS, FIEHRICAEE NS,
(S,05) & (T,or) ODEICAMGEEN B2 L &, ChdOEBERBTHB LV,

R 2.2.6. f:S = T WERERBTHOLEHFTHELTE, ZOLE, fONEMK gD
FELU, g: T — SHEHERB LD, LEd->T fOHHNE 5,

FEHH. EREERITL 203 DREREP SEHAD ] X/ ERMOZ 2 THE 05, METIE3 N5
EHIZRED, O

ZD &SIz, MEFRIBITRORPH LS IEFEE] LW aEld, /48N -#-BH-KkoaeT
T&bjﬁo:miﬁﬁ%’%ﬁ@ﬁ%ﬁ%élhﬁ*ﬁj@ﬁ Ve FE U OFRE I, TX)Y
PAHZERIT f - X = Y DR 2 e 35, 2o &, AU InEs oy, Lo
T\fiﬂmgﬁti@b&VJth?ﬁ%%@ﬁbtﬁoottiﬁpX:Y:Rtb\

WZEEBUAIAE 2 AN T Y ISEE OFEBOAMAMHE AN S L idg : R — R ITEG Q22 HEH 723,
ZDOWELITHEFEIZ R SN, (ZOMHIZ O WTOREEZENHMETERTH, AEEH
IR FEELRVDOTINERL,)
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EE 2.2.7. 1.5, 52703 rd5b, SHhH S ANOYITIERBOEL%E
Homyagma (S, S”)
THET, FiZ,. S=9 DL &
Bndagma () = Hottgpagma(S, )
EBWNT S DI~ HAHRE (magma endomorphism) DEE E WS,
2. 8,8 2L T D, SHo S ANDFHUERE (semigroup homomorphism) DG %
Homgemigp (S, S”)
TRY, Kz, S=5 Dt &
Endsemigp(S) := Homaemigp (S, 5)

EBWNT S OFHEESHERR (semigroup endomorphism) DES E WS,
UFTHAD &SIz, BOHERBEOESIZGHEOEHICBE L TER (F5ITE/ A N) THS,

2.2.3 ERo¥EE

EF 2.2.8. (¥ EH#, sub-semigroup) Bt G = (Go,0) DI LR L 1E. Gy DWRES S
THoT, SHollDWTHUTWTER L R->TVWEHLDEE S,
R 2.2.9. ET. S C Go WP E R BB REME S Mo ICALTWEZ L TH B,

. BELXD, o lZDOWTHUTWA Z & R3METH L, +oM%E2RT, U TWS LRE
UTC. BRI Z e 2R, U TWBDERS, o lZflfRizE D Sitsirs =
HHEEZED S, ISR ZHE - v, Fhicik

ao(boc)=(aob)oc

PEED S DITLIZDVWTKD D Z L2 REIEE WV, UL, Gy W EHTHEZ s 2
NIIEZED Gy DICIZDWTHRDIIDDTH Y, LN >T S C Gy DILIZDWTHKD AT
OO D

Thbb, ¥ GOWHMEHEIE, GEY IR L EDHAY I T 5,
ZIZTHAM Gl FHBMICHEKZLTUE S,

fl 2.2.10. HlEZA THRZLBD, £E5 SITHL S o ZNEHEANDEHRD LK Map(S, S)
WXEBDOER o ITDOWTEEEE R B,

1. Map(R,R) Oth T, #HEHRL%2HDDEME%E C £ T5, C % (Map(R,R),0) DI
DERTH B, CBEFIZOVWTHL TS WS Z ik, DB & Rk %E s
BTehd] LS, K<HoNHELFAMETH S,

2. SEX LTS, (Endmagma(S),0) i& (Map(S,S),0) DEBIEETH 5,
3. S &Y LT D, (Endsemigp(5),0) 1 (Map(S,S),0) DEBIEHTH 5,
B 2.10. EORICEWT, MAEHTH S I L2 TNTNIHHE &,
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2.2.4 TR
MREZ, CIEEA L U RF IOV REMEBEGRY D B & &, FEESITEHEICERE S, Z
N % FGERE (quotient semigroup) &\ 5, ¥ 7 YDA OER IT20 2,
EIE 2.2.11. (S,0) Z2FHE L, ~%& S LORERERE T5, REEH
q:8— S/~
BRI & 722 £ 578 “IHEE 6 A0S/ ~ IDERINDBELHEMIE. 0 & ~ AT LA
FINTHS (RIZIWEI) 2L TH5,

TDLE, GIEEEEDICEE B, (S ~0) % S D~ IZEBREERL W, ¢ & BHER
MEES,

FERH. 5. g MVEBEERTIY BB X5 R o NEHRTE LT 5L, v/ ~DHADOEH ZT20
WZED ok ~IZT Vv RFTNTRITNIER SN,

W, o & m DA VNRF TN TH -T2 &, ¢ WYFHERBILE B L5 o WEHTESL Z
CERED, AVUNRFINEINET S, XTYDGEOEHEITMIZL Y ¢ B~ I < HERFT &
BBHEDRSIFERTE D, TNWFEAIER [G1] 2729 Z L 2 REIXE WV, 5/ ~ DIERED
5eid [g] (g € S) DIHATET 255,

(lg1]0]g2])0[gs] = [91]5([g2]5]g3])
EREIEEVDTH B, T (S,0) ERTH LY X

(g1092) 093 =g10(g92°93)
Zii7-TOT, MAIZ]2IFEIU, lg=[:8—= 8/~ BIIOURMTHE] 22, T
whb
[91 © g2] = [91]5]g2]
ThHdIexORUMEZITRES, O

ZITH, (S ~,0) DfEIER [G1 IXHBEIIZHE S,

2.2.5 HEEBFEE
EHE 2.2.12. (X,0x) Z¥FE L, ~%2 X ED oy IV NRXF T (R LI HMW) 72 [HfE
BIRE 32, (X/~,0) CRREREART, ¢: X o X/ ~ AMHERELY U, [EREDEEE (Y, 0y)
CATREOERHERM [ X - Y 25 R 5,
~x & fIRAVRFTN, TROBLED z,2' € X 1IZx L
x~x o' = f(z) = f(z)
Lipdrdbe, EHIZWIZLIVEHR X/ ~x—>Y THoT,
f=Foq
BEMEEL DL OVME—DFET S, ZOLE, fIREIERTITH S,

ZORWAE, EEHERB fIXFAMERBR ~x IV RFTNTHE LWV, 72 f DY well-
defined TH B &\,



42 B2 U CBEE, E/ARH
FEPH. EHIETZ2 L AR B e, [ HEFAL f ARERERBTH D Z 2] Z2RBIX IV,
Ik DRERM O~ 7 < ERBUIERERBITH D Z L] SO, O

EIE 2.2.13. (EREOUERIIEH)
(X,0x) (Y,oy) ZEBE L, f:X -V R2IERBEAEZ SN TS, f(X)CY
TfIZEd X DfrERS, Z0EE,

1 f(X)IRY OHMPERTH B,

2. ~pldo & AU ARFINRANEMBRTH S RIZZWOEKT), LEA>T, X/ ~f
XFERETH B,

3. f W _
X4 x/~phy
BBEOMEBDESE [ ThRDS

f=1Foq
BB DI DFET 208, ZHURPRRERAITH S, T LT, TOMELE f(X)
ZHIRLTES NS
frX/)~p— f(X)
R E 705,

DFD, EHETZRIZEEIII L TEZDE XKD D,

SEHH. EH IR ICEHNA Y I HEER, v v EB, S, oYY nd 4 o0k
B, FTNFN [BIGT AN TR TH S ] 5E. HEIEEMERTY, PEREE,
PEERE, MM B e ORED, O

2.2.6 BAEIBHCERY
EBIZBWTIE, FEEIzED

(g1092)0((93094)0gs5) = ((g1092) 0 (g3094)) 0 g5 = (((91092) ©g3) ©ga) © g5

ThHb, . nHOTEOFEL 57 &, HolOOPINEIC L STHRIIAL L4 5,
(W A BETH 5, ) 22T LD XS BRE NI

91°92093°09ga°gs
LRLRY B, FHZ, n ATHABD L &

gogogo---og (nfi)

T gt LEET
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EIE 2.2.14. (CERHC BT B1EBUERD)
(Go,0) ZHHEL L. g€ Go &—2DIte T 5, HARE n,m T UIRDBEKALT 5,

(g") o (g™)=g"t™

RIEE 2.11. FOTEHEAIAT L, O~z U Tld, ED &S REENE D 2 HER
&,

% 2.2.15. (Gg,0) ZFHEL L, geGo 2—DDiteT5, ZDLE,
f:(N,4+) = (Go,0)

BB NBHERBTH - T, Iy g 7255 DONME—DFET 5,

FERH. B UEELTz T 5 &,

f2) = fA+1)=f1)of(l)=gog=g"
fB) = fA+2)=F1)o[f(2) =

I2&0,

f(n)=g"
b, TNT—EBMUNE AT, fIVEERERBIZZR 5205 Z e 28R THELL L, f(n+m) =
f(n)of(m). SVHZNIK g™ = glog™ TH D, ZNF LEHOEHEAIZOEDTHS, O

23 /AR

2.3.1 BfiwEE/AF

T 2.3.1. (S,0) 27T 5, ZOYIYDEEMTT (left unit) &1k, S DiLa TH-T,
Vse€S aos=s

Zii=3HDTH Y. BEAITT (right unit) &1k S Db TH - T,
VseS sob=s

72T HDTH D,

LR TR DERMNITT TS H 5 It % BIZEBAITT (unit) £\ 5,
RIRE 2.12. B U I VIIERA T e ABRMNIOBPEETIE. 0513 —8T 5 Z & 25T,
Rz, BN ERMN T T OERMNTTH 206, 7R ICBMNTRINIEFNIE7E—
D2TH5,)

by hid, FOEBHETEZILaob Z2EHBELTABLIETH S,

T 2.3.2. BHLEHDOLREEE /A K (monoid, MAIMKPERE) W05, & D ERINICE R
X, E/ A RGEIRMBEELTIE
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GA 88 Gy(BEARLELIFEIND)
GB Go L0 “JHFE offt. G Y EIHENS)
GC ¢ € Go(Hhiii LIFZNB)
DML (Go,0,¢) ThoTy KOWE (T /1 KOATLIFENE) £7=T 6 0,
G1 (fEEHEAl associative law)

Vg1,92,93 € Go (91 092)°93=g1°(g20°93)
G2 (BADERA, unit law)

Vge Gy goe=g,eog=g.

ER 2.3.3. TOEHRIIHDH LI, £/ A NLE (Gy,0,e) DHDOZ L THS, ». LIXLIE
[(Go,0) IXE/ A RTHB] LWVWISWAHET S, Ik, EOREEI2ICX D, BAITIEFE
ETNE—ZZRFEF>TLEI> RS TH S, £/ A4 NTHNWEXEBELSBAICHD D, %
NIZFE—DIZEEHDT, YA G2 EETA2HEITRN] LWHIEXHTH S, OB S
595, E/AFDEHEZ B2 OYHEZ, E/4FR2WS ] LLTHRAMBETH 5,
—J, OB eI THWT B X512, T£ /1 NERT ] OEHTIZ THA T E B ITTIC
B bWHRMEEMT, Bk T€/ 1 ROME (0EER) ] AT HN,. Lo HER
THARMNTH 5,
Bl 2.3.4. 1. (N,x,1) i€/ NTh 5,

2. PEHE (N, +) IXE/ A FIZAs6R0n, FICBET2HAIEANIZZRWPSTH S,

3. 0 2T mA T, (NU{0},+,0) &T 2L ZHIEE/ TR,

4. 0 A EOEHEBOESIE, AL TE/ A Nk b,

5. (Map(S,S),0,idg) IZE /1 NTHh5, ZIIZ, o XEHRDOEHKEDH S5O,

2.3.2 T/ RERZB

E#H 2.3.5. (S,05,¢e5), (T,or,er) 2T/ A NLT B, SHETADE/ A RERE (monoid
homomorphism) &%, f:S =T R25EHTH-> T, ¥ HERBITHDHALILE FAITIC
FE4bHD, $4bb,

HB Vs,s' €S, f(sogs')= f(s)or f(s)

HC f(es) =er

DZDEATHD,

5l 2.3.6. S K7
exp : (R, +,0) = (R, x,1)
BE/ A FHERMTHE, ST VHRBTHD, DOEMT0IE e = 1IZBEINEZNST
»Hb,
WEEFTREEBERDOL AT ) A RERIE L 725> T W5,
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EOEHT, [HB] 1 [GB] 2, [HC] & [GC] IZRIRL T WA, X fioHiEZ 21X, [GB]
X MRS ZHEEAS A SN TWS] L WS ZENTES L, [GC) & M4 0 HEEH
HZo6NTWE] LW ZeNTES,

[HB] I3 10 THRZ XS ITIRO KN TERT Z LN TE 5,

S xS fﬁf TxT
los O Lor
s 4 T

WL &5z, A UM A3 hud [HC) ko Rz & v ik a s,
o Lo

les O lLer
s L o7

SO={0}=1"={0} (O~

ThHY, EMOGHIZIT ()] % es ITBTEH. FARICEHMOEHRIZ () & er ITBTEHT
Hb, EED ()%, EFTRHATAETICE>TWL L fles) THY, AERHETE>TWw &
er 705, UM - THADAJ#uM: X,

fles)=er

LHEETHD, ZH5ULT, B/ NEFRBOAM [HB] I IHEK o 2D &, A8 [HC)
FOEER e 2D &) (REIZ) LS VWA D Z N TE S, — i, REEEEDOMDAE
FROERIE, TEEINLHEZR2TROEHR] tLTEALGNDS, T/ FDHAEIZ L
e WIBEINZHATH 5,

2.3.3 BEBRNIEEERDIE

TIHBE 2 n HEEIC B L T RO &SI [BERASEREERD ((RF95) Z &) (mapping
preserves operation) % E#% 9 %,

EFE 2.3.7. SEnHER0g: S" 5> SOEXONTWAES. TenlHER ar: TP > T
DHEZONTWEEAL TS, GH f:S—>TW»Wag,ar ZRD LI

Vslsta"';sn f(as(slaSQM"»sn):aT(f(sl)vf(SQ)v"'7f(sn))
PR T B, BRAFEHLLUT [flZaZ2iED] 2WI 2L,

ZDEHKIFT. KA
s Lo

las lar
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RAMTH B L EVMA SNB, ZIIC EOFD fo: 5 — T I,
fn(sla' . '7’9") = (f(sl)a . 7f($n))

TE&HEINS,

COMEEERMS R SIE, w7/ HRR L X, AESGOMOERTH>T, FEI N IHE
HE o ZEDH D] LEVWHIZ NS L, £/ 1 REEEI X X, BEEOROEHRTH-> T,
BEINETHER o RS I EEIN-0HER e Z2IF22 0] EEWVWHIS5N5,

BOFTHES B TH 8] THEZHEN, ERR 2EHT DL SIERIZEHIN
B5MIE, THEINEZHEEEZEOI L] OATHH, NHIFHEDAE TRV,

FR 2.3.8. B fITH U, [P EVWIEEICEZODESZERAH D 55, LOBEHITIE
f:85—>TT
frost T

THdMW, —F feMap(S,S) DL ZIZIXEBDOARK
f":i=fofo---ofeMap(s,S)

ZHobUTWAHREMEN D 5, (FHEZIA S, ) XURICK-T, EBb56D I L7200 %
BB LTARL W,

i 2.3.9. (S,as), (T,ar), (U,ay) 2. THENEEE n HEEOME TS, f: 5T
W ag,ar BHRED, ¢g: T = U P ap,ay 2H27%% 61,

gof:8S—=U
¥ ag, oy 2D,
SRR I T H B, IROMARNZES> Z 2 TE 3,

n

g Lo 4 gn
las O lar {ay

s Lo 5 oy
EROazEoZ L,

IR 2.13. Lo 3 % 3EHE &L,

% 2.3.10. —DO0DE/ 1 N¥EFBO &KX, €/ 1 NERRTH 3,

FERA. BEHHS 2REZ L E go f W IHEBE o RO IO HEBR e 2D Z & ThH D, HS,
BEZA o505, B, RELTTIERL, BHEGEHTLZIZ L5 L\, mE TS
WED, o BMEENT VB Z D DHNRB, e lZDWVWTIE, fles) = er(f DHERBINERLSHES)
DEHLD gz k222 5L g(f(es)) =gler) =ey THD, TI T, _HHDEFIZ, gD
HERRIME 2 W 2, O

wiE, “HEFICET 5 R B2 O—RLTH D,
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EIHE 2.3.11. SEnEHEH : " 5> SOEZLNTVWEESEL, ~Z2a IV XFT)L
72 S EOFMERMR. TROBMLED s1,8),...,8n,5, € SITHU

!/ !/ / !/ /
81~ 81,82 ~ Sgy...Sp ~ 8, = S1,...,8n) ~a(S],..., )

ET5, TOLE, MEAS/ ~ICiEnHER a THoT

a([si], - [sn]) = [a(s1,. .-, 8n)]

LB DNME—DIFHET B,
Thbb, BER e a,a 2D E DR a PE—DFHET 5,

Bl 2.3.12. (M,(R), x,E,) &€/ 1 RThb, ZIIZE, & nIRENITFHITH 5,
nIKIEATFHDO FIZ—{T L A5, 0 DANSIRDITLFEMIFINAZEH £ M, (R) —
M, 1 (R) 1, BHUZBIU TEHOHERAITH 2 05E / 4 FOMERTITIER N, HALCA LIS
IZ5D2XNBZVWASTH D,

E 2.3.13. (S,05,e5) /A F&T 5, idg: S — SIFE/ A NERME LY, EEHE
N5,
(T,or,er) BE/AKNELT D, E/JARERM f: ST & g:T—-STH->T

gof=ids, fog=idr

LRBDEDNDHDILEE, gk fD, f& gDHFEHE NS, 2D & S RUER R 2 w5 5,
F XA, FREMR, FREHICEBE WS, T/ A NTHAILZEALTE /1 FNHE
B HWnI,

ZDEIRRMDEE, E/ARSETRE/ A RLLTHEHBTHS VNS,
YHOBAEDERIZI L 2FALTHE I LITERELTIELL,
R 2.3.14. 7TV = (BiR) 22318, PHOEHREMR -THZ N TE S,
& 2.3.15. f: S > THE/ A NERBTHIrOLHHFTHELTEH, ZOLE, fOYE
BrgDPFEEL, g: T SHE/ A FEEFBEBD, ULizWoT fOWHER5,
FERH. g AVEEFEERIBITH 2 Z L IEMEEZE oD, el gler) =es EE A I, f
FHEH22OT, Wl%E f TE->T—HT 52 RUT L\, ELDFER f(gler)) =er (f
g DWEHRTHBH5), FHLDITEE fles) = er (f BHAITLEMEODS) HDT, —
T5, O
£#% 2.3.16. S, S 2E /A FL&T 5, SHH S ~NDE/ A RHEFRB (monoid homomorphism)
DELEE

Hommonoid (S, S/)

THRT, Frz, S=5" D& x

Endmonoid (S> = Hommonoid (S; S)

EBWVWTSDE/ 1 FEAEERE (monoid endomorphism) DEA L WD, (Endmonoid(S), 0, ids)
e/ A KE5d,

5B, EHCZTDHND (Endsemigy(S), 0,ids) ¥ (Endmagma(S), 0,ids) BE /1 K TH 5,
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2.3.4 EHE/ANR

T 2.3.17. (WBOE/AR) €4 K (S,0,e5) DEDE/ A R&IX, SOMPELT TH-
T THolZDWTHLUTWT, 22 DegeT THE2EDEED, ZDEE (T,0,e5) IFE/
A REed, ZOE) A REBIE/ ARV,

HEH. FEHIT B REZ 2IE (T, o,e5) BWE/ A RIZRB L WS 2L TH B, LHOGADME
Oz & DRt b, HE, RBEREZ LT es WERE (T, 0) DHEAILTH B Z & ([G2))
ERTIETHD, ». ZHEMEEZY OFFHTH Sbhisz [STHDL>TWDAENS,
ZTOEHRTHA T THERDNILD] L WHHEIZ X D HEIIZEL D 2D,

ZZTHRH (G2 BABMICK D IoTLE D, O

fIRE 2.14. (M, (R), x, E,,) 2 EST0IHBBICOVWTRTE/ A RT3, ZOHPEES &
UT. A0S & i REEDIIN O THDEIBREDEFERD, (S, x)IEE/ A FThHBZ L%
e (S, %) 1E (M,(R), x) DEERETH B0, MHE/ A NTIRAWVWI L 2R,

¥ 2.3.18. ZOMENRIET R L Z AL, v/ YXEHOES (hdeza) LB iy, [E
JARSDEMAPEETIE, o CHUTWBEZIITIEOE /1 RIZE» 5T LbasR0]
LWL ThHhD, ZOMEDHITIE, T HHEAITLEFFS>TWT, LER->TT HEMNE/
A RTHEDIZ, SOWHE/ A RTIERWL, ZTOEWIK, [E /1 NICHEAITEE WS EE (0
HER) BEEINTWE Z e ZRRNT S, /1K SOERMEST HWHDE/ A KTHS
72HIZiE, o THUTWADARGT, [SOHMNITLEEATWSZ | BRFELRE, SV
HzzL, [STHAIILEL DLWV 0HEHFEIZOWT, THHLTWSZ L] BBETH D,

VI TRYAES D, —RINESR T£ /1 R, BliczR ol HThs ] 28T
&, EOHlE THDE /A RTIERWVW] LERTERSTHS, AEDO LS 12, Btz T
A RDHEED DL ARTHNHRTH 5,

fBiEE 2.15. SZ2HEE. a:S" = S ZnHEREL TS, T C SHPHE o AL TWS &I,
Vir, .. stn €T alty,...,tn) €T

DRONDZ L THD, n=0DGEEBERTLILT, AT/ A FOEHRILENzes €T
MBEMN, TTHOMHEBEE e IZEALTWA] ESWVWHZ 5N 5Z &2 RYE,

5l 2.3.19. flezan TR7ZEHEE ZOHS YL, 2 TE/ A RFEEOHDE/ A N ko
TW3,

2.3.5 BE/ANR

E/) AR (S,0,e5) DEEAS ST, ZIHER o & IV ANF IIVAFAERERAD B & X, wHk
BIXHBMIZE /A Rehd, TNEBEE/ A RS, EHOEAOEH 1 21,

EHE 2.3.20. (S,0,e5) €/ 1 RNE L, ~% S LOFRMERKRE T 5, FEEH

q:8— S/~



23. ®/AFK 49

ME/ A NERBLE 322 X5 L " HEF o 5 IT 0 HHA 65 1Y S/ ~ ITERSI WD HEL
DEMEE 0o & ~DIAVNRFTNTH S (RIZWSW) 2L TH D,

DL E, o, egldlzZ—DIZEE D, (S/ ~,0,65) % SD~IZLBEE/ 1 K (quotient
monoid) W\, ¢ ZREHERN L F 5,

FERH. a2 RT, I I E UK, ¢ AVEREREIE B X5 S/ ~ O ZIH A 5
WIS 5, HLid, ¢ BT/ A NUERBLNZRD X578 S/ ~ DHNLTE €5 7272 —
DHFHET S Z 2 REIX LW,

qME /A REFRBITH D Zeh o, BATIFBENTIIES, £oT, €5 = [es](= qles))
LRBUNEN, INT, MRS R 5, HLIX(S) ~,0,65) M [G2] Zifi-T Z L &2RE
FE/ A RERD, I FE/ 1 REERBIE 2D, GEHD S, [G2] DRERIX. ROLBD :
AR I3 2 HWT [g]ofes] = [goes] = [g], [es]olg] = [es o g] = [g].

B E R o 2 5D, O

5l 2.3.21. HRE m 2/ U, ZIZB53Em 2ELT380E{BEaVFTLTHD
(M8 23), ft-> CEH z&b

q:7Z—7Z/m, n+n

BT/ A RERBET 2 LSBT/ A FOMIE (Z/m, +,[0]) DPHE%EAIZAS, (MEL329(1
0. Z/m EEEA T/ = EA-HLTVS.)

Ko WS 85, Z/m T [a]+[b] == [a+b] THIZEHRT LI LATE, 0] 2HALEd 5
)4 RERB,

Bl 2.3.22. ET, FIZRIZEXD L, RDLSITRD,
HARBm T U, ZIZBIT2HE x ldm 2iEkeT28AMBLEa Y RRFTIVTH S (ME
23), > CTE/ A ROEREH 32012 &Y

q:Z—=7Z/m, nw—n

2E/ A NERRILTEE53E 1 NOME (Z/m, x,[1]) BEERIZAS,
TSRS, Z/miZ [a]X[b] = [ax b] CTHZEHT LI LHTE, 1] 2¥fced 2
B/ARERD,

EE 2.3.23. RBUEE—BRIZOVWT, MABZR 5 IBEINZHEEDTRTH, FAHEBEFRE
AVNRFTINTHD] oI MEAICBRURBEEL AL, (XhFHELLEZIE. HE4R
WHERITL L 725 LS REEENAD, TUT, ZTDOLOBRME DB Z L, aVRRFLEY T4
XFEETH 5, )

ULMBIZE /A RS, ¥EBEHIZEWT [HBAtE ~Da v 8FE) F 4] BEHN
TWVWRW, 0EER DIV NFEY T3 E DI Ro7200, WSk, 0 HERORKHF
[OIHEA L FMEREFRIX. HWIZa Vv XFINTHB] BERALTHOT, ZORMEEZMATHM
AR THBRUERIIR S,

I8 2.16. O THWEA L FAMERIMRIZ, WIZaYRFINTH B I L 2mt,
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2.3.6 T/4 FO(RBIEE

EH 2.3.24. (X,ox,ex) ZE/ A FE L, ~%& X ED oy &V RF TN FAMERBKE T
%, (X/ ~,0,ex) THE/ A R%E2KRT, ¢: X - X/ ~ 2f¥REL L, £EDE/ AR
(Y,oy,ey) ATRDE/ A FEERBL f: X Y 252 5,

~WFEAVNRFTVTHD, TROBAED v,2/ € X ITHU

z~a' = flx) = f(2)
L5 nolF, EHIINICEVES f: X/ ~—Y THo>T,
f=Tfoq

nHEMEELDEDNE—DFHET S, fIXE /A NERTITH S,
ZDRIE, B A RUERR FIXEERR ~ & AV RFTNTH D L0, £72 f Y well-
defined TH B & WD,

GERH. EEIEZTA L HRB Z L2k, BEREH E S0, HotiE. DRERERE f 23E
A REFBTHBE Z ] ZRBITIWVD,

fllex)) = flex) = ey
EORES, BHDFST f=foq M, MOFEST fARMTLEROILEAVEZ, O

EHE 2.3.25. (E/ 1 NOHEFRAIEH)
(X,ox,ex)s (Y,oy,ey) ZE/ A RNEL, f: X Y 5E/ A NERMMPEZ iz e
T3, [(X)CYTfIltkd X DlpERT, ZOLE,

L f(X) &Y DBHE/ A RThHS,
2.~y o X AVAFTNRFAMIMGTH B, LEh>T, X/ ~p BHE /1 FEAR 5,

3. f 48
X5 x/ ol y

RHEERE L LR f. TRbb
f="Ffogq
5 f W —DFET AN, ZHIFE/ A RERME 25, TLT, TORES%
FX)IZHIRLTHE SN
X/ ~p= f(X)
EE/ A R E RS,
(DFD, EHETI3IE L 2 £/ R ZEZTEZDEER D)
EHA. TR ICMA T 2 REHITRI BV E R SR VHADABRR B,

L ML THEILIIRINT WS, BAE/ A RTHEIL, Thbbey € f(X) %
REBRWERSRN, B, flex) =ey DR,
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2. FE/ A NERBH I REM 320 TRINT VD,

3. fOVERHERM TH L Z LIIRINT VWD, HLIFE/ 1 NEFEITHD Z L ERIR
CTRALRV, A f(lex]) =ev £DHED,

2.3.7 0%&5STBEABEEBHECER
HEIZBWTIE, neNIZHLT
g":=gogogo---og (nfH)

WERSNE, ZNEn=0DE HIHETZITEESTEORZYUR, (N, +) IZEBTHY,
E A RTRAD 72, 0 bAIIIAS L (NU{0},+,0) IXE/ 1 Re&5, ZIT, (S,0,e5)
BE/ARLTBLE,

(NU{0},+,0) — (S,0,e5), n—g"

WE/ A ROMERILIL 725 £ 517 ¢° 2EHKT DI LA REZIE L OIEA 5T 5 & ZWIT
BA 3, §5 & BATIRBMAITICENR L TR S 20 ([HC) 225,

9" =es
CEHTDHILITIRD,

EIE 2.3.26. (fRFGEAD)
(S,0,e5) ZE/ A REL, g€ SE—DDILLT S, 0 LA EDOEEL n, m IZX LIRDIKNLT B,

(g") o (g™) =g"*™.
L. ¢ =es LEHT 5.
I8 2.17. & pzTa 2> T, LOEHZIEHE X,
% 2.3.27. (S,0,eq) ZE/ A K& L, g€ SE—DDLET D, TD&E,
[ (NU{0},4,0) = (S,0,es)
RBE A PERBITH T, Iy — g £8DDOHIE—DFIET 5.

AR fEL-2 52, B/ 1 RERBIREHERTITE H DD T, fIRERRERR, (N, 4) C
(NU{0},4) X ERTH D, £oT. fln (f Z NIZHIELZHD) 1% (N, +) — (S,0) 72
DABOMRITH D, n>0IZF LU TIEHREZIHIZELD

f(n)=4g"
ElB, £l B/ARERBITHZ WD ZEDOEATE 0 IXEN T eg IZBEINE, T
HH F0)=g¢" =ego TNT—HEMNE AT,
INDE/ A NHERBIZZD WS Z W, EOBBERN 328 OFETZHL ZATH
%, O
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2.4 &
2.4.1 WweEt

T 2.4.1. (S,0) EHfites 2ROV I Y LT 5, (BmlddbNE—2THhbI L, T4
OHEMEIIIZER,) ge SO (e 2T 5) EMita &L,

aog=eg
EiizTacSDILEWVD, g SDAEMIT b & IE,
gob=eg

BT be SDILENWS, g DEFTTH>T, POAYTTHS LI RTE g DBT &
W, TRbb,

aocg=es,goa=eg
ERBEIRaDIETHD, Wk FFO2aHIT &V,
Rl 2.4.2. (S,0,e5) BE/ A R&T 5, gl a EHPTLOBFIETE 5. Tho
3T 5, FiZ, g DWTIFFETNIEHE—D, ZhE gt TR,
ZFEH.

a=aoeg=ao(gob)=(aog)ob=egob=0.

Lo TR EAF T, WAFETHIE—ET 5,
Rz, Woan—odbotze L&D, TN6 % a,b TN, o 3EHITCTHLHS L, bldA
WL THHEME, LOFELY —HEI S5 2E20, O

/A FORDDIZ, ZFEZ2FHOT TBAEEHDOYI Y] I L TH, FLBEFET IR
M—DThHdIEMMHTE DN ?7HIE, KEN7Z T AH D, BRI TE R0, FlZE
(R, ) %

x*y:x+y+x2y2

TEHTDEINETIITHY, 0 BHBATER>TWVWD,
zxy=20

2R DMDOARERNTHELS &, IR DFET LI LHRH LI LW bh 5,

2.4.2 BOERE

IO BOERERRBEIC 572, [BELIZ. /1 FThHoT. 2TOTICHETHIF
ET2H0D%2E5] LW OWNERDEHTH D, ABTIE, (AEREHRED) RO LS IC
[COBEAREL WS RS IR E SN TV D] RT3,

E& 2.4.3. (. group)
FEGEIE LT
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GA %8 Go(BHREEBRELIFEND)

GB Gy LD IHHEF o, GER L LEND)

GC ¢ € Go(HALL L ITIENB)

GD G EOBIERE g — g~ (7T & W2 W L IFEN 3)

MNEZ6NT, MO=EZDOMWE (HORKRMHEITIN D) 21235 D,

G1 (f5&H:A, associative law)

91,92,93 € Go = (910 92) 093 = g1 © (92 © g3)

G2 (HAI7EOER], unit law)
g€ Gy=goe=g,eog=yg

G3 (HItDEAI, inverse law)
gog l=emDglog=e

BEG = (Go,o,e,()7)) T, A Go %, LIELIEGTHODT,

FR 2.4.4. (Go,0) ZFHEL T 5, HL. TNITHANILA D725 FTNIEHE—-DTH DD
Mo, BATTEMA TIHRERETIZ [(Go,0) IXE/ A RTHE] LWVWISWVWAHE L, Zhik
PERTH > THRAITADH D] WD I LEIFLTWVWS, 51T, (Gp,0) 2E/ 1 NET DL
&, [GyDETDORIZH LA D S| WS Z b, W rikFEET IS —2IZkE 2
(REEII) DTHED 5. Gy — Go, g g ' RBHIHE IR E 5, 7DT, B G
(Go,0) EHEANIEETTES, TDkd, (B (Go,0)) EERTIENZ,

FUBHT, < 0ERETIE PEFTH-T, Bz d b, 2TOLPHTEFOHD
EREWVWS ] LWOHOERERHALTWS, LAL, KAEOEHZDANVBERMTH S, KEDH
BEGTED FLHATERWD, [hF7TY) —IZBIFA8RR] WO HEERH L, EELD
BRTOE REOAT IV —ICB 28R L —8HT 5, HAREEHRT DI, F
ZAWE THABFETZ] LW AETIERL, Wz dHBENZOANT I —DHE LT
EZo6NTwa] LW RMEEL, 20RO HDANELIHERS,

RARE 2.18. fflE3@ 2T oN=E /1 KD, BTHE1E SR L,

ER 2.4.5. BOBEESLERAICREL TE T, EH—T /1 R=R2 0O Ea0El
WA IR LT W3,

EHARE (N, +) X EHETHE0E /A RTIERV, BATGAFIEL RS TH D, £I T,
0 W BEa%ETEN (FER?) LT (NU{0},+,0) & $2&, ZhIFE/ A RERD,

LA L, ZHUEBRCIE R o2, FZET 2¥50, 94805 2 1235 —x BFEEL R VLS
5ThHb, TIT, AOHEFKY (FER?) LT (Z,+,0) 2958, THERHIR T,
—Ji. (N, x,1) IZE/ 1 RTH D, H HTERV, BICETIHT, T2b5n e NiZx
T2 LR STHD, TI T, n L 2FEREBENNTL S, BIZOVWTHLTWS
DI ntxmbBBELRD, INSE2ADETEDOEREH Qo 2525 L. (Qs0,%,1)
L 75,
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EH 2.4.6. Bf (G,0) W AIH#EE (commutative group) TH 2 ik, [G1]-[G3] DIEFNIZE 5IZ
G4 (A, commutativity law)

V91,92 € G gioga=g200
PRI TBHZ L,

AHEED Z & &2 7 — ~N)UHE (abelian group) £ H W5, Tk, #EEROAIBED - ATH S
Abel IZHRATZMHTH 5,

AR 2.4.7. TOVBHZEL T, DIHERZ + TECZ B0, BARRBEIHEGERT
EHBH, ZHEFREEZ + TRl U727 — VD Z & 2 &R (additive group) & &8 1l
ERIZBWTIE, B2 0 THhob L TERTEER, g DHtE —g THODLT,

Bl 2.4.8. #lp32mIZRAE /A K
(Z/m,+,10])
BHTHLE, ETOXNPAHETHL I LEIAFARELIDTH B D
la]+[=a] = [a + (=a)] = [0], [-a]+[a] = [(=a) +a] = [0]

THBMS [a] DHTLE LT [—a] DEUN S,

Z/miZBWVWTIE, +IFRIC + TRIN, FELELIE [0 2HRIZa 2B NTLESDT
%, BIZIE, TZ/5 1280 TIiE1+4=0] REEEL, KD M1]+[4] =[0]] LFELIRE
L IZATIEH D,

8 2.19.
1L (Go)8E/ A RLT B, g he GRELLLAHDEE, goh bAHTHY,
(goh)™'=h"tog™!
ThHhsHZ ezt

2. (G,0)2E/ 1 RETD, ge GHUHTHBEE, g LUHTH Y, ZOWT (=)
kg BT R,

FoOMEEZIa NS, RO EVDLNB,

i 2.4.9. (G,o,e)2E/ A RLT D, GOHHLORIKRE HE T DL, (H o) kR
5, ZOME, TE/AFNGOAHTORTEL VL, LIELIEGX THSDT,

FIERA.

HM»WHIE/ARTHEI L :

MErmonizihi, gghe H w5 gohe HTH B, 72, eDWitiZe HHT
HiEMNHec H EHROEITAIZEY, HIZGDHMHE/ A Red,
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HM»PHTHbBI L :
HDTEE/ A RGDAWILTHED, EIXE/ A RHOAWLTEHDZ LM, X
DESizbhrd, he HRoEXh ¥ (EE90R) THL206 HDERIZED
hWleHbkd, $hbbheHODFLH HDOHIZHBDT, (H o,e) 3L,

O

Bl 2.4.10. E n RIEFGTHDOEE M, (R) 12, FIZOWTE/ A RiZAL>TWS, ZHUIHL
THmdE A9 %2 {H 5 &, [A3R n IEATAIRRIERICOVWTHEZ R T Zehbnrd, 20
% GL,(R) ThobL., n IRETHEEE 7213 n IRE—EHEFEF (real general linear group)
bl QU

(M, (R), x) 2475 BIZBIL TRIE/ 1 R TR,

GLn(R) := M, (R)*
TH5,

EE 2411, EoZ ek, —MRIZIMR K 20 & T 2T DOWTEADSZ & THS, HlR
. BN THERTH S & 52w n IRIEAFTHIO2KIFFEICDOWVWT GL,(Q) ¥ &k
NEEERT,

ER 2.4.12. AERITANE. ERATH & XS,

Bl 2.4.13. X #HEEL L, Map(X, X) & X 225 X ~NOGHOLKE TS L, (Map(X, X),o0,idx)
FE/ A FTHD Hle3aSi), 2L T EomEEZT 265 &, Map(X, X)*, T
mhb X 05 X ANOAHIRERBE (REHRARE Vo TER L) FAKIIOWTHE LT
Zenbrd, ZOHE X LORMEL VW, Sy THhobT, Kz, X ={1,2,...,n} D
L&, ZORE n REMEFLZ VWS, Thobd,

fl 2.4.14. (Z/m, X, [1]) HE/ 1 R THZ DT, MELLI & H ZOTBETORK (Z/m)*, %, [1])
BHETH B,

Bl 2.4.15. 1. (Z,x,1) OEHLARTHEZ> 1E {1, -1} 222 ZABRIZOWTRTHTH
%, KBS ZIZBITBRUTET 20 ¢ &I,

ar =xa =1
B acLPFETE LD €ZThHhD, THIE H1 1Tz 57200,
2. (Q, x,1) OFFEITLARTHE Q™ 1
Q* = {z € Qz £ 0}

THd, 0 UHNOEHBIIALRBOH G2 ONSTH S,
FRRIZ, R, C* 3 ZNZTNR, C 25 02R\WZHDL 45,
MEEI IZEIIGEVWDEDTH BH, Tk flzRs &, THBPRHEEE Wo 7z T4
ES MM ORE] OfRIZ, HBIZFZ 222 Wbhd, TNEFNIZOVWT, BTHBEI L%
D BMBENRL LB, B/ A FREE WS THiGL] »WEXMR,. —D20oflTH 5,
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=2 2.20.

1. E/4F (G,0) £ g,h e GTH>T, gohlFAHTH BN, g h BAH TR W%
/?\‘ﬁo

2. A,B & n IRELESHITHI LT D, AB BIEAIFTHITHNIE, AD B HERITHITHS Z
&Rt

T/ A NIZBWTIE, AI¥TiIBIETE 5,
M 2.4.16. (G,0,e) EE/ A N&T B, ac GHAWTLTHDLE, HERX

aox=2»

DIFIFME—DIFLEL

r=atob

THd, VA NEE

aor=bsxr=a'ob.
. X aox=b DENLIZEDS ' ZIFXEZT &
ato(aox)=a"ltob

Z TR

—1

ato(aox)=(a"toa)or=coxr=u2x

Ehorz=alobh >,
WiiZax=atloblZENSaZ2IFEIT L acs=bMNEZ5, O

ZDEHIZ, FERDIADGENWELUAL BIE] LWHHE&RIE. U2IEE /1 F—#KRiZ
DWTOMEETH B,

2.4.3 FHERR

BEd S BEAOBERR L 12, BHEAMOGHTH-T, 52 5hiz 3 FMOME [GB][GC)[GD]
EROLDTH 5,

l'—i% 2.4.17. (S,Os,es,o_l), (T7OT,€T,()_1) %ﬁtj_éo S 75“5 T ’\Ojﬁﬁﬁﬁtli\
f:S—=TR2EHTH->T

HB Vs,s' € S, f(sogs') = f(s)or f(s)
HC f(es) =er
HD Vse S, f(s7!)=f(s)™"

@EO%%‘?‘:T% o)o



2.4. P 57
Bl 2.4.18. IR -FIE3BIZHIT S
exp: (R, +,0) — (R*, x,1)
WWHHERTITH B, T/ A1 FHERBTH L Z LI3LicHhlz, HxzHxicBdl et
exp(—a) = exp(a) !
LOHES,

e 2.4.19. (S,05,e5) & (T,or,er) DEETH DL T2, ZOLE, TNHEYITERT
D~ HERR f . § - T IIRHERTITH 5,
SWZ 5751, [HB] Z 2ErONIXEERRITH D LW R 5,

FERH. ¥ X WERBITH L DS HB] IEEATWD, HC] %5 D,
f(es) = flesoses) = f(es)or fles)

THhB, 2T TRETHEDENS fles) ! Bd 5B, Zhi EOEROILOED S H
RS

fles)or (fles)™") = (fles) or f(es)) or (f(es) ™)
FITHITCDERLD er. AL GHEEZME->TERETS L

fles)or (fles) or (fles)™)) = fes) or er = f(es)o
¥ 5T [HC] 485 A 7.
HD] %2 5.
fles) = f(soss™') = f(s " ogs)
TH b, /0IZ HC| 2 AW, Hild & 43012 [HB] Z Hnild
er = f(s)or f(s™") = f(s™") or f(s)

YRBN, ZHIEMTOERCII LD f(s~) B f(s) DT THAH I L ERLTVS, T4
bb
fs™h) = f(s)~h
O

88 2.4.20. (S,0g), (T,or) #E /A FE L, f: ST 42E/ A NEFARYL TS, T5&
SESXDEE f(s) T THHT f(s)~! = f(s71) DALY B,
Mo T fIES* Dt T DKL, f: 8% - T* RLFHERMZ5 ST,

FEBH. s € S* 235,
er = fles) = f(soss™') = f(s ' ogs)
THBH. [HB] &> &

er = f(s)or f(s™") = f(s™') or f(s)
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THENS f(s )X f(s) DFETLTH D, Sz bL

Fs)7h=f(s7h).

BT f(s) X T OHTHEE R D, f(s) € T,
T5L f ORIRIIRED SBEADER f: S% - T R55E% 551, 2 [HB] %
79O THEIZT KD ERHER Y 25, O

EFH 2.4.21. (S,05,e5,()71)) BHETH D & &, HEGH ids IFEHERBITH S, S DIEEFS
AN R
(T,or,er,()71)) DL T D, HUERE f:S T L g: TS ThHho>T

gof=idg, fog=idp

ERBEDNHBLE, g% D, f%& g DFEF (inverse homomorphism) &\ 5, W%
DEIRMERB Z A S, E-XREEN. RBEEKR, L3RR WS, HThHhsIltx
B U CTHEERE b\,

B (S 05,e5,07Y) & (Tyor,er,()7!) ODMICHEMEGEDEH 2 L &, ZNS5DOFIZRAETH
RN N

i 2.4.22. (S,05,e5) M5 (T,op,er) ~NOFHERBIEL f B2 HS 72 5 IXHEEBITH 5,

FERH. BEERTL L IZREOR O~ /< HFETIO Z &L Th 5 (M aTd), W2 I T 5 5
EHIZHS, O

2.4.4 EROEE

T 2.4.23. (R
BE (S, 0,e5) DUNEEL X, S DUHEL T TH-> T, THIFWDOEBE o, e, )" ICHLT
WEHDEWD, L F A,

S1vt,t e TIZXHLTtot €T,
S2eeT,
S3vteTizxLTt el

TH2HDEFD, ZDLE (T,o,eq,() ) IIHEE LD, ZOLDIREEEMBARL VD, ZD
LEHDRAAREMG T — S, t— t BHERMLERS, THSOHIHTHEI Lz, X
EobLbLVWRELTEDEINT <SLHOHDT,

FERA. (T,0,e5) IFEHRPELIB IZEIDE/ A RTH 06, BT 2 &2 RTITIEH AT
ET2Z2REEIV, teTIZHULET e TIHMKEINTWVWBEDERS, HixIhnd
WLl d 2L [G3| ZREiXE\V, UL EAZE® (ERZZWO FOFEHEFEUL L5 12),
[STHRON>TWBAENS, TOEWMHTHS T THHY D] & \WSHEIZ L Y HEIIZ
O SD, ZZTHEAM (G IFHBMIZK D Lo TLE D,
CSMERIBITH B Z L IR B ITHEND S D, O
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2.4.5 MEEt

BHEOBEAIZ, ZHER L IV XF TN RAEBGRYEH 2 & &, FEESIXEENIZE L
5, INEEHLVS, £/ A ROGEOEH 370 21K,

EIE 2.4.24. (S,0,e5) ZHE L. ~% S LOMEREKRE T2, FEGEH
qg:S— 8/~

DIFFHERIBL & 705 K S 7 “IHE o & O JHHA e L HIHEHE ()71 2V S/ ~ ICER I NEHE
FREMEE, o & ~WAVNRFTINVTHS (RIIWHM) 2L TH A,

IDYE, SEEBVITEE S, (S) ~,0,65) & SD~IZKBHEREE O, ¢ & FEHER]
S5,
FERH. BEERBITHNIXE ) A NERIBTH D, Lo T, EH I OBELEDOIBSIZ LD,
BEMIZ DS, TOMIZOVWTRT, ~ & oa v AF TN ThE, HUEHD oD
LD q:8 =8/ ~%E/ A RUERM L TBE ) 1 RIS/ ~,5, [es]) B2 72— DIFAE
T2, ZIT. qFE/ A FEFRBTH D S5m0 I X D Az #eiiBs, Lo
T, ¢ DBDOTIE S/ ~ DAWTE RSB, 2T, S DTERETAMT ¢ ZEHELS S/ ~
OIEbETAWERD, S/~ I TH D, ¢ IBFOMD < 7 < HEFRRL 25 5 i 219 12 &
DEEERTL 20 5, O

2.4.6 ERERAEK

ZOFOEH pZ7a, 320, o, 0 1, FEIXE - WIZEE T E B,

[REFEEDEZ SNTZHEE] LW BET, MOLDI BB AEOMEZEZ S, £IH
BHE (S, 018,y ams) THD, T IS IFEE. a5 FER (IEBEETH RV, n; HiH
BThsrelLL>) TH3,

B ZIE, BE (S,0,e5,()7) Tld. an DIHHEE, ap 230 HEE, a3 PWHIHBEAE TH 2,
Iz, NHEEZD, NHEIE, [2TDs,89,...,5 €S IZH L, TSN SfEEI N
BaHIREDIEFETHVIELTHONGILE, HOIEFETHV KL TRONEILH, HILE
LW WO FEDEDD, WD EZonTnwb T 5,

AR 2.4.25. ZOARTE, ZOXIBAHMOI L% [HMEMHFSUORNI] LIERZ 21T
%, (BHHNHGEMENES THD,) HEABOPHTIEIZID LI LAMTER I NREK
%% [lequational class] (X2 7 A) LIER, ([H, p.75, Definition 11.7].)

BIZIE. Y2 (S,0) BEXSNEE E,

Va,b,ce S (aob)oc=ao(boc)

. ERMESTONEOHTH D, FHONBIZENS G1, G2, G3Pa#ME G4 ZFD LS
BRABOH & > T WD,
LML SRTARVWATOE L LTIE, B Eo &EE> TWTHURAZWD, (ROAFIZH
5bid

s#£0=>s1leS
RHITFoN5,
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EF 2.4.26. RERE L 1Z. ni,ng, ... ,npm 22 0L EOBREE S, TNE2ERIZE DH
Br-be, ZNSN I RNENEEZRDZE D,
BEMESHORBIE 21X, 0o OABPBEMESRTHL I L,
ZTOREEEZFOEA S 21k, (S,a1,...,am) BEMTH>T, & a; & n; HEET,
20NN EREZTHOD,

Bl ZAE, BEHE 2 XN B RBUEE I, o, e, )7 25 21H, 0JH, BB L, Th 51T
LT (BEAMEESHD) NG G2,G3 252720 TH 5D,

MG 2R OES LI, (S,05,e5,()71) OMTH->T. G1, G2, G3 2{li7=THDTH 5,
Tiabb, HThd,

EFE 2.4.27. CERBBEE L U, S, T 22 DREMEEROEAEL TS, ST ~DCH#
e, f: S > Th2EGHRTH->T, HEINZLTOHBEZMHED (EREZISW)
D, ThbL,

s
loys logr
s EN T

METDi=1,2,... mIZFLTH#fid D,
IOEHLMEEZA LV IREER S,
% 2.4.28. C¥FRIB —D>DEKIZ. CHEFRITH S,

EIE 2.4.29. C 2 HEEMEEMOREMEL L, S2FoEEE25 1 o0N-8EE5 T2, T CS
N, BRoNEE o, o, KWOVWTHLELTWSRSIE, TIHRINSDOEBIZL>TCH
EEFED, S % T DO CREEE WD,

FERH. MESRMASF SO AT, HEICHU O TN ESIIOVWTHED ZO2 6, O

EHE 2.4.30. C 2REMGEEL L, S2 2otz 5 2aon-%A6L 95, S LOFREREGK ~
M, GASNIHE a1g,. .. ams BTEIAVAFTNRSIE, ) ~ ITIXEHE ay,..., 4y, T
HoTq: 8= S/ ~DVINSDHEBEZRDLDDVHE—DEHRINS,

C MR MHESIL S, S/~ EINSDHFIZL > T CHELZFD, ¢ ld CHERBLE 7
5, TOLES/~% SDECHEEE NI,

FEEH. A a; OFAEREH IO 25 U225, ME—MEZ2Ih 5 U2 D, ¢ BWEFEZ R
DIZEHEZINS LN,

HLIFCHVEEMEZHTHDEEE, S/~ BTOMEEEOZ L XA 2L, ¢ HHER
MTHdIEIFEHENS LD,

S/~ & a; BWAMAEN-TZLE2ZSZERVOTH S, Zidq DRFMEE, NS
HEBSRTHEZ N6 LDD,

BRI TH LS, R G3 2MENPDTHD, ¢ WEHTHEZ N5, S/ ~ DERDILIE
[a LH5bINE, DrRORFTL (?) $54HIT, ok a(—,—) T, ex B)T. )1 %
V(=) TERUTALD, ¢7, THoDHEELZD 2 HEDZLIEHIRLEZDOTHS, Thi

q(a(a,b)) = alq(a), q(b)), a(B0) = B(), a(v(a)) = F(a(a))
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EEED, DbNONOAEHIZ, G3HN S/~ THILTEHI L, Thbb

a(z,3(x) = a(y(x),z) = B()
ML TDHILERTIELTHD, ZIT, ¢ DEFMEIZELD v =qla) 2725 &5 ac S
WEAETLIDEDPS, ZOLI K IZO2VWT EOERZREBIZI W,
ULndIZ, SIZBWTIXG3IDREDNIDDTH B0 5
a(a,v(a)) = a(y(a),a) = B().
BT q() s &
q(afa,v(a))) = q(a(y(a),a)) = q(B())
M, ¢ BNEHEEBEZBEDZ NS, Tqolf =R oql THB, T4bb
q(afa,v(a))) = a(q(a), q(v(a))) = alq(a), ¥(q(a)))
ThHhdBP15, EFPrOELIHETNIT
a(q(a),3(q(a))) = a(¥(q(a)), q(a)) = B()
THB, TNHWRELEV, S/~ 12835 G3ThH-T=, O

ZD &SIz, REMEE % TS BUEFE D8 % B R (universal algebra) &5,

2.4.7 BOERBEIE : EHERE

WEFTHES -7~ - $E - /A NORFBEHZRRTE 2, BEIZOWTHERD LS
WZHECEOEHDENLT B, UL, HBikd 2 X512, BHZOWTIE TIERESRE 2L 5
EAMEAEFEITONTE Y, 25 6% HOUERTEH] LIEXONEETH S (EH 278,
FEHL oA, R EAR B ), F D72, ZOHITIE THEMEE] LS SEEMINL A,

T 2.4.31. (X,ox,ex) 2l UL, ~% X EDoyx & AVNAF T NRFAERBRE TS, (X/ ~
,0,6x) CHEIMERT, ¢: X = X/ ~ ZERILE U, RO (Y, oy, ey) EAERDHUER
BMf. XY 2525,

Fe~DPAavARFTIN TROBAEED 2,2/ € X ITHL

r~x ' = flx) = f(a)
THNIFERCIM ICLD f: X/ ~xo Y THoT,
f="Ffoq

BB ELDOEDOLNME—DELET S, ZHITHERTITH B,
ORI Z, BEERIRY £ IXEMERBIR ~x 12TV RF TN TH B 20\, 7z f DY well-defined
ThHb VD,

AEFH. I L RS e, TE ) A NUEFRBL f BSFRERBITH D Z 2] ZREIX IV,
A 2T & D HE S D, O



62 Howm U~ B ®/AN B

EE 2.4.32. ZOFEHS, EEAK (SeZm) OA TR ER 5N B,
CZEREBEEL L, S, T 2ZDMWEDSZoNEEL TS, f: 5T %CHEERRE L,
~% S EOEMEBEBRTEZAONEETOHBE L IV AAFTINREDET 5,
ZDEE f:8) v THRBIEMRT f=foqbbDNM—DFET LA, THIEFETD
WA g, cir BED (i=1,...,m), FBX

f(@i75(q(51)7 IR q(sm))) = f(q(ai7s(81, EERE) Sni) = f(ai,s(slv SR Sn,))

= Oéi,T(f(Sl), R f(snz)) = Oli,T(f(Q(Sl)), R f(Q(Sm)))

Thb,
Rz, C BMESRMAESIORBEETHIL, S/ ~ ZEH I3 LD C DMiEE B 5,

FlXCHERR Y 43,

EIE 2.4.33. (HEOUER ARG HL MG BLRS)
(X,ox,ex)s (Y,oy,ey) ZREE U, f: X = YV RBBEERBASLEZ SN2 T 5, f(X)CY
TfIZED X DfrERT, TDOLE,

1. f(X) Y DHARETH S,
2.~y ik o & AVAF IABAMBKTH 2, LihioT, X/ ~y ZHREE 55,

3.
X% X/l y

BHEGRERB L% f. THRbb

f="Ffogq
5% f AR DT B, CHNERERMTH S, T LT, TORESE f(X) I
HERLTHEsNS
[ X)) ~p— F(X)
ISEERIEL & 72 B,

DF 0, EHEEIH IR LTEFOEERD D,
FERH. B IR M A T 2 REFHIR IRV E R S5 RV O AFFRIZIER S,

1 HAE /A RTHHILIIRINT VS, BAMTHSZ L2 RTOI, F(X) AT
BEBIEBLTWAZLEERIEEV, ZhIE, flo) ' = f(a!) XD EBIRES,

2. REHTRI B WE RSN T EIXEME L,

3. MEIITAIZE D, REITREIBLVERSBEWNWT EIIFEE LN,
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FE 2.4.34. Zh o OHEERIEH 0433, 324, 2213, 2123 ., FIFHENEDOSETH
—HIZBR 5N B,

C 2 HMEAMESHMORENNEE L, S, T 2ZDMEDE 2 S 8E, f:8 = T #HEFHM
95, ZOLE, f(9)IFT DESF CHEELIRD, ~p IXCIZEVIREINS S DETDH
By RF 7N —HBRT, oTHCHIE S/ ~2EDD, ZI T, BEHOUERTIEM
P I2 LD 52505564

fi8)~= f(S)
i CHEEDRRITH 5,

FEFH. F(S) BT DIRESINFHBEIZODWTHU TWA Z LE, fAZDHEEEZR DI NS
WS, TheEBeamn»s, f(S) T Offs CRhEz R,

FEREGR ~; DIEE I NZEE L AV AF TN TH DI H, ZTOHAE fAEDII LS
WS, TNEEHMEAZD NS, S/ ~1E S DIECHETH 5,

fRE¥ETHLM, HEZI LY ZNIZCHERTH 3,

CHEREITH > T, WEMHE CHEAMTHLL D% CHIE WS, —fuz, [ RH4C U
FETHhNIX, ZOHWEHRE CHEREITH Do THRELL 7225 Z &2Vl 113 OFEH & [
FRIZUCTHERD 5N B, O

R 2.21. MR IZEWVWT,
Exp: (R,+,0) — (C, x,1)
EHEEAITH b, HEOMERAER (MR 2HVWEZEI2&oT
(R/ =,4+,0) = (T, x,1)

RO E 525 2 & 2R,

2.4.8 [RERMRE B

BHGOWAESER HPIEZONELE, MO LS B _HEROEHR L2 TS, (ZOEHIT
W2 AWTED, GARTHAZEZAHLTWAI L 2EELTEL,)

T 2.4.35. (G,o0,e) 2B L, HC G % GOBES) DIRELEL TS, ZOLE, GO
BEE) O Lo ZHEHBR ~L %

Va,be G a~hbealobe H

TEHT D, LIFL (left) D L TH 3,
[FRRIZ
Va,b€ G a~RbsacbteH
T~ EEHT D,
Bl 2.4.36. H ={e} D& E,

a~Ebealobel{efealob=cab=ua.

koTIorEik~L BEEL 8T 5,
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MOEH I, ~4 PRAMEERTHI VWS 22, HPEHHTHZ L WS Z EDFET
HBHIEFET B,

T 2.4.37. (G,o,¢) RBEL U, H 2 ZDWAEE LTS, ~b BAMEEKETH S BIEF5H

ML, HHOHTHHZETHD,

A, ~L RHI~ THS DT,
o ~ N [E2] 29 I, HN[S2 2729 ZLAWEMETH D Z L:

1

Va a~asa ca€e H&see H.

o ~ M [E3] 2729 Z L& H M [S3] 273 Z & DFEfEM:
[E3] &7z 1X
e~asane.
Nk HDSHETHITIE

1

e loae Hea loee H.

e=et'&VaceH=a'leH W>THIX[S3 &7,
WZ H WY [S3] &3 51,
[S3]

a~b=atobc H = (atob)tcH
I TCcHEET 2S5 &
(@ ltob)y t=blo(a ) t=b"toa.
TN HIZABDENS br~a, ThDB [E3) H1E X 72,

o ~IZ[E3] Z2E (£7/=1%, FMETH S HIZ[S3] 2IKE) Lz ETD, ~ H [El] 7z
T e H WIS 29 Z & OFRMEE

~ M E3] 2z s EMREL, T H5IT [El] 2724295, abe HE$THE[S3] &P
ateH &oTe~al, ¥/ze~b, [E3][El] ZfioTa™t ~b, £oT(a 1) tobe H,
$bHbb aobe H T[S Zii/z 9,

WO H B8 [S3][S1) &l T & T 5, HiF[S1 S [B1] AKD & 31245,
[S1]

a~bb~c=atobb locc H'S (atob)o(btoc)c H=atocc H=an~c

O
ER 2.4.38. FARRIZ, ~8 DEERERE LB BBEFAEMAE. H<G LB ThHb,

B 2.4.39. GEMEL, H<GZEXTOWMHRELT D, EHEAINICED, ~L 3G LD
FEBRTH 5, ZORMERMRE H 2ike T 5 EaREKRE WD,
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G(DBEESR) 2 ZOFRERBRTEH > TROoNIHEES %
G/H =G/~

THobL, TO—D2—D2Dx% GO HIZXZEFRE L \W>, G/H% [G%24AMP5 HD
EHTE > TRONDE], £7/21% TGO HIZXBERREES] &0,
FRRIZ ~B % H 2R T2 HAFHBKREVY. GOZNIZ X 2M%EE%

H\G :=G/~%

THobL, GO HIZEZ2ERREELS, HEWVWIE G 2ENS HDEHTE >THSND
ELHE WD,

FEOEZEDRIT, ~LIZBLTae G DET 2 [a] &
@] ={g€Gla~t gy ={g€CGlatoge H ={geGlgcaoH} =aoH
Thbd, ZZT, aoHIFRIZERTL2HEAETH S,
EE 2.4.40. (G,0) 27v /v T35, SCGacGDLE
aoS:={aos|lse S}
LRERET D, HKIZbe GITHLU
Sob:={sob|se S}

Thd, GIEHDOEEIE
aoSob:={aosob|se S}

CEHT D, WEHRIZEID aosob ETFWNTH ZTENLW,
TR IORDOBEIIEE ST, SSTCGDEE

SoT :={sot|lse S, teT}

EEET D,
BEELOBND DN GE, o FLIFLIREIEI NS, T74bb, acbDRDDIZab, aoHob
DRDOYIZ aHb, SoT DRHOYIZ ST LEIND,

EofErHWNIE, RERLEZZ&ICRD,

i 2.4.41. G 28, H2ZOHNHE T2, ac G DET S ~L 23 2FEMEHE. 340
HaDETALEHREIE H TH S,
a€GDET D ~LIZETIRMEHE,. TRbbARHARMEIE Ha TH S,
Rz, E5505ATEHNICe DIET 2FAfEMEIL [e]) = H TH D, )

ZOMEIZEH IO A2EHAT 5 RkEE5,
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% 2.4.42. G &2ff, HZ2ZDOHAHL T 5, EED a,be GITH L,
aH =bH 721X aHNbH =10

DELSWP—DRITINHLYT B, GldaH DIEOEEIZHEEIND :

R 2.4.43.

aHeG/H
DRIFDLZ DDV, G/H D—2—2D5dEIZaH LW HDOEETH S, aH =d'H
LB &5 ad BHIPERNLVE, £S5V HDEFALEE ST, G/HD—D—D2D
JtaH iRz &, GEENVIEDLY IR AELTVWEEWVWS ZETH D,
ERERREOLAETHHM, ARRECTERLILNVEX S,

ERE 2.22.
a~BEbesbcaoH
=,
R 2.23. (Z,+,0) ZBBOBRITMERHE L. m ZBRBE T 5, H:=mZ:= {mz|z € Z}
m DEROESL TS, (ZOHEREHRIIAN To=x DFAEZHANTWVWS,)
1. HIFHOMTH S Z L 2RYE,
2. ~EEL =, 2 m AELT2ARBR (ER32A) & KT 5 I L ERE,

3.
z= ][ (a+m2)

a=0,1,..., m—1

Zrt, (ZOHEIEHEDZA To=+ ODEFEEZHNTWS,)

2.49 HBOM¥BES TSV 1DER

EF 2.4.44. (BFRAE, finite group)
(Gyo,e) 2Bt L T2, BHEE GVARESTH S & E IO 2 BIRE (finite group). LR
B TH 25 GEREE (infinite group) £ W9,

AR 2.4.45. LD TRAR7ZE 512, WRIZHB WA WA RREENDH S5, ZHUIGU T, W&
JEFRAE (countably infinite group) JHAEMRAE (continuum infinity group) 72 ¥ DEHEN D 5.

EH 2.4.46. AED G DD #(G) &, # G DM (order) &5, (G WHERES DY
HITiE. G DIREEZAMHEND,)
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EE 2.4.47. (V70 V10DER)
G %Wt HZEXTOMNELT D, ZOLE

#(G) = #(G/H) x #(H)
WEALT 5. BT, G/H H D 20 HRESHRSIE. G B HARES,
AL

EREIINTWEDITENPS,

#(@) = Y #(aH)

aHeG/H

Thd, ZIT.
Ly,:H —aH,h— ah

Ly-1:aH — H,h+— a™'h
RHEWIWEHTHH, —N—EE2525, £oT, aeGIZL5TIZ

#(H) = #(aH)
THB, LVS I LiE, 4(Q) 13 A(G/H) HD #(H) OMTH S, Thbb

#(@) = Y #aH)= Y #(H)=#(G/H)x#(H).

aHeG/H aHeG/H

% 2.4.48. GEEREE. H2ZOHDHLT5LE, GOz HORMEIZEIOY)S,

EH 2.4.49. G &R H<GERMWMH/BELT D, ZDOLE, #(G/H) % GIZB 5 H DIgH
(index) & KT
G : H|

Thobd,
EFE 2.4.50. — A {z} T U TIE, ZHEEEI
ror ==

LEBETHEMEAEG, ZOLE ({2),0,0) BETHB, 20k >HEEEEBRE (trivial
group) &\ 5,

(Gyo,e) LT B L, ({e},0,e) REBAMTH D, I GEHEZEGDLET, G OEMRAA
ARV,

IR 2.24. G 2BV ERTH D L H5UHEL T 5, GOEAHHE. BPRLRIHOATH S
e,
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2.4.10 1EBUERIE TTDNME

PRI LT g (n=1,2,.. ) BEED, B/ FIZH LTI ¢ HEF - 72 (EH 2328),
FRRIZ, BEIZH LT g (n€Z) BNEHEIND,

EIE 2.4.51. (BEDIEHUER))
(G,o,e) ZHtL L., ge SZ—D2DitL T 5, B nZxtL,

LREFKT DL RHBKILT B,
(g") o (g™) = g™

FEHIE. nym > 0 D& REMEEIZE TRINTWVWDS, TOMDEGEIE, WAWAEES
UL TIRZRSR0, 28 A n > —m > 0 DR,

(g o (g™) = ((g" ) og)o(g ogmt) = (g" ) ogm Tt = =g
DI Y DEENTIFFHH AT S,
% 2.4.52. (G,o,e) L L. g€ SE—DDLLTH, TDE& X,
i (Z,+,0) = (G,0,¢)
R BRRERRITH > T 1y > g L7255 OHIME—DIHET 5,

AERH. FFAET B0, Hota it e (EReZaao [HD]) &0 f(-1) = f(1)"' =
gl EoTn>0neE

U7z o THAET X n DIEEIZR 2D ST f(n) = ¢g" L85 Lk, ZAMHUEERRIT
H5Z EIFEB AnD TR S 2, O

ER 2.4.53. ZDXS5IT. ERIIEITS (N, +), B/ 1 FIZEIT5 (NU{0},+,0), FEZET
% (Z,+,0) XA CE#EZH->TWSE, InoiE, MaaESOBEHNSR] LIFEN5, (N, +)
F—nEREEERHTH D, (Z,+,0) &t EREBHBETH 5,

RIE 2.25. ¥/ 7IZBWT, EomichRoshizk>aME%2S Oo0% (—EkEE~ S
TEMERIREL D) 2EdE k&,

Zix. (((1,1),1),(1,1) k5% FERODIh-2hoikd~r <] Thb,

IR 2.26. (G,0,e) 2L L, ge GZZDIET B, m,ne ZITNLT,

Z e,
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EE 2.4.54. (G,0,e) ZE/ A1 FEL, geGZFEDILET B, g DAEK (order) ord(g) %.
ord(g) :=min{n € Njn > 1,¢" = e}

TEFT D, 4005, g 2R LEZOBAITTIZRES . TORMEZ g DAEE NS,

g ZMBFELUTEHAIITIZROBRVE EE {njn > 1,9" = e} FHELTHD, ZTOR/IMET
H% ord(g) IFMEEK co LEET D,
EH 2.4.55. (G,0,e) L L, g€ GEZTDHET D, REABAIZLDVHEZ 5N (Z,+,0)
M5 (G,o,e) NORHERBIEL f: 7 — G, f(n)=g" DH

{9"In e Z}
gDERT DG OEDEEL N, < g>TRT, INW G OEDRETRD Z 2k, TR
ERIEARDBRITERDRE) WS EHEZII D 1 565,
EIE 2.4.56. G2, ge GE2XDILT 5, EFPAHI LEMPEIII LD
L] ~p—=< g >

RAMRAMNEZ 6N5,
HU g DABPERKTH B2 01E, ~p FEFEFIT—HL,

(Z7+’O)4)(<g>’o’e)’ 1}—>g

RABBEFRENEGZ 605,
HU g DMNBPERDMEm L H1E, ~pldm Z2EE UEEGRBEFE= modm &—HL. L
728> T
(Z/m,+,0) = (< g >,0,¢), [l]g

IRAMRMNEZ 6ND,

AEH. BEERITLERI ZZZI D 2 05 Z) ~p—< g > DRI TH B Z L IFHE D,
bLWE ~y BWESHEGRE—BT 5, $4bb

rr~pr S r=a

THBERET DL, ~p ICLBAMERIZE T REGLRD, Z) ~y=7 (QEIT3R) 45,
HEL. T2 ThVwWeT B
z~pa O x £

BB o BT B f(2) = f(2') &V ¢" = g% ML D 2>/ LIRELTEVD
THIHLT @ =e, ZHIZED, g DMBIEAERTH D, THTHRENE 272, (WA
RTHIUE ~f FESIZ )

g DRBAERE m 72& L &,

z—a’ mt

r=2'modm=x—2'=mt=g —gM = (") = =e=g" =g" >z ~pa.
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WZ, z~pal EIRET DL, HITEE ST " =e £TROD B, MRS 2 -2/ >0
ELTEW, 22T MU v 2ZEWHEUTIEH S AN

z—2 =mg+r, 0<r<m

BB g r kLD (MEC), T3

’
r—T

e=g"" =(g")log =elog" =g".

miEgh=eBRBRNDOM>1TH272DIZ, r<m THRDg =eThHb, ZNIEFEL
TWBDTIFARL, r=0THELWVIZLEEKRL TV, (miF1UEIZE o7 EDEK
IMETHo72h5,)

Thbb o -2 ldm O Thbb

z =2’ mod m.
£oT. ~;y &= modmiF—H3 5, O
% 24.57. gD Gt LTO) iz, <g>D FHeLTD) Mfuz—83 5,

FERA. g DAIELm BWARD L & Z/m =< g > TH I HMADITOEIE L., ZNiEm
ThHd, g DNBHVERDRIZ, Z=<g>THE3NS <g>DMNBELERTH S, O

% 2.4.58. HIREE (G, 0,e) DL g DMNEIFHRTH Y. G OMBONEE s, Ld>T

g*E) — ¢

DKALT B
FEHH. 790V a0 EaI R G L H=<g> Iz U TEATUIEE WV, O

TV aDEMRTIE, GPHETHAZ R 7NMIFELN TS, T/ RKTIXZIDLS
MBI D L7280, (G,o,e) ZE/ A REL, 00 % GDILTIHERWMEREDFRZT LT3, o
%

VgeG gooo=000¢g =0

T oo ICBIETIUL, (GU{oo},0,e) EE/ A RTHD, GREHNE/ A RELTEL, U
FiioT, TG OREE 1 HPES] DT, T/ 4 ROTHE LT G ORI E 2 DOMED
MNZEEERBERDRE B Z & i\,

EH 2.4.59. (Z,+,0) £721% (Z/m, +,0) (Z[FAB 728 % KEHE (cyclic group) &\,
INSORHE. 1 FE ] IT&VERI NS, EHpass 2k, BEG D—it g TH
RENDHAHE < g > FKEHTH S,

B 2.27. B (Z,+,0) D + LAV R_F TN Z EOFEMEBFR ~ L, &5 0 LA EDEEE
mMPEFEELT ~ X = mod mIZ—ET 5 Z & %ERYE,
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1/2=05 AR FEIEERE 1
1/3=0.3333--- JEH1
1/4=0.25 AR, FETEEREE 2
1/5=0.2 AR FEIEERR 1
1/6 = 0.16666 - - - JEH 1 IEDGERER 1
1/7 = 0.142857142857 - - - JE 1 6
1/8 = 0.125 AR FEIEERE 3
1/9=0.111111--- 1
1/10=0.1 AR FEREERER 1
1/11 = 0.0909090 - - - JE 1 2
1/12 =0.08333 - - - JAI 1 FEAEERER 2
1/13 = 0.076923076923 -- - JEA 6
1/14 = 0.0714285714285 - - - J&HA 6 FEAHERE 1
1/15 = 0.06666 - - - JEI 1 FRIBERER 1
1/16 = 0.0625 AR FEIEERE 4
1/17 = 0.058823529411764

7058823529 - - - JEHA 16
2.1: 1/n OAEUER
2.4.11 BRNEK

HORNHIX, MOPEHHAZEDOTH S, B8, TARWEZRED & 5 2MRN7ZE D% HFKbDE
TIERSZVDR, WS DN, BRMICEHORBICiNn L EDRWTH -7,

ZOfITIE, MEENEDEI] &\ S INERERBIZ BN 2 BER DR L BRI b o TV
5Zt%b5,

1/n DEOHEEZ /NGBS 5 &, AR/ 2 D EERNIIC R 20, EH 61 THD
ZEBHIGNTVWS, EBIZEHELTAS L, EAD LS 12khD, 222, TR 2FHW
T-OARNGE B &, T eENZ0REZro»EANIZRS L& T, TORHM
DEX2ZO®HIZE N, THEHEERE) B W20, INEOLUTHRAIO HIZHEER U R\ H
HBLED, TOEIZRT, HIAIE1/12 TlE, /INEERIX 083333 - 22D T, FEIEEREBIE 08
ThoZOREIIZ2T, FAIX1 THS, 1/16 = 0.0625 Tl, 0625 ZIEIFEREB L A LT D
EXld4 275,

LD UAMDOEWZH T2 L. 1/23 1322 THEER L. 1/113 13 112 TEERT 5,

fRE 2.28. LDEREZRT, n & ZTO/NUBRBDORT L DRI OWTI F IR PREITE,

KRz, n 32 TH 5 TEROVERDORHITIE, 1/n FFEMERBA < MEERL. ZOAMIEn -1
ZEIDEBZENAR D,
ZOHiTIE. ZOHEZGIHL THS, O, HOBMSPERIZDSDND,
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BlZE RO &S BN 72D,
i 2.4.60. 1/n O/NEERDIZH U TIRAE D 32D,

1. A& n — 12T,

2. n WRERBUUNDKHTIE, FAIEn — 1127225 Z &3k,

3. n BRBORFIZIE, AlEn-—1%2F2, (ZD TE2] WHDIF [EhEs] 2
BERThHb,)

4. JAINE o(n) 2E1B, 2212, o(n) EAL 5 — OB IFZh B BT, 0,1,2,...,n—1
D>HTn L EVCEANOMEREHS5bT, (B, REAEEASH, ZIh50,0,
BIEBZIHED, )

5. HBUNSIZ R B DIX, n At 2% x 5 (st 130 ML EDEE) DL = HOZOIIZES,

6. FEMMERADOEIIEL, ROEIDIZUTRES, nE22&5TENEZITH ST
n=2%x5"xm,

miE2TH 5 THENZRY, LWVWIHIBIZT S, HEMEBOEI L, s,t DRKEWIED,

2.4.12 FIEEZ/n & (Z/n)*

17 DINBIRBZERTITS &, MDD LS ITR5,
/7 OFHE (Ke2) % LSNPS AT &, RO XS IZR>TW0WD,

1x10=7=1 &3
3x10+-7=4 &Y 2
2x10=-7=2 &6
6x10+-7=8 &b 4
4x10+7=5 &5
5x10+-7=7 &b 1
1x10+-7=1 &Y 3

LOOIRLD, EIZHobNdEI z1 =100 =323 =2,... DD Z2WALRDSET
ELr, ML IZhHosbED,

r1 =1, x;:= (1‘1;1 X 10) mod 7 (’L =2,3,4,.. ) (23)

.5 amodbilt la % b TR 2Hobd, ZOEFIL,

(N
(Y
)

(2/7,x,[1])



B 2.2: 1/7 D 10 ENBURBH D EH

BBE)ARIZBVWT, Wit

x1 = [1], T = Tpm—1 X [10]

EIENTRONDBINIEN L5780, o T

xy = [1], 25 = [1] x [10] = [10], 23 = 25 x [10] = [10]?, ... 2, = [10]™ 71, ...
LB,
F 0z, 1/n ORI X
r1=1, x = (2,1 x10)modn (i=2,3,4,...)
DEHHEDD SbND, ZHIEE/ A R (Z/n, x,1) IZBEWT
x; =107 (i=1,2,...)
EHELTWS Z 2T/l 5720,
o eBL) ok

ZULT, NEEBD iMiHZ a; £33 (§7205 1/n = 0.a1a2a3
a; = (z; x10) =n O (i=1,2,3,...)

Thb, THDLE, aq lda; DOWES, WU, a; 5 25 1T

xT; = 1001 x (1 —0.a1a9---aj_1 X ’I’L)
= {10! x (1/n — 0.a1az---a;—1)} x n

= {0.ai+1ai+2 v } Xn
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TREZ, i 2P LTV o 72 EORBEORNTEND {} OFIROEERD U b7z, a; O
BHOUNPZEFAIUTHD, ZOXI 0, 05 a; BRED, Wi a; D5 2; BIREDLDT, R
0 OS] x; LN T O OS] a; DIRZ FWEXRAILTH B, HlziE, FIXFEUTZL,
FFERFDPOEIELHELUTH S,

WE DB U [10] 2AGHETEOESRE (A 29 21)) (Z/n*, x, 1) ITA>TWEd5 &, [10]
DA EUIAERE s £ 725, ZOMBPES] 2, DEPTH 0, FEERET 2 JHPRIc 252 2
MEM ZE8 DRFETH S, (e=4g%g", 9% ...,9° L, g° =e,... LIEERT 5, )

Uz & D, IROGEDE X 7=,

fE 2.4.61. n ZEARK L T2, [10] € Z/n WEIZELTHHTH D L &, 1/n DDEBER
EHUEIARZ 22 0 Z O FEAIK [10] D Z/n* B3 (BB T 2) i %7 5,

B EAHZIXIRDE PN D,

% 2.4.62. LOFRMEDD T, AT Z/n* ODAEORE L7325,
ROEFDFEIZ X, WSFREGRPLE L 15,

T 2.4.63. (Z/n)* ={me€Z/n|m & nFHWVIF}

0&nDERAAKEIENTHD, 0&n>2FHEVICETRVI LICERLTEL,
FERH.

CZEED (Vi3 VnnzUlzo, [(Z/)X Cc{meZ/nm & nidEWIE} ZFEHAL
F9] LWVWIOIEKRTHD,) me (Z/n)* 2L >TI LD, mEnDBHWIETHSZ
L EREIERW,
HHEZH WS, B U, m & nDBEWIRETREDY 2722958 m & nlZEAHWEd > 1
PIFEL T m = mod, n = nod £7%2%, m OR[HEMWENS, HD a € Z/n BMFEL T
a-m=1M"Z/nTHDLD, a ZBEHLESL, (a-m)modn=1EV5TLTH
b, TR, HBEE O PFIELT

am+bn =1
ERBIEEFERLTWS, (am & n THSZROD1EZDS, am—11En THN S,
am—1=qn &FE VL E, —q¢%bETHNIER, )

ZZT, am+bnldd THOENEDIZ, 11dd>1THYENRVWILSFETH B,
EBE. m = mod 1D n = noed DT am + bn = amod + bngd = (amg + bng)d TH D
d DR 5,

DEED, AN GILELSTLKDE, meZ/nTH>Tn L HWIETHS, XOTH
vy N gN 4
am+bn =1

AT TE a, b BFHET D, ZOLE

am = (=b)n+1
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)

am mod n =1
zzT

a :=amodn
LB E L OtE LT

adm=mad =1

RO m IEWHT, me (Z/n)"

EHE 2.4.64. mn ZBHBE L, TORARNEE dE2T DL,
{am + bn|a,b € Z} = {cd|c € Z}
N AIRVASN

% 2.4.65. ETd=1, TxbbmnBHEWVIIEETS, T5&, am+bn DBIZRESE
B, 2TOEKTHB, K
am+bn=1

LB K57 ab BB,

FEAA. am 4 bn DT B BBIE, 2 TdOMEETHS, ZNTCIEE A7,

DZWI, m=n=0TIERVWET 3, am+bn ODRIZNTEEDEEDS L, R/NDOH
DEE>Te=agm+bn &BL, elddDFEHRTHE 1S e>d, e DBm,n DRV TH S
ZeEEZE dIIBARANELDTd>e, o Td=ebb, agm+byn=d &7 -7z
DT, (cag)m+ (cbo)n =cdo 2T DIEWVWZ 5B,

e m,n DRNBTHDZ &% 5ALMHIFKRDD, WE, m % e TERLT

m=qe+7r, 0<r<e-—1
ETED, TbHL,
r=m—qge =m— q(lapm + bon) = (1 — qag)m + (—qbo)n

D, rbam+bnDBIZERETS, eld. ZOEIIHS5HOEZEDEHOHTRNDE
DTH-7=DIZ, 0<r<e—1Thb, r>072LL77=b, eDRDOYITr BENZIEXT RO
T, FETH5D, $hbL, r=0LSIHD 2RV, ZHEm P e TEHENEZ L ER
LTW3,

FERIZ, m & n DEEZONDRZEE n e THOENEZ D DDS, LoTeldm,n
DR TH 5, O

FE 2.4.66. L0, BIHA T 7IVEEBOEHE LTES5X5DMRR (§873),

ER 2.4.67. LOEHOFEAIZIE, NERMELRDH D, n=0Pm=0D&E, ZTOHRAA
BT E D BETAIREL In=m=0DFFIFEITE»N?

BHEIX. 0 m DRI M T 5, £oT, 0 0DIKRANEIZOTHD, m=n=0
DOIHZIE EDOFEIREZ 2\ (¥ ZTHEFET 200 7) M, famidEL Vv (BREfEID L),



76 Howm U~ B ®/AN B

% 2.4.68. #(Z/n)* = p(n). T, p(n)1£0,1,2,...,n—1D3HTn EHWIZHELRE
DOMET, 74 S5—DEKLIFENG, (MEEDIICEH5bNT NS, )
FHZ n BRBUR S I
(Z/n)* ={1,2,--- ,n—1} C Z/n

Ten)=n-—1,

INIZME AR & ZDREM S, &M [10] € (Z/n)* 1E, 10 & n BHWIETHD, T
Bhbn BERNBELT2H5BR/HEZRNENIZLTHS, ZOFKMEDE LT, [10] DAIEK
X o(n) O L7220 1/n O/NIURBIE Z ORI UTIERT 5, 2 Tn & 10 2°E
WIZHETH D & ED, i Eanl 2RI Nz,

RARE 2.29. ()
iy % aERE &,

2.4.13 IEREIOEE ERBEIE

FEDPTERE / A NIZHRTEERERIIWS 22H 5, TD5H0D—2ik, ETHRZLD
WEHZBWTIE T2 205 ZNZT O OMED, HEEROME] &2k
BHeBmBIZEELTWSZ DRSNS,

OBHDO—2IZ, TZIHFHAE L 2 0 X F TVREAERIR] L0500 TIERBARE] &
WOFEWR T WS E ARBERICH L (FELS33) THD LD ZeriFEiFohd,

E9, BEUEE A

f : (Glaolael) - (G2702762)
MHEZONTZEE, ~p BEDESITREDINER LS,

IHE% 2.4.69. (G1,017€1), (G2702762) i RN f : G1 — G2 %ﬁ@ﬁﬁgtjéo f IZ&3 €9
DHiff% f D¥% (kernel) &\ Kerf & EL, Thbb,

Kerf := f~!(es) = {x € G1|f(2) = e2}.
i 2.4.70. LORWT, a~pbsa kaerf b.
AIEHA.

a~pbe fla)=f(b) « f(a) ' f(b) =ex < f(a'b) = ex & a”'b € Kerf.

% 2.4.71. LT fHPRFTHEIBELHFRMIE, Kerf ={e} THDHI L TH 2,

ST, —RICHERTL O DRE L 2 2 H%, FEIZELIBORE L IFIXN 2RIk o &
%%,

EFE 2.4.72. B (G,0,e) DEHHE H PN EFRERSEF (normal subgroup) TH B & I,
Vo€ G aHa '=H

ThdI &,
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R 2.4.73. LOESHR
YVaeG aHa ' CH

CUTHRAMETH D, 8RS, aHa ' CH THEMN, TDEEQIFMEETHENS a DR
bhiZa LBl
a 'HacC H

L%, S a 2B THDPS o 2T B &
H CaHa™!
Ly, mODWAEREKEEDET
H=aHa™'
MEADMOTH 5,
Bl 2.4.74. f: G — G ZRFERM L 5 &, Kerf 13 Gy DIEHIOREL 705,
FEHA. [S1):
a,b € Kerf = f(ao1b) = f(a) oy f(b) = ez 05 €2 = ey = ao1 b € Kerf.
[S2]: €1 € Kerf I [HC]f(e1) = e2 5D,
[S3]:
acKerf = fla) = fla) " =e;' = e
#->Ta ! cKerf.
PAEX DR, £/, TR geKerf 8L ae G Moz L &,
flaogoa™) = f(a)o fg)o fla)™ = fla)oeso f(a) ™ = en.
&£oTaga?t eKerf, $%bbH
a(Kerf)a™' C Kerf.
FOREREED Kerf IFEHBOREL 25, O

#if (G,o0,€) 2 U, ~DBZFOEESLEDOE o L OV RF I LFAMEEBRTHEZ T B, T
% &, EH A &0 PR o P U A Y

q:G—>G/~
WEHRIN, ~v=~y TH D, Kerg=[e] THHM O, A0 & DIROEBDFENE X 5,

EHE 2.4.75. (G,0,e) ZHf. ~ % o L AV NRF INVRMEMEEGE T DL, H =[] 1& G DIE
BEBABECTH D, ~ & ~L 1E—BT 5, /toT

G/ ~=G/H

&b,
WIZ. H A G OIEBEAHTHNIE, ~F ido LTy RXFTNREMBFRTH D,

G/ ~L=G/H
FREE 2D, ¢: G — G/H IIRHERIE K L 725,
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FEMH. BP0, H BPEBEABO L & ~L Lo NIV ARF ITNR I EDAREIXL N,
a~ba o b~EY RSIE

(ab) (V) =b" o ) = (b)Y e V) e HoVHY ™ ¢ H
£ ab~k . BRIT0 b AL RAVAF TN, 0

PAEIZ XY, BEEOEM 274, well-definedness D FEHE 231 5 & OFED HE[E T pa—33
WBIRDEDIZEVIZ 515,

EIE 2.4.76. (G,o0,eq) 2L L. N % G DIERTHDHE L T2 L. BEH
q:G— G/N

DREERM L 202 XS TIHHF o & OB e L HIHEHA ()7 X G/N TEHI N5,
ZOrE, (G/N,s,eq) % GO NIZLHEEEL WV, ¢ ZFEHERTLE S5,

T 2.4.77. (X,ox,ex) M U, N % X OIEMEOBEL T2, ¢: X — X/N % pgHaFER
L. RO (Y oy, ey) ERORER f. X Y 2F 2 5,
BHERBL ) . X/N - Y ThH - T,

f=hogq

5 5MHEEZ D DL DWMEET 2 BB 5RMIE,
N C Kerf

LIRBZETHB, TDEE, hIFEE—DIZRES (LIXLIEfTEINSG,)
ZORMZE f 5 well-defined TH 5 &\,

AER. SEFR DD 205 D7 OIMETH B,
a~g b= f(a) = f(b)

AT SN
atbe N = f(a™'b)=e

LEWMZ SN, NCKerf LEVMZSNENSTH S, 0

EH 2.4.78. (BMOERBER) (X,ox,ex). Yoy, ey) ZREE L. f: X — Y & B REHER
BMPREZ 6Nz T5, f(X)CYTfIZLD X DFERT, ZOLE,

L f(X) XY OMAMTH D,
2. N :=Kerf 13 X DIEHBIHET, ~5 ldo & AV XF TNRAMERKRTH 5,

3. f A8

RBAHERDES R [ Thbb
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5% f IR ET B, 2 LT, TORESE f(X) IKHBLTHSNS
f:X/N = f(X)
ERERI Y 2 B,

WHL, ZOEMHAEHERBEH L N T WD, TD7-o, CH a3 2% TGRS &
DEREE 2 AN,
N ¥ GOERTEIFETHEZ L%

N«G

ThHhobd,
ERE 2.30. #E 2 2B\ T,
Exp: (R,+,0) = (C*, x,1)
R ER IR 2 Wb Z & T,
(R/Z,+,0) — (T, x, 1)
AR E 52 X,

FIZE 2.31. #ixHEz & 5 & W5 B

PR THS Z L 2R 0, HHEREHEZ2HWT
BB 2R L, T ZIZ Reug RIEOERDHICBELCRITHED 5T,

T 2.32. HAM 2 € CITHUT HE2MESED I LT .CY/Rog — T 7 DHFA AL Z M
&,

8 2.33. K 2 EBOELER & $5 (RETERT S —MOATHETE L) . 175K
A s det(A) A
(GLp(K), x,I,) — (K*, x,1)
RAHERIITH D Z & 2mRY,
THRN 1 TH B &S 21750 %T GL,(K) DMDEL% SL,(K) (FIkEIEEE, special
linear group) T&KT, SL,(K) 2 GL,(K) DIEBHIHTH D Z L %R U, GL,(K)/SL,(K)
M EARREL BN 72 5 rddif e &,

2.5 ‘., 1F

BREKDERZIT, ED UTHEIZENTSE L,
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EFE 2.5.1. ] (Fifring) R&X, AR L ZD EOZ DO ZIHEE +, - Offl (R, +,-) T
HoT, MOZDORH BROANH L NS,) EiZTHO,

1 (R, +) BIIEREE S, ZOBMTE 0 RTHODT,
R2 (R,) 3VREE 2T,

R3 (DEERD) EED a,b,c € RIZHLUT (a+b)-c= (a-¢)+(b-c), a-(b+c) = (a-b)+(a-c)
MRALT B

T 51T, RO

R2’ (DAL IIEND)l € RDFEL, (R, 1) B 1 A2HAGLTEE/ A Rehd

Zii7z9 L &, (R, +,0,-,1) ZBAMIEKR (¥ ring with unit) £\ 5, BAIER (unital ring) &

HWI,
T HIT, FfE

R4 (FO W) (R, ) Bk TH S, TAbLAMD abe RICHLTa b=b-a

MDD &, R % AR (commutative ring) £\ 5, AHER TR WVWERZIEAMRIRE 1S,
(R,+,-) 8 (&> T [R1)-[R3] 2%i7=F) THDHL&E, THIT

FE/4F(R,,1)IZBVWT, 0OEA R {0} FRIC>VWTHERT

i3 & (R, +, ) ZRHA (skew field) &\ 5, BEMPARTH S L 5% (T74bDH [R4] %
723 & 572) RHAZ AT H#E (commutative field). F 721X BT (field, H Korper) &\ 5,

KEXT K TRTZENE, ZHEEFLD XS KA VEED [Korper 72577 (IZHKT
5, IWARHADNTE S| WO Z el [FRARDDHL] 2HEONTZS LV, UL, E
FETCIE field WD T 672 LIXMBIRARARTID W2,

Bl 2.5.2. Z/n IR 725, ZAINERTH O, Z/n \TIEIE T HEHR S WV TINEARHIZ 72
% (BleaR), (Z/n, x,[1]) BE/ A4 N TH5Z &bl 32 TR, HEIEL R3] 25R7
EAAY AR

(la]+[b])"le] = ([a][e]) + ([b][c])
TH5HH, LT

([a+ b))l = [(a+b) - =[a-c+b-c =[a-c+[b- ] = [al-[c]+[b]]c]

THBIZ T3, (q:aw [a] DDA EHEDZ L 2MEE MW, )
RO AHME [R4] Z RS DK, & ITEE 5,
Z/nlZHBT 5+, x,[0],[1] &, BEHREIZ +,x,0,1 &EIPND,

T 2.5.3. n & ERME T B, AHEBL(Z/n, +, x) BAHUA L 70 B KBS, n AR
BCHooLThHD,



2.6. ERH 81

FEEH. AR 7B ITiE. 0 2RV ILOEEDVHLE R D I L ABREN DO+ TH D, n=1D&
X, 02V 72 Z/n ODESIZEES LR, BATHFELRVDOTRTR Y, n>2
&35, REABIICE NI, Z/n TBITBHOIEMHITIE. 0,1,...,n—1DS>HTn &HW
WETRVWEDTH S, n BEHBRSIEZNIZ0DATH Y, n BREHLTRIFNIX0 M H
FAETE, Tk, FEAHILH 02T THE2BEFDFMEIE,. n DBFEHRTHELILTH
%, O

AR 2.5.4. ROHGMIBIT S, A TTIVEHRBRO—BGEREMS & Z/n HERTHDHI LD
FERIE K D BEIIC D, Thidd & TN,

BB ARKF M IAGREAZ MBS ZOICHRIZD S bz 525, (N, +) I$ERZNE
A RTHRV, 0 BFRINT (NU{0},+) &> T, €/ A NIZiR o7z, ADEBHKEINT
(Z,+) \FATHE L T2 5 72,

ZDEE, (N, +,) 3libNT (Z,+, ) bR L o7z, UL, ZHIEEZEKTIER
W, 0 BN DIEA, BUIZBET 2t 2 Rz P XA TR VWD TH B,

ZIZ T, MBOFKHIZLD, (Q,+, ) FMK LR o7, ZDEREGHEYK (rational number
field) £\ 5, (R, +,-) BT, EHUEK (real number field) & FEIEN 5, (C,+, ) BT, &
FHUK (complex number field) & IE XN 5,

—7. MRS LT TR BEDBOREREDV T oeH iz, FuT7icdh 19 i
25z o, WE, THOKH] LZAFIbo 2T,

2.6 EE

L, w7, HEE BE/AR BB ZONREE, TNEDLEITHEZIZEI Vo NS
EHERT2HENVAVWEH L, RBARRNLLONERETH 5,

T 2.6.1. G,Go 2377 (ERIER. T/AR B 2922E ZNS5OEREEIEE
N Gr x Gy EREIND Y IY (FRIFER, /4R B PROE S ITHkEhs,

BEAIE. G DERAL G, DERGDEAL LU TOEM, $4bb,
G1 x G2 ={(91,92)lg1 € G1,92 € G2}
2. ZIHBEHBEINE, B TS, Thbb
(91,92) © (91, 92) = (g1 ©1 91, 92 ©2 g3)-

3. £/ 1 FOBE, EROBRIEIE G, Go DHAITTELATED (o1, en).

4. HFEE/ A FIZBWT (g1, 92) WA TH DM E 351 g1 VG Ty g2 B Go T
FNENTHTHBIE, ZOLE, Wt (979 ") THASNS,

Rz, BEOEMIZRHZZ D,
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=DO0DHk G1,Go,G3 MNEZ o e &, G1 x Gy x G3 HRAMICERZEI NS,
G1XG2XG3’£(G1XGQ)XG3§G1><(G2XG3)

L%, (2 IIHEOREL,)
ERFEOEMSEZ S5ND, A ZHEAL L. (Ga)ren 2R (BB VIEI T <, KB £/ A
F)DEE S5, T o DEMR
[I6

AEA

ik, AEELLTIHG, DAEADEREZL D, HAZESBETERL THONS, Thb
B, TG (ga)rer RDFITHD (RTDO AN e AT LT gy € Gy Z— DT DEATIUARD
D)., “IHBEAEX

(9x)ren © (9\)aea = (gr © gh)ren
THAOLND,
EHE 2.6.2. (EFOEENE universality of direct product) Gy, Go 2# L 95, G =Gy xGa
ZHEME U, pry: G — G1 % (91,92) = g1 Cs pry: G — Go % (g1,92) — g2 TEFHRT B,

1. pry,pry (FHERBITH 5,
2. EEDOBH LR fi - H - Gy, fo:G— Gy B5E26Ne9 5,

(fi.fa) : H—= G, he (fi(h), f2(h))
LEHT DL INBERERRITH S,

3. (Fatk) BRI k. H — G ThH o T, pryok = f1 D prook = fo &5 k%772
#Oﬁ?ﬁ:‘b‘ k= <f1,f2> Ktéo

FERA. 1, 2 FEIETCHE» DD Z L IXB G TH B, kIZDWT, FET DI Lk (f1, fo) P&
AT IO REND, E—OTHBI L. b L EDSRUEEEZHEEGR) = (91,90)
Ll ERM &Y pryok(h) = fi(h) A pryok(h) = pri(g1,92) = g1 £ fi(h) = g1, FIBK
iZ fa(h) = g2 DT k(h) = (f1(h), f2(h)) = (f1, f2) (h) &7 D k= (f1, f2) £75 5. O

EE 2.6.3. FERkOaEIE, B 2€ /1K, R, vI/TCBEESHBITCERDEZD, ZOF
gAY —5T TEMR] 28HBTHHELERDPLDEN. ZZTIEHEAD LRV,

Gi,GoDZ W+l Gix Gy DI ERL Do RisEs, Z07=H, K
HOREG ZBEMOME G1, G, ...,G, DEMEE—HT 2 (FAMZ2HT) ZePEHEL RS,
BlZIE, GLITBITBTOME G IZBIFBTDNE» S, ZTOERIZBIT S TOMEBILIR
DEHIZLTHEF B,
B 2.6.4. G1,Go 2L T D, ZDLE, (g1,92) € Gy x Gy DAIEUL, g1 DAL go D
MDD B/NAER & 732 5,
ZEHA.

(91,92)" = e = (91", 95") = (e1,€2) & gi" = e1,95" = ea.
ZDBREDEMIE m D g DAETEID EN, DD md g DEHTEHDYNE WS 2T
Hb, (772U, BRAKTEH DD ENIZBUIMBROAL T E,) ZDXIBRE/ND m BESH L
D (g1, gs) DEIKEDS, ZHUE g1, go DR B/NAMEEIIE B 5 7200, 0
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Tk, EXA5NZGIZHU, GG x G 2B E5% G, Gy DB L LS, ThE
ROT21IZFESThEE VD, FTRERMELELT, G IEGDH AR AR Z
EPRDESIZUTONS, 11: G — Gy x G, g1+ (91,92) W FRPFERBITH S, Lo
TGy & u(Gr) AL, ¢: Gy x Gy — G ZRERB L TUE p(11(Gr)) < GlE Gy L RIEL
G DEHRTETH D, FBRIZ, 19: Go — Gy x Gy 7R D HHEFHEFTIA D D, 0(12(Ga)) < G
X Gy LRIEL G DMDTETH B, HoT, GG X Gy 2HB=DD—DDHESEM|E L
T, GIZ Gy EABZIBDEE ©(11(G1)) & Go WCABIZREBARE ©(12(Ge)) D Z L b IS
5hb,

ZIZTHIZ, G1,Gy < GRB_DDOEHIVEZoNZL E, BB (g1,92) = gioge ¥

G xG=2G
BRAHAMEEZEZB7-0D%GEEEZ LD,
iRl 2.6.5. G1,Gry < GG ZoNE &,
h:Gi x Go—G, (g1,92) > g1 0 g2

DR & 73 % B4 SR 13,

1. Gy Dite Gy DItidn#

2. G1NGy = {e}

3. GOEEDILHN giogs DI (g1 € G1,92 € Go) L FHITB
D3 &MERT L THD,

FEBH. HEEMEIZIROBED, h: Gy xGy— G MR THD T 5, g1 € Gy, go € Gy Wz U,
G x Gy IZBW\WT
(91,62) S (61,92) = (91792) = (61»92) © (91,62)

Thbd, INEhIZE->TGIZXED L, h OUERBIMED S

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

72, ZHiE grogs = gao gy MRS (€1 = e = eq ITHER),
h BB TH BT, R £ 0 Kerh = {(e,e)} BWRBEA3TH 205

(gl,gg)EKerh©g1oggze©g1:g;1€G17G2

LIRBDT, G1NGy = {e} TRITNIXI DILBID DEALILTRNWIGL g ZHNWT (g,971) €
Kerh £72 0, BHTRW,

REOMWHEIX, h OEHEZOLDTH B,

Wiz, ZHho 3DDOWEMNENL L L& S, h OFERBINEIX G) DIt Gy DILh ]
ThHhdIEPORHIHED,

BHMEIX ETRZE 512G NGy = {e} KR T 2 HVTRE S,

LHMEE3FHORMEZDE D, O
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EFE 2.6.6. G1,Go < Gz L, ETEEINS

h:Gy x Ga—=G, (91,92) — g1 0 go
DREFA o TWB E &, TGIREAHE G & Gy DEMTH D] &I,

IR 2.6.7. SLiTEHEL TER X, Z20» ol LS HE2#RT 5 HETH-7T, 22
TEHLZ TEE] X, DOIBOREEIZODWTOEH (RF—hA V) THb, LzH-T,
ZOMBFIZES EDRDTH SN, BUEHL WS SEMFbNTVWS,

T, KO —fRITIRDEALT B, FEIEHEIZE0E D,

& 2.6.8. G DEWAREG,...,.G, NEA6NET D, f(g91,...,9n) =g10g20---0g, IZ
X0E5EA5N5EH (HERMEIZRS W IZHR)

fZG1><G2><~--><Gn—>G

DHERBICTH 5 72D DMBE+3E&MIT, EEOMHRERS G, G I/ L. G, DIEEDIGE
G; DIEEDTHA TR THL I L TH 5,

DL E, fRRNTHEIBLETDRME (geGi(i=1,....n) I Lg g, =€l
RBEDIE, RTD g BWHEALITLTHD L ZIZRD] 2L Thb.
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BITFE

ZDETIE, FIETER LB OWTEAIZEITTHARDD, HET 23S EEAT 5,

3.1 AR
3.1.1 Hif - XOE#

XFEE S, DIt% B (permutation) &\ 5, E#iE BIRIIZEIRT 5720, WL DD DEL
HEaEAT 5,

EF 3.1.1.

it MELZ T 1<4,j<nicxU, (ij) T i j 2 ANEZ, EZz0xE] 0>
S, DexERL, i & j OFEM] (transposition of i and j) £\ 5,

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

KEIEHE HERE m EOERE L <iy,..., 0, < nIZRU, (igiz---im) T lip % iy 1234
D g Z 3 ITIED L o 1 B g (SIED | iy 14 135D, MMOTIEE DX NS
W, EWVWSEHERL, mIROKFEEH (cyclic permutation of order m) &9,

Hilk, m=2DFETH5, BB, EOLSko % Tiy, ... i) (B9 5 KE &R
WS, gld S, D (—20) KEEBMTH LM, [EDLEERT E0) ZHRLZWE
Bl ZDES3 VW22 TS, FDO o FESI m OKEEH#RTHZ L EDN S,

(irdg -+ im) = (i2ig - imi1) = (igia - imiriz) = -+ = (Imi1 - im—2im—1)
THY, mROKEEDORL G EL ES5EmEY H 5,

T 5,
i iy - in
Ji J2 o n

EWISEET, i1 & j1 WTED, dg & o (TIED, oy 4, B, KD EHERT,
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3.1.2 XEB\EADDfE

HEEX LOXNFREE Sy 2% 25, ZHid. X 95 X ~NOEHEOEEIZ, BHEDERK T
HERZ2EHZ LD ThH-72 (Hlzma), WE, X 280 52WEA T, U OER (§32)
W3z d5, I48bb

X=TuU, TnU=0.

XT. Sy DI f THoT. TOTRRT DI, U DR U OB T & 555002k
% Sy THT.
Sty ={fe€Sx|f(T)=T,f(U)=U} C Sx.

INM Sy DEHBEEL 725 Z L RABIZTRES, Sp D, U LCIHESEHIZTS (&
bbuclsuliEdd) TEIZE>T Sy DLEBS 2L TE S, FAEkIZ, Sy D%
Sry DILEES ZEMNTED, THUTKY Sp, Sy < Sry ERBRTIENTES, ZDLE,
SrNSy = {idx} 22 ZLIAEGITONE, 2, Sp DL Sy OILNAHTH 5 Z LI,
X DEROTOITHEED 2L THRTE S, feSry WL T, fIET - T 725284
BHZBM5, IhE fOT ~OHREFAT flp € Sp THSDLT, HBRIC fly € Sy BE
#IND, Sp,Sy < Sqpy LEXELE, flroflu=feSoy BKLTHILbre X D
WA K BT REFHET LI THlEPDSNS, EROZ & % qrE rea (AT uE

St x Sy = Sry
WRIND,
I8 3.1. LORMT, fe Sy moid
HT) =T f(U)=U

ZRt,
Bz X BEREEGD & E 1,

frcrT< fI)=T
ThdIerzrRYE, ERESGDHEDKHZEN,

MR 3.2. X ={1,2,3,...,n} DR Sx % S, L HE n IAMBEL LA, Do S, W
Hzohize & o BEDX S Sy x Sy X -+ X Sp, (A2 TWVWBNEFHRZ DK 5
fi# (cyclic decomposition) TH 5, VWX, X = HleTi EaEXNT

UGSTlxsTZX"'XSTk (31)

ETERLLTE, HEEZ, Z0E5B X DHEDS L TRBMPVEDERGLIETHD, il
HUZZWZ ik, 2O X530 058% & 572, ol|r, X T, BT 2 KEIEBTHD L TH 5.
DAF, o & T; 1 (BD) 2§z 32 U, T; 32D X5 BpEohTRM»AVE D LKET 5,

L. X Ditt) Z2ERICE b, t; €Ty LIELT—HME%2 KbV, o™ (t1) € Th (m €N)
B, 720 olp, BT CHETAKEERTH D Z L ERYE, (T B—aEATHDHH
BEMLH B, ORI, o|p, FESBEBRTH LD, [EX1OKEEHR LihmTIE
29 %, )
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2. EThobhiz {o™(t))|m =0,1,2,...} & t; D o-B# (orbit) L\ D, EDOX T Ty
it Do-BilE Lkl &, oSy x Spe 2, 2IITPIE T1 @ X 2B 54
EETH 5,

3.TC=0%A5IET =X T (B0) 22T AL X =T, Ui, o3 Ty IcBT 55X
EEHE 2D, BREOMIEED S, T3 TRVE LT, TEH ARt 2 E 2, b
Do WiEE T, £ T2, THE,

o € Sty X ST, X S(1yuTy)e
ThbdI ez,
4. ZOEHT, WA oWz L > TV Z&ITLD,
o€ S X xSn,

T 3ENd -, WS XS fIngd, TNHWIEDONE, b5 (B) %k
73w VWoETH Y, EESR o = 0|T10'|T2 . ‘U|Tk IZHWT, U|Ti I3 T; IZBEd
LREIEBTH 5 Z & 2R,

ronfEEiTS &,
0 =010020-:--00L

ERRI N, o ALIEAT, &Ko X T IZBET2KEEBRIZR >TWVWE, 20D & D RoH
E. oy DIEFEDANEZ ZRWTLE—EBOTH L, T o DKEIERANDSE. £/
KEIDEE WD,

% 3.3. LT, o ORIKIE. 0 DEEOBNAREL, bbb #(T)) ORI TS S =
I

Bl 3.1.2.
(310 7)es

ZREID RS 5, 1 OWEE LD &

1—-3—5—1
Lo TWBENS, T={1,35} 1 DOHETHH

olr = (135)
Thbd, ZOPHEDHMIHZ2%2L D, TOHEEHAD L

242

LRBMS U= (2,4) £ LU
oly = (24)

THb, O DOOPIET {1,2,3,4,5} 2R LTWBDT,
o = (135)(24) = (24)(135).

Z OO, FIBEERIZE D LOM(3,2) = 6 Th 5,
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KEIDED U 7zik, H 5o EKEIEBROIERED ANZEZ (EOHITE S & (135)(24) =
(24)(135) %25 =@ D) ZBRWT—ENTH D, I, THUEIZDES S &\ 5 KEDFED
FHEOMESDSHONTH S S,

Sy, DDA Z KD KD, 1 DITEHDED S I ni@YHD, TNERDEET, 2017
THAEFZZDL 1 DITEHEMELRVEIILBEVERSBRVOTn-1EYHE, OF
D, 1220 IRSBRVEIBRITERIENN-1)BVHD, RIZ3DFELEZEZD L, )k
D1L2DFERDEHEELRVEDITEERVWERSBRVWDOTn-2E0HB, ZT5LT,
{1,2,3} 225 {1,2,...,n} ~NOHEEOMEEIE n(n — 1)(n —2) &5, &b iz, m oEE
{1,2,....m} 25 n G {1,2,...,n} ~OHEFDOEIZ

BOHB, S, DLDHIEm=nDEEILDT
#(S,)=n(n—-1)---2-1=n!

Ths,

3.2 H1&%E
BGCDILa,bPHEWZIETHELIE, HDgc G PEFHELT
a=gbg~*

DO DZ L THD, 2O HHERIE G LOFREMGRTSH 2 Z EWEGIHErD S, #
#%BA#% (conjugacy relation) & IEXN 5, Z Z Tl

a ~conj b
THY, ZORMERIC L DRAMEEEZ, HEELIT,
B 3.4. L LDOMBIFEWIZEL W & 2RYE,
T 3.2.1. 0 € 5, WL, o ZKFEIHSEL T
o= (B&r OXEEHE)(EX ry OXEER) - (BX rp OXKIEEHR)

L ET A, 22T, JEER ANEZT

9%, ZIT, o BERIRVILLe{1,2,...,.n} IZHLTIE, Budld—HThOEI 1D
KIS (0) IZEAIEE D, o TID &S REX 1 OREIESZKEARIZ IR TH
BEZ5TEHED, BEINIZZNSGETARTEEZTLTC, 1256 nDR2TOEN (BbrHE
—E3D) EONMRIZENDE XS IR TEILIzT S, Thbb

rntrot--+rp=n

B, ZOEE BDH (r1,72,...,1) & o DKEDEE L NS,
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W 3.2.2. S, D DDA TH 2 E 5. KEIDEINFEALTHE I L TH D,
FERA. (+1E) a,b € S, DKEISREVEL & T 5 &,

a = (i1i2"'ir1)"'(jle"'jrk)7 b= (5152"'Srl)"'(t1t2"'trk)7

LB, ZIT. geS, ¥
g i1 > 1,02 b S2,03 > 83,y PP Sy, J1 P B Jo o by iy o

TEHT DL,
gilbg =aq

LB ENbMY, HHIDE, EO5LTEIRBhEWVS L, HAIE iy D g lbg 12 &
BIiEREBoNT AL
i3£>53£>54g»;>1i4
L,
i3 VS iy
Y—HLTWAE, EOLTHREMKIZ, g lbg IT& 2% FE alt kD% HD—HT 5 N
a0, FEHRERT .,

(BEM) a =g 'bg € S, LAGEL T, b DXKENRIL L 0 OKEHFEIN B2 Z &%
T, MEB2IZBWTAZ LI, bOKENFEIE, X =], T; £V 9E» S #(T))
DFELTHES, N5 T, FTNENbOBEE LTRES, 22T X =[], 94Ty
LW NEEDSIIIERD, (S, BBETHEDT, gt 2MTEHKEAHETHY, Hoi
RAEEEXD, )t e T EbITED b(t) € T, I2BEN, T, 13 b D t; 2ELHEL %
B, T gt 2T (ZHETTHHTHSB) &, g (t:) € g 1(Ty) lda=g bg Tk
a(g~'(t:)) = g 'bggH(ti) = g7 (b(t:) € ¢TI T WD DEND, T; B0 T BHETH B
S, g UT) M a TS AMBETH B Z DS, g 2T B EHIITHETH B0 5
#(Ty) = #(gHT) TH B, #(g HT;)) BTN o DREIFFERTH D206, i b
DFNIZ—BT 5, O

H£EHOMERBEM 1333 2 HWAUX, 1S, OIr oK ES R Z KD 5] BRIE, RO%
BN EBAET LI e br s,

Sn/ ~econj— {(r1,7r2, ... 18) | T1 >0 > > > 1, ri+ra+ -+ =0}

(n=0DrEFk=02,H5L40E {0} LRVFEILTVS, )

3.3 EBOFS

IR TR EZE S L 22 TEBROFE] bP-TWHIETHDOED, BHRINTVAR
WZEHEL VDT I TRINT 3,
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FiE 3.3.1. (BHORKE) n 28R L 5, HUERT
sgn : S, — ({1,—1}, x)

THhoT, HIL(12) 2 —1IZETHDONE—DIFET 5, sgn(o) & o DS (sign) &

>

pafl

o

SFEIZISHEN 2 BT 508, FTRTFDIZIRO LI IZEHLTEL,

[ 2@-c@

sgn(o) = —
1<icj<n

ZOETEIIESFE L UT. Coln] TR EAD LK
Coln] = {{i,g} [1<i<n, 1<j<n, i#j}

REHT S, (B () ciddansd, )oe S, 13 {05} — {0(i),00)} IT&D Caln]
5 Oyn) NOLHFZFERIT, (BHHTHELZ L, TP ol THERIINEZ L
MmobLNB),

& 3.3.2. (TED o€ S, L. sgn(o) € {1,-1} TH 5,

FE. D RHFIEEE (j— i) 22 TO {i,j} € Con] iCb o THIIELDTH S, ~7 L,
i,j DIRDFHE Coln] DRI LENDBEL XD RER % j. NSRBI LELDTH
b, DTIE. EEEE (0(j) —o(i) 2E2TD {i,j} € Coln] ITh>THIFTZHLDTH 3,
722U, {i iR < j EEBAT 0(j) — o(i) 2B DTH 3, o Id Co[n] DA
WA ERITLS, TIEBVT {0(i),0(j)} LUT Can] DETOILE—ETDHND,
=720, o(j) —o(i) FADPEHNT, ZTOWIL o(j) —o(i) = (=1)(0(i) — o(j)) LEZ B,
(0(i)—0(j) >0) THL, FHEEZRIFIIBENIH L —i (i <j,{i,j} € Can)) THH, %
NS ORI EZRITIENRHT 5T 5, k> Tsgn(o) € {1,-1} TH 5,
B, ZOEHN» S, sgn(o) = (=1)™, 72720 m (TEE

{, )11 <i<j<n,o()>0(j)}
DILDEE L 725 Z &b hb (o DEREE WD), O
28 3.3.3. IRDOARDAILMN well-defined TH D, IRDOZFRDEK D LD,

sgn(o) = H U(J]), : ?(l).
{i,j}€Cz[n]
FERH. KIS {i,5} € Ca[n] = Z 2 j — i IFBH TR (well-defined THW), RERS, i —j
DG i PBEES>TOARNRSTH S, —Hi, Mt {i,j} € Cafn] —» 2 5 220 35K
Th5 (well-defined TH2), RERS, i,j ORI E, ZOXOHRE DT ORS
BRRIZKEZL, HIEED SRS TH D, (Lo T, MEDORNDLLIE well-defined TH
%, ) RHZ, Coln] DIBIZRUT, BT B 00AkE VAR j, /NS W% i LA T 2ol

)
J—1

ERD, Coln] DIETRTHAESETHEI 12 DHIELTH B 5ERN D 0, O
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% 3.3.4. 0,7 € S, \TX L.

SR | L)

GgieCaln] | J) = (1)
GER. {i, ) 45 Con] & T OB & 2, {r(i), 7(j)} b Coln] & —EFT OB B HTHS, [

8 3.3.5. 0,7€ S, LT HLE
sgn(o o) = sgn(o) sgn(r)

THB, THDbL, sgn REERMTH S,

=
‘ B cot(j)—ooT(i)
sgn(cot) = H J
{i,j}€C2[n]
_ H coT(j)—oor(i) ' H T(j) — 7(7)
(6,5} €Ca[n) 7(7) —7(0) Ggiecon) 7"
_ 11 o(j') —ali) 11 () — ()
s 7 T igiecam 7T
= sgn(o)sgn(7)
WIS “HBHOENTRBEZD 2o 7z, O

#EE 3.3.6. H i (i,7) 128 L. sgn((4,5)) = —1.

FERH. sgn((1,2)) = —1IXEBER > TEHAET XD 5, MEBZ2A LY (i,)) = 0(1,2)0 !
LB o€ S, WHbH, MADsgn & & 5 &HEFAINME LD

sgn(i, j) = sgn(o) sgn((1,2)) sgn(o ") = sgn(o) sgn(o ') sgn((1,2)) = -1
LB, O
B 3.5. FED o e S, WHHEORETHEIT S Z & 2RYE,

EIE B30 DEEER :

sgn: S, — {1, -1} Bz THERNTH S, MIZZD XD LHERR s o7&
T2, 5((1,2) = -1 TH3056, EOHHDISIZLTLTOHEMBIZHL s DFIE -1 TH
%, LOMELIVERD o€ S, THMODBTH D05, s(o) DIEIEE D EHOMEE m 12X
LT (- ThHExoNnd, ZHldsgn(o) IZFELWV, £oTs=sgn &5,

3.4 HEARREE

m,n & BRERE T B, g 2 Z — Z)m ENEREDP SIEHAORGHERTLE 3 5, Kerg, = mZ
THY, mnZ CmZ ThrhroEHezra &y

Gm : Z/(mn) = Z/m
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RABPHERIINEZ 5D, ZDEMIT
[@]rn = [a]m

THEz26N5, EEZIE, mnTHEHl-7ZR/RVZ2, I51Zm TEHl-EZRVIZEET VD
BHTH 5,
FIRRIZ,
Gn 2 Z/(mn) = Z/n
NEZ 65,
EHE 3.4.1. (FERFRERE)
(Gm, @n) : Z/(mn) = Z/m X Z[n,  |almn = ([a]m, [a]n)
MEHERTHEIBEFTDEMEE. mEnPHEWIETHEIETHS,

AERL. M R EE & O ZOEKRIBNERERETH D, TOEEROBDIT [a)m, &F
Z5¢ [alm=0,[al,=0,%2, ZHiE aBmTEHEnTEEVYNDE I LZ2EH®KT S, Z
NiEaDmn DAREERENS ZETHEM, AWVIZETHE00 mn DEHELD, [>T
[a]mn = 0o REZD KD, BHENS R 7=,

WAIETC DD mn ODEREETH S0 6. BEMED S REFMENRRE S (fd CIT2R),

RENE :m,n DEHWIZETRVWE TS, mn ORNAEE ol mn KiETHH, /oT
[a)mn 0 TH D, EZHRREHTHZ05 [a], =0, [al, =0 TH O, > TEITA S HALIT
TR\, fEo THEHTZR S R0, O

ER 3.4.2. (G, Gn) FHEBEBLED, > T, myn BEWIZFER & ZITITIEREE U TOH
MTHy, BIZETEE/ A R LTORMTH S,
(BT 2 ESIBRBETHS,)

INEAWD L, A1 T —EK o(n) ZRRICHET 5L TE B,
8 3.43. G, Go 2E/ A RET B L,
(G1 x G2)* =Gy xGJ.
B8 3.6. LoOMf#EZ Y &,
% 3.4.4. mn EHWVIZELARKMET DL &,
(Z)(mn))* 2 Z/m* x Z/n*.

T34 D 5t DAEE % LR T
p(mn) = p(m)p(n).

AER. EH B O M ERICBETSE /) A FORMTH -7, ZHZ LOMMEZEFTH
FLoX%EE2, O

RE 3.4.5. (Z/(p)* & p" —p" HEHDILN 5705, TiRDH (pt) =p" —p" L,
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FEHL. O BA L p" KD (p" lHB) DI B, p LHEWIZERED (DED p DKL LSRN
LED) ZHANL p(p") DRED, ZOHEATHS Tp DL & 0,p,2p,...,(p" 1 =1)p
ThHY pm  lD D, LoTpp)=p"—p L O

R 3.4.6. n=p - pS LERBOMLIZLE, o(n) = (p¢ —pP ) (pe — pe L)

At @(n) = o(@7') - e(ps) L DHED, O

3.5 {EH

3.5.1 BEDOEE~DIEH

HEESDES X ~DEAE I
fiSxX =X

DIEDERDZ L THovz, EHCIZDIZEINE, Thiz525Z8k
p: S — Map(X, X)

BERBZLLIFAMTH B, seSITHL pls): X — X THEHS p(s)(z) € Xo Th%E

ERFELT B 2%,
Bl 3.5.1. X 284, Sy # X LOXNFEL T 5.
Sy x X = X, (0,2)— o(z)
&, Sy 1T X ITfEHT 5,
Bl 3.5.2. K k&35, 17518 M, (K) & nIRIGHEN 27 MV OENTHEI,
M,(K)x K" - K", (A,x)— Ax
5 %ES5 A5,
T 3.5.3. £EAH S, X & S D X ~DIEMH
p:S— Map(X, X)
NEZo6NTWE LTS,

1. SHY T (S,05) THBLE, p [T ULTDSD X ANDIEH] ThHhDLl)p
A
(S,Os)*)(Map(X,X),O)

KRB IR THEI L THD, XHITSMEHTHBELE [SD X ~NDYEEHE
Al w3,
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SHE/ANR (S,0s,€e5) L35, ,075§
(5305765) — (Map(X,X),o,1dX)

HAHE/)ANEFRTITHEEE, (SO X ~DE/ A NEH] 20,

. Sﬁ}ﬁ (S,Os,es) 95, ijS‘

(Sa 05765) - (Map(X7X)XvoaidX)

BRAERERMTH L L E, [SD X ~DOFEMI &\,

I8 3.7. EEBOI LAUREL TS, UNZEND L,

1.

SHRIT (HEVIRER) THELE, pBI I UTOMEA (55 WIRERIERM)
T 2 BB+ 3FME

AB Vs, 50 € S,Vx € X, p(s1)(p(s2)(x)) = p(s1 05 s2)(x)
BATIETHD, SV ZBH L,
s1-(s2-x)=(s10582)

LRSI THD,

CSIMEJARTHDEE, pBNE/ A FIEHERBBEFIFRME. LD ABIZMAT

AC p(es) =idx
Eilzd L THD, SWVHAD L
Ve X,es-x =2

i3I e TH D,

CSHBETHDEE, pPBHERTHE 21X ED AB, ACIZIMAT

AD p(s1) = p(s)"!
ML T A ETh B,

UL2L, MEEZ2Z0 2L D, SHABTHSLZIZIEAB & ACH»5 AD IIfES 2 e
brd,

E& 3.5.4. GREE/ARNLTE, GO X ~NDIEANED AB, AC 2ji7-3 & &, ZO/EMA
ZE/ARGDX ~DEA (action of the monoid G on X) &\,

EHE 3.5.5. GaffLT5, GO X DN LD AB, AC %iii7=3 L & (L72>TAD
Hii7z9), ZOMFEHZEG D X ~DIEA (action of the group G on X) &\ 9,
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HE 3.5.6. ZL OXHERT, RPRHENEILLTWS, GHHTHNE TG D X ~DEH] &
o076 GO X ~NDEMA] OZ2%2iEd. EWVIOIHERIZR>TWVWBERLL N, ZOART
I, BIEIHRR2EHR G x X — X 2460, &I AB, AC 2723 /EHDOZ L 257
9B,

EF 3.5.7. (G,o) 2 L. X =G &35, GxX =X % (g,2)—gox TEET D&,
MG ORAE G DIEHLRE, 2hE GDGNDEERERLE WS,

R, WEETHRoTE L 7<) TREM] 3. AREFRB LTINS EDTH 5,
MOEHE RNL, BEEEHERIRENHMETE D LIS,

E% 3.5.8. X 25HA. (S,0)2~¥IvLT5, GH X xS XN
AB’ Vsy,82 € S,Vr € X, (x-51) 82 =x (81 082)
RiTEeE VSO X ANOAERE VS,

KD EIZL VDT, $5DUMHTH, G- X xS - X & [SD X ANDIEH)
ThHd, s€SuE—DRDIZEE, v x5 FE5H Map(X, X) DiLx 52506, Iz
pl(s):x—ax-s TRIZLIZTD, D&, LIEHDOERIZ

p'(s2)(p'(51)(@)) = p/(s2)(w - 51) = (¥ 51) " 52 = @~ (510 82) = p/(51 0 52) ()
YREND, SVEINUL P (S, 0) - (Map(X, X),0)
p'(s1082) = p'(s2) 0 p'(s1) (32)
BT E, oI SOAEMEEZ S Z8I1Z5, 22T, v IYDEHEEL LD,

EFE 3.5.9. YUY (M, o) IZNUL, ZO#H< < (M,0)°P = (M,o) ZIRD LD IZEHT 5
(ZNEY I TH D), ARARTOYI T LFEU M TH5H, —IHEEIX

S1 o S9 1= 89087

WK DERT D,

FRRIZLT, ¥, /A NFELEHETHS GIIH LT, ZHEADIEFR 2 Kz 52 &
R DR, W' AR, MREGP BNEHINDS, (i, Wk HEAIR, bLDE
A RRRELFE—TH D, ) THFERE) IFEHTHY, [FE/ AR EE/ A RTHD,
B I TH 5,

ZORFEEHVIE, BRI G OEE X ~NOAEEMAEIX. £/ 1 NHERE
G — (Map(X, X),0)?

AR S, 25 LT, AERAICET 2 BERISAERICET 2B & IZIZ T ICED S5
%, FRZZOARTIE, GERAIZED H&HT, BAER (B WIE~ 7 < ERA, ERER. €/ A
NIEF) & E o AR R ERS Z 2123 3,
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3.5.2 {ERAD#E

EFFH 3.5.10. - Sx X 5> X E2ELESDODX ANOFHETS, 2 € X IZHUL, 2D S &5E
(S-orbit) %
S-x:={s-xz|se€ S}

TEHT 5,

HigaR T MO L EERBROMSIIEHBETH S Z 2 A0, ROMGELINSD
et ZRLUTWS,

M 3.5.11. (G,0) 2L L. - Gx X > X2 GOHELTO X ~NOEHL TS, ZD
L&, ZHBERr~gr B c G- TEET S, AMERRIZRS, ¢ DET 5 FEEREILH
BEG -z ThHb,

A, 3% 03 [B1), [E2], [E3] 2D D IUE LA, ERBEL < W, O
EFE 3.5.12. ~g (CEALT X 2EMEHEIZDELZBD%, X D GIZLPEERRE VN, Z

DEEAEZ G\X TRDOY, PENPHE—DIZ2 5 & &, FHPHERH (transitive) TH S &
Wi,

1 3.5.13. X ={1,2,...,n} LT %, nRRBRES, = Sx & X ICHRICHEL LTHERILTY
7zioc €Sy, x € X I UTo(x) e X WEE D, BARLS, —» Map(X, X)* 252 T\, 5.
oc€S, Z—DO[EL, B#G<S, %G :=<o0>TEHRTNIX, HHEHT G — Map(X, X)*
NEZo6ND, LD > T & 2K ERIZED, X X GHEBIZLHXINS,
INDVHEEBA IZh oLz X ORETH D, Kl T; ([CHIRT 2 & o X T; (2B 2K [mE
o TWd, ZDXS1C, NEMOKESE] 13, PESBO—HIEERZL I LNTES,

RIE 3.8. G235, GOGANDETFAERIZMBN TS S Z & 2RE,

EE 3.5.14. - :Gx X - X 2HORENDIEMET D, 2 X ITHL, GOz IZBITER
ELER 9 EF (stabilizer of x, stabilizing subgroup of z) %

Gy ={9€Glg-z=ux}

TEET %,

B 3.9. G, G DK TH 2 Z L 2 mH,

i 3.5.15.
f:G—>G -z, g—g-x

ANARER JES
f:G/G, —G-x

AR R ERIT,
FEHA. flIXEERP SRR TH S, EAOHERBER 333 L0
f@)=flg)eg loged,

ESZXEVD, flg)=gr=gv=f(¢) Ty 2BEHT DL ¢ lgecG,. ZTNEORES., O
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Bl 8.5.16. K 2{k& L. G = GL,(K) % n IRIEAFTHIDESE. M = M, (K) % n IRIES{T
HOEE LT 5, 175IDOK
w:GxM—>M

3G OMEATH S, /-, HIREHERIEIN S
c:GxM— M, (P,A)+— PAP™!

L GOREHTH S, UF, fEHIXcE2EZD, Ac M OBEIX A L HELRTH, TrbS
P7LAP OEDITHIO K TH 5,

Jordan BE¥EE L LN 2w E2 L b WVWEE, K=COD& X, P 1AP % Jordan fE¥EJE
EWVWIRIZTELZ LD 5, Thid, KHED» S — DRI LEHEL TR ->TL B, &)
FHiED—>Th 5B,

Thbb, ZOFEMAIZLIHENEG\M &, Jordan ¥ (D7 0y 7D AN %[
—fHUZEHED) A1 H1LIZHELTWS,

ADHIBIZDWT, Ae M OLEAMOEE G4 ld. A AR EAIfFFIOEKRTH B, /Ko
T, BHL L TOEHE

{PAPT' PG} =G/G4

N b,

3.5.3 HK#BEZE OEE~DIER

X IZRBIEEP A>TWb e, BHE#¥HEE (endomorphism) €./ 4 K End(X) 23E#H T
&5, [REEE & 132 2OV TIXEZB HICEDFIA L 722 FE I3 E 5 o7z —ffGm &
0. REEEE D BRG] (IEREZR L) 2O WTHRT 2 Z L I28d = ARRVWE Bbhn b, i
ZIEX DIERECHNIX End(X) 1 X 256 X ~NORHERTIOELETH S, X BMEKK ED
MM TH NI End(X) 1E X 26 X HEANDKR K LOMEEGO 2K TH S, Gk,
[EDRBIEITHH L TR0 2IRT 272012, B2V TE Endjpypm (X) &<
RETHY, BAHIB End g gomopg(X) EHSARETH LA, ZOARTIEIAKRL T End(X)
EEVWTLESTWVDS, &b, MKl ITRAENBANZ UTFTTK 2EZBOEALERATH T
DEI IR 73 A 5 REBL LN, ) End(X) EEHK o & HAI T idx IC& D E/ A REA B,
End(X) Q¥ i DS End(X)* 3MEEI9 I L O BEE 25, ZOREE Aut(X) & BE,
X O B2RZE (automorphism group) &\ 5,

EE 3.5.17. S 2HEE. X 2REGEEZEBEINZEEL TS (ZOSWVWAPHREE 2
CRRUBEE IR, X 2IMEREE B ->TLW), G4

p: S — End(X) (33)
., RBEEZ L 2HEAE X ~D S DIEF L VI,

EiZ, LOLSRIGE. SICHLREBEEEVBA-STWAE I ENRIFLAETHS, ZHIZDONWT
W IRET TR S %,
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Bl 3.5.18. K 2ike$ 5, X % n oMt 7 MVZEM K" 95L&, End(X) & K" 55
ZNEIAND K P EGE2KROEAEH o DT, nIKIEATHIO%EEE M, (K) THOS5DT,
AeM,(K) L., A% X ORRICENSHNTI B 54 Ly %

Ly: X —X, x— Ax

TEHT D L.
p:M,(K) = End(X), A Ly

7% M,(K) D2 X ~OIERANEE 5,

M, (K) 385585 TIE AL, (Rl LW REEEERD, Rz, Bco>WTE/ A FT
HY, HIZOWTHIERHEZ>TWS, EED pld M, (K) ZHTE/ A NEeREZEE, €/
1 RH¥ERBLY 25TV 3,

Lap(x) = (AB)x = A(Bx) = La(Lp(x)) = (Lao Lp)x

LS, (BATIZDOVWTEF v I PBRELENI ZTIEEKT 5, )

3.5.4 EOD. KEBELZFOEA~DIEH

EFI S x X — X IZDOWT, HiBERD Tl SIZREBIEENR A->TED X IZIZ A>TV
GEko7z, Wz, BB TIX, SHAEEFOELET, X ITREIES A > TWBIEE 2>
77 ZZTIE, S X IZHREBIEEN A > TVWBGEEERD,

# 3.5.19. X ZEREE U, End(X) T X OfNERE LTOHCHRB O 2T (HEFRTD
BRIZBET D) E/AFERT, SEYIY (P, E/AF) &35, v (B £/ A
) #E R A

p:S — End(X)
%S DIEREX ~NDX 7 (CERE. B/ A R)ERHE WS, SHHTHDI L EF, £/ 1 FiE
[Fi] 7

p:S — End(X)

% S OHIERE X ~OBEM (group action) ¥\ 5, ZD& &, X % S-HIEE (S-module) &\
5. pESD X ILBYHERL NS,
p DB Aut(X) 1T AS BIAIEMmEEZIZ0 % f = p iICF L THEZIELW) DT, BEHER

p:S — Aut(X)
ZSDXANOEEHEWS, EWVoTH R,

EOEHT, X ITIEREE U2, EEM e L TEEROESZE PRI NS, zf)zm
AR, BEELTE LV, (—BRoREHEL LTH, AROEBNTELINFOEE]
TIELZW, )
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Bl 3.5.20. (EHFEBDZASM, ) (S,) 2377 T D, a,be SITHULTL,(b) :=a-blBL
& L, € Map(S,5), Z5LTHALNS

p:S— Map(S,S), aw L,

% S OFEIERIEA (left regular action) &5,
p M (S,-) = (Map(S,S),0) BB VIR THD L VWS 5M2FIRT L L

Loy =Lao Ly
ER/PX5)
La.b(c) = La o Lb(C)

ThoW, Zni
(a-b)-c=a-(b-c)

LEEEED, Thbb, (S,) AEHTHE L L S OEEMEANY < EHTHE 2 E
YIRAMTH B,

(f +Enar) 9)(x) := f(x) +ar g(x)
TEHETH &, IEHIZR5,
—Fi. B o2k (End(M),o0,idy) EE /1 KTH 3,
folg+h)=fog+foh, (f+g)oh=foh+goh

DEAEHTE 2 DT, End(M) i$BE 25,
MM K #JPZERTH 2 & EBEAMD I ENE X5, B2 End(K") 3BETH %, End(K")
& M, (K) DFIZIZBR L —N—xend 0, ThPMTFOEENVERE RSB TH 5,

B 3.5.22. (M, +,0) ZHREREE U, (M, ) 2RI UEAIZA-723 7 Df&EE § 5, Lo(b) = ab
I N
p: M — Map(M,M), a— L,

BEZD, TDpl
p: M — End(M) (C Map(M,M))

7 B MEREDMERRITH 552 BE FLTRS L —DD5M
1. p O End(M) 12 A%

2. p MMM TH B
AT NG,

Wi pla) : M — M ASHZBEHTIREHERARMTHS L VS Z L THEHS

p(a)(b+c) = p(a)(b) + p(a)(c)
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WS ZETHD, EVHR DL
a-(b+c)=a-b+a-c

ThHhHI e ThH5,
BEOERME
pla+b)(c) = (p(a) + p(b))(c)
Thbb
(a+b)-c=a-c+b-c

THb, ROERIZBF L NMIEMIZ DL SIZLTHAICENS,

i

1t
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BAE

i

4.1 ROEEH
BYAOERIIEHDED CTHA, P, 22 TEBLTEL,

T 4.1.1. B (HFring) R 3, £EERLZO EO DO IHER +, - O (R, +,) T
HoT, MO=ZDORH BRONHLNS,) 2fHi-TH0,

R1 (R, +) ikt x 723, ZOHATE 0€c RTHODT,
R2 (R,-) &Rz 57,

R3 (HEER]) D a,b,c € RIZH LT (a+b)-c= (a-c)+(b-c),a-(b+c) = (a-b)+(a-c)
AN VAL RN

51T, RO
R2’ (MOBALIGE XN D)L € RPFEIEL, (R, 1) 1 ZHBALETHE) A FLiR

Rz & (R, +,0,-,1) Z BALWER (38 ring with unit) £\ 5,
B(R,+,0,) 18 LT %M

R4 (RO WHHE) (R, ) BAHAETH S, THbBEED abe RICHLTa-b=b-a

MDD L &, R % AR (commutative ring) £\ 5, AR TRWERZIEAHER L W S,
BNTER TRl 72 & D & BN AT HRER &\ S,
BALK BRI TH > T, OLMOIEBBICE L THEZLRTH D, T0bb 5

F £/4F (R, 1)IZBWVWT, R— {0} PBIZDWTHDRE
-3 L & RIXAHYK (commutative field), 72134k (field) TH D &\,

PRILWA, EIDICHEBAER SN T, FITH U Tar#fe, RIS U TERET, 2ld
FRIDN 7222 D2ERE WD, BIZBET SRATCHEET S & &, BAMERE WD, B
BIL CTrffize & &, ATHER S W S,

=
MED, FIEEIIRRILTEZIATH D,
Rz, THAIY] WS SEITEARINS Z L 2% 0,

x
#

4.1.2. B2 (B Vo z o AN AHERZIET I 2B L 0D, BEOLFIZE > TE



102 FHa4E B
4.2 ROFEIRERE

Bl 4.2.1. 1. BEOESZFMERMICEL TH#ERE 05, BMORAIG 1 HEFMEL, BT
M HERT H 5,

2. Q R, Cl3H#kTH 5,

3. Z/n ¥ (ALK TR CH B, S AL B BE AT, n BERTHEZ LT
» % (fof £53).

A REBYTB Y&, {3518 M, (R) 3BTH 5, RMPKMESS M, (R) 25 ThH5,
RATHTH>TH. n> 2745 My(R) IZIEMHRE L 725,

5. RETHEEL 5L, RIFMO—ERSERAOES Rt RTHEETH 5 (§13), R HH
il 513 Rit] % 5 TH 5,

B8 4.1. R%2BReT 5, MIOHAITLO LT,
Vae R,0-a=a-0=0
MERANLT 5 Z e 2Rt

By M RIOBATOEREELD 0=0+0, HBEMED 0-a=(0+0)-a=0-a+0-a.
Iz —(0-a) ELTRES,

8 4.2. RPEMHAHERO L Z, (—1)-a= —a 27,

T 4.2.2. MR RTO=12K 1752 T, R={0} 245, ZOX>RBEEH
BEWI,

1=07%5XMEr 25
r=1r=0xr=0
FOETORLIZ0THS, BRIFEREL DAERTIER Y, 72, B (k) THRW,
RBI%E 4.3. BAMWE RIZBWVWT, 0 BIZO2WTHHELZSIE RIIBETHE I L2 RYE, 2

SUT, ROERIZE TS [0 PADITATH ] &5 ZMET 0 AR Ehiad TER S
IRNHEHR DN,

REFSE B 2HRAM L X, 52X 5N 2TOHAEZEDER OZ L THo7z, (Y
) B RIZBWTIE, 525N TWAEEIINE +. MEOHAIIE 0. KT 28050 —.
B, BEOBMIL1 D5O2ME52 50T\,

K 4.2.3. Ry, Ry  (BAY) B9 5, Ry o Ry ~D (BALIY) BR¥E[E T & X B4
f : Ry — Ry TH-o>T

fltry) =f@) +2 f(), flzay)=f(x)2fly), 3 SCRMNEROHER  f(1L) =1

DD (BNMEROGEIZ=D) 2ilizTHDDI L TH 5,



4.2, BROMH & BrAE[H 1Y 103
0L —lFEIANVLbR572DNE VWA, MEEZTANH 506D —D%N-3 & H
Bz 0,— % f IR,

T 4.2.4. R, Ry % (BN BR2 T 5, f: R — Ry, g: Ry = Ry ZH\NZWH TH 58
ERTI Y Uz &, f2EREMEWS, ZTOEIR fFRTFHETEEE, R & Ry IZBRAMT
HBHEND,

8 4.2.5. f: Ry — Ry MWERYEFBINORHPPTHE I L &, BRAMTH S Z & L IXFET
Hb,

R 4.4. LOMEEZIIAT L, HLUWOIX MBRERA f W ESK g 2F/HDOH S, g HERYE
Bz 28] 0, MET R E2MEBIIOVWTENEFNFEZIE LW,

RIRE 4.5. PG4
q:7Z—7Z/n

I3 (AL BRERAITH B 2 L R,
8 4.2.6. R WAL 5, BEERZ » 5 R ANDBABERTIINH—DFIET 5,
SFEH. 1FET % EARET D, BMNBREREZDT 1, 2 15 BT, INEHRE L TORFETT
ZDESIBRHDIEIRELIAIZLVM—DFETLIDT, HHL L6 Zl—HT 5, T4
DOHEFLETIEME—D, ZORIIBVWT, FBEMIZEL L EITEn— gt 2ELD, TEEN
IERED & Zi1zid ng &<,

neEZIZRNLUTnlg 2SI EREHBBRUERETH L Z L 2RI LW, MEREE LT
DRI THE I L IFREA TREINTWEN 6, HiFEEzHE>Z L

(nm)lg = (nlg) - (mlRg)
CHAITERGEDZ &
1(1r) = 1g

EEZIEIVM, IiEnlyg DEZEPSOEEHI 2RO L THES NS, O
EF 4.2.7. R% (W) e $5, ROMAES SH ROHD (HAL) BRTH S & &, (HhL)
BrLTEEINEZETOHEBIZODOWTHLITWSZ 2 THE, BARKIZEZIE

e a,beS=a+beSs

e 0c S

eageS=—-ach
DO LD, TROLINEIZDWT SIE R OEAR (EHEZ23) TH O,

e abeS=a-bcS

o HIWERTHE L EIZIX 1€ S

MWD ILD, TROBBIZDOWT S 13 R OMDERE (MEEZY) THEZ L THD, Bl
BEThHLERSIEROWHE /AN (EHIITN) THEILTH5,
IDEE, SIFER (BN L25,
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s
e
1
R

B 4.2.8. 1. ZCQCRCCIRETHMWAHERYL L TOHLERTH S,

2. BBOEE 2Z(Z DFIEIZDWTIZER Z0) X Z DM RTH 505, BAMERE L
TOMWAERTIEIR,

3. m,n Z HWIERTERBE TS,
am+bn=1

IR BB a,b ZD (BB EABA), f: Z/m — Z/mn & (2] — [bnalm, TEET
%, ZHid well-defined TH O, BRERB 7> TWD, MERE U TORRETH S
ZriFPE L, MEHEDZ L

bnx X bny = bn(xy) mod mn
EEZAIEXEV, Wiz n TH ST
bxbny = b(xy) mod m

ZEZIELVA n=1mod miZL D ZHNIFELW, LEA>TINIZBERTH S
DY f([Um) = [bn)mn # [Lmn & O BEALKERE U TOERBITIXR N,

B8 4.6. S RDOWMHETH D L &, HDIAA
t:S— R, s+—s

FERERIITH B Z & 2mt,

4.3 ZEAR

EFE 4.3.1. R2AHERE 5, t & R & 3MBERRXFETD, Rt IZL>T. RFBED ¢
EEBETHLHABRERT, $40bb, R[t] DItid

ant™ + ap 1t" ' ait+ag (a; €R)

DODOHLDOTH D, MEEILER OFBRIENTEXT 5,

TH36D B DHDL 2D TZ ZITIFFEDNROA, ZAUT XY R[] EAHERE 725, a1, ..., a,
NOTH2EIOWLZHANETHES S, ZNIED, RCR[t]| &ART ZENTES, R[t]IC
BB 0EEH0THD, 0DSIDIT () 1 f(t) = ant™ +an_1t"" 1+ +ai1t+ao (a; € R),
an 0 DFIZEIT D, TDLE, n% f DRI (degree) &\, deg(f) THHHLT, 0 DIX
Bt —co & THDONEETH S,

RDHEAAIERTH D L &, Rt 1IZEH 1 2O RN L T2 BN HEETH 5,

WS EALR Rz, y) BEKICERINDE, O Y apmz"y™ DIEDOITLTH 5,

& 4.7. S:=R[z] £BL &,

Y Rlz,y) BBAMTH S 2 L 25t
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ZhiE, #lzx
ax? +bxy+cy’ +ex+ fy+g=cy®* + (bx+ fly + (az® + ex + g)

WS EAHII BB IEANE DD X FIZIOWTEIHT A ATER L WS I 22 =KL
TW5,

4.4 4%

—fBiz, RBEEDLEX SN-ES SIZEWT, [T C S HWERT S S O NRBHEE) &
Wo 7z T 280 (AEEFKRIZEALT) &/ND S O REEEEZET,

BARKBIZ WS, BIZIECIZBWVWT, 2 CDERTI2HEMHDEE R IZEAREDESS
., BAHEOERETHEI DS, 0,1c RTHD, IEHTHEZDS, 1+1+1,-1-17%
FIIBETRIZAD,. ZCRL%?, 2EREDV acZIZHULTaze R, £7222,23,...,€R,
2O LT, BEBRHD : DZHERNOICEITBTIELT RIZAS,

{Z anz"la; € Z} C R.
n

UD B2, EIZ T CICBANA BRIz Z>TW5, EWSZ &k, 2Nz 280 H/NOH
R DB TH B,

T 4.4.1. LOB%2 Z[2] THhoOT, ZNECOHRMNEHAIETH > T, 2 2E5LHDODS
LER/NDEDTH 5,

SEE 4.4.2. t ERETHLEAB LM CAURETEE S b LW, AR 2] & 2 H
R B AR B 2] Y B THE DD TH S, MHCBVTIRt BEEDOLTTH
D, BHEICBVTIE 2 3bBEOETH B,

Bl 4.4.3. ET, 220 := /-1 ThHD2LED Lz CCi2RDED, 22 = —1, 22 = —2,
=1, TH2h56, : DFHAFI-RAIFEHZIONE, £oT

Z[i] = {a + bia,b € Z}.
ZDBE. AU AOBBIEL NS,

EFE 4.4.4. REZHRAERE T 5, BAER S 2 R REL (R-algebra) TH 5 &%, & 2 HfT
HERYERTL p . R — SAYEE D, p DBEA S DHNMIA->TWVWDE I L (SOFuLEIE, S DIt
TH->TSDIERDILERITE L TR T S DM EREZ ), ([>T, (S,p) D
Z RIREEVWS, )

EIE 4.4.5. (S,p) & RIEE L, R[t) 2 ZHARE 5, ZDLE, f(t) € R[t] DIREE—F
W p CEBUZLDZ p(f) e S[t] £ EE, TITtiZs 2RALTHEONEZRE p(f)(s) e S
LHobd,

¢: R[t] =S, [f(t) = p(f)(s)
BT Y 725, d(t) =, flp=p LD, FHE—DDORMNEMERRTH S,
¢ DI, SITBWT p(R) & s DERLT 2 BALHE 2 BRITZR 5 7200,
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EIRE 4.8. LOEH 2T &,

FERAT A0 DI, HlEBIFTEL, FLAEDHE, RCSTHD, ZOLE, plEZo
HHAA L TEONEH T, BHTES, XX ZCcCTHY, 2eC2—2dbIL

¢:Z[t] = C, f(t)— f(2)
THb, NIFELEX-EDTHS,

Bl 4.4.6. R =B AHEE U, S = M, (R) 217513835, p: R— S % a— al, TE
D2 BAMEHERTI 70 SIE RRBTHD, WE, 175l Ac M,(R) 2—D#FERE, E
DESIT
¢:R[t] = M,(R), t— A
DM—DEE S, (RVAHIRTHEDT, AL p(R)= AN T —(THOEL FTHTH5,)
IFAES
¢: f(t) =at®> + bt +c— alA*> + bIA+ cl = aA* + bA + cl

Thb, Hill% f(A) LEL ZLERBETH>TWE & E S, R[A] C M, (R) 7 % ¥Ai
B ERPE R I ND,

ﬁ%49.A:<? ;1>ag<oﬁaxm%ﬁ%zmazmnw%@gﬁ%ﬁﬂﬁﬁaz
I

4.5 B K
BB HR 2\ o 7 ST 5 VIR D ik 2 R 2 12T B,

EE 451 REBRLTD, ab=0,4DL5%b#£0MHFHET S RDICa 2FERKT (zero
divisor) &\ 5,

0 A DEK 1% K72 7 W ALY A HLER % #435 (integral domain) ¥\ 5, 7272L. FEIZ
bl Y 3 270,

IR 4.10. BALNAHER R IZH L, RPEHTHLEZ L &, R— {0} 7' (R,1,-) DIBIE/
1T RTHEIEDVFAMTH DI L 2R, (FREILLZERLTIRNESTH D, )

R 4.5.2. RIFBHTH 5,

FERH. KDEZIZ R — {0} BEIZOWTRHEREI 2 Thoz, BHROSEE/ A RTHSEN
5. EoORMEAFZIXFEH» D 5,

HEHGIHT 2225 PI L\, REHRET S, R— {0} BRI OWTRIC R 5720, Bfi
ERODTHETHE, oTRIBZFRTARY, a 2FR/TFLTDHE bA0ITHLTab=0,
WD TO ! BFHET S, TNEIEIZLTEE a=abb ' =071 =0, 222, BEDOF
N EovEonsg, O

B 4.11. BIKO RN ERIIBIHRTH 5 2 & 2RE,
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fBIRE 4.12. RPEIFL T2, a,2,y CcRTa#0D& X,
ar =ay =>xr =Yy
MNZDBZEERYE,
Bl 4.5.3. 1. ZIIMKTELRVWIEETH S,
2. myn>2 8T BELEL/mn FBE TR, [m] - [n] = [mn] = [0] ZH 5.

IR 4.13. B AIRER R VIR ThH 2L &, RIEFBRTRI DL TDae R—{0} I
X U BERE o HE[H] Y
L,:R— R, zxw— ax

PR THE L EWFEMETH D I L 2R, (kv MREA, )

RIRE 4.14. BAIAIHER R MATH B L &, RVFERTRIADPDORTD a € R— {0} 1T
U(ETE#ELE) L, WEHTHHILEWAMTHL I L 2R, (b MEBHTHLI L
B EBU I L EAFAMIZRD Z L E2RE, )

B 4.15. AR (AREVAREATH S &5 WBH) 3MEATH L Z L 2RE,

i 4.5.4. REWHEL L, fge R[t| 22HAL T3, ZDL&
deg(f - g) < deg(f) + deg(g).
R DI 5 B AATT B, deg(l) =0 & D
deg : (R[t],+,1) = (NU {0, —c0}, +,0)
RBHE/ A PRI 5,

FERR. f DIRED n, g DI m & T 5, TNEFNDEEIRDIAIE ant™, byt™ (an, by, # 0)
Thb, b U RVELR S a,b, #07RDT fg DEEIRDIIL (a,b,,)t"T™ 2720, ZD
UEEn+m TH D, Ko TEREDVED LD, BFEICBL TE. RPN anb, =0
DAJREMEDI D B D5, AT L n+m 2B ZUERDIHIZD 5 ONRWDTRES L D 72D,

[rgDWTNPR0 THE5EH 5 <7<, deg(0) = —00, —co+n = —oco LEHT UL
FVW({TERIE/ A NTHB, Z410 ORBEO[ITHWAD B), KEHEND X, O

—_

4.6 1477

4.6.1 IROEE & RERK

EIE 4.6.1. (FMEELRIC X 2 RIARER)
R % (BRI IR S 7220, FERMMER S HINRV) BRE T2, ~ &2 R(OBHES) LoFHEE
&35,
P GAR
g:R— R/~



108 4w IR

DERMEREIL 725 X5 fl, BP R/ ~ ITEBRINDIBEFDERMIE. ~ D, e a v T
TNTH5ZE, TROBLED 21,2, 20,05 (LT

/ / / / / /
T~ T,L2~ Ty =T +Xg~T]+ Ty, T1-To~ T Ty

MR T B TH S,
RDSENIERTH 255125, ZORMM N INIUE R/ ~ 1Zid 1 2 ¥l e 35 HAIH
BORENAD, ¢ IFHRMHBROMERAIZL S,

FERH. M RO EH I I KD R/ ~ IIMERTH D, ¢ IIREERTLZ 2 5, R
DEMPEZINIZLD R/ ~ BBIZET 2L D, ¢ X PHEREE 25, HEIT R/~ P
BIZRDZLIZZZ2IEE W, DEEHORNZ S ZIEE\WV, g I Z2FZ1S

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

ZEZERVA, ¢ DANCEET R, BT 2 PR TH D Z 05 £l q(a-
(b+c), HiliE qla-b+a-c) &0, RIZBWTHREHIARD DI Enb Ins %L
W, EHANGEZ A EEINZDOWTHEKTH 5,

BN ATHEIZE L T, O A2 T/ 4 NOEM 320129 D 22 i LW,
(EHPZ30DFETE 545, HEIEHIRHEACOEINIREAEFE SR 0T, EARBICE

£5 5%, )
DBV EREOEH A IZ L 0fIE ~Za v RF T, EEHoEH T iz Lo R
~EaYvsFT, 0

4.6.2 ATF7I

B (G,o,e) IZBWT, ff o & IV NNF TV RFEMERGR ~ 1. B EBBIREN <G IT&
% & FBG ~k (ERBAREORIE ~R L LTHEL) & LThSbah (FEH o). it
G/ ~=G/N 2EH LI, ZDEE, ~ 75 N 2EHITIE

N :=le]. ={g € Glg ~ e},

NS ~2RVWHTIZIE
a~bsaobteN

EBIIERVWOTH - 77,

B ROGEIZ, AEOZREZLTALD, ETOMEEL IV NF TV RAMEBEG ~ &1,
+,- & AVNRF TNREERBRICAMAR 50, 50 - OZ 2 LIES BT 5L, (R, +,0)
BAHETH O, ~IZFDOHE + LAV NFINTHENS LOFEFEI O HBEHRTORE IR
MIFEL T

a~bsa—-bel

ML T B, £ LT,
I={reR|r~0}

&b,
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(R, +,0) &AM DT, EREBOE L MARIEFEA MR TH 5, Tld, WOHSRET A
5.2 5 ZIHBER ~5:
a~rbsb—acel

BB IZOWTH AU RF TN DZA 5D, famnr 652, I PWll1A T 7LV THhsd T
EM o WHIEEE IV RFTNTHBRBEFTIEMERDTH S,

EHE 4.6.2. (1TT7)V) REBE L, I C REMKIZBETBMAREE TS, I WA TTL
(left ideal) THBHEIZ. IOTIZENRS RODEDTLEZNTITEHEIORIZEEAZ L, Thbb

Va€ Rya-1C1
MDD Z &, I DEMIA T 7 )V (right ideal) TH 5 &I,
Vae R, I-aClI

RO NLDZ &, I AWl 7 7 )V (both-side ideal) TH 2 &1k, LZfll4 T TNV TH O hDf
4 F7LTHBI e, (AHBIZBVWTIE. ZO=Z204FT7ILOMAIZLTEHELWL, 20
BRIZHIZA T 7L VnS,)

B8 4.16. R ZHABE $5, [ C RD¥A T 7IVTH2ME+S5EMEE,
1. 0e1,
2. Va,be I, (a+bel),
3.VreRVael,(r-acl),
DEDONRED DI L THD I L E2RE,
EHE 4.6.3. REBEEL, ~% R (DBES) LOFMERKE TS,
I.:=1[0]~ ={z € Rlxz ~ 0}

LBL, ~B RO, M av R AFITNTHBHEFSEMT, [T 7LV THSE D
EThHb,
Wiz, I C RO FT7LTH B L &,

a~rbsa—-bel

TIEMfR ~r 28D DL, TN R EORERBTHOE, Mea v XFTLTH5,
~—= Tl

(R ORI Y 22 5F TURRMBROES } — (R OWHA F7L0O%EE }
553 SR TR D, TOWEMIE T o~y THRASND,

. ~ 2RI OV NF IV RRMERGRE T 5, B eam X0 Lo 3ERE R OISR
Thb, 5. 2€l. T3 2~0, ~DBEIDWTIAVRFTINETEE,

a-0 Eﬁ%m 0.

a- T~

FoTa-xel., TbE [LIFEMNSTT N, EEEANWEZT, Al 77V THH 5,
ZhT,
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s
e
1
R

[~ BRI L 3V NF T = T il 77V

WE ATz, W, TDWHHA TT NS ~f BRI E AV ARF TN THEZZEH, AL HW
DFHETRED, HHIEED, O

IR 4.17. &8 063 OFEHZ B S E &,
EF 4.6.4. RZB, [ 27Ol F7 VT3, a,bc RICHUZHEHHF a=bmod I %
a=bmod I < a—-bel
TEHT DL, TNEAMBEGR ~ &8T5, [ 2B T28HBHRE VI,
5] 4.6.5. (HIHA F7)V) RZA#HEEE L, ac RT3, ROWHES (a) &
(a) :={r-alr € R}

CREFRT DL, TNEFATTIVERD, a BEKT 5 HIHA 7 7 )V (principal ideal) &\ 5,
ZlX, a DB D DL 38AE% (a) £FEL,

% 4.18. LOHIT, (o) DA FTINERB T &mt, Eid. ROUVTHETRTD (o) 1F
LA TNV 5 L R,

B 4.6.6. meZ 35L&, EHMI32A TEFHL ZFAMEREMR 2 = y mod m 1FEFH LB 1T
BWTI=(m)&lL7ZBD 2z =ymod (m) &—,T 2,

4.6.3 RERIEHE
EIE 4.6.7. (1 TTNVIZLBRERR) REeBREL, [ 2WfllA T 7V ET 5,
q:R— R/I

PERERIBL & 728 K 573, B R/IZ727Z— @D EEINDE, TOR/I % RDIIZXBDFER
BR (residue ring) £ 5 9, ¢ ZFR¥EHRE (residue homomorphism, residual homomorphism)
LE D,

FERH. B B3 & e B a2 S i) D, O

)

FlREF, [Ho7RD] OEWRTHS, 5, HlE60 TRZKDICR=Z 1= (m) &7
3e

R/I=17/(m)

(=
Zhz~yer—yc(m) WO FAMERBKRTHEIILZED

AR S, TNIFER I TERLZ Z/m i—BT 5, T48bL, RIEETD Z/m
X Z)(m) R BRIRBRTH 5,
Z/m % T#E % m CElo72R Y O] LE—-HIN2EDT, [RARE] OAFHPD 5,
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EF 4.6.8. (&, 71—3)) f: R — Ry, BRI L T2, T D (Kernel) %
Kerf :={z € Ri[f(z) = 02}
TEET D, §0D5, Ry DEILD fIZLDHHBDI L TH S,
i 4.6.9. FOEHRLGR T, Kerf & Ry OWfllr 77V Th 5,

AFERH. B T8 2 W CEEGEH T NIES L, (B o E TG I, #2233 2o
TRONS, BONBIIERAEFSELDT, ~p X Ry KHESNZROBER L IV F T
VTHY, Ulkhio TEBEEI &0 [0]., EHHA T7NVTHB, Z0id Kerf 1Mz o 7z
l1\0) D

IRE 4.19. Lo % &,

T 4.6.10. RZEB2 L, I % ROWHlAT7NVeT 5, ¢: R— R/I 2FIRERE LT 5,
f:R— S ZIEDOREAERM L T3,
BRYERERL b : R/T — S TH - T,
f=hogq
BEMEE L DL OVFIET BBEHEMIE

I C Kerf

YRBIETHD, TDLE, hiFE -2tk (LIFLIE fTHREIN5,)
Z DRI E f D well-defined TH 3 &\,

AEH. BEOB A OXIGT B EM 227 OFEHEIZIEFR U TH D, ED Ok, IEICET 8¢
WEEEL f PBRMERIBLIZE 2 Z e 2RI B TEARSRVWEIAEIITHS, Nk

F@lrlyln) = f(lz - yln) = f(z-y) = f(@) - Fy) = F((2]r) - F([yl)
MRS, O

fl 4.6.11. §6a T
Gm : Z/(mn) — Z/m

RBHBRER A Mo 208, ZHIFRHERRTEH 5, FOEHIGEMIZEWT, R=2,5 =
Zim, f:Z —Z/m ZFIRERBE U, T:=(mn) &35,

R/I=7Z/(mn) — S =7Z/m
7R B ERERBINER I NS ITIE
I = (mn) C Kerf = (m)

PRINNWIEEV, ZTHIFHIZ, Tmn OEBIZEND m OEETH S L\WS HIRAREHET
»H B,

T 4.6.12. (BOWRABEH) R, S #BE L, f: R — S A5BERMNER SN2 T 5,
F(RICSTfItkd ROBERT, ZDL %,



112

s
e
1
R

1. f(R) XS DMHTWTH 5,
2. I:=Kerf I ROWHIA FT7IVT, ~; & RO, FE a3V XFTNnREEBRTH 5,
3. f M

RY RIS s
RBLGRERBES % [ Tabb
f="Foq
7B AR -OET B, 2 LT, ZOKESE f(R) IKHIRLTHSNE
f:R/I— f(R)
LBRAERL L 7B,
. BEDBEOEM ATR ¥ AT E 5, O

B 4.6.13. R ZHNERE 95 &, M I2B (& D BAERERE . Z - R, 17— 1 B
TS, Kerf IFZDATTNTHEN, HBHm >0k Kerf = (m) &5 2 &
WRtE s (HIHA 7 7 IVEE, IRESIE),

ZS5UT, f(Z)CRIZZ/m LABLIZIRE Z LRI ND,

B 4.20. EOHFE [Kerf = (m) &5 m WFET 5] 2T &k, (5% @H 258 O
AL, )

5l 4.6.14. R:=R[t] £ L. B¥EMH

o

fiR[t] = C, g(t) — g(vV-1)
*EZ 5,
Kerf = {g(t) € R[t]|g(v—1) = 0}
Thb, RHETHE»S,
g(t) € Kerf &t —v—1]g(v-1)

THhd, RLEHEN g(t) R V/-1 282400, TOEEMEKTHS —/-1HETH D, Lo
T, g (t—v-1)(t+/-1)=t*+1TEbYNZ, HiZ, >+ 1 THLUND & 5%0%
HR h(t) 1Z, £V/=1 ZRIZFEDODTh(V-1) =0, T72bb heKerf, ULzdbbtsd L

Kerf = (t2 +1)
L%, BRUERBIERIC XL,
R[t]/#*+1) = C, t—+/—1
IRB5ERDEMIEF SN D,

Bl 4.6.15. R[t]/(t*+1) T, t DB T BEMEEZ [t] LERDVIZHI tEHVWTLES Z &
295, R[/(P+1) ICBVWTEHEER TS Z L, AIBEOREZZHATLTEWT, M
WHEWH 2+ 1 THI-7ZRDZLDEWVIERZTHI LT D, FIZIE 2= (t2+1)-1=
—1mod (t*+1) THBDT, tld /-1 DKREERT,
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Bl 4.6.16. BIHTHRWA T 7 IVHHET D, Rlz,y] T ERECEBZHABR 2 KT,

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

EBLE, INE R,y DA TTINERD, ELIDATTANRIEST TV TH o728
VRN

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

125 % RN a(z,y) PEET BT TH S, LliZiF e, y "EENED S, x X a(z,y) D
ZHATHY, y b a(z,y) DELHATH S, LU, TDOX I % a(z,y) FEBUPEEE
T EOFSEED LA,

BIRE 4.21. LD, (z,y) PHIHA T 7V TRV &0 S HEOFEH 2 FENIT R R X,

4.6.4 &5, T, B, BT
RZMERL 95, a,be RIZXLT,
ar=1"b

B Cc RPIFHET S L E, bl a DRETEZIZAEE (multiple) 2V, ald b DRIIEE
72 IR (divisor) EW D, a b ZEID YIS L H WS,

alb

Thobd,
a-0=0

XD 03 LTORDMBETHY, RTDITIE 0 DHETH 2,
B2 4.22. b2 a DIFHTH B L L, be (a) THDIEDVRAMTH S & 2RHE,
B 4.23. b2 a DT THB I L e, (b)C (a) THDIELDVHEETH D & &R,

R Z BN HER 95, R TR OBIZEHT A c0ESEZR T, BIZET 2T
D Z & % HIE (unit element) & H WS,

RIRE 4.24. a e R AL TH B2 2, a1 OB THEIENEETH B I & 2T,

B8 4.25. R 2 BANAHERE T2, a e RPAIHCTHDI L L, R=(a) THEII LN
FETH B Z & E2RE,

BIE 4.26. WLz BELA T TNVIEREAG LS Z L 2RYE,
FRE 4.27. R 28 L $5, a,be RITXL,
(a) = (b) & Ju € R*(au = b)

e,
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EFE 4.6.17. FAAHER R IZBWT, a € R PBEKIIT (irreducible element) TH 5 & 13 a
ORTEVEHRDDIZBOND Z L TH D, TH8bE, ay=aBolExhy BEOAHL (F
BROBHIL) LRBIEESD,

7272 U, O IFBERIIC & AR T 72,

a DN THEZLDEHRLLT loy=aBblir=aFldy=al LHESZZNWEIA
D ZHRMBEBEA IR\, 722 (—1)(—a) =a THE0 6, L —BIEEOA
TulZ U a=u(u"ta) ZP56. SRIITHEICATETLOSOHBENRD 5,

R 4.28. R=Z ¢35, ROOTRWMEEDO LI, BT OhofIickbEsZ 2%
LH,

B8 4.29. K #k& L. R=K[t] £ $5, RD 0 THRWMEREDTIE, BENIEO L D00/
IZEKbEBZ R LD,

4.6.5 F=ATT7IEEE, Rt

REBMTHEYL U, [ 220 F7VET S, R/IVEIRCRB4E2ER LS, R/
DEED It [a],[b], a,b € R L BERINBH S, BT R BB HEMAEBE FTL,
R/I ZEETIEARL 1D

[a] - [b] = [0] = [a] = [0] £7=i% [b] = [0]
L%, 5. 2]=0czecl THY, [a-[b]=[a-b] THEHL 5 DR
a-bel=aecl ¥7zl3 bel
L5,
EF 4.6.18. R 2 AW ATHER, [C RZZDATTNET D, FfF
Va,be Rya-bel=acl £7/ziF bel

M HLE, [ %2 RDOFEAT TV (prime ideal) L\ 5, 72720, [ =RIE (EOZKM%
7L TWaEM) FATTIVEFDRR,

FE 4.6.19. [=RDLE, R/IF [0 72E—PrSR2EAETHY, DI THRELTSH (0]
UM TTIRVWEDTH D, TOXIREREFRE Vo2, FRIZEETIERWVWL, o TE
ThRW, THNIZED, I=RIEFFEATTNEARIBLNI L EROEHIIT Y FLTWES,

EIE 4.6.20. R ZHANAHE, [CREZZTDATTINVET S, R/IWEETHDHE+H
&EF, IVBEATFTTNTHEILTH S,

(A7 T7I)V) O 3] 1$FEH (prime number) DFETdH 2,

Bl 4.6.21. R=Z &35, a € ZIZWH L, BIEHA T TN (a) BEAT TN ER2BEFF5R
X a RFEHTHHI L TH D,
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FEHH. (a) A T TIVTH D BB+ S,
2y € (a) >z € (a) £zl y € (a)

LB THD, (a)lda DEBOLEKTH T2, Toy DS a DR SIX 2,y DWT
NIP—2F a DIFETHD ] LW ZEWPEDILDOI L L, (o) WEATTLTHDIZ L LT
FfETH 2, a PEHTHNIX, BRBHEO —ZWENPSZDEI BRI EDVKDIEDUL, a B
BEE a=mn THNIEr=my=n L L >TKHINTE S, O

RARE 4.30. OO M Z 52k S &,

BIRE 4.31. BAIAHER R DA T 7V I BEA T TN THDBE+IZEME. R\ (RD5
IDEEEDXSHED) DY (R, x,1) DEDE /1 RTHB I L ERYE,

EF 4.6.22. (Fi0) R BN AHERL T2, ac RPFETLTHD LXK (a) BHEAT TV
ThdrIll, EVWHZAID L,

1. o RATHETIRERL, 2D
2. ay=az%bay e RPVEETBLE o 2723y D a THO YN Z &,

(o BAHTERS R=(a) THY, REFBEAFTLLEDRVDTH-72,)
ROHEID L &, FEAORKEER (5 + 2037-50) Dok —HT 2,

R 4.32. R 2B AHERE 975, RV TH D HEFFEMIE. (0) DFEASTTLVTH
LZrTH5,

FR 4.6.23. ZIZTHET DRI, MINEOSEE P I2B TR TOERIK.
D —MIBITB THHILTHRVWEERNIG) 2o TW5, LA, BARMKIZIE T3] & T
WTRWEERTT) XA L ARWnE 25w, ZOIOHEEIL e THUN S,

4.6.6 WBKATT7ILEIK

EFE 4.6.24. R 2 HAWEHIER, [2FD1TT7NVeT5, [ 20 RDATTITIAVNIEHY
" RUPFHELIRNE &, [ KA 77 )V (maximal ideal) &\ 5,
72770, EOSEHEEEZLUTOWAN REBSFIEBAL TTIVEEEDLER N,

EHE 4.6.25. R 2NN AHER, [ 2ZDA T T7NVET 5, R/IMPMETH BT854,
IDMRATFTILTHBIETH B,

AW R/IDMETHBE LT, IDPMAITFTNTHEILERT, I LVEIZKER RTRWL
ATTNVICIJCR(J#I1,#4R)WPHEHELTZL TS, xeJaod]%2FoTL %, ¢ 1215
(] € R/IIZ[0] T\, R/T KRN S [2] WA, $75bb55 [y] € R/IDHT [a]ly] = [1]
Y125, (|1 R — R/IZEERE GERIEI 0 g 5 ) 7225 (0] = [2lly] - [1] = oy — 1], 5
WHZ B  ay—1€ I THb, v€J IV ayecJ, JIINEREZE»S 1=y — (2y—1) € J,
o THEEDreRIZHLr=r-1€J, Db RCJ, JCRIFWIZIELWDT J =R,
INEFE, E-oTIRBRAITTIVTH D,
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W, IR A TTNTHDERELT R/IDPKRTHDZL%ERT, R/IDO TRV
ERioTCL %, € RIZED [z] 2 FEITB, ThPAHTHEZ L E2REIXE, [2] £[0] T
HEhorgl, TITIL s TERINE ROATTINVI+(z)={a+tcrlacI,ce R} %
EAZB, I OMAMENS [+ () =R TH5, Wi, atcx=1,%2%acl,ce R¥WHDZ
LiZ%b, $5& [al; =0 &V

[1] = la + ca] = [a] + [ca] = [ca] = [c][x].
INd [z] e R/IIDHHTHZ Z LR LTS, O
IRDOGTEIL, DR FEHAEE LW,

i 4.6.26. R ZHNAIERE U, [ 2 [ A RBD2ATTNVET D, 5L, [ 2E5TH
KA T T RIFHET 5,

B 4.33. RO RHG TRV TTILVDELSE
Z:={JCR|J:ATTIN,J+R}
b
1. 72, a&BRIIOVWTRMNIETES (1] 2) THs I iR,

2. Zorn OFfE (1] 28) 12X 0, FREDO I e TIINULTENEEGUBAA 7 7 IVHAFAE
E IR IR o

4.7 BIEA T TIVEE
4.7.1 EBRORABBRO—EM
BB BV TR THOREE L VW0, ERNESMO—EMETH B, FlZE, 2n
3THOYNANI LIEELHSNTNS,
2" = 3

L3 5e, HILT 2 2R NBNRT 52 L THRRNK3 2EAEDRPBONDE D, EITIE
SIEHNLZ VLS BRBOME B HDHZ LIZROFIETH S,

ZOFEHICIX, THRBUIZERORIIN TS, TORUAIFZEZE—EBDTHL, ] LWVWIE
H, bbb [BRESMO—EN MMEibhTng, LAL, RERREOMIZZE—ED
BOD?HEDOBEOHEREIL., ZNIZOVWTHAZEZTWEWEDHBEZ N,

BRORIZB W TENBOMRN @0 2Dk, DE2DNIEROEHIZEL B,

EE 4.7.1. ZIZBWT, A TRWENITCIIEZETLTH B,

BADZ LML, BANICHAT 5,
AR RIZBII2#E L a liE. a € RTHHLT (a) BEATTINERDEDDI L
ThHoTz, ZTHIUE, z,y,2€ RIZXHFLT

zy=az= (I € R,z =ba) £721% (3c € R,y = ca) (4.1)



4.7. HIHA T 7 OVE 117

PRSI THoT-, (EHFEOABTA)
BRIt A EE L T < (E% o).

T 4.7.2. BAHHER R IZB\WT, a € R 2T (irreducible element) T#H 2 & id a D
WA HHREDIZRONDEZ L TH D, THhbLL, sy=aZ5Xxhy BEOIW T (T
RhbHIL) L5 IEEF D,

712U, 01T & AR T,

B 4.34. R BEBEIBOKZ, a € RPEENICTHEZL1Ea#A0T
zy=a= (b€ R,z =ba) £721& (Ic € R,z = ca)
MR 7=DZ L LEETH B Z & 2mt,
RDEZIZEERNHENEKTES LD TH D,
T 4.7.3. ZI1ZB\WVWT, A TRVENILD S BIEDH D% FEE (prime number) &\ 5,
INT, EH T IZHN B G, FCDEEDH S 2T e o T,
Rl 4.7.4. B RIZBWT, 3Bt Tth b,

FERH. Fie 51X, (BD) O&MER-T, £ 2=1TH ZO5M2H-T, MEI3a I
FHE, ZF a BEERIETH B Z LISl SR, O

T, CH DR EERNBOMO —EWN2EL Oh, THZFHERNBOMO—EM L1
Al 7,

EFE 4.7.5. BANTHE R IZBWT, 2Dt a, b DEMETH D &1k, a=ub 27258
UuER*MHBEIYL, TOLEa~bThHOHDLT,

RRE 4.35. RIS TH L &, EOLKRMIE, ZODOREATTANR—HTEHI L

CRETH B Z & &R,

EHE 4.76. 2€Zl, s#£0&95, ZD1 TRVHEWIFAMTRWEIL p1,p2,...,p0s &
éﬁgﬁnla”Qa"wns (> 0) 7b§ﬁ?£bwc

— N1 .12 n
T =upy Py~ Ps”

CEIFETE (ZZiCu==41) &, ZOLHIREBEHIF L1IEZ2BRVTZE—EBOTH S,
Thbb, iz

_ my Mmoo ¢
x _vql q2 ...qt

EMIFTET D (vid £1. ¢ FHERSHET) £, s=tTq DESEANEZINE 1p; &
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A py BFELTHED5, pile =™ - ¢ &0 pilo | T2 £ 1| g
pilv &35 &, AHILOREIIAHLITLZDS py BEILTHDIILIIKT S, £oTp g
DWTNDDOME, ¢ DIRATELONPRADBILIZED pilg L LTIV, ¢ ZETRDT
p1=2q TH5, £oT

n i Ng __ m m Nt
up11p22...p83 _vql 1q2 2 ...qt’

THY, Ml% p =+q CHZZ Y (MEII) T

nlfl 72 Ng mlfl mo

upy' T pyt o epyt = (Fu)gt T gyt g

INERZBOELUTWHITIE pp=+q BEARIZOEZ3TTHE, BELRSIE LY
LM AMPRIZREZE LT, PDIT ¢ BERICREZL TS, p AL TWE 05,
Z DD EHHIZE N ZERIZE D p ik qe, .., g DWT N EEIDEID | (¢ DRERIMEDS)
HoYobDLRAfEE 5, LSBT, pr &g REMTHED S, ¢,...,q DWTHEE
TRV, EWVWIREIZKLTWS,

IHOUTIRAIZETEZF Y EILLTW Z 8T, 2D XS BRI +1 15 2 BONERF D A
NEZZBRWTHEEZEBOTHDEILhbr s,

WAL TH DL EIZIE, s=0 2 UTEOEHIIHILTWEED EART, O

EE 4.7.7. ZOETOOTHRWITLz T L, zid £1 FREFENTORBE L THobEINDS,

FEMH. z BBERITT R VWS T 5, 2 =yz (y, 2 RHBETRWV) LWSRIZTES, $5&. |y,|2]
x| & DEIZNE W, |z 1IZBT 2 RMEZME DS, (2| =1Tlde=+£1THd, |z[<n-1
RO IR T OBIC I NG, LIEL T |2) = n DR ZGEHT IRV, A, z=yz &
Dy, z DBEIDRIZIFIEDEIZ L VIFET 2D TENS 2 B DR DY & DRER /i
THb, O

PAEIZE D, TBEEITRTEMOMIIDMI N, TORMOLEHTEZ—ETHS] L\WVWIE
HAGEHEI N, 72 VBT FEZHEH L TW WD TEDREHZ A NIZE X 5,

fiRE 4.7.8. BEIR T BRARWENFEET 5, T70bb, a,be ZIZH L Tdla,db’s5 d
TH->T. MU cla,c|b 27T c ITHUTiEcld &2 LI B0EDAH 5, d% ged(a,b) &
G

EHH. am+bn DIZRITBIEQEBDS> B, /NDED%E d 352 EOME%2m7ZLTW
b, E\W0WS Z M, PR OHHIIRENT WS, O
R 4.7.9. a € Z 2 TR Wt T5 &, TNIEEILTH B,

FEER. az = 2y &9 5, ged(a,z)|a TH O a lFBERIICZ0 5 ged(a, x) ~ a £721F ged(a, x) ~
1.

I DRI a ~ ged(a, z)|z £ 2025 alz T, FXOFMEETEZT, BEDL E, [k
i ged(a,y) ~ a2 51X aly TEILOSFM 2§29, MELPBEE 501

ged(a, z) ~ 1, ged(a,y) ~ 1
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DEETHBEN, ZDLE
an+br=1,am+cy=1

B B DT, LA T
a(anm + ney + brm) + brey = 1
Yo TEBEAE & D (aX + (2y)Z = 1 DFKADT)
ged(a, vy) =1

Thd, —FHaz=zy &P
al ged(a, zy)

THENPOINEFETH S, O

4.7.2 ZIHEAER

BEERLEIL & 512, BERBEDRO—EME (Z50Worz6, ERBOMMATHRTH D, D
DIROUD TR TG EZRVT—RETHD, LWVWH I E2IT) PN T 5 LD REE L
T, WEBOLHEHAR VD5, F%F - GROBFET, BRD S 512 [ZHADKEBS iR 5 R
TELRYDMETEKERIZZZ—EY ] WO 2P -TWE,

BHERE MR IEARIL, E508 [ROODZEVHE] RNTERL VI ETEILIATY
5, RODEEHVENTELIO>REHOZI 22 —21) v REIE WS, kE->TEZIE

a—2 Yy N = BIEA T 7V = RRBUMEDO — AR D 32O B

EinoTW5A,

4.7.3 BIEA T T7ILEE

T 4.7.10. (JIHAS FT7NER) B RIZBWT, 2TOATFTT7ADBHIES T TV kB L
&, R %HIEA 7 7 IVEIK (principal ideal domain, PID) &\ 5,

WOEH L, EERICIZEHE 5 O TRENT WS,
EIE 4.7.11. BHEE 7 ZHIEA F7IVEETH D,

HH. T CZEATTNET S, [={0}55ET=(0)THOHIHSIFTTLTHS, £5T
BNWEE TIZIXONDTEIFEET S, ac IS —xcl 2o, EORXVEFELET S, 1
BT AEDITDSHT, hNOEDEdELTS, del KVEEDrecZIZXHLTrde I,
£oT

(dycI

Thb, HAEDAEEBRERTD, €l %2R->TL %, 2 2dTE>T-RVEEZBL

r=d-q+r, (0<r<d-1)
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Y TED, ZIT, zel,dge I THZHNS (LITIMELRDBZDT)
r=x+(—dgq) el

eB, ULhBIZ, diZ I DEOTLOHTE/NDEDE S=DENPS, r<d—10TIZA>
TWAZLIEFEHELr>0R6FHELTWSE, FHELRVDIE, r=0D0LZDATHD, &o
Tax=dge(d) %2b, IC(d) »gA7 O

B 4.7.12. R ZHEA FTVERE L, a,be R &T 5,
(a,b) :={xa+yblz,y € R} C R
ERDATTIN (a,bDERTEATTNEND), £oT, HBLdITKRHLT

(a,b) = (d)

L%, TDd%akbDRAAKEE VW, ged(a,b) THHDT, diF (ZDOHIHAL TV
PREDDENS) AIHITLEZRNTHE—DIZIEE S,
d‘a 75)/) d|b bijijzoiz%‘ if:\ C|G; 75)0 C‘b fc}t’aﬂi‘ C‘d ——C‘\%éo

AEH. A LAS R R THE— DI EE B Z & i3RI EZE 0 5 b B,
RO, (d) = (a,b) O (a) k0 dla THY. EF cla,clb %BIEabe (o) TAFTN
DHEE DS (a,b) C () EBBIENEFR S, -

EIE 4.7.13. R 2 HIAA 7T 7 NVEEE T 5,
1. ¥aTHRWITt s € RIZEHTORIZOET 5,
2. A TRWEERIICIIE T TH B,

3. &% T ORI S 2 D REOM 513, Wl P O ANE X 2R\ T2/
—#lDTH 5,

EHA. 1. O CHRWita € RZ2F->THRD, BENLSIETHaREZ I3V, WE, o HEE
T ORBIZHIT R We T35, 52, a BEHPEWNICTRWDITEDLS

a:albla alvbl %RX

RSB, L. ag BEEITTORITPIT T, by BB ORIC T NIE 0 2 5 2T
THRDYTH 5,

FoTHZDIE, T AL ELLN—DRWNTORIINITRVWEETHS, HE
EHOIFANZEAT, ap PEERICOBICHITZRNE L TRV, T5&,

ay = agby, ag,by ¢ R™

TESL, FUT, ag by B, EBONFEHTORIIT W, BEEDHSIEAN
BZ T, a PEENICOBEIZHIT R WE LT LW,
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:?J/L%,ﬁb‘fb‘< t\ a1|a,a2|a1,a3\a2,... tb\iﬁlzﬁﬁuﬁ)fgéo %bf‘ bl ¢ R* J:
O\ a; ~ Qj41 T&itﬁb\o ’3‘7‘;2’)’6 (Clz) = (ai+1) ‘(‘\liml{\o J: > T,

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

RBLERINTH->T, XD CHEBTIEIRVWEDNTE B,
ZZ T, AGUES

Ii=UZ,(a;)
BrBY, TNEFATTINIZES, FIICDOWTHLTWAZ e, ROTTOREIZEH LTV
LI EEDLRVELRSTEVBVTNEHL < W,
HIHA T 7 VEROEHD? S, [ = (2) 785 o BEET B, [ EDS, H5 j 1
ELT

x € (aj).

PRI (2) C (a5) (2) = 15 (ay) EEBEEDS
I:(aj)C(aj+1)C~--CI
ERY, FEORDATTIIEAR TIZELY, ZHIEFE,

2. a BT E T 5, az = zy DEE, alz D aly DWTNLDEILT S & 2RI &
W, HIEA F7VEBIZEWTIERANNEN LO LS ITEHI NS DT, MmEa
DOIMHBZFOF FHZT (AHTHw) BlTidiEtensd,

3. LW FE L TH D Z b nE, T rm OB & FRRIZ U CTHEER CORDE L

FMa 2B TC—ETh DI LA RE S,
O

RDEFE, ZORTIHES Z &R WA AMHREGRIC B W RN R EDTH 5,
T 4.7.14. BANAHE R IZBWT, 17 7T VOFITRBIZIEAL DD 550
L chhcl3C---
(D Cc BbEHAES) PEIELRWE E, R %1 —X—B (Noetherian ring) &\ 5,

EOFERIE, BIEA F7INVEEN A — R —BTHEIEZRLTWVWS, bz, x—
R—BRTHDHILLE2TODATTIVIARERTHEZ L LIXFAMETH D, F—X—EOH
REBIEAXA—Z—THH, F—X—RELBETEHIZEARELA—X—TH5b, ZNHITLD,
F—=R—BRIEAERERDRIIE TR —K -5, ZNoDOEHDIEHIX, TR/ BRG] 28
HoThIHBEIIEH->T WS,

RRE 4.36. RBF—X—BTHEI 2, ROETDATTIVHARERTH B Z & H[EIH
ThdIlamt, 22T, AT7T7NVI BPEREKTHD LXK 5D x1,...,25 € I BFAE
LT

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

EHhobIndeThd,
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FIRE 4.37. F— X —BROFIRBIEIA—X—TH 5 I & 2R,
FIRE 4.38. F— X —BREMHEHE TEHILEARIEIA—X—THDB I L E2RE,,

ST, O TIRMERDILAH, Aot LNy D ANEE X &2 R\ T2 72— D IR T DRI H
175 &5 B D Z & & FEICHE—EI (uniquely factorized domain, UFD) £\5, LET/R
U722 &ld, IROEHITMZ 5720,

EIE 4.7.15. HIHA 7 7 OVEBIRIIFE o —EIETH 5.,

ROEHL AN TH BH, T ORETIFHLY b7,

EHE 4.7.16. R 2F oM —ERBIELT5L. R[t) X5 Th 5.

B 4.39. LOEHZFEHE &, ()

I 4.40. EXNR—EHEBTH DV HIEA 7T VEBEBTRVEREZ DT X,

4.74 11— v NEEE
BT I HIE A T 7 VI Ch 5 72, Mz, RO S EREE MIHA T 7 VB TH 5,

TP 4.7.17. BREH) K &2kL U, fLge K[t]| 2T 5, g£02T22% H5qre K[
PIFAELT
f=gqg+7r, 0<deg(r) < deg(g)

AN

G, Z2IHAOE D HOER 21T 2 XLV, O
EE 4.7.18. EOZ 2k, BREBBMATRLSTH, g DERERDFEEDFEIZOWTAIHETHN
[EISAVAC IR

FRE 4.41. O ZGEHE X,

EIE 4.7.19. K 2k T8 L &, K[t R¥IEA T 7 VERTH 5,

AEH. EE T OFEH S IFE A LR TH 5, 1 TT7NV I C K[t]) #EREIZE 5, IO H
HATTNVTHBIEa2REEE 0, [={0} 2511 =(0) THRIHEA T TV, £5TRNE
95, del,d#0DI>5T, deg(d) ZR/NMITDu%eRi>TL %, TDLE (d)C . &
&3,

IcC(d)

EREIEEV, fel 2ARICE>TL 3, BAERIZLD
f=dq+r0<deg(r) < deg(d)
5 qr BEET D, feldel &9
r=f—dgel, deg(r)<deg(d).

d 1 deg(d) BE/NL 725 0 THRWI DL LT L 27207206, deg(r) < deg(d) £ FJE L7
WDIZiEr =0 U2, £oT fe(d), LA>TIC(d) O
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KK, RO DEREDTENTHIEA TTIVERTH D, L0 iz, 2—2 Yy FEEO
BezEAT 5,

EF 4.7.20. JHFES (S, >) BEEFIES (well-ordered set) TH 2D Lk, S DIEREDZETIRN
WOEE T IZRNTWEIET D Z &,

Bl 4.7.21. HABOES N IZEHEONETICEUEBHESTH S, NU{0} P NU{—oc0} 3
YIEETH D,
ZIIBIEETHRN, ZEHY (B THRWVEDPEETH D) BENCERFZRWNPSTH B,

EFE 4.7.22. R2EIL T8, RP2—27V)y NEBIETHD LIE, HIEBIELV LB
v:RS VIFHELT, FEDOre RIZXHLT

o(r) =TV o/t & r=0

BLORD TRARDER] BEOIDT &,

VfeRVge R, g#0 = 3JgreR f=gq+rv(r)<uv(g).

DED, fRgTEHSZRYD r EVWIRZEDDVFHELT, g D r DAED v THI> T
{725,

Bl 4.7.23. ZiZBWTIE, V=NU{0} L. v:Z—>V %v(z) = |z| TEHRBTNE2L—72
Uy FEIf L35,

Kt izsWwTld, V=NU{0,—cc} & U, v: K[t] = V % v(z) = deg(x) TEHFT X
a—2Vy R8I L5,

EIE 4.7.24. 22—V v NEIFIIHRIES T 7IVEBETH 5,

R 4.42. LOEH ZFEHE &,

BIRE 4.43. AV ADRBIR ]| c C =& 25 (Hlez3), V=NuU{0} & L.
v:Z[i] =V, 2 22 = |2)?

3By, 2=V FEIID Z L ERYE,
U7z oT, AU ADEHRIZI—2 )y NERTH B,

B8 4.44. R=7Z[\V/-3| & A2 5,
R={a+bV-3|a,beZ}
Thd, ZOBROHT, 41
4=(14+vV=-3)(1-+v/-3)=2-2
DESIZTWDIZRIND,
1. 1+v/-3,1—vV/=3,200WTNEDR RIZBITEHNTTH D Z & 2R RYE,
2. ZNHDVWTNEAEITTIERNI & 2R,

&oT. RIBFHIEA 77 VEETIEZR N,
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4.8 FHIR. MK
ZZH LT Q&IEBMED Hid, Hlr3Ta TR~z L B D
(Z x N)/ ~,
LB THolz, T IIZHAMMERMEE ~ 1
(n,m) ~ (n',m') & nm' = n'm

TEHT 5,
FIREDRERR D, (EREDEIR R I U THHEETH 5,

EFE 4.8.1. R8BI L 95, ZTOMK (2BUK. quotient field, fraction field) Q(R) %.
Q(R) := R x (R—{0})/ ~,
(a,b) ~ (a',V') & ab’ = a'b

THEET 5.
(a,b) D2 & &5 ¢ TET, QR) REHOEAETHH. NN TEMITBHIT LT
the %,

SERHIE. L K 2WAIE 6726 LRV, IITED well-definedness. #E&TER]. W T DIEER
EREHENP DTN RSN, —D—D B TH B,

RIRE 4.45. Q(R) IZhk - BIEAEHRIND Z L &2R L, KIZHRS Z L 23T &,
HE5D U RIZ, ROEEDLDH B,
T 4.8.2. R WM HERL 35, €/4 K (R,-,1) DEDE/ 1 RS % ROMHALS
WV,
EF 4.8.3. R WA B L, S % ROMEHEESLTE, RO SIZL 5w (DB,
fraction ring of R by S) S™'R %,
ST'R:=RxS/~,
(a,b) ~ (d',V') & 3s€ S ab's=ad'bs
TEHT Do (a,b) DI L EIBEH & TRT.
WHOBEFEIC LY BN ERE 225, RO SICXBEAMbE H 03,

F95H 4.46. R W TH S Y, S:R— {0} BRIEATH S Z L IRAMTH S 2 & &%
L. ST'R=Q(R) TH3 T & &mt,

FS2E 4.47. R MR LT3 2. RIZ Q(R) DIMAEE ALE S I L &R,
—HHITIE, R — STIR (r— T) X EABIERRI 22 A X IR S AV T & &R,

PISE 4.48. LORIBEICEN: ¢: R STIR (e ) BIRO & 5 alEEE SO 2 L ARt
RO EAME A LENERR . R > AICHLT, f(S) C AX ThIIE flxHs [
STIR S AIED f=flopeinldB, TDES% /1SR = Al —>TH 5,
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MR8 4.49. ET, it ¢ :R— R ThHh->T, ZOLI5BMEEZFEODLDVH /22T 5 :

AREOHME A LERYERAL f . R - ATHULT, f(S) c AX THL fIEHD f: R — A
WZED f=flog &EDTFB, TDOLIW f/ R — AlZMH—DTH 3,

ZDrE, RESTIRIFRAMTHS Z L 2mt, IH5ITHL, HIREAMA: R — SR
WEAELTd=hod L735ILERYE,

(v b : R OME”»S R — SR, STIR OMEN S S7IR — R BMFET 5, 215

DEBPEEFEERIZIRDENE DI NED, TNO6DEHIE ¢ LERLTHE2DLST, [FD &S
B fRME—DTH L] LWHIHENSEFEGHIZ—HT S,)

INoDMEIZED, R— STIRIFZOWEEZ L DOHE—DDELMERAITH 2 Z LAl
%, ZOEIRHEEIIRBFED W5 L ZAICHN, EEM (universality) | &FEIEN 5,



126

BOE A

5.1 IR&mgt
5.1.1 jngt

HERE (M, +,0) D Z & % fJi#¥ (module) & H W5,

R 5.1.1. JIVERE M O H SHEFRRL 2K End(M) 13f1& U CEBOM%E, M LTEkE S
25T EITK D BAINERE 25,

ZNIPI BN TAIZE BN ThH S,
EF 5.1.2. RZ&BE L. M 2NERE T 5, REERER
p: R— End(M)

N—DfFEI N &, M &/ R (left R-module) &\,
R DSBAIERD & X, p IFWNBRMERAITH B Z & 2 TFET 5,

HOGEE2W-7-EH£BEEI L 65RNK, £ RMNBEM &1 8RR R OIER M ~DRE
LTOERDBIEEINTVWE I &) 1Mt s,
EHL 3012 XML p: R — End(M) C Map(M, M) 1

Rx M — M, (r,m)— p(r)(m)
REMISERGZ B, p(r)(m) & m 2 r 2IFH S BRREL VL,
rem = p(r)(m)
THOHDLT, DHLDH o (FHMT DM, BADI BIXIE-ET DI EE7DITHVTEL,
fiRE 5.1. (R,-, 1) Z BB (M, +,0) ZIEHE T2, RO M ~OD () fEH
e:RxM—= M, (rrm)—rem
IZ& D M WE R-IBHC 72 5 B+ S 1%,
1. re(my+mo) =remy+rems
2. (ri4r))em=riem+ryem
3. (ry-ro)em =1y (ry em)

4. lem=m



5.1. ER &I 127

DB ONIDZ L Th DI L ERt, (FNEN p(r) € End(M), p BIEEREDZ &, p A%
oz &, p B TEMEDOZ L, 2EVHBALZEDTHS,)

EF 5.1.3. (R, 1) Z BAINER, (M, +,0) ZIE#EE 95, RO M ~DOHEH
e:MxR—M, (mr)—mer
BEZOoNFEE TOFEMIZED M P4 R-IFHZ L2 L 1E, IROWD &3 Z &,
1. (m1+mg)er=mier+mger
2. me(ri+r3) =mer;+mers
3. me(r-rs)=(mer)) ers
4. mel=m

& 5.2. M 74 R-IEETHDH I L &, BUEFRM RP - End(M) 526N Tnb L
DEAETH 5 Z & 2R,
TZITRP XX, MEREE LTIZREALTH 2%

ropow v =10 pr
TEHELIERTH 5,

RDFAHERD L EIZIZ R=RP THDh ok RMEELA RIMBHIFE UM &L 5, 20
REZHUZ R-MBEE WS,

EF 5.1.4. RMMERD L &, R-IEE%E RIGIZEME WS,

MIERBOBRELFRT, BPEEOERED NEHTHEZ L, BIUOMEREID 4D
DR EF-T L] THEIZ 2R LUTATIELL,

PI%E 5.3. B RIX. /& (H) 75 ROGEENTIB I LICE DA (HRMBETH S 2 L 27,

B 5.1.5. £ RIMEEM XU, D REDMEEN &1 (1) EANERHFTH>T (2) RD
ERIZBALTWdE D, T7bb

1. ml,mQEN:>m1+m2€N,‘é6LZ 0eN
2.reRneN = rencN
LB HD,

RRE 5.4. ROUHDEE SHE RO THEILE, SHRDEATTILVTHBEI LN
FETH B & %ERE,

IR, RIMBEE Wo 75 RMNEEZETHDE T 5,
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EZE 5.1.6. R EZHAMERE U, M, M, %2 R-INEEL 5, My 725 My ~NO R-JIEEE LTOD
HE[F] Y & (IR RE D HE A Y
f : My — M,

THh->T. ROEMAE TH[H] 2E D, Tbb
f(reim)=rey f(m)

METDre R, me M IZDVWTEDIIDI &,
X5 f W ELERL, TN R-IMEOEERITH S & S f ZATESL L VW, M,
E My I RN ULCHETHB &V,

R 5.5. RINBHHERIRL f . M, — M, DR TH BB &M, 22BN THEZLTH
52 k&Y,

R A HER B E IR DY TH 5,

EE 5.1.7. M #E RINEEEL T2, M EORMEREE ~ 2 M IZHEEIN-Z2TOHEE L I
NRFTNTHD, Tihbb

/ / / /
m1~m2,m1~m2:>m1—|—m2~m1—|—m2,rom1Nromg

THdeT5, (BATPHRIEEEIZOWTIEZ IV AAFL) T IXHENIZKIT S, ME
2 Ta OFEHFERKICRE NS, )

ZOEE, [0l V& M OLEES RMEEL 725,

Wz, M O RIEBHIEEN 23U,

miy~mo < mp—mg €N

755 AR ~ 2EHET D & INREMEEGRT. MIZEBESNZIRTOFEEL IV FT
NTH5,

% 5.1.8. M %/ RINEE, N 22Dk REBAMEEE T 5, M/N Tl
q: M — M/N
% RIBFERTL L 52 K 5 R OMGE N 7272 — 8 D IZ A D, BARRIZIE,
[ma] + [m2] == [m1 +ma], 7 e[m]:=[rem]
L%,

%5.1.9. f: M — M ZKRINBERME 2L &, Kerf ¢ M B RIBE B f(M) c M’
HERMNBETHD,
M/Kerf — f(M)

RBFEENGZ6N5,

% 5.1.10. f BHHTHB I L &, Kerf =0 & IXFAMH,
FERRIE, BEXCEROMERIBEBLOFE & KFZER W,

78 5.6. FOTH L ZDR%ZIEHE &,
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5.2 EfM&HBEHB RN

IHE% 5.2.1. R %I%}f_ L/\ M17M2 %ERbuﬁkj—éo M1 (1_)_ Mg @IE*D (direct Sum)Mlé]BMg
=

1. MEREE U CIRER My x M,
2. ROFERIFZENZTNICERTES
ZeTROoNDE RNBETHD, FEE T
My & My = {(m1,ms)|m1 € My, my € My}
(m1,ma) + (my,my) i= (m1 +mi, ma+mj), re(my,my):=(rem,rems)
TEEDE RMEEDZ &,

5l 5.2.2. R%#E& L, R" % RD nHOERIZ, KT LDMEED T & D R DEEH

(@1, T0) + (Y1 Yn) = (X1 F Y1, ey T+ Yn)
re (@1, )= (r a1,...,7 )
2276075, TNEFERIETHS, BEMOERLD
R"=R®R®---®R (nf{d)

iR A AN
ERMBEM TH->T, DD nlZkb RP & RINBEE L CHMZE D2 ERAERKER RN
B WS,

PAF, o BT 2,

EF 5.2.3. R&2BRET B, LARMEEMIZFL, MO (HR) B (basis) £1EdD2EFD &S
HEERD M OO zq,...,x, € M TH D,

1. gyjzﬁlﬁ'lé 1T + e + TnTp = 0 = rn=mro=-"=Tnp= O
2. A <z, .,z >p={nT1+ -+ 12, =0r; € R} IE M IZ—ET 5,

2HFHOMEZ, MIZ R Exy,...,0, CTERMFLLUTEKINE LWV, TDX57%
Ty, Ty DFET DL E, M 3L RNEEE UTHRAERTH 2 05,

EHE 5.2.4. /&£ RIMEEM DZAEREKRAHE RINFETH 2 BB+ 05M1E. M2 (BR) £E%2
HoZrThs,

FERH. oM f R > M % (r1,...,m) = iz + -+ rpp, THANUL R IIEEERELC
Hbd, TNHREFTHHITIERETINIZ LD Kerf = {0} 252X K WA, ZNHEED LM
D= AR S0, f BRFTH B Z BRI S A,

WMo R — M % RMFEORES &35, (1,0,0,...,0),(0,1,0,...,0),...,(0,...,0,1)
b0 ol kB4% 11,2, £ T 5. p OHFGEEDR YN S . REED AL
PEIZAh R S 7200, O
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R MR, TR0 BMBZERIZBVTIZIRD LD BBNZ ENE R 5,
EE 5.2.5. RVWEDE &, BRER RINEEV XEEZFFD, §4hbEV =R,
I, BIERETYE S THEBRAESEERICIZEENFET S & W SRz S 20w,
—RDERTIXZ D &S BMEEIZ2 KDLz,
Z/n
WX ZIMEETH BB, HEHZ MEETIERW,
U2 U, RO KD M EAFEHTE 5, ZORTIKGEHZ 5 2720,

EE 5.2.6. (ARAERK PID IIFEOMIECH) RMPHIEA 77 VERO & &, ARARK RN
BEM ZERED R ¥ R/(a) DIEOMBEOER Y (R IEEE LT) AR TH 5

M=R"®R/(a1) ®--- @ R/(as).

D&% a; F—EHTIERV, —EITT2ITEIRDELSITT 5,
EHE 5.2.7. LOEHIZBWT, 0, 22 THETOREIZITEIENTES, TOHE. a1,...,0s-1
ALY LR CIHFE DO AN R ZRWT RIS E 5,

M ZEREE 35, End(M) (ZHEAHERTH 2505, M 28 12 & 0 HE—D 0 BALKER
HEFEL p T kD

p:Z — End(M)

L%, Ulzhio T, RTOHNRERIEZ @0 OFEIZL->T (HBAMN) Z ke 25, &
DELRINZETIE. neZ iz ln>0%01F

nem:=m-+m+---+m (nfi)

n<0RolX
nem:=—(m+m+---+m) (—nfi)

THEZLNS,
R 5.2.8. JERHI Z INBETH D, Z INEHIINERECH B, Z INEEE U TOMERETL & Nk
B U TOMERRIZ—HT 5,
fIRE 5.7. EomE%EHYE &,

ZIIBIEA T T INVEISTH 7206, REHD,
EIE 5.2.9. (ARERT —IVEOMETH) M 2 GBRERINERE T8, #Y%%a, €Z
)

M=Z"®Z/(a1)® - BZ/(as)

DIBIZEL N TED, 0, 22 TEBELEINZILETE, ZDEE a; BIEZD AN
ABDEE-E—@DIZHRES,

Kz, BRINERIZARERTHE 05, EOBIZHSHLEINTn=0TH5,
FiRE 5.8. G 2 HGRINEREL T2, GDLDRTHNEIPRAKLZEDE LD, TOMEE G D
FE#L (exponent) & W\ e(G) THT,

FERED ge GITHLU, ¢°C) = e 2RE,
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5.3 EHREFim

EH 628 2 HW5 &, Jordan BHER DALV E S IZREHT & 5,
K%kt L, Ac M,(K) 235, #HEZ3I12L0,

p: K[t] = Endg (K"),t— A

Y 7B AR p AT E B, LAhioT, K™ I3 K[f] IBEE 785, ELUKHIC I

T K] DR S 2 505,
EFMBEZHIZLD, K™ X

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

DI B, B, I K EERKGEADTm =0 E%%, ai,...,as € K[t] 3%x (F
BOLEMSIER) OETHBL LTIV, oy =p" THBHL L LD,

T 5.3.1. K 21hk2 95, K[t] DR EOZHAPETHNTRVWE & K 2 RBEAK
AN

L K #REEIKE T2, ZOLE p=t— )\ Thb, K[t] MEEDFEM
K" = K[t}/(a1) ® - -- @ K[t]/(as)

NEZONTWS, FONTLIFABEUTHERT 2, AANFtid e UTERT %,
000 ®(t—a) ®0@---®0

0<j<m;—1, DIEOLDEARS LHEELRD, t15T 5 L\ EHOERBTHIL Jordan
AT %, & o T, K" IZ AWMEMAT2DI1C, BEZL & 0 2BERB1T5 % Jordan £
WL B eNTE S,
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