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X LI

RE L1, MPRRED e xe OFEE] BMTA. TNSRDEENIZE D THE] %k
ZUTWB &S HEETH L, BFDIZFL AL WS 0TIZEWT, BRIZZD & S iEED
HWBIZR SN0, THSITEHNELATEL 23R BLORIIZONH S, BFEDOE
WHESEZBELT, BETHIERRINDE IS Ik =DM ETH S, B, B, K %
WBLT, REZEORBEE2ZROVBZOARDHMNTH 5.

FEHONZES Tho7z L D12, FIFEIE HRBENPZ O LS ITHE=8BIc L ViddEh
TWADZEHETHE D IZHEMTHRGA RV EE S LRIV, 25, Bh T b Zhidd
L BTT, HRTHIN R AL Do TL 5,

HAKGl 22T THD,

(ab)™t =a" o7t (1)

EVWIARAE, @REBZROHM->TWSEES, 22T, BRTEBERD S HIT a,b I3FEKT
HHLEABHILIZLTWD, TUT, ERERBTHLHILT S, &HI, £I5D o0
2x 21757 B . —HRITIXE DI\, DL DD

(ab)™t =b"ta"! (2)

Thb, TUT, (2 DRIZHZ L, a,b FEEDO—N—BHTHHILT 3,

T, ()% (2 BEARBDIZNUTHIZIL, EAKRSDIZH LTI LARVD ? &
KETOEF T, (1) IFABER, FH EERTIIHLT 22T TIEHRZ LR, RE e
fEBNCE S, ZOAHERE, HLWHOERREEZZ D Z LT, (1) BERALT 208 D DR 7%
WERSRW,

BIREF T, AHEE. B EEBREREDROEGEFZ5RDDIC, ThortE
72 $HEETH-> T DOV WE D] %2FZ%ET 5, ZLT, NS OMEEZHZT] L»
SIRELE IS, APHHTEZD—(1) % (2) RIAPTEZr—2FARTHL, FIFIhix
HOWNWEBEDZ & 2N WD, ZIDSHAINAZZ L2 EHEVWS, 25T, HL
WECERARZZEZH L2 &, TN EDORNBETZTHFARNIE, O LD
NHn5,

ZOE, REIZPA WD DEDBOEAZIZITITH B0 5, AEHT BRI (X B EHH D
RNDTHST) 3 ELATLDESILDIDHRDRTV, =& X, (1) BEBUH L TR T
BEPE S, ERORNLEDIEFHEEZ E-o72< Mo TEHARSN S,

FEBE (2) IFE /A FORHEIFXN D MRD T— 787z 572 2 DD N % fii 72 9IRR CTREM
TE5EHMTHD (ME222), TUT, FHEE. FH EEL 1770 ENnBH1FEICEL T
T4 RDOAHERZLTWS,

FHIFULNL, THOFWINTEMBIETERVLEANZL, ZOAZHFHATHL 5H
12, HE5WIMMTEPTHRBFZIZENH L S B, 2o SEMNELED LW E Y72 D E]
IZEZTLKBZEES,



ZOARZELIZYZ>T, EHZ TALPWOTREZG 72 S IR U ARV EED]
EEOHUDDHET 2 L5 ICEE U, B BOZORRAER X, T Z AREIZESR
TE200] o0 bhskholz, BH, SEIETRBEREA, TN ERBROILMEE 2
SEERDH O, ZORMIZHTENROMEDITSEE/EILNTEZ, ZORTIH, WA
WARHEDEID ANT THBDT< ] $HEZT L1208 TW5E, 207D, EBEDONK
BOBRENEIRVIEL TH S, EBERPE ) 1 RERUZEL > TEA LR, 72, FfEEE
BIZE LT, %< OERIENDBIHE L\ THEE & BRI T 2 H¥ERTEER ] % BEX B
[E B BRI ST > TS U 7=,

WEOMIZR O 72 &<, FUTH LW, 72 & 2 IR EBRIF 2 i L Wl e, 57—
AFEEX T — A R—ZADOMHEHEITE L, BERPEHEC AR Y, (HIKARE) REOBE&
FHIZZRDZ DD, ZOXIBEANOD, BEOHRE TIHEH I NS R FIH—
HE L XD, FEMERBREIZZIIh, TNoNTUNRFTINTHDLIFEI VWS T eh, L
—IZDWT, BHIOATHHLTHELZ &Iz L7,



B1E FA. BR EE

1.1 &5&EK

PARD &S mHIHA AL TW 2 BB D 5,

1. 84, G

2. 5, B4

3. WEE WG4

4. BEHITH B T & LHGHEPFET 5 Z & & AFRIE
5. HirHlE . HEHROEG

6. BEDEM

INSOFEAZHEBELTHNE, ZOH 1.1 IFRIEFL TR,

1.1.1 &4

£E (set) ik [2ODEFED ] DL THb, TN EEBLALERT DI LITLA,
HEIET 202082030 %, TOEADITLE7ZITER (element) &\,

{1,2,3}
rEWES, 12305 =00 h R EEERT,
{1,2,2,3}

EEWES 12—, 222, 32 MHELES] DEDIZRZABEEIN, Z0LS5IC
AL EELTAD LI REAFEARY (2505 HDIE, SEEA (multi-set) & I
NBEMN, I TRERESI BERZN), EELTErPNTE—HOnLEZS, LA -T,

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

Thbd, NTHRBOES, Z TEHOES, Q THEBOES., R TEHROES, C TEHE
HOEEEET, LizhoT,
N={1,2,3,...}

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



8 FH1E £E, 5% HA

THY,
Q:{ﬁ\nez,mEN}
m

Thb, ZOBRBEOTIETIZ, MR | 0d 2 IcEBEIPNTVEHDIEFEMEEZRLTWS, Thb
b, (2353 DeRDLIV, ZEUEMEND Y £, nl3EHT, 22 m FERKTT
EWVWIEIRTH B,

TOBHBHERETH 2 &5 wELAZ2BREAL V., HIRMETH S &5 BESE2B|RES L
W, NZ,QR,CIEWTNHMBEATH DA, {1,2,3} FHREATH S,

BH STl S OTOffiE S ORE (cardinality) W\, #(S) £721% |S| TET.
ZL DETI|S|DESHPEMINTVEH, MXAELHSDLWVDTI I T #(5) 2H5.
#({1,2,3}) =3TdH Y. #(N)=00 TH 5,

EE 111 BEEEL2 VS TEWVWAVWAREEEH S, R DO N OO LD
HIZKEW, &2 EGIEE, &2 BEEE WS, ZIUIDOWT I D IEMIZH D 72 Wit
&, EE)RBRIE (1] R E) 2BRLUTIELL,

HESDODIMNENLERTDOLTHDLE, SETORPEEELEN. SCTTHoDLT,

TEOEDEEERVEEE2EES LV, 0 TKT, T4bE

0:={}.
FE 1.1.2. FOoRXodo = 0FKRIZ, TEI2EHIZLEVERTS] OFEKTH 5B,

BE S, T ITH L2 DHBEERS (intersection of S and T) & SNT :={z |z € SOz €T}
TEHL. TOAHES (mionof Sand T) 2 SUT :={z |z e SEhkiZz e T} TEH
5,

1.1.2 E&

EE 1.1.3. ZD20HEAES,TIZHNL, TOBEBESxT %, SOE T DILOMDEEDES
LRERT D, Thbb,
SxT:={(s,t)|]s€ S, teT}.

ZOLEDOEADEE B FRRIZ,
SXxT xU:={(s,t,u)lse S, teT,uecU}

LEHRT D,

SxS8%S2rELL, nZARKELTELE, nfADEME S xSx---x 8§ % S EL, Z
i, T() OFIC S DI n AR EDDEE] THS,

CEABE. S {(s)lsc S} LBBDTHBH. § LHA—HT5OIMWMTH S,
SORFEITEETEIRETHAID0?2ETn=0EX5L, 0fHURZDEDLSEIT

S°={0}

%% 1 tHRATH 5,



1.1. BE5LE5H 9

1.1.3 EBi§

TODES S, TIZHUL, S»56 T ADER (mapping) &1, SOILIZHLTT D%z
FOLDEDBZED/DILTHD, GHROZLEBH B (function) & H WS, ZTDHH
NFEEST, BfELIZLIE f TRT, se SITHULT, fOEDDET DD L% f(s)
ERU. s D fIZXB (image) &\ D,

Bl 1.1.4. ERBETIELIXLIX
flx) =2 —22+1

CEVWTHER (=54) 28FET5, . INEFTR TEIhs 82~ MHido =
DLWV, ERTIE, RO BIZED LS4 f(2) IZEBROEEDL S EROES DG
CHRELTWz, E 2 2B 55T, 22 - 20+ 1 2HBE LU TRIMAMA. ThE LD XS
EFBERLTWEZDOTH B,

KETIE, B wo726, EOEENS EDEENDEHRLDPEITZ>E) IHTENAR
TR BN,

FIPREESHhOEET NDEB{RTHEIL2H5DLTDIT,
f:S-T, Shr
mELERY, ZORMPE, 0O (KA, diagram £\5) TERLT

f+ S - T
s = f(s)

DEIERT S, S % fDOEHRE (domain) H 5 WIFIHEES. T % f O (codomain) &
SVIEHREALE D, LolFRLOKMH - X, IBESLHRESEZHIHLSTHLDITHL,
LolEDEDRM = ik, TZOREIDRIZET] WS LERLTWVWS,

5 1.1.5. #l1.1.4 OB ZKRNTH 5 bEIL,

fr R — R
x = x22—2x+1

L%,
AR 1.1.6. A UAD, #HEHD 5 EHEHANDEH

f: C — C
x = 22-2zx+1

EEDEZDETE, T fldk. LD f LITBES - MEAGDVERLRE LW RPoEDERT
hbrEEZDB,
EFE 1.1.7. S,T2HEELTE, SHOETAD_DDEMHL fg B ELWVWEIX, EEDse S

ZXUT f(s) & g(s) ELWZ & THB, DED, FARsEEH-TH, FHEMEETHS
f(s) & g(s) WELWZIETHD, ZDLE, f=gLKT,



10 FH1E £E, 5% HA

ezZIE S={0,1,2}, T={0,1}295&, SHET OB f(s)=s2—-2s+1¢&
g(s) =|s—1 LIFFELWV, T4bs f=g, 2, AUATR»S RANOEBZEEDZ L,
f#gThHdB,

FR1.1.8. EOLSIT, f,g:S—=Tkd5, ZTOLE,

f(s) =g(s)
EENS, ZORED s € SIZDWT f(s) = g(s) BV VDI L Z2EERT 5D TH DM,
ANZEoTE f=gDIZLZ2IDEIITELZENRHD, S5DLWV, TIT, f=gDI L
Z f(s)=g(s) EL LD D,
HFEFLE VY (for all, for any D a D KX FDHNE) &AL
fs)=g(s) = f=geVseS fs)=g(s)
Thbd, ZIT, mEOGEIZ RTDse SITHL. f(s)=g(s) B DLID] EFHL,
EE 1.1.9. £ESHroEET ~DEHhehOEE%E
Map(S,T) = {f | / : § T}
THhoHHT, Map(S,T) % T & HFLT,

f:S=T,g:T—URBZODEBRENEZONZLE, ZTOEKGMgof: S — U %L
HDseSITHLT
(go f)(s) =g(f(s))
ERDBEHRELUTERT S,
LORPT, TSITh: U=V RDIERPEHDELETDH, ZDLE,

ho(gof)=(hog)oef (L.1)

DAL T 5 (B DA I BT 24564 associativity &5 ), FEHT5I2IE, §RXTDse S
LT

(ho(gof))(s)=((hog)o f)(s)
FERIE LW WL S hg(f(s) K—BTBDTER 5.

RISE 1.1. (1.1) DFE % 52HE X,

EFE 1.1.10. ([HEE#H) S2HEEL TS, idg T, SHS SADTLEEZTWELEET,
Tibb, idg: S — S IFIREH 2T B4,

Vs €5, idg(s) = s.

(Vs € S, fFED S DIt s I22WT, DEIR, )idg 2 S EDIHEZEE (identity map) &

>
o

il



L1. £HLEH 11
EFE 1111, f: ST Hg: T — SOHEH (inverse map, HHEHLFS) THd LI

go f=idg, fog=idr

MWEOZEDZ L, (22WVWIHIEVWEELESL, L3y TRYISNAEADZNE N AR
WD SED Z L 2 EKRT 5, )
ZDLE, SODEE T DILDOBUFFEL 745,

K EAE. SOtk fTTITEST, WIT gTS B LITITED (Zhhigo f =idg
CIAfHE), £72T Dtk g TE-ST f TED LIRS (ZND fog=1idr LFMHE) W5 Z
EThHbB,

i 1.2. [:S—>T,9g:T—>SThH->T
gof=ids, fog#idr
A RN VIR (5 TN

EE 1.1.12. f: ST 25495, ZOLE, fI2&5 S DB (image of f) &Ik, f I
EoTSHhoKkNd T OIROEKRTHS, Thik, f(S) TERT, T4bb,

f(8) :={f(s)|s € S}.
N, T OEHREETHE, ThbL, f(S)CT

£ 1.1.13. f: S — T » %4 (surjection, epimorphism) TH 2 &%, f(S) =T MY
52, SVHZNE TOEDTH, fIZE>TSDIENSKTVE Z L,
DED, MfEREDt e TIZH L, DD s SHeNTt=f(s) LWIRIINITEI LT,
ATHEITIX
VteT,3s € S,t = f(s).

AR 1.1.14. EOBRIZ, EMEICETIE
Vi e T[3s € S(t = f(s))]
LELIREHLDOTHD, ZhiZ
MEED te T2 L, [| DHFEIHE D D]

ZEEBERLTWS
BETIX, AUE %@ﬁﬁ%

(Hs € S(t=f(s)(Vt €T)
DEITFENWEZDTEILEDH S,
B8 1.3. BL. HFZ ANEAT

Js € S|Vt € T(t = f(s))]

LB, EOVWIEKIZRED, (&S, THWEELETRVWEEIZEZ, TH-TELETHD
T8, SERIFTHEELSEOEZIX, 55 TLXD,)



12 FH1E £E, 5% HA
B 14. f:S—=T,9:U = S%25HBLT5, foghefHusolX flielNTthsis

~E

BRE 1.5. f: ST 228& L, g, :T—-U%_DDEMH/LT 5,
gof=gof=g=¢

Eat, (@NIADSHETE S, right cancellable &\ 5,)

B 1.1.15. B f : S - T HEHTHEILELDEMIE, BB g: T — SHFHELT
fog=idr &5 TdHd,

AEHIOHTIZ, HEEE —DMHET %,

E&E 1.1.16. B4 f: S > T%2F525, teTIZWL., S OEHES
i) = {s e Slf(s) =t}

Zt D Ik B4 (inverse image) &\ D, T, fTHEDI L tITRDE LIRS DILDOHE
BTH D,

ZOERIZED., fIRRPTHEIBEHEMZ, BRTD e T ITHU FH(t) B2ETRHRN
WS Zrizhb,

FERH. (A 1.1.15 D)
MEVE Kt e TITH UL f7Ht) oS I s 2B L, Thi g(t) LEHT D,
ZO5ULUTHEo7zg: T — SiE, LomEZNZT, O

IR 1.6. +aEERE, (ev b 22 2EME 14 2f->THTES, )

EFE 1.1.17. f: S — T H4¥ (injection, monomorphism) TH 5 & ik, S DHRRZ7TD f
WCEBGIE. TORRBLITTHDLEND I L,
HATE I
Vs,s' € S,s# s = f(s) # f(s)

DI, MMEEI- T,
Vs,s' €8, f(s)=f(s)=s=4

EE-oTHMAEU,

B 1.7. f:S—=T%2HHLL, g, : R—>SZ2_DDEHLT 3,
fog=fogd =g=yg

o, (BEHIAENSHEETE S, left cancellable £\ 5, )

i 1.1.18. SZETHRWELGL TS, B f: S > T PEHNTH L2 BEIEMEE. HD
g:T > SHEFHELTgof=idg 2B,



1.1. BE5LE5H 13

FERH. f BB TH B VWD T8Ik, BTOt e TICHUTES f~1(t) OORA 0 £7/-1%
1 THBELWSZETHD, ZTIT, TNEND I L, gt) € SEHL F1(t) KThd
NEZOTL L, 25 THRIFNEBRATEVWRS g(t) 2EDNIE, go f =idg LTV
%, TNTHEEIIRI NI, O

B 1.8. +otz=t,
EE 1.1.19. [: S = T WHEEHEEROBETDEME, ERHPOEHNTHLILTH D,
EHPOHRGTH D & 505 hE, ERHL VS, —H—FHebW\I,

FER. EMEIEAE 1.1.15, 1LLI8S oD, +aMIcdDWT, fAENTHE I eh 6, W

11151280 g: T S ThHho>T fog=idy RDHLDVEFHET S, —H. [ HPHETH

528, ME1118I1IZLD ¢ T - STHoTgof=idg £2DELDHNEFEHLET 5,
by g=¢ 2B, TN fOHGEHERS, 20, THEHEEE (1.1) ZHWT

g =g ocidr=go(fog)=(¢of)og=idsog=y
IZX O mREIN5, O
RIRE 1.9. EH 1.1.19 D, X Y EFEWZIFIAZ 5 X K&,

M 1.1.20. -S> T 2HEHLTHE, f:9 = f(S) FL2EHTHD, LoTHRIZT »AE
BREEA DR, #(S) = #(f(S)) < #(T). LEA->T

#(S) < #(T7).
BLESIZHS) = #(T) B5IE. f:S— T REMHFHTH 2,

FEHA. #(S) < #(T) £ TEHS 2, FENWLT DL TBE, #(f(5) = #(T) &%&b,
f(S)CT &BDLET f(S) =T, £->TaH LR, O

B 1.1.21. f: ST 225ed52, g: T - SBEZEHRBVEAT D, Lo THIZ S A
AIRESDEIX, #(T) < #(S)e BULEISITH(S) = #(T) %oIE, f:8 - T IZEHST
Hb,

FEEA. @R 1.1.1512& 0 fog=idr B g: T — SHFIEL, M 1.1.18 £ 0 ¢ (T84, &
IO 1.1.20 2 ¢ (26 U CEATIER W, O

B 1.10. Lo 1.1.21 OFFHEER I ¥ X,
B 1.11. S\ T 2 AMREGLTH L &,
#(S x T) = #(S5) x #(T)
EREHE Lo ERAREOEBOEEIXE > ?
RIRE 1.12. S, T #6RELGLTEH L &,
#(T%) = #(T)#S
% GEHIE &



14 1w BE, 54 EHE
MR 1.13. (%) LOREIZEWT, ST HEELATHIGHAEERTHZ LT, °
E1EERTDHIEVEZYTHD I LEEHIT,
B8 1.14. S2HAMREGLTH L &,

Gt 2ot — gn

ALY &, (SPIFEE 11322, =" LWVWIDEBL -2 5% T, [HLUEDEARTZ
ENTED] LWHWWR=aT Vv AERLT WS, ) iE1.3.3 23,

18 1.15. (Bernstein OEH [1, p.63], H L WHBIZALA 25iE D720H12)
[:S—=TR2HBHE g: T — SHEBZEFVHIL, S o T ANOREHPFLET 5,

1.1.4 EBERE:ER

S, T, U 28&5 & L.
f:SxT—=U

2558 %FEZ D, s€SteTIZHUT f(s,t) eUWMEEDDIITHBEMN, Fspelx—
DEE L T,
teTw— f(so,t) €U

RBEEGEEADLL, INRT - U RBEHTHE, Thbb,
fso(t) := f(s0:1)

BT fo, & Map(T,U) DLTH 5,
WD Z XL, sg - fi 1
S — Map(T,U)

m554%5X5,
Wiz, g: S — Map(T,U) 722 54052 50N, g(so): T - U THYH, g(so)(t) €U
Thbd, £IT, f(s,t):=g(s)(t) BT fIE ST U 505E54%252 %,

EIE 1.1.22. EOXIET,

Map(S x T,U) — Map(S, Map(T, U))
RERHEPNESND,
fRE 1.16. LOEMZFEHYE X,

1.2 BE
EFE 1.2.1. SE2HELGL TS, S EOZIEEER (binary operation) & i%.
Sx8§—=S8

BEHEEHBDIELTH 5,



1.2. & 15

Bl 1.2.2. BIZIX, f(z,y)=r+yERxR > RZ2EH%2525DT, “IHERTH S,
COZIHFEBE AEERM, ke vwS, R, ZHEEEOHlE . ZHEEBICRATE S TR,
LDDHITH 5,

1. HARBN Eofl, B, %  CGEiBUTuRy, ToEE1.23 221)
2. B 7 O, B (AU TWARY, BREZETERVILYHS,)
3. FRR LM, %, B, FICBERIEBRTERVIENDHS, 1+ 0, (1) HE,)
4. (%) 17510/, %, B

FE 1.2.3.

1. £E SHATIHER o ICEALTWS, 2id, BERDOIBIZS 2800 KRERELT N
TFAEL, TTIRZHEBEE M (i L) 52560 TWT,

$1,80 €S = 8108 €85

iz, BIZIE, BEOEAZ T LI2L, TIITEENERINTVS, HA
BOELEESLTHL, 1-4=-3¢S57%DT ITHARBZEIZ (D»wT) LTV
W 2w,

2. TN, TERESOHIEDESE Sy DA TITIZHEE o NEZBINTWVWEA, S &IKIZ

BEBRING V] 2% [SHBEEIZEHUTOWARWL] EWSZERh 3,
BlIZIE, EROLAREZL D, ZIHEEL L THS 2EFZX 5, (-1)"DITL&EiX, ¥
ITEHZL TV, HRIZIEHIRE SV, LU, EDOEBOEA R DIt a,bizxfL
Tk, DEED I EIERTHEDEY TH 5,

R 1.2.4. ZHBEEEARTOIIZ, —DOFE (o ® xR ¥) 2EDHT, Z20xDMIzZEh%

EZLHE

(a,b) > aob

AR ANV L IE LR NOR Y Il EF Y

1.2.1 nIEEH
KEShEZOoNZE E, S EORBIEEEA (unary operation) & X5 4
S—=S

DILTH2, Pl LT, SHBEOLE, 2 ITNLT —z 2NEEE 2 EHRITHHFE T
b5,

—fEIZ. SO nfEDERNPS S ADEL, Thbb S"=9xSx---xS5 =S DKDEH
DI %S EDnIEREE (n-ary operation) £\ 9,

ZDERIZHES &, S ED 0IEREE (nullary, zeroary operation) & &

f:8°={0} =58
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DIDEHDI L ThHD, ZHid, f(() eSzERDDZ LML b\, Tihbb, SiITH
5 0HEREZ —DWRDB I Lk, SOLE—DWRDEILTHD, nHEHED, [S D%
nfllH S5-oT, ZAUIG LT S D% LERD B A1k THHIZeh s, 0HERIX (SO
E—D2H5H06bTIZSDILERDSHE] Lk, ZTHIZARTH 5,

1.2.2 —fFROEE

nEHEREOMMHAIBIESRVWHES 2 XI2H 5.
MEEMOE#HE (FMoTWwad A BWHZ S, K 2K (§2.5) &35 (K, L\ 4
PRHISHWAIT K XFEROES, FHREZBOES, Yb5oheloT0nTn0),

EFE 1.2.5. KK Lo (%) HREMV iE MRe LT

VA (ARG LIFEND) £E45 V)

VB (F1&MEN2)V, EO IHEHE

VC (AN T —fFLIEND) K DIEA & Vo Ditv ITNUTEES Aov el

TH->T, 8OO HAERGZTHDEVS, (RHITI T TITEME. B2 XK [2] 4 21,
EREUAZETHERS14TEZAONS,)

DI, V) LELKRELIAZTHRELTCV LEL, T80, AHT—FLENBEEIL,
KxV -V

DIEDEJRTH Y, BHEDEKRTO IHEE TIZRW,
—fiz, T,8 2HEEL LzE &,
TxS8—S8

DIEDEHE T DS ~DERE VD (ZEBEWV),
INTH, BERVENLRWEHELND B,

Al 1.2.6. EXZ MVERR® O x,x" — x - X' &,
R" x R™ = R
BBEBDEHTH O, 5ETORMMAIZA> TR,
Bl 1.2.7. S, T.U 2E L5, GHROEMIE
Map(T,U) x Map(S,T) — Map(S,U), (g,f)—gof
BEE/REG XD, b, HELIEGIZWE ZAED, SETOMRMAIZA> TR,

—FBILVEEETHL,
S1xSyx---xS, =T

DD EH/{EETHAEL Vo THERW, B, AEFTIEYMHE §1.2.1 DEKTO n HEEDAZ
HBO#HS,
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IR 1.17. S I EREHBEOHZ2EIT &,
8 1.18. f:S—=T,9:T—-U &9 5%, AT ZIEHE L,
1. go f B EFLoIX g 1324
2. g, f BERELSIE, go f IR
3. go f WWHHRSIE, fIXHE
4. g, f PSR S, go fIXHE

1.3 [RMEREMR & RER

ZOETIHFAMBAGERS., INFART, 1/2=2/4=3/60#b>7z, LNL., H57
DTHEATADE, 12/4=3/621FEI VI ? AZEBPERED UrRW0h] LER
NHED, FRNARTIE TTENLLT] HATWEIELF A5,

PRI R 2 & 51z TEMEBIfR) & TRMER] ICX > TZOMEPMEIZERTE S, £
7. plg+r/s = (ps+qr)/qs L\ o THEPATRETH 5 Z & (well-definedness) »3, [HE &
FEEDO IV RF Y T4 ) ILEoTREEIND Z L 25,

1.3.1 ZIEREf%

& 1.3.1. X 2846295, X EOZIEEMR (binary relation)R &1, z1,20 € X I LT
$1R$2
THDENIRNPDBRDS5NT VWD H D,

Bl 1.3.2. EBR ICIFANEBRE LIENBGE > PEHRINT VWS, 21 > 29 THELRW
P EBONIIEETENSTH B,

RPX LOZTHBEBRTH B L &,
R :={(x1,22) € X x X|z1Rxs}

EBLE X X X DHPEENETS, Zhid. BRRIZHD X ODIEORTE2ETEDILD
DTHD, HiZ, X x X DENEER ZEDD &,

1‘1Rl‘2 = (1‘171‘2) eER
W&o, X EOTHEHBBRPEES, £oT, X EOTIHBERY, X x X DEDES &I,
AERNZFR UHSTH 5,

ER 1.3.3. [REMICACES] IFESVWIREKRTH LD, ENTHEL, . KX, &
DRME T,

B EBENHROES AL, BOBENRS B Oz, THRE, #NEXTEIhE &
WD K57, iR, BV, SWHBZDO L5774, Y20FiD] —/—XmdFET 5,
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FOWTEZIE X 2B L&
A=X EO_TEEROES, B=X x X OENEEDES

THH, Ml R— R TH5,

[H#R7] (natural, canonical) & WD FKAR L LTIE-E D LA, BE 5L, Kb
RIZZERDTE RN, ANHDOE Y ZTHAZEL 22 DBDE LS, flE R TN S BITHifFn
YR A VR R SN

ED &SIz, ZODEA A B ORI HR L —N—BEEDPHE—DFET DL &,

A=B

LEVWTLESIZEZ L, FIZIEHE L4 DL RIGETH S,
M, BEBIZIZFE UL BRVWOTEILZIES BEV, 22Tl

A =B

Litd, (IBE%#¥MICHEE, canonically isomorphic £\, )

1.3.2 HEOHEI & BEER R
FAHEX %2, HOIZRDOSLRBRWETRWRPEGIINETEI 2525, FIZIENIX 18
BOEGLAHROEG B I NG, ZORM%E,

N = fofs [[ FHRo%s
THEDT, [[ U LBEERDTETH B, [[ CORIANEESITILEED NN &
ZHHEWKT 55T, (BED) B (direct sum). & 5\ IEHER IR F (disjoint union)
EE D,
fioflE LT, NiE, 3TESZROVB0OTHEIHLDDEL C), 1 THE2EDDES C, 2
THHHLDDHEE C IZnHE N5, ZOREIX

TRIND,
ERIAIZEEINDEZLHHD 55, Cz, MHNMETHEHLT

Cr:={z€C||z| =r}

EBTE, Cr (ri30<r OHIPAIDOFEH 2 RHE ) 1 CONEELGZD, ZDRWIZ

c= J] o

reR,r>0

THRINS,



1.3. [FMERIFR & FEMESE 19

EFE 1.34. X, ] 2HHL T, X DI THRAFIDTFONTZHAEREC, (iel) LiF. &
i eTIZHU C; 7225 X DEFEENEDHDERT, C; (iel) DX ODWETH S LIX,

x=Jc
el
MK DIDZ E, (Alld, VDD C ITABLEEDTETHEONIEATH S, £/ %
NHEMTHDLE, SSIEED i, jeli#j TNLTCNC =0 AR IOZL,

DR %
x=]]c
iel
TKY, TSI, BTDi e [IZDOWTC; #OWHLTEEE, C; (i€ I) % X Dol
(partition) £\,
Ci D—2—2% ZDRHDHE (class) £\,

ER 1.3.5. [ BMARONENTRLBZZ0BHANR N, 2, FHT S X OWBHELAD
WZEHZ D30 DLHOELELLES>TWY, EOFITIX, 3 TE >R DGEICIX
I={0,1,2} TH3L. EEHEMSEORESITHELZBETIE I ={rcR0<r} T
b5,

X OHEDFEEHEE VD LI LD, BIZEED i e TIZHL X OHPES C; BEE->T
W5 WS R E T,

B, IEindex(H L) DEXFTH S, C; D C & class D C,

X OREIC, (i D) HEASNEE X,
T1 ~ Ty & Tq bl o 7J§|§J L/%E:CZEJ@_ (12)
Lo TR ~ 2 E&ET 5 &, FAEBRORE (RO [E1[E2][E3]) 2z,

EF 1.3.6. X O IR R D FEMHERIER (equivalence relation ) TH 5 L1, IRD=D% A
=3z,

E1 Hf aRb 7D bRe 75 51F aRe
E2 KHE aRa
E3 W#E aRb 72513 bRa

ZDEE, aRVDEZF g L bIZ RIZEUTRHEE WS,
Wiz, FMERR RBEZ 6N &, HWIAEERIZH S X574 X OnF L2 EHTHE
O B¢, X ORHEREZOND, ZOLDREEAREELE VD,

EE 1.3.7. (X,~) 2HEEL 2O LOFAMERKE T 5, (X,~) BT 2 EMERH (equivalence
class) C &%, X DIAEECC X TH-T

ClFZETR
T1,T2 ECZ‘;B&iJZl ~ I9

1 €C DD xy ~ X9 73:‘5&3:33260
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-3 L,
Thbb, reCZ—2OFELRLE &,

yelC o~y
ERH T &,

THE 1.3.8. (X,~) 2HEALZ0 LORMBIKRE L. C; (i € [) 2 Zh)5 2 5 AESOES
YFRE. CHEX ONEIE BB, TRICHLU (1.2) A5 R 2 AR ~ 1R,

928 1.19. FOEM 1.3.8 Z3FHAE &,

ZDEKT, X FicFAEEREZ —D25E25Z e, XONEE—DE5ZB5Z XA
e ThB, (TALZL] 2FESVS TN OVTIE, H1.33%28Bozr,)

F2 1.3.9. FOFEM1.3.8128W\WT., AMEHOESE%
X/~

ERU, X O~ 2K BBEEA (quotient set) W5, ik, X OFEEED —D—D% — 5l
DXL TRONLIELTH 5,
reXITHU, 2 € CREBAMEC € X/ ~ D37272—D2Hb, ZDC % [z] £7-1d 7 TK
U. 2 DET 58 (class ). £7zldz DFHE VD,
Gt
q: X =X/~ x|z

% PB4 (quotient map) &\,

5 1.3.10. X %, 1FE1HOERDESL U, 21 ~20 % Ta; & 20 IKETHD] L WHHE
R7ZL2$5, 22T, NFEALIIKETHD, LS ZLIZLT, 61 TREOKEITIK
ETHD] Tal bDPKERS, b aldKETHDB] LIRET S L, ~ IXEMEREKRE RS,

X &, = TkKEINV-T ) ZnEEIhd, X/ ~d KEIV—-TOEAELRD, H
DU DRERN VRN 2 DREZ V=T {a} &8 b, Rik: TARANE TIH] TEAL
W] RN ERIND VA, KERBMEETH L, TARADFIZEERMILE %2
BZANENVD, £72, FREZET 06 [FEMEODZAN] 72, WS E#EH LT SLL,

Bl 1.3.11. (B0 5 2 5 FMHEM R - BEZE)
B s, TDMESIZE R FERRAOVWTL S, XY 28EA/LL, f: X Y
REGEETD, 2O E X LOHEFR~; %

ry ~p 0 & f(21) = f(22)
TEH5Ex25L, ZHNXEMHERERIZRS,
BIRE 1.20. f 1.3.11 O ~; DAMERIRIZAR S 2 & ZEFHAE &,

BT, X BICABBR ~ 2 EX 5Nz &, EOXSARY, fEAMBLT ~vanyp 2 T8
EWHEETH D, ¥V i= X/ ~, f=q&ThEL\, (BROEHE1.3.25 D (1), )
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1.3.3 RERFREEHROOAVAIFEY T4

Z0, 'BEHLEMEEBED IV RFEY T 1] WS DX, 2 HARFERD R WEER T,
LMD IZ WE XL EDLNDS, M, LEIDDLPDIZK WETTERIZY VIV TH S,

T 1.3.12. (BHEAERREDIVARFEY T 1)
f: X =Y Z2BHEL, (X, ~) 2FAERBRET S, ZOLE fL~RAaVRFTINTH
LEiF z~y= flo)=fly) PRLTHIETH S,

ZOrE, XORAMEECIZNL, 2 € COREVAHIZLST flo) 3 —EDMEIZRS, Lo
T, HECIZHRHUT fOEIE—EIZEEDENO. X/~ DO Y NOEBRNPEE S, ZOEH4%
f:X/~=Y EEEZ RSB EINDIEHE VD,

BEHDH

U BRI 724
f:ZxN—=Q, (n,m)H%

BEZTHD, Hl1.31112&0, ~p BBRAMRERY Z x NIZAS, Thik, BARRIZIE

n/

(n,m) ~¢ (n',m') &

/

n
m m
THExLND,

T, AHBERBTETEMTH o720 NERDZAE 51D, (ADOEUIA > TV
Mo fe) T2 256 DDEKTHD, LB LUTHLIZZSDRFALKEES ] v
565D THot, ZO NALHDLES | L WHEMEN, FEAE LD 2V HFEICMAS
AN

Bl 1.3.13. BABN PEMZ ZEHOLD L LT, ZIHh5HHEFESLBIEIEES
(ZxN)/ ~,
BLBILTHD, Z IIZHMERR ~ X
(n,m) ~ (n',m) < nm’ =n'm
TEET %,

F 1.3.14. BHEOHES LI,
(Z xN)/ ~,
DZETHD, (n,m) DET L [(n,m)] DI L% L LKLY 5,

EOEENSBRIZ L =2 0Dh 5, BRERSIE, TN [(1,2)] = [(2,4)] 14l 520

M, 1-4=2-2, T4b5 (1,2) ~ (2,4) HEBIZRKD,
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1.3.4 Well-definedness
ED &SI U TERSNIARBDOES
Q:=ZxN/~
L, HAEPEHEERLZWVWE T D, NERTE, HIZEHEIFEN S A 2

n n nm’ +n'm
—+—=— (1.3)

m  m mm
CEHETD, LES, LU, ERIND TH2ALERITR>TWVWS ] (=well-defined) Z
CERTBEND D,
BlziEE, Q Lo —IHEE « %
i/ n+n'
m’ m+m’

TREHELLELES, 5L,

1 1 2

— % — = —

2 3 5
728,

2 1 3

fa2 2

4 3 7

THY, L =2 FEHT 5.
R LN

Bl 1.3.15. 10 BB
Q%Z,%Hn%mf‘%ﬂ@fz%
BEEZD, ZNIEEREZERALERIZBESTVWBEDER,
Q%Zé%ﬁn%m?%ok%b
EWSDIREREERLZ, = 1RDIT, 25 2ER5THD,

EHE 1.8.16. (X,~) 28REGLX D LOFRMEREKE L. ¢ : X — X/ ~ Z2WEH LT 5,
[ X =Y 2EROEH, LT 5,
BB h: X/ ~—Y THoT,
f=hogq

HWEE L DL OWET BBETHEME. EEO 2,2’ € X ITHL
z~al = flx) = f(2)

LIRBZETHD, TDEE, hIFEE—DIZRES (LIXLIEfTEINS,)
ZORIME, G fIXFEEREB ~ LTV RFTNTHDB LWV, 72 f 5 well-defined T
R R AR N
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ZOEMOEREGEHIZ, ROEBEVTHD, X FRSDP>TVWEIELGET D, 5.
FEX/ ~POY NDEHRAEEHLZV, X DR oTWEDT, f: X Y 255 4%
EHRTDHILT, [ X/ ~—Y ZEHELEZV, fLfLOBRIE,

LB E1ITLz\, q(z) = [z THoPS, foq=fLE>TERALUTHD, ZDLS
RIEMTEDZDIZE, fR—DORMEHETIIAUEZ L5 Z L PRBEIPDOTHTH D,
EWHLZ B, ERED z, 2 e X ITHRHLT

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

MR TEHZ e TH5, GEHKDD)
Foglbh EiFopTii,
X =7ZxN

THY,
f(n,m)=n% m TH > 7=p4

Thd, D% q= f(n,m) L&D, TbbH,
n=mq+r, 0<r<m.
ERSRaN
(n,m) ~ (n',m’)

ANCYES
n' = (nm/)/m =m'q+rm’/m

THbd, n',m'q DS rm/ /m BEET, 0 < rm//m <m/ 726, 0/ & m/ THl-7=
G f(n',m') X qg= f(n,m) T, ®RYIErm//m TH 3,
Lo T,
(nm) ~ (n' ') = f(n,m) = f(ul, m0)

THROLLEM 1.3.16 DEIRT f I well-defined TH D,
f:ZxN/~—17
TH->7T f([n,m]) = f(n,m) £725EDWPEFHET 5,

RRE 1.21. ET. nZ2m TH-=/@ %2 nZm TEl-72R/0 ] IZHDEZ 5 2., well-defined
25 RWZ & ERYE,

FOEH1316 T, Y 2Y/ ~y KO ERD L, ROEH LGS,

EH 1.3.17. (well-definedness) (X, ~x), (YV,~y) &L 2O LORMERGFZE T 5, gx :
XX/ ~x,qv:Y =Y/ ~y ZREGEHRET S,
[ X oY 2EEOEHETD, G h: X/ ~x—Y/~y ThH>T,

qy o f=hogx
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nHMEEL DL OPEFEAET DBE+DEMIE,
x~x ' = f(x) ~y f(2)

LIRBZETHD, ZTDEE, hIFEE—DIZRES (LIXLIEfTEINS,)
DRI, B fIZFEERR ~x, ~y IZTVRFTITH B LV, f D well-defined T
HBHEWND,

BE 1.3.18. (X,~x), (Y, ~y), (Zi~y) 2 ZDDEE L 20 LORBEIKE TS, qx : X —
X/ ~xoqy Y =Y/ ~y,qr i Z = Z) ~g, BEGHBRET D,
[:XXY 5 Zz25H8T5LE

f_:X/ ~x XY/ ~Ny — Z/ ~g

ThHh-o>T, EFEDzcX,yecY IZHL

flax(®),qv (y)) = qz o f(z,y)
BT DOPGFAT EIBETDEME. FED 2,2 € X, y,y €Y 1T/ LT
r~xa, y~yy = flay) ~z f2y)

MWL T B, D% flE~x,~vy,~g EAVNRFTINTHE 20N, 72 f D3 well-
defined THB L \VH, DL &E fId/Z—DIZEZE 5,

% 1.3.19. (S,0) AL “HEA L T2, ~% S LOFRERKETSE, 20L&, S/~ L
DIEHE 6 TH > T (BTD 51,80 € S ITHLT)

[s1 0 s2] = [51]0]s2]
7255 DPFIET B MB35,
81~ 81,82 ~ sh => 5108y ~ 8| 05,

LB THD, (ZZIT[s]ldse SDETS S/ ~ Dt (FAfESE) 25T, £ 1.3.9
Z,)

DGR TEE, o2 ~IFTVNRFTNTH B LWV, 5 iE well-defined TH B &
W,

RI%E 1.22. 11313 12BWVWT X :=Z x N LOZIHERE - %
(n,m)+(n',m’) := (nm/ + n'm, mm’)
TEHT DL, TNEFRI3IIDERT ~ EIAVRFTLTHY, {oT
Q=(ZxN)/~

LOZIEFEAEAEHT D Z L ERE,
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1.3.5 &R%E

AHBOMIZ, BEITHEN S WL FEEE S U T m 2% (modulo) &9 % & FHH (con-
gruence class). HIFEIREH (residue class) BHIF o1 5,

E&E 1.3.20. m 2B LT, 2,y e ZIZHL, 2 L yBmEELEUTAATHL LIE 2—y
Nm TEOYNEZZLEWVWS, ZOLE

xr =y mod m
EHobT, TN Z EOREREBRE RS,
B8 1.23. LoAFBEFRIE. AMEERTH S Z & 2RYE,

r€Z & meNIZTHU,
r=mqg+7r, 0<r<m

ERDBEDILBER q & r BME—DFIET D, ¢ % v % m THI o727 (quotient), r ZRD
(residue) &\ 5, PIZXF ¢, ROIIXF r ZRLSES DX S LHFITL S,

fIRE 1.24. ZOES BB gL r WFETE I L, BLUM—DTH D I L2,
B 1.3.21. -1 % 7 CES7RDIX6 TH 5,
—1=7Tx(=1)+6
=05,
EE 1.3.22. m 2 HRK LT, EEL/m %
Z/m:=1{0,1,2,...,m — 1}
TEHT D, 2 €ZITH U, 2% m TEHoERD % rp(2) LT, 1 1
Tm L — Z/m
REEHTH B,
& 1.3.23. LORHT,

r=ymodm& x~y Yy
(g IR LTI 13,11 2280 2 2),

ZhiE, z—y DB m TEOYUNDE MBS DEMEDR, 22 m TE-RDE y 2 m TH -7
ROEP=BTEILTHD, LWV I LEHRTHENITHBER L,

FIE 1.25. oz e &,
WE 1.3.24. mEZHEHARBE L, =2 mrELI538FBKRETE, Tk X,
Z] =—7Z/m

RBHEARBEHEENH D, ZUTKY, Z) =L Z/m EHH (F 1.3.320) 75,
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o>
4
»
i
=

FEEH. (Z,=) & vyt Z— Z)m 1 ZEH 1.3.16 D&M %723 DT,
Tm L) =—Z/m

KBEGEFET S, ZNE ¢ DET AN 2] KR U, r() IS E254TH S,
rm WEHIROT, 7, BEFTH 2,
BGHER RS, 7)) = P ([y]) EIEL T, [2] = [y] ZEFIE X0, A5, €8 1.3.16 & D

ROT

FoTan~,, yo @E1323 &0 =y, £oTlz] = [y O

FIRE 1.26. Z 2B T2 _IHEAETH LA, B, ZlxEhThvm 2iEL T 5ARBFGE a1
FINTHY, LENR->THRI3IIDERTZ/m B3 IHERZED D Z L ERE,

ZHIZED, Z/m ITIFBREITIN S RBUEENS A S (k. £ 2.5.1).

IR 1.27. Z (B2 HIEEE ¢ — |2 X Z/m (281 2 BIEEE 2 €8 1.3.17 OERTE
HBEM?

1.3.6 HFEDOERBFEE
i 1.3.24 1%, — D FEMERIFRITN LIRDEEDEFD & 5 12 —fbTh s,
EHE 1.3.25. (A OHERBTH)
1 (X,~) 28620 LOREEGE T 5, FE5H
q: X = X/~
UL 1311 DX~ ZEFET DL, ~=~, TH 5,
2. [ X oY RBEHRVPEZONZETE, (X)CY T fIZEDd X DBELT, 20
N
X4 x/~hy
BREEH LB LD f, ThbE
f="Toq
BB [ ET 5, T LT, ZOMESE f(X) CHBLTESNS
fiX/ ~p= f(X)
T RS LR D,

AL, 7D FABRERTHETHATEATAD Z L, 177K ZE AND
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fRE 1.28. &M 1.3.25 Z W Tran 1.3.24 ZEEHE X,

EFE 1.3.26. (RERR) (X,~) 2HEAGLAMBEKRET S, X/~ D& (FabbEER) 12
WU, ZNUET S5t a € X 2 —HTRIGETEDTHONDIEESG R % (X,~) D—2D
% (representative system) &\,

Efgr = [r]12&D. R— X/~ RE2EHHVELND,

Bl 1.3.27. @i 1.3.24 THbviz (Z,=) L, {0,1,....m -1} T—D2DRERTH 5,
£z, {-m,-m+1,..., -1} $—DDREXRTH 2,
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B2E YUV, ¥E E/AN, OB

2.1 XU~

2.1.1 XIUXERITTHERR

CHBEE o DIEINZES S &, ¥ 7 (magma) &\ D,

T 2.1.1. ¥ < (magma) &1k, £EHS &, S Lo IHEE
0:Sx 88

DML (S,0) DT &,
BIZIE (Z, %), (Z,-), (N,+), (N, "¥) 2, I 7IOHTH 5,

BISE 2.1. (N,-), (Z, N%) B /T TR L AR,
M, SIEEHEE S 57

ER 2.1.2. ¥ U <IE, HIZHERE (groupoid) & HIFIENT W=,
SHIDED (RTORVPAHTHE LB ATITY =) 2T I LWLV, AT IY —

T 2.1.3. (Y7~ OHEFR) (S, 0g), (T,or) #_DDX I LT 5, (S,05) 15 (T,or) ™~
D (% 7<) ¥ (homomorphism)f &%, B f: S T TH-T
Vs, s’ € S, f(sogs') = f(s)or f(s) (2.1)

NS ABVASENOTONRR
FR 2.1.4. LOZRMGE, TfIFEE o 27T 5] [f XA o ZIRD] (f preserves o) & &5
D, 0 FHWT, og L or DDRFKHIKRLTH D, HIOTHS LEILT S,
Bl 2.1.5. a € NI U,
L,:N—=N, 2z ax
CREHET D, Lo ¥ (N, +) 2256 (N, +) ~NDY T HERTID E 5 Hhrid,

Lo(z+2') = Ly(z) + Lo(2)
N (BTDz, 2 eNIZDWT) KD NLDNESNEFEIETH HH, ZHidrEdikd]

a(z + ') = ax + az’

YAMBTH D, f>T Ly 1 (N, 4) 5 (N, +) ADY I VHEFABTH 3,
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—7i. WU Ly 28 (N, x) 225 (N, x) NOEERBTHENEIDEBEATHD, BEFRRTH
L5MEEFEZTT L,
Lo(z x 2') = Ly(z) X Lo(2)
B, M. K axy’. A8 avaxr’ THD, 22’ 0D Da# 1RO Iz, Ko
T, Y YHERB TR,

B 2.2. aeNETD, Bhor—a®ld, (N+) 25 (N, x) DX I #FABEGEZ 5T 8 %
Gy

A#ER

HEX(21) 2, MO &SN (MK, commutative diagram) TRT Z &b 5,

Sxs§ X rxr

los O Jor

S EN T

NEIZ 3 %5, £9.

fxf:8SxS—=>TxT
E (s, 8) = (f(s), f(8) TEBRBINEZEH{RTH S, LS FAAND ZDDEHIE, v/~
DTIHEH TH L, MROEAHOD O 1F, ZOMKADPHRTHS L, Thbbi EOMER
Dtz AERBETHTICE>TH, £ TFRHTAH FIZEoTH, AUHDITAS Z & 2Rk
LTWa,

K bDi% (s,8) Ll &, GRIZZEDE (f(s), f(s') THH, TIhoHGTICED L
f(s)or f(s') &b, —Ji. MULEETIZED L sogs’s TIMNOHITEDE f(sogs) &
5%, ZOMAPTHTHD LIE, ZOMEN T LI L, $4aD5 (2.1) IR 572300,
8 2.1.6. (S,05). (T,or). (Uoy) 2~ ~<, U, f:S—=T,9:T—U &~7 U
ETBH L. G

gof:8—>U
LI EERBITH L, Tk, HEFEBIOE K (composition of homomorphisms) &5,
FER]. EoOREZ &K
(go flwosa’) =(go f)(z)ou (go f)(a)
TZM,
go flzosa’) =g(f(xosa)) =g(f(z)or f(z') = g(f(x)) ov g(f(2"))
LVEAXD, —DHOESRIHEBOGRDOER, —2HIF f PERETHLEZ L, ZDHIZ
g WEFRMTHBZ & &b, O

HEE 2.1.7. 2D XS REFEDIFHIZ, MAZENTCHEZBIL2ETES,

Sxs X orxr Y Uxu

los O lor O {oy
s L5 o % U
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ERZE. ELEOETAA, AVAEBLAESDORELDO (EHlOELEO#HN), A
NhH, FATEBLELDORELSDTHS (GHUDIEHTEOAHME), L>T, 2KDET

Bk ch s, EOP_DDEMIE
(gxg)o(fxf)=(gof)x(gof)
THENS., RIKDEFKOAHNED go f D~ 7 < HWERBIMIZ M7 57200, 77?7
EE 2.1.8. (S,09) YT v LT 5, MHEGL
idg : S — S
Y IMERBITH D, O TR E S EOMESES (identity morphism) & FES,
(Tyop) b3 <25, /UMM f: ST & g:T—STH>T
gof=idg, fog=idp
LiRBHLONHB L E, g% f OWG (inverse morphism), f & g DG LW S, W% K5O

& S5 R HERBY % W4t (invertible morphism), F7z(% A4S (isomorphism), FIEEG, *
TAFBIZEBL E WS, (S, 05) & (T,or) DENIZHAREZNH B L E, oD I <IEFE

(isomorphic) TH 2 &\ 5,

11191280, AREGREIRRHNTH S, FAHGEEHIZSDLE T Dud—N—H&T
HoT, HAMGEZMRD (H2.14) BDEEZ TN,
B 2.1.9. EOEHDEE%E Ry 0T, HEER exp %

exp: R =Ry, z+€"

TEHTD (e=2718---) &, ZNiLlog (=log,) 2 GHLTILHEHTH D,
exp &, (R, +) 225 (Rug, X) NOY I RMWERBGHRTH D, [LED 2 EZ K 2, 2" 1ZxF L

’

,
T — % x ¥

MO ILDNSTH B,
log 1¥ (Rsg, x) 226 (R, +) NO I UERBITH S, EEDOIED FE z, 2" 1L

log(x x ') =logx + log x’
NEOISEDOPSTH 5,
Fo T, exp EXIYRBEHTH Y, log lTZDHHTH 5,
R 2.1.10. WHbWh [(S0) 233 LT 5] LELDIFEWV, DT, LIFLIK, RD&ES

BT -o 2 EWA%E T b,

[f:8 T2 IERTMELT B EEo076, TNEITTSITEYIYORENS X
LNTHED, TIZHIYITIOBENPEZONTED, fIRNIHEFARMTHE, LWVWHI L%
BRLTWSZ2IZT 5,

BIAIE, A 2.1.6 1%

[f:S—>T,g:T—U%~ITIERBETDEE, ZOHK go f EXIIERBTH S, |

LHELE A D,
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Bl 2.1.11. f: S > T WY I RERBTHROLENTHLLTEH, ZOLE, fOHERg
PIEEL, g: T = SEXITIEERBLLD, Ld>T f oW L5,

FERH. ERE 111902 & 0, WE g BWFEET B, ZDgh, YIYEERBTHL I LE S A
v, iz, ROt e TIZxL

g(torpt') =g(t) os g(t)
WO DZ EZ2E XL,
ST, fIREHTHED S, LOEREMHNDBITIE f THo 7 fEHT
flg(tort)) = fg(t) os g(t"))

EHENPONETATHS, LNBIT, fog=idyr THIN56, Lillldtort LFLL, Hil
W fPERBITH D Z %MD & f(g(t)) or f(g(t)) £7RD, topt IT—ET 5, O

BIRE 2.3. exp: R = Rog 28 (R, +) 225 (Rug, x) NOX I IERMTH B Z 2721 & H-
T, ZDWEMR log 2z, 2" > 0L

log(x x x') = log(x) + log(z")
-3 BRYE,

MR 2.4. (S,x)&~vr~xe L. TE2EAELT S, f,g € Map(T,S) iz LT

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

LEHET DL Map(T,S), x) IZ¥ 7Y THB I iR, (Thbb, v/~ d5H

BOESITARII IR B, 777)

AR 2.1.12. BOBSETH D EH EOERB AT Map(R,R) TH S, (R, +) v 7~

DT, FEBEEKIZEM P EHRINDE, Zhid, BHEES>2250 THEBOH] TH5,
FEBE. f,g € Map(R,R) IZX L TENS DK E LTORIE. f+g€ Map(R,R) % (f +

g)(z) = f(z) + g(z) TERI NS,

2.1.2 #WHTIV
EH 2.1.13. (S,0) 2¥ I/ $E, TCSaHNEGLdd, “HEE % TITHIRT 5 &

o:TxT— S

5185, (0 LI AUAEAM o7, BEIZIE ofpur LB RETHB, 777) ZOBMT 12
ABEE, ol
o TxT—T

EBED, ULIzBoT (T, dvx I~ eid, Zn% (S,0) D5~ 7= (sub magma) &\ 5,
o iFo|p £721F (RELZHIRVE ZIFEHE) o LFlT,



32 Wom U, BHE E/ AR B
DED, T CSHWEHEIHUTWS??? (£ 1233 S, THYUTHD I LITHER) &
T, o TITHIRLTHEONER I ZMATITLENSIDTH 5,
BIRE 2.5. & GEHE X,
L (N, 4) & (Z,+) D, (Z,+) X (Q,+) DA~ I I ThH 5,

2. EED S FBA DB Map(R, R) FANZBIL T /v L5, FH» S TR DR
Betkid, TORD~ I~ s, GHEHRORITEGEL 25, )

fBIRE 2.6. (S,0) Y/ L,. TCS&T5, ZOLE, teTxteSIZETEHEED
JAA. (immersion, embedding) &\ M\,

v: T — 8

Thobd,
ISR 72 B K5 I I DREEN T IZ A BE 5T, THo IZHLTWAZ &
ThHdIErERE,

2.1.3 @W<I~
EHE 2.1.14. (S,0) ¥ vE L, ~% S LOMEBFKE T2, HEH
qg:S—58/~

MY FHERIBL L 705 XS B IHEHE 0 DY S/ ~ ICEBSNDBELDERMIZ, o & ~ ATy
RFTNTHB (R 13.19BM) 2L TH2,

ZOEE, BV IZEE S, (S/~0) & SD~IZLBHTIT LV, g % PHE
MY S5,

ZhiE, R 1.3.19 1Tz 5720,

Bl 2.1.15. M 1.22 BZE->TWBDIE, v 77 (ZxN, 1) iZHU, (ZxN)/ ~,+) ZZD
B~YIIXTHDHLNSILThD,

FISE 2.7. (Z, %) IS U, (Z/m, %) EZDRET ST L5528 2Rt

EIHE 2.1.16. (X,0x) ¥/ ~<,l L, ~% X EDoy LAV NRF T (% 1.3.19 DEKET)
EMEBEIRE T8, (X/ ~,0) THYI/YERT, ¢: X - X/ ~ ZpERRE L, F£ROY
7% (Y,oy) LAEEDY V' <HERM f: X - Y 25X 5,
fR~x 2AVNRFTNTHS (FH1.3.16 DEKRT), T2OBMERED 2,2/ € X ITHL
z~x o' = f(z) = f(2)
DRI LT W2 5IF, EH 1316 LKV EHR f: X/ ~x—=Y THoT,
f="Foq

BHEMBEELDEDNME—DFET S, ZOLE, fIIv I vH#ARRIIARS,
ZORMAE, 7 HEREL fAZEEBR ~x ZAVRAFTLTH D0\, 72 f 5 well-
defined THB L V5,
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GEHA. THL 1316 X W EHRE L TEA6NT: f RV VHRBIZ AL I LI XA L
[ 753‘\

f(alola)) = f(fxox a']) = f(zox 2') = f(x) oy f(z) = f([z]) oy f([2'])
KOFE R, O

EIE 2.1.17. (¥ OERBEM) (X, 0x). (Y,oy) 2 ITe L, f: X oY BBIIY
RN GEZ 6N T5, f(X)CY TfIZED XDHBERT, 20L&,

L f(X)RY DA< I~ TH 5,
2. ~p 3o A VNF T INLEAMEBFRTH B,

3. f 48
X% X/l y

mEEHERB LD f Thbb
f=Foq
5 fBEE—DEET S, TLT, ZORELE f(X) IKHRLTESND
FiX) ~p— f(X)
B IU<EE LS,
FIERA.

1. & f(X) DIEED Itk f(2), f(2') L HSDEB, f(x)oy f(@') = f(rox ') € F(X)
THEMH. f(X)CY doy IZFALTWS

2. 1 ~p Ty xe ~p 2 RS fan) = f(2)), f(z2) = f(ah)e BERBIMELD f(xq0m0) =
f(@hoxh)e Ui o T agoag ~p xh oh,

3. B 2.1.16 & b v < HERRY
X/ ~p= f(X)

MfE—DFEMET D, TNHNEHEHFNTHBEZ 2 id. EEOMERBIEM 1.3.25 5 L=
5, THL, fIRERMTHROEHNTHE2OME.1.11 Ko [EAIL RS,

R 2.8.

T={zeCl|lz|=1}

LB, x BEFBOMHLTHL, (C,x)IEvI~YTH5, T CCIERETDOHA~I VT
HdI et
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Exp: (R,4) = (C, x), 2™
FY IMERBITH D I L 2R,

3. ¥~
R/ =,+) = (T, x)

Zrad, 2212 =13,
r=2x'ex—2 €Z

TEHIND R LOFAERGBTDH 5,

2.2 B

2.2.1 fREEERAEHE

EF 2.2.1. LB (semigroup)G &%, MElE LT

GA (BHEARCLIEENS) HE G

GB (f&. &R Y LIFENS)Gy L0 Ik o

MEZ 5NT, ROWE CEREO AR, axiom of semigroups X IEN3) %7235 D,

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

(7 EORELTIE EED g1, 92,93 € Go IR LT EDERDNELOID] T2 2EKLTWS,
MEED] WO SERZBKLTWEZ L1Zkb, UFTH, TAE] 1iZ80WTIE THEED] &
WIHBEEAEBKTEZ LTS, ZLOERETH V2 ZD LI BBV TOLNTVWS,)

ZO &SI, PEREG] 2\vWo725 [(Gy,0) DRITH > T IHHRA o DHEAEA 2723 %
DI DZLTHb, TOFIKTG = (Go,0) &EBLZEHB, M, BHEULELIE BEE G
DZLHEEDZDIZG LB NTLUES ZAE W, ZHEdH < F TEFNZIETH 505
PEHE 72 F0IE L 72 o T\ B, L7285 T, R G = (Gp,0) ITBWT, g€ Gy 2HiZge G
YEEX BB G- SIEf G- S eEL,

f 2.2.2. 1. (Z,4), (N,+), (n REHTHIOES, FFHIOR) 1XEHTH 5,
2. (Z,—) RPERETIHRV, —RIZiE
(a—b)—c#a—(b—c)
o Thb,

3. (N, RF) HABETAR,
201%) £ (212

o,
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4. SEELL TS, SPOTNHENDEHROES L. BHROEGEDHM
(Map(S, S), o)
FEHETH D, 113HDORX (1.1) K0S,

FMEOEEREERN T, RERERELROP?EHIZE <250, 2, FIZIXEHROEHK
EAREAER 2729 U, ROMEIE, TREAEIE, H2EHEPI I DORERIITHL I L &
MEE] THBHILEZRLTWVWD,

fIRE 2.9. (S,) &2~¥ /<& d5, 11221280, “IHEHA
:Sx8—8

&
L:S — Map(S,S)

EHRIBLTWS, 221, L(s) X4 (left) 225 s & - T 554
L(s):t—s-t

THhd, (SEr5DOM, left multiplication &\ 5,) LA (S,) 225 (Map(S, S),0) ~ND<
NHFRRTH S, MERIEPRETH S 2 & 2w,

RIMERTH D LIE,
Vs,s' €S L(s-s')=L(s)o L(s")

EEWMZOND, ZOMIIZs" € S ERANIEDI L, MEEUPFOND,

2.2.2 HEFOERH
EFE 2.2.3. B G = (Go,0) S¥H G = (G), o) ~DFHHEMT (homomorphism of
semigroups) &%, AEADEDOEE f: Gy — G| TH->T.
Vs,s' € Gy f(sos')=f(s)o' f(s')
MENLTDHEDE VD,

TRhH, EHOMOMERI L X, TNODEHEY Y LAhL LIz EDY I IEERTT
Hb, TIE, PHEZERT LA G IZELEL TOLOR? E3R 50056 LW, BUF, E
J A RRHERERPARDOUEROERTHEKTH 20, EHEEIZEFHE I N DIFHE L D3
YRFEVT AT THY, ARSI NS, [Zhidadhr, L ND L, EHIZIT L
<HPo7R, EHRMOERIZEWTAMEZ AL RWE D 2BEFES H 50 d N,

HHE 224 BREG, GG EETNSOMOMR [ G = G g: G — G BbbdLE, %
NEDEH go f: G — G LHERTTH B,

ZEHA. EMOMERT L I S OMRBIOZ L7715, ME2.1.6 KD EBIZRD, O
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ZhE T ODH¥EERBIOEGKIFHERE ] WO EOMmETH D, L. £/ 1 K, B B,
B, WTNUZBWTH [ZOD¥RBIOESRIZHERAL ] WO MENRINEZDTHBEH, 777
INREHITFITY @B WTHE—NE RGP REI NS,

RITDIGEDES 218 EBRBIZAUEDIZ, ROLSREEL2T D, (EB, v~
WO HEA ST YR LEESMIZFEIITHS,)

EFE 2.2.5. (S,05) Z¥H LT 5, HELEH
idg: S — S
PRI TH B, ZOYRERTZ S EOEES (identity morphism) & FE.5,
(Tyor) BAREL T D, PR f:S>T L g: T STH>T
gof=idg, fog=idr

LRBEDHRBHBEE gk fO. [ gD E NS, W E RO &S 7R &
E A, RS, £ AR NS,
(S,05) & (T,or) DEIZAMGEEAH 2 L X, ZhOOLBERBTHS L\,

B 2.2.6. f: S T WERERBTHORRHPNTHLLTEH, ZOLE, fOHGEHK g
FHELU, g: T — SHEHERB D, LEd->T fOWHE RS,
FEHR. PERERIBL Y 3 RO Z L THE0 5, M 2.1.11 R SEBL IS, O
ZD &Sz, 777 THEFTITHADOLHEH 2 S IXFRM ) b WS @ik, /48 - B8] - K
DERTTHD VLD, THIRBRICKEDOHKTH S, TNMHZEM] OBERZ T U O 1.
[X,Y DMAHZEMT f - X — YV PNk edife 35, 2o E, HEfie i IrEsk
Vo Ko T, fIXAMGHELIIRES W] EWHIBHKZHEFALEES, 221E, X =Y =R
U, X ICHEEAIAEZ ANTY ICBEOEROAME ANDS & idg : R — R (ZHEK 2 HE
7203, F DM ERILHERIZ AR SR,
(ZOMMIZDOWTOEBREESVHEMTERLTH, AZE2HRDICEE2EELRVWDOTS
Dt <)

E&E 2.2.7. 1.5, 8%vr<xeT5, ShH S ADY I THEAE (magma homomorphism)
DEEZ
Homyagma (S, S”)

TRT, FiZ, S=9 D& &
Endmagma(S) = HomMmagana(5, 5)
EBVWT S Ov 7~ HAHRE (magma endomorphism) DEH LW,
2.8, 8 2T D, Sho S ADFEHERT (semigroup homomorphism) D& A %
Homgemigp (S, S”)
THRY, Rz, S=5 D& &
Endsemigp (S) := HoMgemigp (S, 5)

EBWVT S OFHEE AHEFIEL (semigroup endomorphism) DEA LW S,
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2.2.3 ERO¥EE

EFE 2.2.8. (H5FEE, sub-semigroup) FHf G = (Go,0) DI LHEL X, Go DERES S
THoT, SHolZOVWTHUTWTER LR TWAREDEE S,

& 2.2.9. £ T, S C Gy WL REBEFDFMEES o ICBLTWSZ ETH S,

FEHL. EFEE D, o IZDOWTHLUTWAS Z L R3BETH L, +aMeExRT, LTS & E
UT, 3BT 22 2 L 2R Bl X0, IUTWBDENS, o idHlIIc kD SitBirs =
HERZED D, IOUPFEEIZREIE I VR, 20T

ao(boc)=(aob)oc

WEED S DITLIZOVWTKD LD Z e ZRBIEL WV, LML, Gy PERTHE 6T
NIIEED Gy DITIZDWVWTE D NEDDTH D, LB >T S C Gy DITIZDOWVWTHE DV
o, O

Thbb, PG OMALERLIZ. GEaYIILARLEZLEEDHN~Y I T 5,
ZZTHRE G ZHBEMIZHZILTLUE S,

Bl 2.2.10. #1222 TR~ZLBEH, EEH S IZHL S S ZTNHEANDEHED LK Map(S, S)
IEEBDEK o 1D WTEM LD,

1. Map(R,R) O T, #EfiiG4e 225002 4k%E C 295, CIX (Map(R,R),0) D
ERTH S, CHERIZOVWTHALTWS & WS Z 2id, NEEREHR O S IR
BThsd] WS, I<HoN/-FHELFMHETH 5,

2. SEYITLF B, (Endmagma(S),0) & (Map(S, S),0) DU LRETH 5,
3. S &L T D, (Endsemigp(9),0) 1 (Map(S,S),0) DI TH 5,
8 2.10. EOBIIZHENWT, HMOFEHTH D Z &2 T NETNIEHE K,

2.2.4 E¥EE

PR, TIHEE L OV NF IOV RAEREGYR D D L &, EESITHEINICER RS,
N % FGERE (quotient semigroup) &\ 5, I 7Y DLADER 2.1.14 2,

EIE 2.2.11. (S,0) 2L L. ~ % S EOFAEBEFRE TS, EEH
qg:S— 8/~

PERHERIL 0 B KO M ZIHHB 0 Y S/ ~ ICEHRSNDBMBEFDRMIE, o & ~ AT U
FINTHD (R1319BM1) 2 TH 5,

ZDLE, S I3 —WlVIZEE D, (S/ ~,0) % SD~IZKBREEREE WV, ¢ ZFEHER
MrEs,
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FERH. G g AVPREERBIE B X5 Mo NERTES L T2, ¥/ YDLADEM2.1.14
WZED ok ~IFaVRFINTHRITNERS W,

W2, 0o & DAV NRFTNTHoTz b &, ¢ WEHMERAL L L5 R NEHRTELZ
CEEOIDTHELN, YI/IDGEDEM 2114 12k ) v /< HERB L 725 X 5 7% 0 13EH
TE5DTHE06, HLIFINIFESIEN (Gl 27T 2 & 2 R_EE LV, S/~ DEED
Tt [g] (g € S) DHIZEIT B0 5,

(l91]3lg2])2[gs] = [g1]5([g2]5[g3])
EZREEEOVDTH DA, Tk (S,0) W EHTHDD X
(91092) 93 = g1 0 (g2 © g3)

ZWi2 DT, WA [ 2IEEIU, ¢=[:5—= 8/~ BYIYDERAMUTH S, 4D
[91 0 g2] = [91]5]92]
THDZLaMURUMAITRES, O

ZZTH, (5 ~,0) DFEEEA [GL] 1IZHBHIZHRE D,

2.2.5 ¥RFBFIE

T 2.2.12. (X,ox) ¥ L, ~%2 X EDox &IV NRF T (& 1.3.19 2R) 72 [HE
ML 35, (X/~,0) THEEHERT, ¢ X - X/ ~ ZEHERRE U, [LEDOEEE (Y, oy)
CABOYFHERA f . X Y 252 5,

~x & fFDRAVNRF TN, THROLBLARED 2,2’ € X 1T L

z~x 2= f(z) = f(a)
b dbe. EH1316 IZEVER f: X/ ~x—>Y TH>oT,
f="Foq

mHEMEEL DL DONME—DFIET D, ZDLE, FIREHHERTITH 5,
ZOARILE, EBHERTL FAXEERGR ~x T VR FTUNTHD L0, £z f A well-
defined THB &5,

FERH. EEE2.1.16 L HARDB b, [ VHERARL f ANERHERM TH D Z &) ZREIX I VA,
Ik DREFM O~ 7 < HERBUIEREERBITH D2 2 L] SIS D, O

EIR 2.2.13. (CEHEOYER LG HL)
(X,0x)s (Yioy) ZEBEE L. f: X Y RZERERMALSZ 5NELT S, f(X)CY
TfILEd X DBERT, DL &,

1 f(X)IRY OESERTH B,

2. ~vpldo LAV AFTNBFAMRAKTH S (R 1.3.19 DFEIRT),
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3. f )
X4 X/ ~phy

REERERB LD f ThRbE

f="Ffoq
57 W OB ET B0, CNREBERBTH S, ZLT, ZOKEAE f(X)
WIZHIR L CEs N5
[ X/) ~p—= f(X)
AT R A

DED, FH21ATIRPEHIINLTHZEDOEEMD LD, THE, v/ IHERBL, v 7 <H
B, v~ W< 0d 4 DDMEEN, TNTNEZTWDE YTV EHOME [G1)
W7z GA, BEIRNICEREERTL, CPREFEEL, RERE WMOERE R oS, 777

L,
2R

2.2.6 BARBEEBHEE
MEZBWTIE, FEEEANCZ XY
(g1092)0((93094) 09g5) = ((91092) 0 (930 94)) 0 g5 = (((91 0 g2) ©g3) © ga) © g5

ThHd, MRz, nflHOTLDOFEZRZ L 5/z8 &, Do ZDDIFNIZESTHRRIIREU 5,
FIT, EOXSfEEHIZ
g109g203g3©g40gs
LR T S, BFIZ, n EHAKD L X
gogogo---og (nff)
T g™ LEET,

EIE 2.2.14. (CERHCS T BEHB0ERD)
(Go,0) ZHEEL L, g€ Gy 2 —2DmE T 5, ERE n,m (K LIRS 5.

(g") o (gm)=g""

B 2.11. FOREHZIFHE L, MO I ICHUTIER, YD XS REENED B 1EE
&,

% 2.2.15. (Go,0) ZXBEE L. g Gy & —DDEET S, ZOLE,
f : (Na +> — (G07O)

IRBHEFERIITH > T, Inrr g LRDEDDVME—DIFEIET B,
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FEH. B UEELZET B L,

f2)=f1+1)=f(1)of(1)=gog=g’

RYizky,

fn)=g"
B, INT—EUENE X T, TNHARERERAIZR D WS Z 2, FBEGEHIOEET 5
CIATHDB, O
2.3 /4K

2.3.1 BfimEE/ AR
EH 2.3.1. (S,0) 2X UL TS, TDOXYIIDERAIT (left unit) £ 1E, S Dita TH-T,
VseS aos=s
Z7-3HDTH Y., HBALIT (right unit) & 1Z S DIL b TH - T,
VseS sob=s

AT EOTH 5.,
AL T DI AL TE T ® B % 76 & BUZ HALIE (unit) 205,

I 2.12. & LY <ICAERAMIGEARATGPFET NI, T o 3—HT 5 2 L 2Ry,
Rz, v 7<ICBAe I E NI 72 E—DTH 5,

by hit, FOEBETEZILaob Z2HBELTABLI L TH S,

T 2.3.2. P2 B OYEEE /1 R (monoid, HALHEEE) 2\ 5,
Tibb, £/4 KNG eidple LTk

GA (BEAH L LIHEND) 4 G,

GB (Fi. GHi%s Y LIFIEN5)Go o~ EHE o

GC (Bt EITEND e € Gy

DL (Go,0,¢) TH>T, IWOME (£ 1 ROABEIZNG) 27T D,

G1 (f5&EAT associative law)
Vg1,92.93 € Go (g1092) 093 =g1°(92°093).

G2 (HALEEA], unit law)
Vge Gy goe=g,eog=g.
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ER 2.3.3. /A F&X (Go,0,e) DFDZ L TH B, . LIELIE [(Gg,0) IZE/ A FT
HBH] LVWIEVWAET S, TNk, EORE 21212 &0, BALSCIXFET UL Rk
FoTLEINSTHS, D0, [E/ 1 K (Go,0)l EEXIE., BATIIME—DIZHREZD
T, HRLEWZ 2%,

Bl 2.3.4. 1. (N,x,1)IZE/ 1 RKTH5,
2. BB (N, +) EE/ A Pz o0, FIZET 2B NIZRWALTH S,
3. 0 2 MA T, (NU{0},+,0) £ T B L ZNIEE/ 1K,
4. 0L EOEMEOESIE, AL TE/ A NEiRb,

5. (Map(S, S),o0,idg) IEE /1 KTH 5,

2.3.2 E./A4 RERB

E#& 2.3.5. (S,05,¢e5), (T,or,er) BE/ A R&T B, SO T ~DE /A NERE LI,
f:S=THRAEHBTH->T, IR THrOHENTTEBMATIIETHD, ThbE,

HB Vs,s' € S, f(soss’) = f(s)or f(s)
HC f(es) =er
DZDEAZTHD,

5l 2.3.6. i K7~
exp: (R, +,0) = (R, x, 1)

e A FERTHE, T HEERTHY, DDOHEMIT0 T = 1IZBEINEZNST
H B,
WEEFCTREEBERIDL AT ) A RERIE L £ 75T W3,

EOEHT, [HB] 1 [GB] 2, [HC] & [GC] IZRIEL T WA, 1.2.1 HioMHEZEMH 21X, [GB]
F MEAICZIHERENEZ 5N TWS ] LWH Z e TES L, [GCl Ik THEAIT O HEE L
HEzohd] LWHZenNTED,

[HB] i£ 2.1.1 fiTHZ X 5 IZIRO AR A TRT Z LB TE 5,

Sxs§ X rxr

los O lor
S EN T
FU &S0, 4 LS E S [HC) 12RO THERI & @k Ehs,

o Lo
les O ler
s Lo
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Lol
SO={0}—=1° (O~

THH, EMtDEHBIE () % es (BT EMHR. GHMDEBRIL () % ex TBTELTH S, LD
()%, ETFRHTHTFIZR>TWL L fles) TH Y, A ERHTR>TW Ler &5, X
EMORIE: (AN

fles) =er

LRETH 5,

2.3.3 BECEHKOOIVAAFEY T4
ORIz, RO LS THELEHOIAVARFE) T 1] 2EHET S,

EFE 2.3.7. SEnHER as: " 5 SDEZSNTWAES, TR nHER ar:T" =T
DEZOSNTVWBEEEETD, B f: S =T Hag,ar LAVRNFTNTHSLIL,

VSl,SQ, oy Sn f(as(817827 .. '7871) = OéT(f(S]_),f(SQ), H ,f(Sn))
MHALT DT &,

ZOEREIE, KA
s Lo
las Lar
s 4

NaTHreESWVHIOoNE, 222 EDIFD 78" — T X,
(515 580) = (f(51), -+, f(50))

TEHIND,

ZOMGEEM S R OIX, w7 <HFARE X, AEADOBOERTH> T, EEINZ IH
BB oL AVNRFINRED] LEVMIONE L, £/ 1 RERTIL X, BEGOBDE
BThoT, HESNZIHFER o L IV RFTIT, PORESIN/ZOEFER ¢ & IV 3F
TNHEHED] EEVZ S5N5,

BCAAHTERTHAUROTH LY, HEFR] 2EHT S L SICEHITEFEINL LM
. HEEINZEROBEAEL DAV AFEY T4 OARRDOTHH, AHIIHLZL TR,

ER 2.3.8. " EWVIFIRIE ERLLTWS, EOBEITE
frest =1
TH2DTHBM, —J f e Map(S,S) DRFIZIE
fri=fofo---ofeMap(s,S)

EhHobd, (EH 22142, ) XRIZK->T, EH556D T & aDhz&HHE L TRL W,
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i 2.3.9. (S,as), (T,ar), (U,ay) ZEAELZD LI n HEEDOEHZINZEG LT 5,
f:8=T%ag,ar LAVNNFINRER, g: T U % ap,ay EAVNFTINREHRE
5L,

gof:8—=U

X ag,ap EIAVNRFTNTH B,

EEFIHT 22237203V, RORRXEZHES Z&HTE S,

.
las O lar O lay
s L o7 & oy

E2173BOZ L,
IR 2.13. EomE 2.3.9 ZitHAE &,
% 2.3.10. —DODE/ A NHEFMOEGHKIL., €/ 1 NERTH 5,

EREDBE (A 2.2.4) #BIU T, ST 3RS 2 23 I o 193 3 0%
FUVF ¢ L OB ¢ KT 23V AF YT THE, B 239 75 Eb5EHS,

fRE 2.14. LORZIEHE &,

FE 2.3.11. 1.3.3fiCIE TRMERBREEHOaI Y FE) T 1] 2, %1319 TlE MHEL
EMEEGRO IV NFEY T4 ] 2, 22T EELEHOaAVAAFLEY T 1] o7z,

WiZ, ZHEHEEIZETAR1.3.190—bThv., iHIZELL AL TH 5,

EIE 2.3.12. SEnHER 0: S" 5> SOEZLNTVWEESEL, ~Za &IV F TN
72 S EOFMERMR. TROBMLED s1,8),...,8n,5, € SITXHU

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

ren

L5, TOLE, HEAS/ ~ITiEnHER  TH-T

a([s1], .-, [sn]) = als1,. .., 8n)

L7255 DHME—DFIET B,
Thbb, MER gDV a,a LIAVNRNFTNIZRDE K57 a BMlE—DIFET 5,

Bl 2.3.13. (M,(R), x,E,) &€/ 1 RThHb, ZIIZE, & nRENITHITH 5,

n IRIEATFHD FIZ—{T L A5, 0 DANSIRDITLFEMIFIMZZEH f: M, (R) —
M, 1 (R) 1, BHZBIU TEBEOHERAITH 2 05E / 4 FOMERTITIXR N, HALTCA AT
23 DI NBVWINSTH D,

RIEE 2.15. EDOHEERIFFAE &,
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E 2.3.14. (S,05,e5) EE/ A F& T 5, idg: S — SIFE/ A NERBIE LD, [EEH &
XN 5,
(T,or,er) BE/ANELT B, E/ARERBM f: ST &g:T—-STH->T

go f=idg, fog=idr

ERDBEDNDHDLLE, g fD, [% g DU LD, W 2RO LD RUER Z w5,
F R ARG, FREG, £ BRICFABEWS, E/ A RTHHILE2MFALTE /1 N[
BriHwnsd,

ZDESBRHDEE, E/ARFRSETEE/AREULTHETHL 0D,

MDA DES 225 L2 HUTHDZ LIZFEELTIELL,
IR 2.3.15. A7 T3V —# (B#R) 2F3e, FHOEHEER -THIENTE S,
1]

R 2.3.16. f: S > THE/ A NEFBITHrOLHHFTHE LTS, ZOLE, fOYE
B g WHEIEL, g: T - SHE/ A FERIELD, LRoT fOHF L5,

& 2.3.17. S, #E /M1 RT3, SHhH S ~NDE/ A FHEFRT (monoid homomorphism)
DL %
Hommonoid(sa S/)

THY, Bz, S=5 0tz
Endmonoid (S) = Hommonoid (Sa S)

EBVTSDE/ A NEAHERFAE (monoid endomorphism) DEA £\ S, (Endmoeneid(S), 0, ids)
EE/ A Rei 5,

2.3.4 EHE/ANR

E#& 2.3.18. (MBAE/ 1K)

T/ 14K (S,0,e5) DEBHE/ A REIZ. SOWMAPEST TH->T. THolZDWTHUT
WT, Des €T THDHHED%EED, ZDLE (Tyo,e5) IFE/ A NERB, ZOE/ AR
EESE/ A REWVD,

FERH. FERHT A REZ LI (T,0,e5) E/ A NIZRB L VWD 2L TH B, LHOGAEOME
2291250, RBEREZ LI eg HRERE (T, 0) DHAITLTH B Z L ([G2)) 2RTILTHS,
P, THIEME 229 OFHATH Sbiz [S THYI>TWBALEDRS, TOEHITHS T
THHVIMID] WS HEIZ XD BHEIRIZEK D LD,

I THAM (G2 FEBIMICK D Lo TLE S, O

B 2.16. (M,(R), x, E,) Z EATAPEIZOVWTRTE/ A NET D, ZOWREAS &
LC. A0S B FBOAN0THE LS BEDEZEZD, (9, x) 1k (M,(R), x) DL
HTHBEMN, HHE/ A FTIERVI L 2RYE,
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FR 2.3.19. ZOMENRETZEIAE, /IR EHOLE (W 2.29) L840, o
THUTWAETTIEHAE /A RIZE»R6TLERLBNVEWVS 2L THD, ZDEN
X, E /A RITIFBALT &\ S B 2 (0 HEE) AMEEI N T VB Z L ItEKT 5, §
DEEDVEHIE /A RNTH S0, HEINEZZDOEBEIZOVWTHUTWS Z L2
EPDO+RBRDTH B,

I 2.17. SZHA, a: " > SE2nHERE TS, TCSAMalZf LTS LId,
Vti,...,t, €T a(tl,...,tn)ET

MW ONDZETHD, n=0DHEEEZFRTHILT, MOE/ A NOERICENIZes €T
RBEMED, (THOEERE e ICHLTWS ] EEWHIS5NE Z L 2RE,

5 2.3.20. i 2.2.10 TRZEHL ZDHI¥HIZ, 2TE/ A RLZDHBE/ A L i
TW5,

2.3.5 WBE/AR

B4 RIZ, THEE (BXO, ERAEICRAPN0HEER) & oy A F LR REREG
NHdLE BESZAFNIIE/ A NERE, TNEFHE/ A KW, EHOGEDEH
2.2.11 B4,

EIE 2.3.21. (S,0,e5) EE/ A R L, ~% S LOFRMERKRE T 5, FEH
qg:S— 8/~

ME/ A FHRFABE LD KL TR L g VS ~ ITEBINDIMESHEMIF, o &
~IRAVRFTVTHD (R 13198) 2L ThH S,

ZDEE, SIEEEVIZEE D, (S) ~,0,65) 2 SD~IZEBEE/ A REWVW, ¢ %
PAYERITL & 5 5,

Y. GEBE 2.2.11 OFFHDE A E FHRBWHLTES BAZIEX B4 51E, és = |es]
LRBUNPRNI L L, (S ~,0,65) DG ZHi=T Ll BEUWgles) = €5 ZREIRV
WEWSZ b iTTh S,

ENBFEREN, BILUB BRI TH S, LIFVRHHIETHEEIEE-, O

Bl 2.3.22. AR m 1L, Z BT 50Em 2L T2ARABBLEIVAAFINTH S
(I8 1.26), > CTEH 2.3.2112& D

q:Z—7Z/m, n+n

RE /A RERME TS E55%E )1 ROKE (Z/m, T, [0]) BEESICAS,

NSRS, Zm T [a) T = [a+b] TRIZEET B LANTE, 0] ZHATLT S
T4 RERD,
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Bl 2.3.23. LT, fIZBIZZZATHZDEE D £ 0L,
HARBm 2L, ZIZBI2H x ldm 2k T28MHBBE IV RRFTLVTH S (ME
1.26), > TE/ A NOUERBIEM 2.3.21 12K D

q:7Z—=7Z/m, nw—|n

AE A FERME T2 X 5%%E 1 FOME (Z/m, %, [1]) BEEEICAS,
Frz NSRS, Z/m T [a)x[b] == [a x b] TREEET B LATE, (1] 2HATL TS
EIARERD,

R 2.3.24. —fRIC, WA AZERETZ L ESICRERELOaAVAFEY T ETTLN, £
7o, ¥ERBIEHIZH SO B RMEBERIZERINZ0L, HELOIAVAAFEY T DATH
D, REIFHENTI RN,

ULMBIZE/ A FDOBEE, MRIBEMIZBEWT BAITE ~ DIV ARFLY T 1] BEN
TWARY, 2T 0 HEAEORRFEWE TH > T, [0 HEKE & FMEBEMRIX, Eizar XF70
Thd] PoThbd,

RIRE 2.18. OJEHHA & [FERAMRIZ. FICa v XFINTH B I L ERYE,

2.3.6 ZERBFEE

EIHE 2.3.25. (X,ox,ex) ZE/ A FEL. ~% X LD oy AV NNFT)VRHEERBRE T
%, (X ~,6,ex) CRE/ A RERT, ¢: X > X/ ~ ZFMEREL L, £EOE/ A
(Y,oy,ey) EEEDE/ A FERT f: X Y &2 5,
~MRFEAVRFTINTHD, TROBEED ¢z’ € X T3 L

vl = f() = f()

b5, EHI3I6IEVEH F: X/ ~—>Y THoT,

f="Foq
HAEMEEBLDEDNELET SN, ZNIEE /1 NERTITH B,
ZOWRMAE, €/ A NERR FIZRMERBR ~ IV RFTATHD LWV, £72 f 53 well-
defined THB & W5,

FEHA. EHL2.2.12 L HRZ 2 BEMIIH E Sh, HoMEIK. REREERAL f 23 /1 NHEH
MThsdZ el 2Rl v,

fex]) = f(ex) = ey
L DS D, O

EIE 2.3.26. (T / 1 NOHERREH)
(X,ox,ex)s (Y,oy,ey) #E/AREL, f: X > Y RHE/ A NEERBMMRGEZ Shize
T2, (X)CYTfILkd X DELRT, ZOL &,
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L f(X) XY OHBE/ A FTH S,
2. ~pldo 2 A VNRF ITNLFAMEBEKRTD S,

3. f )
X% X/ i by

RHERE RS LD f. TRbb
f=/foq
BD fOE—DFET BH, TEE /A REERBE 25, Z LT, TOKREL%
fX)IZHIRL TR NS
[ X/)~p= f(X)
e/ A R E RS,
DF D, EH2213EFE/ A NI LTEZFDEEARD D,
FEHH. EEE 2.2.13 IZMA T ZRFHIRI RV E R SRV DA HIZIRR S,

L EERETH D ZLIEVWD, AT/ I RTHE L, Thbbey € f(X) 2REAR
WSV, B flex) =ey DD,

2. REHIREI W e 5N I L IIFEE LW,

3. fORERHERMTH L Z LIV, B/ 1 RERRITHS Z 2RI B TRRSR
Wo B f(lex]) = ey £ DHED,

2.3.7 0Z=E5TBEAMEEBECEA
EHIZBWTIE, neNIZHULT
g":=gogogo---og (nfH)

DEHI Nz, ThEn=0D& ZIIET HITEESTEONZ YD, (N, +) IERTH Y,
T/ A RTEADPoTz, 0 BHIMZ 5L (NU{0},+,0) 1XE /1 R&Rb, I T, (S,0,e5)
BE/ARET DL E,

(NU{0},+,0) — (S,0,e5), n—g"

MNE) A ROMERBLIRDE LT 2ERT DI LN, 52215 LOXNEN 5T 5 & FZYIC
A5, T5EBATIEEMITICT»% < TR S50 (HC) 25,

0
g =es

CEHBTHILITK D,
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T 2.3.27. (FEHEEAD)
(S,0,es) BE/ A R L, g€ SE—DDTET S, 0L EOEE n, m 12 LIXDSHLT 2.,

(g") o (gm) =g""™.
AL, ¢° =es LEHT 5,
EIRR 2.19. EH 2.2.14 2flio> T, LOEMHZIEIE L,
% 2.3.28. (S,0,e5) ZE/ A R&L, geSE—DDiiLd5d, ZDLE,
f:(NU{0},+,0) = (S,0,e5)
BE /A NEREITH > T, Inujoy — g £HDEDHME—DIFET B,

FEIH. FAEL7zE T2 8, B/ 1 NUERBUREHMERBITE H DO T, fIRERERE, (N, +) C
(NU{0},4) X ERTH 5, £>To fln (f Z NIZHIRLZ D) 1% (N, +) — (S,0) 7
DABOMRIITH D, n>0I1IZF L TIEFR221512&D

f(n)=g"

Yid, . /A RERBITHS E\ND 2L 55 BAT 0 ZHBMIE es ITBENE, T4
bb f(0)=¢° = ege THTMNE X7

INNRE A RERBIZARS L VD Z LA, EORBIEN 2327 DFXET 2L 25 TH
%, O

2.4 Bt
2.4.1 Wiwet

EFE 2.4.1. (S,0) ZHifijtes 2ROV I ~Y LT 5, (BEHNE—DOTHE L, T4
OHEME2121ZHE.) ge S D (elZf95) E#iita &I,

aog=eg
Ziilz3TacSDIEWNWS, ge SDAEYITDL &IE,
gob=eg

BT be SDI RNV,
gDEYVTTH>T, DOALETTHEEI%7TE gDHTLLE WD, Thbb,

aocg=es,goa=eg
ERBEDI L a DL TH S,
Wt ER DI E ML E VD,
Rl 2.4.2. (S,0,e5) BE /A RLT 5, giZEWNICa EHPTLOBFIETER5IE, Tho
=T 5, KT, g DFTIFFAETNIEHE—D, ZhE g1 TKRT,
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FIERH.
a=aoeg=aoc(gob)=(aog)ob=egob=h.

Lo TG EAH T, WAFETNE—ET 5,
Rz, Wn = 2oHo7-e L&D, TNoZ a,b & TN, o FEFHTLTEHS L, bidH
WIETHHEM 0, LOFRRLY —HEIT L 2H2. O

IR 2.20. /1 RORLOIZ, 42580 T THATEH O] IZHLTH, Hxh
FATNEE—DTH B I ENFHTEEIN?

by bR KBRS T AD D BRI TERY, HIZIE (R, *) %
rxy=x+y+ iy’
TEHRTDHLINEIIITHD, 0 PHNILE RS> T VWD,
rxy=0

2R IREADMDOARZ TS &, WA DFET LI LHAH LI Lbh 5,

2.4.2 BOERE

EORKHOER (NHEB VD) ZRRBEIIR 72, BELIE, £/ 4 RTH-T, T
DI HE TP FHETE2HDEE D,

T 2.4.3. G EiX, MRELT

GA (BEEGRELIFIEND) EE Gy

GB (B, &R EEN5)Gy Lo IHEHA o

GC (WAt FEN5)e c Gy (0 HEHHEEEHER )

GD (¥t & MEN5)Gy FORIEHK g — g1

NEZ6NT, MO=EZDOMWE (HORKRMLITIIND) 235D,
G1 (f5&HEAI, associative law)

91,92,93 € Go = (91 092) 093 = g1 0 (92 © g3)

G2 (HAZEERT, unit law)
gE€Gy=goe=g,eog=g

G3 (¥ tiEAl, inverse law)
gog 'l=emDglog=e
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IR 2.4.4. (Go,0) BBREL T2, B L., ZHZHILAD 725 ZNIEHE—-DTH B D7
Mo, BALEBA THREETIC [(Go,o) IXE/ A RTHD] LWIEWVWHE LT, Zhid,
FEHTH-o TR DL, LD eEFELTWVWS,

X502, (Go,o) BE/ARETBEE, Gy DETORICHILADHS] LD I b
ME, FTCIIEET IS —DIZIRE B (M 2.4.2) DTHEN 5, Gy =Gy, g g ' 4
5 BRI E 5,

ZD7D, ZLOHERETIE NEFETH- T, Bz d b, RTOLVHILERFOBDZE
BEWwS ] LWOEHZEHLTWS,

ZDEDIBANIGITNTIE, P E /A RRGEZoNE & TN R DN E S » %
THIENTE S,

RORE 2.21. #1234 12 IFoNE/ A KW, HTHENE DR K,
ER 2.4.5. BOMSLERINIZREL TE TR, EH—T /1 R0 MRkl
WHEIZRIE LT W5,

FARE (N, 1) IREBHETHEH0E /1 RTERV, BALHPFELBRWRSTH D, £I T,
OLW o HEERERH (BR?) LT (NU{0},+,0)&d5&, ZHIEFE/ 1 NER5B,

UL, ZHERZIZR SRV, BT 2850, 97205 2 23T 2 —a BEELRVH
5Thb, TI T, BOEEHKE KR?) UT(Z,+,0) b T5L, ZhFHIZR -7,

—H. (N, x, ) IXE/ A4 NThs, 2, BETIER, BIZET W0, $740bs n e NIiZx
THn DR STHD, £I T, n L 2FRABBENHTL S, HIZOWTHLTWS 7
DT, n xmbBEERDE, Th5EADETEDEIE Qu 2525 L. (Qso, x,1)
HfE 5,

EH 2.4.6. Bf (G,0) »WH#EF (commutative group) TH 5 &%, [G1]-[G3] DIENITI HIT
G4 (AT, commutativity law)

Vg1,92 € G gioga=g200

AN AYAC R NP

AHARED Z & % 7 — ~OV#E (abelian group) £ £\ 5, Tk, BEROAIBED - AN TH S
Abel 2B ATZHETH 5,

FE 2.4.7. T OVBHIZE LTI, IHEEZ + TELZEE2 0, BRIEETHAEEET
EH DA, THEHEEE + TRBR U7 —NUVEEOZ & 2 IR L L2,

BEDRAHEETH > THESI N ZIHEE 2 + TEVWTWSL 2 &, TRbBINERHIZH LT
ik, B % 0T, gDHILE —g THOHDT,

5l 2.4.8. il 2.3.22 1ZR~=E /14K
(Z/m, +,10])
BHTHD, ETCORTDVAFETHEILIZEZXLIVDTH EH,

[al+[=d] = [a+ (=a)] = [0]
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THENS (o] DL E LT [—d] BHN B,
Z/m DTETHB I ENDR>TWAEHAITIE, F IR+ TRIN, £2LIELIE [ %
HiZabHBWTLES7ZDT 5, FIZIE [Z/51280TiE1+4=0] &eHFEL, AR5

5[4 =[5 = [0]] £B/IRELZATED 2,
ERE 2.22.
1L (Go)8E/ A RET B, g he GRELLLTAHDEE, goh bAHTH Y,
(goh)™'=h"tog™!
ThbdIerrt,

2. (G,o)2E/ARLT D, gec GWAFETHELE, g L HAYTHY, TOWIT (g71) !
Zg &bl iRy,
FORE2.22 05, IRDZ Db h 5,
W8 2.4.9. (G,0e) 2E /A RELT D, GOAWTOEKEZ HETBL, (H o,e) It
75,
ZOME, TE/ARNGOAHTLORTEE VY, LIELIEGX THLHDL T,

FIEHA.

HM»H@nE/ A RNTHEZ L :
flgE2.22D 1 12&NiE, ghe H bl gohe HTHD, 72, eDWitide HET
HbEhoecH, £#%23.1812&D, HIZGDEWHE /A Renb,
H»EBETHBZL :

HODIGIZE/ A FGOAFETLTHEN, EIZE/ AN HOAHILTEHD, he HR
SIE ALY (R 222D 2) THEH6 HDEHRIZEID e HEib, T4b
B he HDWILH HDOHRIZHBDT, (H,o,e) LB,

O

Bl 2.4.10. E n REHTAIEEKIE, BUIZDOWTE/ 1 RIZE-oTW5a, ZAUSH L TaE 2.4.9
S &, TR n RIESTII SRR OWTEEZ 2T Zehbhrb, ZORE GL,(R)
THODLU., 1THIE X 7213 FE—BEIERE (general linear group) &\ 9,

(M, (R), x) 24750 BICBIL T3 E/ 1 N TR

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

EE 2411, EoZ eid, —MRIZIIMKR K 20 & T AT DOWTEZAD I THS, HlA
. AR THEBEETH 2 & 5 2a# 723 n IRIEHITHORKIERIZDOWT GL,(Q) &R
NHEHERT,

ER 2.4.12. AERITANE. ERIATH & SIS,
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Bl 2.4.13. X #EAEL LU, Map(X,X) % X 56 X ~NOEHOLAKETEH L, (Map(X, X),0)
EE/ A RTHS (H2.3.4 3),

N UT EOmE 249 25 2. Map(X, X)X, T&bE X 5 X ~AO AWML B
SRIFERIZOWTHERTZ b 25s, Z0O8E X LONBEL WV, Sy THobT,
Rz, X ={1,2,...,n} D& &, ZOH%E n REAMEL VWS, THLDLT,

i 2.4.14. (Z/m, %, [1]) 1XE /1 RTHZDT, MiE2.4.9 & ) ZOTHTEDOLIE (Z/m*, %, [1])
BRETH B,

Bl 2.4.15. 1. (Z, x,1) OAHTCHRTHEZ> 1E {1, -1} 225 i EICOWTRTIHT
H5,

ZZHIFBRICET AL e &,
ar =zxa =1
YBBacLIMET B LS B2 e ZTHB, Zhid 1 Iz siun,
2. (Q, x,1) DAHITLARTHE Q* &
Q* ={z €Qlz # 0}

THd, 0 UANOEFEEEIIAREOW L2 /KON TH 5,
FRRIZ, R, C* B ZNZTNR, C 50 2R\ DE 45,

M 249 I XHBIOEWE D TH BH, Tk Hlz A5 e T2 3&5HEKORE] DMK
W2, WBIER B Z bbb, B/ A4 NRBRED TR WERIR, —DoflTh 3,

=8 2.23.

1. E/4 K (G,0) £ gh€e G TH-T, goh FA[HTHBM, g h HAH TR W%
i

2. A,B & n IREESITHIE T D, ABBIEAITHITHNIE, AD BHEMITHITH S Z
&Rt

E/ARIZBWTI, AW TIEBIETE S,

& 2.4.16. (G,0,e) 2 E/ AN T D, ac GVAHILTHL L E, FHfEX
aox =0b

DRILHE—DIFLE L
r=a"tob
ThHbd, stz nig

aox=bozr=atob.
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Al
aox=b=>ato(aox)=atob
ZZT
alo(aoz)=(a"toa)or=ecox=2x
b z=atob.
COFHEHIZZE S s =a"tob=aocx=bDFR 5, O

HFEERD Z AN SENRUAR TBIE] WO ik, Uo2idE/ 1 F—RIZOoOWT o
DTH-o 7=,

RBIRE 2.24. €/ 1 FIZBWVWT, BATOFTIETNEAGTH D, & IZBMNTITAYTTH
52 R,

2.4.3 HERR

B SHEANORERTLL X, BEAMDOERTH > TH A 5Nz 3D [GB][GC][GD]
EAVNRFTNIREDTH 5,

EFE 2.4.17. (S,05,¢e5), (T,or,er) ZHL T 5, Sho T ~OFERBLIE, f:S>TR
BEBHBTH>T

HB Vs,s' €5, f(soss') = f(s)or f(s)
HC f(es) =er
HD Vse S, f(s7') = f(s)™!
D=D%IA=TEHED,
Bl 2.4.18. Fic/7zH2.3.6 2B B
exp : (R, +,0) — (R, x,1)
WWHERTITH B, B/ A1 FHERBTH L Z LI3LicHhlz, HxzHxicBdl et
exp(—a) = exp(a) ™!
EORES,

e 2.4.19. (S,05,e5) & (T,or,er) DEETH DL T2, ZOLE, TNHEYIITERT
D~ I HERR £ § — T IIFHERTITH 5,
SV X 572513, [HB] 721 2 DO NITREHERITH B L\ R B,

A, VS YHERMTHS0EMS [HB] REXA TV, [HC 285,

fles) = flesoses) = fles) or f(es)
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Thd, ZIT,. TIEHTHLIDEDS fleg) ! DD Db, Iz LOFERDML DD & #
YRR

fles)or (fles)™") = (fles) or fles)) or (f(es) ™)
FELIEHTCDER LD epo AITREAHREM > TEHAET S &

fles)or (fes)or (f(es)™)) = fles) or er = fles)o

fles) = f(sogs™') = f(s™ ogs)
TH b, /0IZ HC 2, Hild & 4301 [HB] 2wl
er = f(s)or f(s™') = f(s™") or f(s)
LRBN, ZHRMITOEHE 241 K0 f(sH) B f(s) DHLTH B I L ERLT WS, T4
b
f(s™h) = f(s)7"
O
8 2.4.20. (S,03), (T,or) ZE/ A R& L, f:S—>T%2E/A NEERREELTE, T5&
sESXDLE f(s7h) = f(s)" BHNLT B,
FHZ f1d 9% Otk T OEICB L. f: 8% - T* ¥R 25 S 2T,

AL se S* 295,
er = fles) = f(soss™!) = f(s7  os s)
TH B, [HB] &> &
er = f(s)or f(s™1) = f(s7") or f(s)
THBHS f(s) 1 f(s) DMFETH B, SIS
fl&)7 = (7.

BT f(s) X T OFTHRE D, f(s) € T,
T2L [ OEIREBED SBEADGE f: 5% = T* 25 56% 52545, 2Nl [HB] %
RO TAHE24.19 X 0 BRERB L 2 3, O

EFE 2.4.21. (S,05,e5) WHTH 2L &, EHFEER ids IHERETH S, S DEEFH & W
5. (T,or,er) DL T L, HHERI f. S T L g: TS TH»>T
gof=ids, fog=idr
LIRBZLDNHBLE, g% fD, f& g DR LN, W EEFD K S AR 2 w4,
FXABS, FRMEE, FIEBCHEBE NS, HTHEI L EMMAL THFAMLE H VS,
(S,05,e5) & (T,or,er) DRIZAMEGENHZ L &, ThSORIZAMTH S L\ 5,

ﬁf‘ﬁ 2.4.22. (S, Os,es) mo (T, OT,eT) ’\@ﬁi@ﬁ@g{% f ﬁ‘éﬁ%ﬁ@ 66iﬁ$|§l’jéf&’) 60
AERA. BRI E IZBEOB O V<~ HEIIO Z L Th D (M 2.4.19), DR ITAE2.1.11 » 5
EHIZRED, O
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2.4.4 EROEE

T 2.4.23. (HOR)

B (S,0,e5) DMARELIE, SOEWHEAT TH-T, THIFEDOHEHR o, e, )HIZEHLT
WBEDEWNI,

F-K AL

SIvt,t! e TIZHLTtot €T,
S2eeT,
S3vteTIizR LTt eT

ThHhHHD%EE5, ZOLE (T,o,e5,() Y IIREL D, ZOXDREEEHAREEL VD,
WMDIAAREMR T = S, t— t |IHHERILL RS,
THSDHAHETHEZE, FELLLVRILTRIEINT <SS HobT,

. (T,0,e5) XEFH 2423 IZEDE/ A RTHEH0, BHUIRD T &2 RTITIEH CHTE
HETEHZe2RBIEL V., teTIZHL T e TIRHEINTWEDENS, HLidind
Wil s 22 [G3 2RI E V. LA LEZEX (£ 24.23 D FOFFHEFEIL X 512),
[STHONDTWVWBALENRS, ZDWATHB T THED D] EWIHEEIZ X D HENIZ
K DID, T2 THAM (G IXHEBMIIED Lo TLE D,
COBRERTICH B Z L IXBBILHEIO NG, O

2.4.5 TRt

RMOBREEIC, “HER (BXU, REAEITLLD 0 HHE ¢ L HIHEE ()71 av
NF TIVIRAMERGRD B 5 & &, MEAIXEIINICHE 05, IThEEFEWS, E/ 4 KD
L& OFER 2.3.21 21,

EIE 2.4.24. (S,0,e5) L L, ~ % S LOFRMERFRE T2, EEH
qg:S— S8/~

DERERBL L 725 & 5 732 ZIHER 6 & O JHEH cp & HIHMHE ()7 1S/ ~ ICEHI N B HBE
FREMIE, 0o & ~RAVARFTINTHS (R1319BR) 2L ThH 5,

IDYE, SEEEBVITEE D, (S) ~,0,65) & SD~IZKBEEREL VN, g & FEUER]
ME 55,

FERH. EHL2.3.21 DL FFHE XIE 5725, SEIEBR AL o TALD, £T| g HEEHE
FRNZ 725 & 5 72 ZIHEHE, 0 JHEE, HUIEEBEN S/ ~ CEHRTE e T5L, ThiE~x s
TR THHANSEM 21141250 ~ & TIHEE o 1ZT VU RF TN THRLTIER SR,
INTHREMEITRE T,

MR LDZED, ~ & o DBAVNRFINECRELEZ1S, B 2.1.14 12815+
&0 (S)~0) B3I TH>T

q(sogs’) = q(s)oq(s")
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LRBBONEHRIND, qles) 1E

q(s) o qles) = q(s o es) = q(s) = qles o s) = gles) © g(s)

BT, ZHUR, ¢ BRHTH B L e AbEB L. les) D (S ~,0) LB BHALTTH
52 aEKT D,

BHLiE, (S ~,0) TBVWTEABRTLEAHTH B a2 REIEL VN, 25, q(s) DHTL L
Tq(s ™) BENB I LIRBEDIHEDPD SN, ¢ DREMLS EOLEAHTH S Z &by
5, O

2.4.6 TR

ZDFOEM 2.4.24, 2.3.21, 2.2.11, 2.1.14 1X, FEIZHE—~MIZFEATE 5,

(REMEED G2 5NTHEE] LWISET, ROL> BB A EOMAEZEZ S, £IH
BHE (S, 1.8, am.s) THD. TIITSIFHEA. a5 1FHEH (FIHERTEH R, n,; HHE
HThsrelL&LD) THA,

BIZIX, BE (S,0,e5,()71) Tl ay D IHHE, oo HY0 HEHE, a3 PWHRIHEETH 5,
Wiz, NEEZD, NEIE, [2TD sq,89,...,5 €S IZH L., NS SfEES N7
HeHIHIREDIEFETHIRLTEONS T, HOEETHEVEL TR LOND LA, FIZHE
LW WO EOED (FEMFEESHOAELIER) OFEOLDHN, W ODNEI5NTWVWS
L9 5,

BlziE, ~27'< (S, 0) NWEz56Nize &,

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

13 EREESHONEOHTH 5, BEOANFIZEND G1, G2, G3 XA #HMEG4EZFD LS
RAFOH & 725> T W5,
M ESTTRVWAIDHIE UTIX, B ko &> TWTHLURARWD, KONBLIZH
5hbnd

s#£0=>s'1eS

NHTFTo5N5,

T 2.4.25. REFEHE L X, ny,na, ..y B2 0N EOEREE 2O, TNEEBUZH D
Hi-be, ZNODMIZTRERAHERDZED,
MEMEBHORBMEL X, TNS OB BEMAEFETUTHEZ L,
ZORBIEEZFROEAE S Lk (S,a1,...,ap) BRBMTH-> T, & oy 1& n; HEE T,
EZ o= Bz 9H0,

Bl ZIE, BERE 2 XN B REUEE I, o,e, )7 25 21H, 0JH, HIEEE L, Th 512
LT (BEMESED) A G, G2, G325 275D TH 5,

MG 2R OES LI, (S 05,65, OMTH-T, G1, G2, G3 2= THDTH 5,
Tbb, HThd,
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T 2.4.26. C 2REMEEL L, S, T 22 ORBMEE 2 OEELT L, SHH T ~DCHE
AL IE, f:S 2 TR2E5HTH->T, MEINZETOEBL IV RF TN (EH2.3.7
ZR) BbD, Thbb,

swo L
la;s lagr
s ER T

NETDi=1,2,..., mIZHUTH#LRE D,
CDEFREME23.9 IO IREES,
% 2.4.27. CYEFAM —ODEKIT. CHRBTH 5,

EIE 2.4.28. C 2 ESMESRORBREE L, SE2ZoE2 52 onE58T5, T CS
B, B2ONER a0 WOWTHUTWERSIE, TIRINSDHEBEIZL > TCH
EERED, SE T OWS CHEEE WS,

AEHT. HERME S OARIL, HOERAITOVWTHHIILON 6, O

EH 2.4.29. C 2REMELEE L, Sz XxoMErzGEAonERET S, S LOFEMEMG ~
MW GAONZEH T a1 g, .., Qs BCEAVNRFTNRSIE, S/ ~ ITIXER a1, ..., 0, T
HoTq:8 =8/ ~EINSDFEEAVAVNAFTINVNTH I LI BEDDME—DERIND,
CWEEMESR LS, S/~ BINSDHERIZL > TCMEERD, ¢ 13 CHERTE 2
%, ZTOLES/~%SDECHEEE VD,

FERH. R a; OFEIXEH 2312 5 LS5, ME—HHZIn56 LS, TV RFEY
TAEHEZINS UL,

BHLIFCHEEBEZHTHLEE, ) ~DTOMEEHOI L XX 2NE, ¢ HER
MTHBIFar A "FEYF 16 LEND,

S/~ & a; PAMEZTILESZSAERVOTH DN, TNk q DEHEE, A S
HESRTHDLZ NS LMD,

BRFITA LS, R G3 2MENDTAHDL, ¢ NEFTHEI 0o, S/ ~ DEEDITIE
[a EHobINE, brDXTL (2) T572DIT, ok al(—,—) T, e )T () %
V(=) TELTHALD, ¢ EINSDHBELZD LDIAVARFEY T4 REIRLEDTH B,
Fhix

g(a(a,b)) = a(q(a),q(0)), a(B0) = B0, a(v(a)) = 7(g(a))

YRED, DNDNOEHE, G3H S/~ THRETHI Y, Thbb

(z,9(x)) = a(y(x),z) = B()

DR HI LRSI ETHS, ZIT, ¢ DEFMIZLD 2 =qla) 725X 57%ae S
DT DDENPS, 20X 7% 2 12220 T EOFERZREIT LW,
U2z, SIZBVWTIEGIVHED DD THE0H

Ql

a(a,~(a)) = a(v(a),a) = 5().



58 Howm U~ B ®/AN B

BT q() 2ET &
q(a(a,v(a))) = q(a(v(a),a)) = q(B())
W, q EWEEDTVARFEY F A4S ¢ RPIZADARSHEED LI 223 T, §
whb
q(a(a,v(a))) = a(q(a),q(v(a))) = alq(a),¥(q(a)))
THEHNS, IZFLOESDFHETNIL

a(q(a),7(q(a))) = a(3(g(a)), q(a)) = B()
ThHb, TNHPRLEZV, S/~ 2B 5 G3THo T, O

ZD &SIz, REMEE % TS BUEFA D)8 % R (universal algebra) &9,

2.4.7 HERBEHE : EfRRE

T 2.4.30. (X,ox,ex) 2B U, ~% X EDoyx & AV AF T NRRAERBRE TS, (X/ ~
,0,6x) CRIMEERT, ¢: X = X/ ~ ZpERTL L U, FEOR (Y, oy, ey) EERDHHER
BMf. XY %2525,

fe~PavRFIN, TROLLMLED 2,2’ € X XL

z~x 2 = flz) = f(a))

THIEEH 1316 12&D f: X/ ~x— Y THo T,
f="Toq

RHMEEEZH DL DOVME—DFAET SN, THITBHERTTH 5,
ORI A, BEERE fIXFEERIR ~x (2 VX F TN TH D L0\, 72 f 5 well-defined
ThHsb VD,

FERH. ERE2.3.25 LHEARB & TE/ A NUEFEL f BHERAICTH D Z & | 2RFIX LV
el 2.4.19 & OB 5 H, O

FR 2.4.31. ZOEHE, HWEMAE (§2.4.6) OFEATBIIZERR SN 5,
CE2REMEEL L, S, T 2ZDMEDHZoN-EERL TS, f: 5T % CHEERME L,
~% S EORMEMBRTEA SNEETOHBE L IV NNF ITLRED LTS,
ZDLE, f:S)/~—TRBEMHT f=foqdbDNM—DFETEN, ZHIFETD
HHE g, i EIAVNRFTNTH D, FEER,

f(di,S(Q(51)> .- 7Q(sn1))) = f(Q(ai,S(Sb LR Snz‘) = f(ai,s(sh .- >sm))

= air(f(s1),--, f(sn,) = i (flq(s1)), .-, fla(sn,)))

TH 5,
Rz, C DERMFESEORBMEETHNIE, S/ ~ IFEH 2429 1250 COMIEZ S B,
FIXCHERRIY 725,
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EIE 2.4.32. (HEOUERE ALEHL MG BLRS)
(X,0x,ex) (Y,oy,ey) &BEE U, f: X — Y RBBEERMMEZ SNz F5, f(X)CY
TIZED X DfERYT, ZOLE,
L f(X) XY OUAIEETH B,
2. ~pldo & IV ARFTNRFAMRAGKTH S,
3. f B _
X% X/l y
nHEEME B LI f, Thbb
f="Feoq
BB fWIE D ET S, T LT, TORESE (X)) ICHIRLTHES NS
fi X/ ~p= f(X)
R L 22 5,
DFED, EH 2326 XL THZDEEMY LD,
AERH. RERE 2.3.26 IZINA T Z REHIRI RN E R SR WD DA EIZR RS,

1. MAE/ A RTHEILIFRINT VDS, HAHETHD I L 2RTDIT, f(X) DB
ELBZLIZHLTVWAZ R EXRRE N, ZHIE flo) = fz!) LDEBIHES,

2. REHTRI B WVWE RSN T EIXEE L,
3. MRE24.1912& D, REITREIBLVERSBEWT EIXEFEE LW,
O

EE 2.4.33. 2o OUERTIER 2.4.32, 2.3.26, 2.2.13, 2.1.17 ., FEIFEHENHDO SETH
—fzdRons,

C 2 HMEAMESHMORENNEE L, S, T 2ZDMEDE 2 SN 8EE, f:8 = T #HEFM
95, ZOLE, f(S)IBXT DR CHELRD, ~p XCITEVIEEINL S DRTOHH
BeaVRF 7N —HBRT, o THCHE S/ ~2EDD, ZI T, BHOUERTIEM
1.325 Ik b B2 6N EH

f:8)~=f(5)
X, CHEEDRRTH 5,

FEFH. f(S) BT DIEINEEIZOWTHLTWA Z &IE, fRZDEAE L IV AF TN
THdIeMOHMD, TNEEH 242806, f(S)IXT O CHEEZ R D,

FEREGR ~ BIEE I NZEB L IV AF TN THEIEH, ZTOHEBRE f DAV FL
VFAahoiEd, TN 242005, S/~ SOECHETH S,

FIREHHTH DD, F2431 12X ZNIXCHRAETH B,

CHERBITH>T, MERE CHERBITHLEDE CHELE WS, —RIT, f AR C
FMTHIL, ZOHEGHRE CYERUTH Do TR L 725 T & A¥iniE 2.1.11 DFEH & [
BRIZU CHED D 5N 5, O
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fERE 2.25. @ 2.8 IZHWT,
Exp: (R,+,0) — (C, x,1)
FHEEAITH b, HEOMERAER (MR 2HVWEZLI2&oT
R/ =,+,0) = (T, x,1)

BRAMAME 5 X5 2 LR,

2.4.8 [F{EREREERDEE

WD ES1Z, BOWOEEVEZSNEZEE, WX E2HAVWTWEDT, BTRWLTER
Wk Sh) ZHHBEROEEEZL LS,

T 2.4.34. (G,0,e) B2 L, HC G % G(OBER) DMRELGLTE, ZoE, GO
BHEE) O Lo “HER ~L %

Va,b€ G a~hbesatobe H

TREHT 5, LIIE (left) D L TH 5,
[FIRRIZ.
Va,b€ G a~Rbsaob e H

T B REET B,

Bl 2.4.35. H={e} D& &,
a~bbesalobe{elsalob=cab=a.

EoTIDE HiE AL 35 e —5T 5,

ROEHE, ~ BAMBERTHZE VWS, HPHEAMHTHZ L WS ZEAFEET
HDHZLERFIRT D,

EH 2.4.36. (G,o,e) 2t L. HZ2ZDHDEALT D, ~5 PAMERKRTH 2 0E 5
FME. H PO THEI L TH D,
AEH. ~L RHUZ ~ THh oD

o ~ W [E2] 2Nz 3 &, HMI[S2) 2ifi/zd Z L WEAMETHD Z &:

1

Va a~a<a oca€ HSec H.

o ~ D [E3] 2T I L& HHI[S3) 273 Z & OFEEM:
(B3] Zili7= 813

e~a<=ane.
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ZhE HOSETHITIE

1

e loae Hea toee H.

e=e'kbWDaecH=a'eH #>THIX[S3 2T,
W H »Y [S3] & ifi7= 9 70 o 13,
[E3]

a~b=atlobeH = (atob)teH
I CHMEE2.22 25 &
(@ tob)y t=blo(a ) t=b"toa.
TN HIZABDERS b~a, DD [E3] A5 X 7.

o ~ T [E3] 2T (£7z1%, FMETH S HIZ [S3] #{KE) L7z ETD, ~ A3 [El] &z
T & HWI[S 24 Z & DORMEYE :
~ W [E3] 27§ DT, ~ A [El] 27292 T 5, a,be HETHE[S3| &V ateH
foTe~al, £e~b, EIEL ZHoTatl~b £oT(a ) tobe H. T
bbb aobe H T[S %#iii7=7,

H #[83)[S1] &Hi=F T 5,
[S1]

a~bb~c=>atobb loce H'S (atob)o(btoc)e H=alocc H=an~c

O
AR 2.4.37. FRIZ, ~E ARMHEBRE 2 BB SERMEDL. H<G LD L ThH2,

EFE 2.4.38. GEMEL, H<GZXTDMNRELTH, EH 2436 12&D, ~F 3G LD
FEBIR CH 2, ZOFEBGRE H 2k 35 AGRAMERE VD,
G(DRESL) 2 ZORMEERTEH > TR ND RS %

G/H =G/ ~%

THoblL, TO—D—D2D%% GO HIZLPEHAHEE VWS, G/H%Z [G2EPS HD
EATE > THEONBME]., /213 (GO HIZXA2ERKEES] 205,
FRRIZ ~8 2 H 22 32 HAABGREVD, GOETNIZE5MES%E

H\G :=G/~%

ThHhobl, GO HIZLAZEBREESE, DHWVWIEGE 2S5 HOEHTEH>TESNS
FHEEVWD,

EORBEDRRT, ~h BT a € G DR 2 R [] 1
la] ={geGla~f gt ={9€Glatoge H} ={geGlgcaoH} =aoH

ThHd, ZIT, ao HIZRIZEHZTLHEETH 5,
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EFE 2.4.39. (G,0) X I/~LT5, SCG,acGDLZ
aoS:={aos|lseS}
LREFRT D, FRIZOe GITHL
Sob:={soblse S}
Thd, GIEHDOE EE
aoSob:={aosoblse S}
Ths,
FEYIYDOGEIIHEST, STCGDLE
SoT :={sotlse S, teT}

EEHET D,

EILOBND DR NEGEE, o ZUIELIEEKEI NS, aocbDRODIZab, ao Hob DY
IZ aHb EEPN S,

EoEERz VX, RERLEZZEIZRS,

fE 2.4.40. G 28, HA2ZDOWMAML TS, ac G DET D ~L BT 2FHMEHE. T74b
Lo DET BB aH TH 5,
acGDET D ~RIZET2RMEHE,. TRbEEREARMEL Ha TH S,
(B2, 5 5DEBATERMT e DBET 2AMEEIL [e) = H TH 5,)

COHREIZEM 138 2HHT 5 LIREHR5,
%*2.4.41. GEM. HZ2ZTOHIHE TS, EEDa,be GITH L,
aH =bH £721% aHNbH = ()
DEL SMPHIEALT B,
G ¥ aH ODIWDESIZHEEI NG

GzHaH

aHeG/H

AR 2.4.42.

G:HaH

aHeG/H
DRIFDLZDDDIZW, G/H D—2—2DudEIZaH LW EOEETH D, oH =d'H
LB E 5% a,d BHBZMERNLZVDE, £5VHHDEFFELEE ST, G/HD—D—D2D
TEEALES . GEENVIZZDLD BRI FELTVWE WS 2L Th S,
LIEERREOLAETH D, ARRETHRLILNEZX D,

IR 2.26.
a~BbesbcaoH

Z e,
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FIRE 2.27. (Z,+,0) ZBBOLTNERHE L. m ZHRBE 5, H:=mZ:= {mz|zr € Z}
mOMBEBOEAEL TS, (ZOREIX2439 To=x OHEEHVTWVWS,)

1. HIZWHBTH 5 Z & 2Rt

2. ~E R =, 2 m 2EE TR EMABIR (€ 1.3.20) & TSI L ERYE

3.
7= H (a +mZ)

a=0,1,..., m—1

o, (ZOEHEIZ2439To=+ DEEE2AVTVS,)

2.4.9 BHOMBESTITZVIIDERE

EFE 2.4.43. (ARAE, finite group)
(G,0,e) 2Bt L 95, AEAGHERELSTHD L EH G 2HREE. BBELATHILH
JERRAE L W S,

EE 2444, 111 TRAL LS T, RIZB WA WA RHEEYH 2, THITSL T, WH
JERRAE (countably infinite group) A ERRAE (continuum infinity group) 72 EDEHNDH 5,

EF 2.4.45. BEEG GOILOH (BEL\Wo72) #(G) 2. B G DAL (order) &5,

EIE 2.4.46. (T2 7> Y aLagrange DEH)
G %zHt, HZzZDHDMET5, ZOLE

#(G) = #(G/H) x #(H)
WHALY B, BT, G/H,H D DOWHEREALRSIE, G b ERES

FIEHA.
G = H aH
aHeG/H
EREXINTWEDITENPS,
Y. #(aH)
aHeG/H

Thd, ZIT,
L,:H — aH, h+— ah

L,1:aH — H,h~a'h
WBHEWIWEHTHH, ——EE2525, £oT, aeGIZL5TI

#(H) = #(aH)
Thb, WDt #(G) X AG/H) D #(H) DHITHS, bbb
= > #H)= Y #(H) =#(G/H)x #(H).
aHeG/H aHeG/H
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% 2.4.47. Gz ERE. H 2z ZOMAMtL T4 &, GONMNEE H OMBUZEID Y5,
T 2.4.48. —THES (o} T LTIk, ZIHEEIX

zor =z

EEHRTDIENIRN, ZDOLE ({2},0,2) FHTH D, ZOXSLHEZHPELREEE VWS,
(G,o0,e) LT DL, ({e},0,e) BEAMTH D, TNE GOHAWREEAFHEL VD,

RRE 2.28. G 2NBBNZHRTHS Lo T5, GOHOREIZ. G A E/-I3EWHREY
HOATHDHZEE2RYE,

2.4.10 1IEBUERIE TTDMIEK

PRI LT g (n=1,2,...) 0EE D, /1 NIZHLTIE g BEF -7 (FHL 2.3.27),
FRIZ, BEZH LT g" (n € Z) BEHRIN D,

EIHE 2.4.49. (FEBUEAI)
(G,0,e) ZBtE L, ge SZE—DDLE TS, B nITHL,

CEETDBE, BT B,
(g") o (g™) =gt

FERIE. nym > 0 D& EIXEH 2.3.27, TOMDGEIZ. WAVWAEAEDIF LR TIER
57\, 722 2 n > —m > 0 DI,

(9" o (g™) = ((g" ) og)olg tog™ ) =(g" ogmtt = =g
% 2.4.50. (G,o,e) 2L L. g€ SE—DDILLTE, TD& X,
f:(Z,+,0) = (G,o,¢)
BBBERBITH T, 1y g L7255 DNME—DIHET 5.

FAET 57251, HonaHnicBd Z e (E#£24.170 HD]) &0 f(-1)=f1) =g
EoTn>00Dk &

LMo THEAETNIE n DIEEIZED ST f(n) = g™ L7255 LRV, ZHDEHERTIT
BB EITER 2.4.49 1272 572\,

FR 2.4.51. TDEDIT, EHICBITS (N,4), €/ 4 FIZBIF5 (NU{0},+,0), #iB1T
% (Z,+,0) XA CEEEH-TWS, Zhsid, [1eEROEmNS] LITEhs, (N, +)
R EEERTH D, (Z,4,0) E— It EREERETH B,
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RBIE 2.29. Y77 IZBWVWT, LoFmizaRonzEd>aME%2E 0% (—nEREE~ S
TELMERIREE D) ZEldE X,

Zix. (((1,1),1),(1,1) k5% FERODIh-2hkoikd~r <] Thb,
=8 2.30. (G,0,e) ZRfE L, ge GZZDILET D, m,n e ZIINL T,

TN
EFE 2.4.52. (G,0,e)ZE/ A RFEL, geGEZEDIET D, g DALEL (order) ord(g) %
ord(g) := min{n € Njn > 1,¢" = e}

TREET D, Thbb, g 2fELALSHEAIIGIZRES D, TORMEE g DA E WD,
g ZMBFELTHLRMITIZROBVWEEZEE {nn > 1,9" = e} FEELETHD., ZTOR/IMET
H % ord(g) IFMERK co LEFHT B,

T 2.4.53. (G,0,e) 2Bt L, gc GERZTDILEL TS, £245012&0 52615 (Z,+,0)
M5 (G,o,e) NOBMERMER .7 - G, f(n) =g" DK
{9"In e Z}
g DERTEGOEAEEL N, <g>TRT, TNV G OHSREICTHRD Z &k, THEHE
[T EGRDBIZIORE] E WO EH 2432 D 1 5475,
EE 2.4.54. GEME ge G2ZTDILT D, EF2453 LTI 2432 &P
L] ~p—< g >

RAHBEERNEZ 5NB,

HU g DEBPERRTH B0 01E, ~p FEFFIT—HL,

(Z,+,0) = (< g >,0,e), 1+g

RAHBEERENEZ NG,

H U g DNBPERDME m 251X, ~p ldm 2L UZEGRMBBKE = mod m & —3L. U

72T
(Z/m,+,0) = (< g >,0,e), [l]g

IRBEBRMMREZ 5ND,
AERH. BRERAUERL 2432 D 2 95 Z) ~p—< g > PHARITH 5 Z L 13K S,
HLWE ~p BESHERE T 5, Thbb
T ~f I/ <> T = 33/

THBERET DL, ~p ICLDFAMEEIIET—REGLRD, Z)/ ~=2 (1E1.33) £4&5,
HEL. 5 TRVWET DL
e~y O x#E
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BB o, 0! AT B0 f(2) = f(2') £D g = g7 BFMEED 2> 2/ EEELTEVD
CHIELT ¢ —e, SHICEY. g OMBIEERTH D, ZNTHRENE AT, (RBDYE
RTHIUE ~ FEEET5)

g DEEAHEIRE m 722 L& S,

’
r—x

:gmt:(gm)t:et:e:gz:gz/:>fo$/.

W, v ~pa! EIRET DL, HITEST g = e X TRRDODD, WEEDPS 2 — 2/ >0
ELTEW, 22T, MUY T EWVWSEU TIED B0,

z=r modm=zv—-2' =mt=g

-2 =mqg+r, 0<r<m

BB g & LD (FE1.24), T5&

z—x'

e=g"" =(g")og" =elog" =g".
miEgn =e ERBIBRNDM>1THo7ZDIZ, r<mTHhDg =e THD, ZNIEFEL
TWVWEDTIERL, r=0THD2LWVI I LERERLTVE, (mIF1MEIZE oL EDE
IMETH 572705, )
Thbb -2 EmOEH Thbb

x = 2’ mod m.
FoT. ~y &= modmiF—HI 5, O

% 2.4.55. gD L LTO) M, <g>D (BEXLTD) iz —27 5,

FEH. g DA m BERD L &, Z/m =< g > TH LD SHHLDILDOHIZ—HL., Thidm
Thd, O

% 2.4.56. A (G,0,¢) DIt g DREIZHRTH D, G ORBOWIE 15, LihisT
7O — ¢

MKALT B,
FEH. S5 VY aDEM 2446 % G & H=<g>IINUTEATHIXEW, O

IS VYaADERTIE, GHPHETHL IV INVIZHbONTVWS, /4 FTIEIDLS
TRMBEIXER D L7272\ (Gyo,e) ZE/ A R UL, 00 % G DILTIFRWMERDR S LT 5, o
%

VgeG gooo=000g =0
T oo IHILRTNIE, (GU{x},0,e) IEE/ A RTHY, GEHAHE/ A NELTED, L
7= o T, GO EE 1 HPE5] DT, £/ A4 FOEHE UT G DAL ZDILDMNED
I BEPRBEGRDVRE 2 T & 3R,
EFE 2.4.57. (Z,+,0) £721 (Z/m,+,0) (Z[FABL 78 %2 KEHE (cyclic group) & W9,

INSORHE. 1 ] IT&VERI NS, EH 2454 12X, BEG Dt g TH
MENDHARE < g > FKEFHTH D, Lh>T, —mTERINEHEZKFHEE ERZ
N
IE 2.31. B (Z,+,0) ® + L AV ARXF TN 7 EOREREGER ~ L, $5 0 LA LD
m PFELT ~E = mod m IZ—3T 5 Z & a2t
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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=0.111111111--- 1
1/10=0.1 AR FEREERER 1
1/11 = 0.0101010 - - - 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 BRI

HORNHIX, MPEHHZEDTH S, B8, TABWEZRD & 5 2MRN7ZE D% HFKDE
TIERSZVDR, WS DN, BPRMICEHORBICNn L EDRWTH > 72,

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

1/n DEOHHEZ /NGBS 5 &, AR/NUZR 2 D EERNIIZ R B0, EH 61 THD
ZEMHIONT WS, ERIZEHRELTAS L, KM21DL5124h5, 22T, THR] £HFW
DA RNGE B e &, A eENZ0REZr o1 EANIZRS L& T, TORM
DEX2ZO®HICEN, TTEHEERE) EB W20, INEOLUT A O HIZHEER U R\ H
HBLED, TOEIZRT, HIAIE1/12 TlE, /INEERIX 083333 - 22D T, FEIEEREBIE 08
ThoZOREIIZ2T, FAIX1 THS, 1/16 = 0.0625 Tlk, 0625 ZIEIFEREB L A% LT D
EXld4 275,

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

I8 2.32. LOKZER T, n & ZO/NEROM T L DBIRIZOWTI I E R THEITL,

KRz, n 32 TH 5 TEROVERDOKHTIE, 1/n IFFEMERBA < MEERL. ZTOAMIEn -1
EEIDEBZENARD,
ZOHiTIE. ZOHEZIIHL THAS, O, HOBMSPERIZDSDND,
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BlZE RO &S BN 72D,
i 2.4.58. 1/n O/NEERD X U TRAIK D 32D,
1. AEn — 1T,
2. n DREBUUNDRHTIZ, AMIEn — 1127225 2 &3,

3. n BBEBORHZIE, AlEn—1%2#2, (ZD TE#EZ] 2WH5DIX [EhEs] 20w
BERTH5,)

4. A o(n) 2ED, 2212, ¢o(n) &A1 7 — OB XN ST, 0,1,2,...,n—1
DI>HTn EEWVIELRYOEBEH DT, (INrs 1,2, 313772561/, )

5. BR/NIZ AR B DIk, nD¥2% x 5 (st X O LA EDOEE) DL &, OZT DRI S,

6. FMEERIB D DEZIE, IRDELSIZULTKRE D, n%& 2 &5 TEHNDLZITE > TREED

iR LT

n=2%x5"xm,
ZZTmiX2TH 5 THENRL, LWVWORIZT B, EFBRBOEIIE, s, t DRKEWV
5,

2.4.12 FH#EFZ/n & (Z/n)*

17 D/NBUBBI A EH TS &, RO K> 124 5,
1/7 DR (K 2.2) 2 LOAPSETW &, IRDESIZR>TWVWD,

1x10+-7=1 &3
3x10+-7=4 4R 2
2x10+-7=2 &R 6
6x10-7=8 Rb4

4x10=7T=5 &V 5 (22)
5x10=7=7 &1
1x10+-7=1 &R 3
FOMOIRLD, RODOHHZHIELRNOEETEL L, ROIHIZHobES,
x1=1, = (x;o1x10)mod7 (i=2,3,4,...) (2.3)

(
(
o)

it 5 amodblE Ta 2 b THI-ZZRV ] 2HobT., ZOINIZ.
(z)7,%,[1])
BAEE)A RIZBWT, #ibX

21 = [1], Zm = Tym—1 X [10]
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IRV R TY W)
0O

[
~ @

MW
o=

B 2.2: 1/7 D 10 #ENBURBH DO EH

EIRNTHEOSNIBINIED SR\, #£-T

xy = [1], 25 = [1] x [10] = [10], 23 = 2o x [10] = [10]%,... 2, = [10]™71, ...

AN
0=z, 1/n O/NBIRBIIZIE
z1=1, x;=(zi-1x10)modn (i=273,4,...)
DEEDD SbND, ZHEE/ A F (Z/n*,x,1) IZBWT
;= [10]7Y (i=1,2,...)
ERHEL TV Z itz 57320,
‘%bT\ /J\&)EF%OD’LM}E% a; &:j_%)t 1/n=0.a1a2a3~-~ &

a; = (x; x10) +n O (1=1,2,3,...)

L:J: D €Z; 75)6*&60 if:ﬁ”ﬁb:\ a; 73)6 ZT; ti
x; = 10771 x (1 — 0.aza2---a;_1 X n)
={10"t x (1/n — 0.a1az---a;—1)} xn
= {O.ai+1ai+2 s } Xn
TREL, i BEPL TV L X0 [} OTIROEED LA7: . o OEBEOUNEERL
B U T ORI OEE a; DIED EFWIZA U TH S, HlZIK. FARIEARUZL, FERTSOE
TEFELTH B,
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WEH U [10] 2 cDES B (i 2.4.9 2H) (Z/n*, x, 1) IZA>TW=&T 5 &, [10]
OAEIIERE s £ 725, ZONEPES] 2, DETH O, FEFERL 2 PRI R,
MEH 2.4.54 DIFFETH 5., (e=¢%g", 9% ...,9° L, g° =e,... LTEERT 5. )

Tk D, MOMENRE X7z,

iR 2.4.59. n ZHARKE T 5, [10] € Z/n BRI L TAHTH D L &, 1/n DHKIERH
EHFEIARIZ 22 0 Z O FEIE [10] D Z/n* B3 (BUCBET 2) fufuc—%7 5,
% 2.4.56 LR EIA NS,
% 2.4.60. LOFRMEDE T, AN Z/n* DAEONEE 735,
RDEBITG LW, VISFREBEROMNGEZ LB LT 5,
T 2.4.61. (Z/n)* ={me€Z/n|m & nFHWVIF}
0&nDEAANBIER THY, 0L n> 2 FHVICETRVWI EIZERELTEL,
IERH.

CxEED (EVW S0z Uzo, [(Z/n)* C{meZ/nim & nFHE\WIHE } ZFEHAL

F9) LWVWOHEKRTHS,) me (Z/n)* 2L >TI LD, mEnDVHWIETHDZ
EERREITRW,
HHEZHWS, L. m & nDPHWIRETEP 572875 m & n i3 d > 1
PIFEL T m = mod, n = nod £7%2%, m OR[N S, HD a € Z/n BMFEL T
a-m=1MZ/nTHEDLD, a ZBHELESL, (a-m)modn=1EWVW5TLTH
5, ZhIE, HBEBb BIFIELT

am+bn =1
LB EFERLULT WS, (am & n THSZROD1EZDS, am—11En THND,
am—1=qgn &FHE VL E, —qZbTHNIXRL, )

ZZT. am+bmlZdTEOENEZDIZ, 11dd>1TEHY ENRWDLSFIFETH D,
EBE. m = mod 1D n = nod DT am + bn = amod + bngd = (amg + bng)d TH
d DfER L5,

DEED, AN OILEESTLDE, mMEZ/NTH>Tn L HWIHETHD, IRDEM
2.4.62 12 &N
am+bn=1

BT T a, b DFHET D, TDLE
am = (=bn+1
X0

am mod n=1

@ :=amodn
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LB L DiEELT

adm=mad =1

ESzUMZ m IZA# T, me (Z/n)%,

EHE 2.4.62. mn ZBHBL L, TORARNEE dET DL,
{am + bn|a,b € Z} = {cd|c € Z}
N AIRVASN

% 2.4.63. LTd=1. T72bbm nBHEWVIZERE X am+bn DRIZEREIIBHIL. &
TOBETHD, R
am+bn=1

B ES5Ra b VDB,
FEFH. am + bn DT 2BEE, £ TIdOHBEETHL, THhTCIEE ATz

DZEWVWI, m=n=0TIERWVWET S, am+bn OBIZPITBILEOEHDS> L, B/NOH
D eoTe=am+bn £BL, el FdDFEHTHE205e>d, e mn DAKETHS
ZeEEZX. dZZEDELOIBBEDDORNTERRKODEDHEDTd>e, o Td=c &3,
agm +bogn =d &7 >72DT. (cag)m + (chp)n =cds &> T DIFWVWZA 5B,

el m,n DR TH B Z %3 ZLHIEED S, WE, m % e TERLT

m=qe+r, 0<r<e—1
ETEB, §5&,
r=m —qge =m — q(agm + bon) = (1 — gag)m + (—gbo)n

R rbadm+bnDBIZRES, eld. ZTOEITHE5DLEBEDEKOFTHR/NDL
DTHo>T=DIZ, 0<r<e—1Tdhb, r>07 Lo, eDROOIZr BEeNZITTHRD
T. FETHD, Thbb, r=0LSNIHD 2\, TNlEm b e TEOEND Z AR

LTW53,
FERIZ, mEn DEEHZVONDRZ D n e THOENEZ DD S, LoTeldm,n
DRI TH 5, O

FR 2.4.64. LOEMIE, BIHA T 7IVEBOERL L TELZXDDNRY (84.7.3),

AR 2.4.65. LOTEHOGEHICIE, NS RIEERDH L, n=0%m=0DLE, ZTOmAR
HEITE D ERET DREN Tn=m=0DRHIE ST BE0n?

BEIX, 02 mOBERANIEMET S, XoT, 02 0 DRAAKEIZOTHE, m=n=0
DRFZIE EOFEIIEHEZ 200 (EZTHFEST 220 7) 2, fimiEEL W (ZBEHE»D X)),
% 2.4.66. #(Z/n)* = p(n). TIIZ, ¢(n)1F0,1,2,...,n—1D5HTn EHWVIHELRD
DD T, 74 Z7—DEH LTINS, (ME2.458 ZEHS5ONTVD, )

KRz n BFEER 61

(Z/n)* ={1,2,--- ,n—1} CZ/n

Toen)=n-—1



72 Hom <, Bl E/AR B

ZHITAE 2.4.59 L ZDREM S, &M [10] € (Z/n)* 1E. 10 £ n EWIETH S, T
BOHn BERBELT2H 5BV ENS 28 THD, ZOFKMEDS T, [10] DAL
1F o(n) DFEEL 720 1/n O/NBURFNZZ OB ZE A L UTHERT 5, 20 Tn & 10 AP HE
WIZETHDH L ED, i 2.4.58 DRI Nz,

RIE 2.33. (oXif)
A 2.4.58 & FEAAHE X,

2.4.13 EREOEE ERBEE

TEDREERE ) 1 NIZHARTEELRHAIZWS 202H b, TDS5H5D—2iF, LTHRAEZES
WZEHZBWTIE Teofi] WS ZNFNOnomED, [HEKRORE] &\ kot
BEEECEELTWAI N ETFsNS,

o EO—2iz, TTIHERE L 3V NF 7V RREEBEGR] EWS 00 TTEREBOR] &
WOENR T VEER E ARBERIZA U (£ 1.3.3) THD L WS ZenEFons,

9, BEUEME T

f:(Gr,01,e1) = (G, 09, €2)
MEZONEE, ~ BEDIDIZREDINPER LS,
E% 2.4.67. (Gl,ol,el), (G2702762) %‘:ﬁt b\ f : G1 — Gg %ﬁﬁﬁ—ﬁ@&—d—éo f 0:&5 ()
D% f D#% (kernel) & W\ Kerf & #EHL, 77205,
Kerf := f~!(e2) = {x € G1|f(z) = e2}.
& 2.4.68. LORNT, a~rbsa NIL{erf b.
FFEA.

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

% 2.4.69. LT f PR TH 2 BETDFEMIE, Kerf ={e} THDHI L THD,

ST, —MRICHERBL OB DT L 2 2 H%, FIXERBORE L XN 2Rk 0T &
A

EFE 2.4.70. ¥ (G,0,e) DIHHE H MERE 53 (normal subgroup) TH % & 13,
Yae G aHa '=H
ThHhbdIL,

EE 2471, LOESHR
VaeG aHa 'CcH

CUTHRAMETH D, 8RS, aHa ' CHTHBEMN, TDEEQIFMEETHEDS a DR
bhizg 2B E
a 'HacC H
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EIRBD NS a BT TENS o ZHIT S L
H CaHa*
Ly, mODOWAEREKEEDET
H=aHa™'
MEADMNOTH D,
Bl 2.4.72. f: G — G ZHERM L 5 &, Kerf 13 Gy DIEHIOREL 725,
AERH. [S1):
a,b € Kerf = f(aoy b) = f(a) o f(b) = ez 09 €2 =3 = ao1 b€ Kerf.

[S2]: e; € Kerf I& [HC]f(e1) = ea 2D,
[S3]:
acKerf= f(a™') = fla)™! = ey

fit>Ta ! € Kerf.
UEX OISR, £/, FRIZgcKerf 2FoTE 7L &,

flaogoa™) = f(a)o f(g)o f(a)™' = fla)oezo f(a)™! = ea.
X oTaga ! €cKerf, T7bb
a(Kerf)a™' C Kerf.
LDOEELY Kerf IXIEBRAEEL 725, O

B (G o) ITRU, ~ B ZDOHEES EOHEE o L AV XF INRFAMBKRTHE LTS, T
Y. T 2.4.24 17 X b pEEEA D pgHEE BY

q:G—>G/~
VERIN, ~v=~, TH 5, Kerg =[] TH BN 5, gl 2.4.68 X DIRDEHDHETENE X 5,

EHE 2.4.73. (G,0,e) ZHf. ~ % o L AV NRF INVRMANEREGE T DL, H =[] I& G DIE
BHABETH D, ~ & ~L1E—HT 5, oT

G/ ~=G/H

R AN
W, H DG OEBBABTHIUL, ~§ ido & a Vv XF TNRFERERFRTH D,

G/ ~L=G/H

BHEERD. ¢: G — G/H 3RERGH L5,
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FEMH. BP0, H BPEBEABO L & ~L Lo NIV ARF ITNR I EDAREIXL N,
a~ba hpob LY siE

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

PAEIZX D, BEEOEM 2.4.24, well-definedness DFEHE 2.4.30 B & OFEDHE[F T EHE 2.4.32
WBIRDESIZEVZ 515,

EIE 2.4.74. (G,o0,eq) ZHE L. N % G DIERTHDHE L T2 L. BEH
q:G— G/N

DREERM L 202 K5 TIHHF o & OB e L HIHEHA ()7 X G/N TEHI N5,
ZDOrE, (G/N,s,eq) % GD NIZLBER LV, ¢ ZFHERTLE S5,

EIE 2.4.75. (X,ox,ex) M U, N % X OIEMEOBEL T, ¢: X — X/N % pgHaFER
bl N 'ff%ﬁ@ﬁ (Y, Oy,ey) t{f%@ﬁ@g@ﬂ f X =Y %%i%o
HHERAL L X/N - Y ThH-T,
f=hogq
25 MHEEZH DL DIWMFET 2 BB 5,

N C Kerf

LIRBZETHD, TDEE, hIFEE—DIZRES (LIXLIEfTEINSG,)
ZOWRME f B well-defined TH 2B L\,

EHH. EHL 2430 S DEELDIFFETH B,
a~y b= fla)= f(b)

AT SN
atbe N= f(a™'b)=e

LEWHZ 5N, N CKerf EEVHASNEN5TH D, m

EHE 2.4.76. (HOEFREM) (X, ox,ex). (Yoy,ey) ZHE U, f: X = YV RIHHER
MPEZ S5NETE, f(X)CYTfIZEd X DBfERT, ZOL X,

L f(X) XY OMAHTH D,
2. N :=Kerf 13 X DIEHBABET, ~5 ldo & a VR XF INRAMERRTH 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,
WA, N BEERTER S,

NG OERMAHTHEZ L%
NG

Thobd,
fIRE 2.34. [{/#E 2.25 2BV T,
Exp: (R,+,0) — (C*, x,1)
CHREERIBE R 2.4.76 & AW D Z & T,
(R/Z,+,0) — (T, x,1)
AR 52 X,
fEIRE 2.35. #ffiiz & 5 &5 G4
f(Cx 1) = (R, x, 1), f(z) =]

PHEERRITH S Z & 2R U, FRERTEHZ HWT

C*/T — Rxg
RAHRBMEEE T L, T2 R XEOEHDPHEICEAL TRIHEZDHDT,

T 2.36. HARM 2 € CITHUT HE2MESED I LT .CY/Rog — T 7% DHFFARLZ MK
&,

BIfE 2.37. K ZEHOEER £ T2 (—RDIEKTH L), 751K A — det(A) A
(GL,(K), x,I,) = (K*, x,1)

IRAMERMTH B Z & 2R,

THIRD 1 TH D &5 R175I0D%T GL,(K) DEIEE%E SL,(K) (FIRIERE, special
linear group) T, SL,(K) 2 GL,(K) DIERHAHTHS Z L %R U, GL,(K)/SL,(K)
MEATLRE L FRIRUT 72 5 Edid &,

2.5 &, &

BRERDERZT, FED UTHBIZRRTEL, UFTIH BRESo7256 THAER] 245
(

T (k).
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EFE 2.5.1. B (FFfring) R&X, £FAERLZD EOZ DO ZIHEE +, - Offl (R, +,-) T
HoT. MO=ZDORHE FRORLEND,) 2iE-THD,

1 (R,+) 3tz nd, ZO¥MITE 0c RTHODT,
R2 (R,")13E/ A1 F&2%d, ZOHAITE 1€ R TR,
R3 (BUEAN) {EED a,b,c € RIZNUT (a+b)-¢c= (a-¢)+(b-¢), a-(b+c) = (a-b)+(a-c)
DEANLT B,
T 51T,
R4 (BHOWH#ME) (R, ) DAHRE /A RTHD, T8DOBMERD a,be RIZHLTa-b=b-a
MO DEE, REWHERE WS, WHERTRVEREZIEAHERE WS,
(R,+,") BB (5T [R1)-[R3] 2W7%=7) ThdLE, X512
F £/4 K (R,1)IZBVWT, 0DHI%EA R— {0} IBIZOWTHZRT

-3 & (R, +, ) ZRHA (skew field) &\ 5, BV AR TH S K574 (T740bbH [R4] %
729 & 572) RHAZ ATH#E (commutative field), F 7z 1Z BT (field, H Korper) &\ 5,

Bl 2.5.2. Z/n \EAHER L 725, ZIXNERTH D, Z/n ZIZINE T BB RS N TINERIC AR
% (#12.4.8), (Z/n,x,[1]) BE/ A4 RNTH5Z Lbl23.23 TR, HEIEA R3] 2RT
EAAV AN =

(la]+[b))e] = ([a]-[c]) + ([b][c])
ThHdH, Filld

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

THLIZ—HT 5, (g:a— [a) PZDODOHHEL IV NRFTNTHDE I La2MELHW, )
BO AL [R4] 2R DIk, FiH IR 5,
Z/nZBT B T, %, [0, [1] & EEEIZ 4 x,0,1 LErND,

W 2.5.3. (Z/n,+,x) \FAHERTH D, ZNH KRS 705 BE+HLRMEIE n HEET
HHILTH 5,

FEHH. TR L 22 B0zl 0 IS DIEDY (1 2 EA) BIZDOWTHWIZAR S Z BB ED D+
NTHD, %2466 12ENE Z/n B0 HILIE. 0,1,...,n—1D>3HTn&H
WIZETRVWHDDDERRTH S, n BEBZRSIEZTNIE0DATH D, n BEHTRITNL
O MAMZBEIFIET B, ZAUTK D, FEAHETLA 07 THEBEF DML, n DERTH S
ZeThb, O

AR 2.5.4. ROHGMIBIT L, A TTIVEHRBRO—BGEREMES & Z/n HEETHDHI LD
FERIE K D BEIIC 5, Thidd e TN,

JESIIZIE, B - B ARIZ L AR R Z R 2D S b b 225, (N, +) IREHED
E/ A RTHRV, 0BFERINT (NU{0},+) &hoT, E/ A FIZotz, ADEIFERE
NT(Z,+) FHEEE 2o T,
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ZorE, (N +,) 3ONT(Z,+,) wdafirl o7z, LML, TR EEETIEZ
Vo 0 BMADIEA, BICZBES 200 & R R T UXHRTIRRVWDTH 5,

ZTIT. ABOFEPZED, (Q,+, ) kL o7z, ZDKREGHEUA (rational number
field) £\ 5, (R, +,-) BT, EHUK (real number field) & FEIEN 5, (C,+, ) BT, &
FEUK (complex number field) EIFFIEN S, UL, MRS LTo TH) 3ok
Do, AuTIZED 19HRIZEZ 5N,

2.6 EBER

A T2 B E/ AR PG RAONZEE, ENED LITHZITEI Vo R
RS 2 HEN N DD b B,
T 2.6.1. G,Go 2377 (FRIFER. E/AR B 95L&, TNS5OEBEE
Ny Gi x G LREINDY Y (FRFERE, £/ 4R ) PROE S IThkEns,

1. BB, G DBEEAL G, DEEASDESL U TOER, T4abb,
G1 x G2 ={(91,92)|91 € G1,92 € G2}
2. THEEEX, KW O, Thbb
(91,92) © (91, 93) = (g1 ©1 91, 92 °2 g3)-
3. B/ A4 FNOBE, EEOHBAICIX Gy, Gy DHRNLITLEURTZE D (e, e2).
4. EFEE /A FIZBWT (g1, 92) AW TH B MBEHEMIE g1 DG Ty g2 B Gy T
AHTHHIE, ZOLE, Witk (g7t e ') THEXONS,
Rz, BEOERIIRHIZ R 5,
ZDODEG,Ga, Gy W Z 6N &, Gy x Gy x Gy bAMKICERI NS,
G1 X Gy x G3 2 (G x G2) x G3 2 Gy x (G x G3)

Ynb, (= EBEOR,)
WREACERLEZS5NB, AEEEE L. (Ga)res 2B (HBVIEY IV, BE £/ A
R) DL T 5, 2o DK
[ e

AEA
ik, BEAL LTI G, DBEEADEBERZ LV, HAZEAOETEREL THONS, Thb
B TGl (ga)aen BBHITHD (RTDAEAIZHLT gy € Gy 2—DFTORATAEARLS
D)., “IHEEIX
(9x)aea © (gh)aea == (9x © 92)rea

THEZ o5,

G, Go DZ DTN NIE, Gix G DI EHLREL Aoz RatEs, Z0kd, K
HOREG ZERIORE G, G, ..., G, DERMEE—MHTZ (RAMEZET) ZEEEL RS,

BIZ X, GLIZBITBIEDOMEL, Gy \IZB T B DM ED S, FDEEIZE T 5 DM BUTIR
DEIHIZLTHEES,
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T:?:‘EE 2.6.2. Gl,Gg %’:ﬁ&—&éo ZDL &, (91,92) € G1 x Gy OD’fj%-Ui\ g1 OD’fjﬁa g2 D
P DBRNRAEE L 725,

FIERA.
(91,92)™ = e & (9", 65") = (e1,€2) & g" = €1, 05" = ea.

ZDHBEDEMIE m S g ONETEID T, D m b g DA TEVYNE L VWS Z 2T
HB, (72U, BRATHD SNIBUIERRKOALTS,) ZOXDRB/ND m BEHE K
O (91792) @fﬁftﬁf:i)\ %ﬂﬂi g1, g2 O){jéi@ﬂgid\i\\'f%ﬁcz tif)‘t}? 67’3?11\0 O

WERIZ, G G1 x Gy 95,
G1 = {(g1,€2)|91 € G1} C G1 x G2

THENO, 11 : G — GRDPHPERIID D 5, FRRIZ, 19 Gy — G 725 FGHFEHER Y
MHd, WMoT, GG x Gy EDBIEHD—DODMELME LT, GIZ G LR ZERY
BE 01 (Gh) & Gy IZRBIRIRATE 10(Go) BEND ZENBHIT 5N B,

ZIZTHIZ, G1,Ga < GRB_DDEHNENREZ 5NTZL E, G (g1,92) — g10ga B

G xGy =G
RAHRAME SR B72DDRMEEZEZ LD,
iRl 2.6.3. G, Gy < GHHEZOoNE &,
h:G1 x Ga—G, (91,92) = g10 9o

DA & 752 2 B4y S R 1,

1. G Dite Gy DITiEal

2. G1NGy = {e}

3. GDERBDITN grogs DI (g1 €Gy,92 € Gy) &EIT D
D3&MEH-TZETH D,

SRR, BEMIZIROBED, h: Gy x Gy = GWRAMTHZ 25, g € Gy, g2 € Gy XL,
G1 X Go IZTHBWT

(91762) © (61,92) = (91,92) = (61,!]2) © (91,62)
Thbd, IN%E hIZE->TGIZEDBE, h DIEFRTIM:D S

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

7’:’_‘\733‘\ Zhix g1°99g2 = 3g2° g1 L:ﬁﬁ@ 5780 (61 = €9 = €@ 6:{:{%1:\)0
hASHEEITH B 121, %2469 &0 Kerh = {(e,e)} BBEFHTH 545,

(91,92) EKerth & gioga=e & g1 = g5 € G1,Go

LIRBDT, G1NGy = {e} TRIFNIXI DIEID DHEAICTRWIL g ZHNWT (9,970 €
Kerh &7 0, HETRW,
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BBEOWEIZ, hO2EHEZDOHEDTH S,

Wz, TNS3DOMENHRILLZE UL D, h OFFERBIMEIL G, DIt e Gy DILH Al
THDIENORBITHS,

HHEIX ETRZE 512G NGy = {e} £ DR 24.69 ZHVTRES,

X3 FBHOSKMEZDOH D, O

EFE 2.6.4. G1,Go < GIZRL, ETEHEINT
h:Gy x Ga—G, (91,92) — g1 0 go
DBREER E o TWnWB &, TGP G, & G, DERETHS] W\,

ER 2.6.5. LITEHELZ TEFE X, Z 20825l LA HE2BRT 3 HiETho7-, 22
TEHEL NEE] L. PABOREIZOVWTOER (AF— AV N) THbB, LEAST,
ZOMZIZES HDRDTH 5D, AUERHL WS SEMEbNTWVWS,

T, KO —RITIRDIRALT B, FERIIZFHHE I E 2 E D,

RE 2.6.6. G DWMDEEG,..., G, BE526NT22T 5, flg1,...,9n) =g10g20---0g, I
LV EZOSNEES (BERBLEITES W 2 IZHER)

fZG1><G2><"'><Gn—>G

DHEFTITH 2 72O DMBE+HFME, EROMHRERS G, G, I L. G, DEEDOILE
G, DIERDTHATHE I L TH 5,

ZD&E, fPRNTHEIMLETDERMEE (geGi (i=1,....,n)ITFLg - -gpo=e&
BEDIE, BTOD g BHEMNTTHDE L EIRD] Z&THS,
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BITFE

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

3.1 XIFREE
3.1.1 KEE;-ADDfE

BE X EOXRFREE Sy 2525, ZhiE, X 26 X NORHEHOE/IZ, GHROGK T
HERAERZ LD ThHo72 (H124.13), WE, X 2D 5RVEAS T, U DEF (§1.3.2)
R d5, $782bb

X=TUuU, TnU=A0.

XTC, Sx DL fTHoT, TORKT Oz, UDTE U DB T L 545E DDk
% Sry THRY,
Sru ={fe€Sx|f(T)=T,f(U)=U} C Sx.

I Sx OWAHELIRD Z LIFEFBITRE D, Sr Ditid. U ETRHEFERIZTS (74
bbucUmulEDB) ZLIZLoT Sppy DIEES ZeNTES, FAKIZ, Sy D%
ST,U DILELESIZENTED, ZHUTLD St,Su <ST,U CRRTIENTESL, ZTDOLE,

Sy x Sy = Sru
Thb, MEH2.632HONEZEBILRTIENTES,
B 3.1. FORMT. feSx molk
) =T« fU)=U

R,
FHZ X DERESD L Fi3,

JT) CTo f(T) =T
ThHsHIZLrRE, ERELSDEEDKHZEN,

B 3.2. X ={1,2,3,...,n} D Sx 2 S, L FHEW=, Hbitoe S, NGAoNZLE o
ED & D7 S, x Sp, x -+ x Sp, IZA2 TWBDZEFR D DK 53i# (cyclic decomposition)
Thd, WE. X =[], T) eI N T

(TEST1XST2X~-~XSTk

ETERET5, HER, 205 X OREDS 5 THREMIVWEDEELZLTH S,
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1. X Dty RITHICE B, ¢ € Ty LARELT MR Kb B, o™ () € Ty (m € N)
B R,

2. {o™(a)lm = 0,1,2,...} % a D o-#38 (orbit) &S, Ty % a D o-HEE L7z & &,
o €Sy X Spe R, TTITPIE Ty D X IZBIT2HHEATH 5,

3T =05 INTHEDLY, TH5TRVWELT, TR oLREIZt, 2L 5, ty D o-Hil
BTy &35, 56L&,

o€ Sp, xS, X S(TluT2)c
THsZLzmrRE,
4. TOEHHT, A o-PilEZ L > TNV T &2ITLD,
o €S X xSn,
T, lZENE o-HiE, LW LS HaREINd, ZWDBFEDORRE G R 5T & &kRYE,

EonfEElTS L,

0 =010020-:--00L

IR, o HEIZAMRT, & o, 3T, EOTEMABICERT =29 27T 5§28 (T;
EOXKE EH# (cyclic permutation) & £IEN D) o TWd, ZD &S R, o DIESE
BHEDL>TWEHDEXA LRI —ED TH D, Tk o DKEIEADIE, £
T AZK B D LN D,

RIS 3.3. 1T, o ORI, o) DEEORNMERL THbb #(T,) ODBNMETH % =
YRR,

XFIEE S, DIt % B (permutation) &\ 5, E#E BRMIZEIET 5720, WL 2D DL
LB AT 5,

EE 3.1.1.
Bt MHERZ 0 1<4i,j<niZdl, (i) Tlizjz ANz, Mizzoxx] 20D
S, DtaERL, li & j OFEH] (transposition of i and j) &\,
(@)@ =4, @)@ =1, (G)k)=Fk (fk#i,7).

KEBER HELD mADOERE L <iy,....0m < n TN U, (i1ig- i) T Ty & ip 123
Dy dg B g \ZIED ., ol o1 B g (IR D gy R4 183K D, MO EDE EHNS
W, EWVWOEHERL, mIROKEEH (cyclic permutation of order m) &9,

HH#E, m=2DHETH 5,

T 5,
i iy e in
Ji1 J2 o n

EWVWSFLIET, iy & j1 WTIED, dg & jo ITHED, ) iy, & g, IOEDEMERT,
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5l 3.1.2.

ZRKESET 5, 1 OHEEZ RS &
1—-3—5—1
Lo TWBENS, T={1,3,5} 1 DOHETHH
olr = (135)
Thb, ZOMBEDOHZHB2%LD, TOHEEAD L
242
YRBHS U ={2,4} £ i
oly = (24)
Thd, ZOZDDPIET {1,2,3,4,5} ERKLTVWBHDT,
o = (135)(24) = (24)(145).
ZOmOAMEIE, FI#E 331250 LCM(3,2) =6 Th 5,

KA RD L h7zid, & 5 b b &K EEROIEZRD AN (LOFITE> & (135)(24) =
(24)(145) 725 —3@ D) ZRWT—ENTH S, Tid, TPuBEIZHET 5] 205 KEDED
AEOMALSHLNTHA D,

S, DILOMNEERD LS, 1 DITEHDOENHIEn B HD, TNERDZ ET, 207
W EZDE 1 DITEREBEELRVESIICLAEVERSRVDOTn-1EYH 5B, 3DITE
Fldk, 1,2 DfFERTDEHELBVE I ITERIBVERSBRVDOTn—21EYH 5, m ik
HG{1,2,...,m} 25 ntHEAE {1,2,...,n} ~OHEF O

wPmn=nn—1)n-2)--(n—m+1)
BOHB, S, DITDEIETm=nDLEHRDT
#(Sn)=n(n-1)---2-1=nl

Thd,

3.2 HIEHE
FHGDILa,bBEWVWIZHETHB LIE, HDge G VPHEELT
a= gbg?

MOV DI L THD, ZO_IHBRIEG LOFRMEBEKRTH 2 Z EVNESZITH O SN, H
‘EAREIFIEND, I Tk

@ ~conj b

TXRY, ZOMRMERERIZEBFRMERZ, HEEL TS,
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B 3.4. HELRTOMBIZEWIZEFELWZ &2 RE,
T 3.2.1. 0 € S, L, o ZXKESEL T
o= (EXr OXEER)(EE ro OXK[EIERR) - (BE r, O E )
LLized%, 22T, EREANEZT
ri2ry >z 2> 1
Y4B, ZIT, o BEIHSARVIE LI LTI, BE—ETH 0 (0) AT L A 0 HE
DRIZAND BB WA, BRIZZNETRTHEES LT, 125 nDRTOLD (Bb&
S —ET D) LONRICENE XS TR TEILIzT S, ThbD
rit+retoFrE=n
YiB, ZOEE BOB (r, 10, ... 1) & o OKFEDRE L NS,
R 3.2.2. S, D DDA TH 5B ETDSME. KEDRENECTHE I L TH S,
G (M) a,be S, DREDEAFEL & T 5 &,
a:(i1i2"'irl)"'(jle"'jm)a b:(5152...Sm)...(t1t2...t7.k)7
Y75, ZIT, geS, %
G ily P> 81,00 > 89,03 > 83, ..., by P Spy, e, J1 B, 02 Ty e, Iy o

TREET DL,

g_lbg:a
ERBZEDRONY, HHNKDBE, E5U0TEIRENEVD L, HlZIXis D g lag T &
HiTEHLrEbBonTs e

. g b gfl.
13 V> S3 > Sq4 +—> 14

L,

ig r iy
HLTWS, EOTTHEBEZ, ¢ bg IT&BED S alZ&B%0 HNR—HTHIeh
b0, FEHPERT 5, O

3.3 FEARIREE

m,n ZERRE T B, qpn : Z — Z/m ZNEHED SHEFHAORGHERTL L § 5, Kerq = mZ
THYH, mnZ CmZ THBEDNSEH2.4.75 £

Gm : Z/(mn) = Z/m
MABERBINEZ 5NE, ZOE/RIL

[a]mn = [a]m
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THZO6ND, FLFAX, mn THI-7ZRD %2, T5ITm THE-ZRVIZEET LWV
BEHTH 5,
[FRRIZ.
Gn : Z/(mn) = Z/n

NEZoNb,
EIE 3.3.1. (HEAFEIREH)

(G @n) : Z/(mn) = Z[/m x Z/n,  |a]mn = ([a]m; [a]n)
MERPTH 2 BB AEMEE. m EnDPHWIETHHILETH D,

FERH. M s ZOFEBROEEDIG [a]pmn EFEADE [alm =0, [a]l, =0 &85, ZHiE, a B’
mTHnTHEOIYNEZ L2EKRT S, ZNEaDmn OAEHRE WS ZETHEH, H
WIZETHD2E mn OREFEERD, H#65T [almn =0, R2.4.69 &0, BHMENF R 72,
WMAIETEDED mn DARESTH D06, BEHEMEDL S RHMERES (f# 1.1.20),
RBENE :mn DHEWIZETRVWE TS, mn ODRNAMER ol mn KETHY, /o T
[a)mn 0 TH B, ZHRRMEHTHZ95 [a], =0, [al, =0 TH D, > TEITASHALIT
TR\, HEo THEHTR S R0, O

ER 3.3.2. (G, Gn) WHIEEEEE IV RFTNTH D, o Ty m,n DWHWIZHERE EIT
W$E#EE LTORBTH O, BIZEETSAE/ A RELULTORBTH S,
(BB &S ICBRFARTH S,)

INEHAVSEE, A1 7B pn) ZRIRANHETEZ N TE S,
8 3.33. G1,Go EE/ A FLT B L,
(G1 x G2)* =Gy x G5
fERE 3.5. Oz IEHE L,
% 3.34. mn ZHWIZERARK LT =,
(Z)(mn))* = Z/m* x Z/n*.

134 D It DEE % LEX T
p(mn) = p(m)p(n).

ZFEH. EF 3.3.1 DM IIRIZETEE/ A FORMTH 57z, /A4 RKERIZBWT, 7]
WL LGS 205 LOREMHS, 0

8 3.3.5. (Z/(p™))* W& p" —p" HHDILN S5, TRbDE (pt) =pt —p L,

I, p O E 725 0 LA E p» RiEDBOEBD, £AED 1/p THEH5 p" L ATH
52 X0RES,

R 3.3.6. n=pi - plr LENBIELZLE o(n) = (07 —p5 ) - (05 —pe e

FERA. o(n) = p(pt) - p(p) KO HED, O
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3.4 {EH

EHSOESE X ~DIEH LI
f:SxX =X

DIEDEHLDZ ETHo7-, €H 1.1.2212&N0F. ThitE5Ex5Zke
p: S — Map(X, X)

25225 LRFEMETH B, s€ SITHU p(s): X = X THE05 p(s)(z) € Xo TH%E

LERHTEZIENZ W,
5 3.4.1.
X 284, Sy & X FOXHEE T3,

SxxX =X, (o,2)—o(x)

2H5Z%,
K #ike 9%, 1T5IEREHMEN 7 DLV OHITEIZ,

GL,(K)x K" - K", (A,x)— Ax
2525,
EE 3.4.2. EH S, X & SD X ~DIEH
p: S — Map(X, X)
NEZO6NTWVWS LT 5,

1. SHYT T (S,05) THBEE, pA [XFILLTD S DX ADEM] THBHLIEp
7D
(5, 05) = (Map(X, X), )

BB ITRUERBTH LI THD, ISHIZSIERTHEEE [SD X ~NDOEEHE
Al &wo,

2. SHE A K (S,05,e5) LT B, pht
(S,05,es) = (Map(X, X),o0,idx)
BBHE/ A FEFATHLEE, [SOX ADE/ A MEH] W),
3. S HBE (S, 05,e5) EF Bo p i
(S,0s,es) = (Map(X, X)*,0,idx)

MAPMERTITH D L&, 1S D X NOFEH] L WvwS,



i
w
1t
ki

86

I8 3.6. & 342 LAUREL TS, UANZEND L,

L S < (BDWVIXLER) THDLE, phv I UTOEM (b2 \WIFFEEER)
THh 5 BE+55M1%

AB Vsi,s3 € S,z € X, p(s1)(p(s2)(7)) = p(s1 05 52) ()
EARZTIETHD, VR DL,
51-(s2-7) = (s10582) @
ERBIETH B,
2. SHE/A RTHBLE, pHE/ A FIEHE L BZHE D&M, LD ABIZAT
AC p(es) =idx
ZWzT I THD, sV D L
Vee X,es-x==x
-9 TH B,
3. SHMTHDLE, pHBHMEHTH S LIZ EITMAT
AD p(s7!) = p(s)~"
MRILT DI L ThH D,

LA L., 24201280, SHHETHBLEFIZIZAB X ACHS AD IERES Z & h8
Hhrb,

X IZREMEEP A>T WD &, HAHERE (endomorphism) €./ A F End(X) BWEHTE
%o BIZIE X PIERECHNIE End(X) 12 X 226 X ~NOHFRMOELETH D, X MAK E
DIEZER THNIE End(X) 13 X 26 X HENDOMILEHRDEARTH S, End(X) FEHK o
YT idy 12k DE S A RE7D, End(X) OWHE0ES End(X)* 1Za2.4.9 12 X0
s, ZOHLE Aut(X) 2V, X OHAREEE (automorphism group) &9,

Bl 3.4.3. K #{Ke 35, X % nIRTMtRs MVERK® L $5L &, Endg(X) X K" 56%
NEHEAND K B EHRDRIKTH 5, niKIEHITHIOESE% M, (K) Thobd, Aec M, (K)
WU, A% X ORIEN BT 2 5B %

Ly: X —X, x— Ax

(‘_)_2%@—2_)_\
p: My(K)— Endg(X),A— Ly

RABIEFRANEE S,

pM—XN—BMRTHB I Lid, MERETLIHOoNZHETDH 5,

M, (K) 3B TH 5, Endg(X) BETH Y, plERAME 2> TWD ($h?77),

Autg (X) := (Endg (X))™ Zh#5E CERMNEHRORETH Y, GL,(K) LRI >
TW3,
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E&E 3.4.4. X ZINEREE L, S22~ I~ CBEE. E/A4F) &35, vU~ (CBEE. /4
) #E[m B
p:S — End(X)

% S DHNERE X ~D< 7~ (CERE, B/ A R)EHE WS, SHRTHLEEIE, £/ A N
Gk
p: S — End(X)

% S OIERE X ~OHAEM (group action) & W5, TDE& &, X & S-JIEf (S-module) &\
D, pESDXITBIFEREE VD,
p DBIE Aut(X) 1T AD (BIZIEME2.4.20 % f=p 2/ U THEIZEV) OT, BEHERTT

p:S — Aut(X)
ZSOXANOEEHEWS, EWosTHEL,

LEOEHT, X BIERE Uzd, PR E U THHEROERD LI NG, HDWVITE
JAR BHELTH I,

Bl 3.4.5. (S,) &Y ~&LT D, a,be SIZHUT L,(b):=a-blBL & L, € Map(S,S).
ZoLTHExLeND
p:S — Map(S,S), aw— L,
% S OFIERIER (left regular action) &\,
p M3 (S,+) = (Map(S, S),0) %2 7 XWERMTH S L\ Rz ilihd 5 &
La-b = La o Lb
bbb
Ly.y(c) = Lg o Ly(c)

THBH, Zhix
(a-b)y-c=a-(b-c)

LEEEES, TbE, (S,) WERHTHL I SOEFHERANY < EHTHSE Z &
LIkFETH B,

Bl 3.4.6. (M, +,0) ZIMIEREL T 5. f,g € End(M) (X UT f +g,q., 9 € End(M) %
(f +Endn 9)@) = f(@) +u g(x)

TREHT D L. IEREIZR 5,
—Fi. B oIk Y (End(M),o,idy) IXE /A RTH 2,

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

HAEHAT & 20T, End(M) EBEE %5,
M D K SV TH 2 L S BAMOZ ENEX B, FIZ Endg(K") 3BETH 5, Endg (K™)
Y M,(K) OFIZIXERE =N —0 G2 B b, ZhrTFlOEEHER L R 2B TH 5,
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Bl 3.4.7. (M, +,0) ZEREE U, (M, -, 1) ZFHUERIZASTZE /A FOMEL T 5, L,(b) =
a-b&l,
p: M — Map(M,M), aw~— L,

EEZB, TDpIp
p: M — End(M) (C Map(M,M))

IRBNEHOMERIITH 5542 FEZTLTAD L DO5MA:

1. p DEH End(M) IZ A3

2. p WEFTITH 5
Izl ensd,

W& pla) : M — M HPHEZRZEHETIERHERETHE L VWD L THEND

p(a)(b+c) = p(a)(b) + p(a)(c)
WS ZETHY, BVHZAD L
a-(b+c)=a-b+a-c

ThHhiHIETH5,
BEOEME
pla+b)(c) = (p(a) + p(b))(c)
bbb
(a+b)-c=a-c+b-c

Thb, PEEMNZZOLSIZUTHRIZENS,

3.5 #&E

EFFE 351 - SXX 5> XE2EESDOX ANOFERETE, e X Iz, z D S #3E
(S-orbit) %
S-z:={s-z|se€ S}

TEHT 5,

R 3.5.2. (G,0) 2L L., :GXxX X E2GOHLLTO X ANDIEHL TS, ZDL
., CHBARr~g 2 B e G2 TEHT S &, FMERERIZARS, x DET 5 EMESAEIZHE
G-z Th?,

091, [E1], [E2], [E3] ZHEAdNIEE WA, ERBEEL L 20, O

E# 3.5.3. ~¢ CELT X Z2RAMHEIZHEILZHD%E, X O GIZL2HENRE VNV, G\X
TRDY, PEHINME—DIZh 5 L &, FHAPHERRY (transitive) TH D L\,

B 3.7. G 2L d56, GO GANDOEFAERITHRBNTHLS Z L 2RE, (HEAEAS
WBHWTH2),



3.5. W 89

EE 3.5.4.  :Gx X - X 2HOEA~NDEMETL, 2 X IZHL, GOz IZBITHL
EALE 2B (stabilizer of x, stabilizing subgroup of z) %

Gy :={geGlg-z=ux}
TEHRT %o
B8 3.8. G, "G DA TH B Z L &mRt,
il 3.5.5.

f:G—>G -z, g—g-x

A REN T
f:G/G, —G-x

RAEEHMNEG EE I,
EHOHERBER 1.3.25 £ b
Fg)=flg) &g oged,
EEZIBEVD, flo)=gr=gz=f(g) Ty 2BETIL ¢ lgec G ZNEVHES,

Bl 8.5.6. K 2kt L. G=GL,(K) % nIRERTFIOES, M = M,(K) % n IXIE}175]
DEALT D, [THIORK
w:GxM—M

X GOERTHZ L, HIEEAEEIENS
c:GxM— M, (P,A)+— PAP™!

L GOERTHD, UTF, EHIZcE2EZ D, Ac M O#EIX A L& RiTH, THbb
P1AP OEDITHIORKTH 5,

Jordan fE¥EJE L IR XN 2 BHE LD VWDE L, K =C D& EiX, P 1AP % Jordan fE#JE
EWVITBIZTE R Z D bn b, Tk, FED 6 —DRELCZBELTHR-TL S, 20D
KHiED—>Th 5B,

Thbb, ZOFEMAIZLHENEG\M &, Jordan ¥R (D7 0y 7D ANFEZ %[
—HLUZbD) A1 H LIZHELTWS,

ADHIBIZDWT, A e M OREAAMDEE G4 1%, A LA FAIfFHOEKRTH B, /Ko
T, EHL L TOEHE

{PAP7'|PcG}=G/GA

AR
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i

4.1 ROEH

BREMKDERIZEHK 251 THEAT, 2, BREBMWERZEILEZHEDEE S —EEHRL T
B<,

EFE 4.1.1. B (K ring) R&E £E R EZD EO DO IHEA +, - Ol (R, +,-) T
HoT, MO=ZDDORHE (BRORHEND,) 2iE-TH0D,

1 (R, +) IR 203, ZOBAILE 0 € R ThSbT,
R2 (R,) BVREE 2T,

R3 (4EER]) FED a,b,c € RIZHUT (a+b)-c=(a-c)+(b-c),a-(b+c) = (a-b)+(a-c)
DALY B,

X512, IRDEM,
R2 (FOMATEIIENS) € R DBEEL, (R, 1) Bl ARMTLETEE/ A NLAD

iz &, (R,+,0,-,1) Z BB (3K ring with unit) 5,
B (R, +,0,-) IR L T

R4 (BOWHME) (R, ) B TH S, TADLEED abe RICHLTa b=b-a

MDD E &, R Z A #ER (commutative ring) &\ 5, MBI TRWVERZIEATHERE W D,
BALAER Cr#i7e b O &% AT [ HBR &0 S,
BB TH > T, OUANDTEPRIZBE L TlHEEZ 2T D, Thbb5M

F £E/4F (R1)IZBVT, 1£0THD0LSADIEIEE TG
Zhi7z g & E. RIXAHYA (commutative field), 72134k (field) TH D & WD,

PRILWA, EHIDITHEMAERSINT, FUH U TA#RE, BTN U THERET, 20
BRI 7232 D2BEE WD, BIZET 5 RATCHEET 5 & &, BAMEE WS, BT
L Caffile b &, WHIERE WS,

ER 4.1.2. FF25.1 TEHLRIZ. THH5 TV HANETH S, BfE, HIz [B]] &
Wo 72 6 B AT HER 2 54 Z L 2 WA, BUFDEIC K o THEHEDNE S . #1%8# ITIXEL
THLIATH S,

Kz, THAIRYL WD SEEIFEKRI N D Z A%,



4.2, BROW| & BRAER R o1

4.2 ROMFEIRERE

Bl 4.2.1. 1. BEOESZIIMERICEAL TH#ERE 05, BMORAIG 1 HEFMEL, BT
M HERT H 5,

2. Q R, Cl3H#RTH 5,

3. Z/n 1% (AR THEECH B, TSI R 2 BB+, n B THSD 2 LT
H% (frilf 2.5.3),

A REBYTB Y&, {3518 M,(R) 3BTH 5, RIPKMESS M, (R) 525 ThH5,
RAVTHTH>TH, n> 2745 My(R) ZIEAHRE L 725,

5. RETHEIL T2 L. RIFHOEHSEADES Rt XTHEITH 5 (§4.3), R HH
K7 512 Rt 5% 5 TH 5.

MIRE 4.1. R%2B& 95, FMOREMNIT 0IZH LT,
Vae R,0-a=a-0=0
MERANLT S Z & 2Rt

By b IR ITEDERED 0=0+0, HEENED 0-a=(0+0)-a=0-a+0-a i
LI —(0-a) 2R LTHRES,

R 4.2. RPEMHAHERO L Z, (-1)-a= —a 27,

T 4.2.2. MR RTO=12K 1752 T5L. R={0} 245, ZOX>RBEEH
B,

1=07%5XME 41 25
r=1lr=0xr=0
LD ETORXIX0THS, FRIZERZL VIKTIER Y, £/, Big (k) THRW,
BB 4.3. BAKERE RIZBWT, 0P REIZOVWTHELRSIZ RIIBRTH S Z & 2Rt

S5UT, ROERIZE TS [0 PADITATH ] &0 D5 ZMET 0 MRS hiad TER S
IRNHEHR DB,

REMGSE BT AR X, 525N TOEEL IV RFINLEER] DI L ThH-
Tz (B B R IZBVTIE, BX SN TWAEBRIIINE +. MEORATT 0, MY
BTt —, B, HOBMNT1DLEDIBREZ6NTWS,

K 4.2.3. Ry, Ry  (BAY) BRe 95, Ry o Ry ~D (BAALIY) BRYE[E T & X B4
f : Ry — Ry TH-o>T

flatry) =f@) +2 f(), flazay)=f(x)2fly), 3 SCRMNEROHER  f(1L) =1

DD (BNMEROGEIZ=D) 2ilizTHDDI L TH 5,



92 FAE IR
0L —lFEIANVSbR572DNE VA, @EH2419DH 2506 RO —D %N~ L H
FBNZ 0, — X f & AV RF TN B,

% 4.2.4. Rl,RQ & (ﬁfﬁﬁ’\]) Iﬁ%éﬁ?‘%o f Ry — RQ, g: Ry — Ry %EL\&Z%%T%%%
WRIRIE Lz &, fREBRAME WS, 2OX5Q fRFEETH L E. Ry & Ry IFERFART
HBEND,

8 4.2.5. f: Ry — Ry MWERYMEFBINORHPPTHE I L &, BRAMTH S Z & L IXFET
Hb,

FIRE 4.4. FOMEEIIHT L, L VWOIX TBREREL f PWEMH g 2FHOR 5, g HERYEMR
Bz 28] 20, 2111 2MEBIZODVWTENEFNFEZIE LW,

RIRE 4.5. PG4
q:7Z—7Z/n

3 () BRERRITH 5 T & &R,
RE 4.2.6. R WAL 5, BEBERZ » 5 R ANDBEMBERTIINHE—D>FIET 5,
SFEH. 1FAET % EARET D, BMNBRERBZDT 1, 2 15 BT, INERE UL TOMRFEIT
ZDESIBREHEDIER2450IZLOVM—DFETLIDT, HHL Lo Zl—KT 5, T4
DODEFETHIEME—D, ZDRIZBWVWT, FEMIZES L EITiEn s gn EFELIH, TEED
IERED & Zizid ng &<,
neEZIZRNLUTnlg ZHILIEREHBBRUERETHEZ L 2RI LWV, MEREE LT
DMERTITH B Z L 1F5R 2450 TRENTWEh 6, HiFEEzHE>Z L
(nm)lg = (nlg) - (mlR)
CHAITEREDZ &
1(1r) = 1r
EEZIEIVN, ZiEnlyg DEZELSOEEHIZEOE L THESN S, O
% 4.2.7. R% (Bfi) BRE T 5, ROWMAES SN RO (L) BRTH D &d, (HAL)
BrLTEEINEZETOHEBIZODOWTHLITWSZ 2 THE, BARKIZEZIE
e a,beS=a+beSs
e 0c S
eageS=—-ach
DO LD, TROBIEIZDWT S 1E R O #E (% 2.4.23) TH Y,
e abeS=a-bcSs

o HIWERTH B L EIZIX 1€ S

MWD ILD, TROBBIZDOWT S 13 R ODERE (ME 2.2.9) THEZ L THD, Hhily
RCHDELEESIERDOWMBAE/ AR (EFK23.18) THBHILTH,
ok E, SIFR (BAWE) 405,
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B 4.2.8. 1. ZCQCRCCIRETHMWAHERYL L TOHLERTH S,

2. BBOES 2Z(Z DFIEIZDWTIZES 2.4.39) X Z OWMHRTH D05, BAMERE L
TOMWAERTIEIR,

3. m,n Z HWIERBTERBE TS,
am+bn=1

IR B a,b ZELD (BH 2.4.62), f:Z/m — Z/mn % [z]y — [bnx]m, TEZRT
%, ZhiE well-defined TH Y, BRERIL L 2> T WD, MEHE UTORERITH S
P Lwv, BEROI LI

bnx X bny = bn(xy) mod mn
EE A&V, Wiz n TH ST
bxbny = b(xy) mod m

ZEZIELVA n=1mod miZL D ZHNIFELWV, LEAR>TINIZBERTH S
DY F([Um) = [bn)mn # [mn & O BEALKERE U TOERBITIXR N,

B8 4.6. S ROWMHETH D L &, HDIAA
t:S— R, s—s

FERERIITH B 2 & 2mt,

4.3 ZEAR

EFE 4.3.1. RE2AHERE 5, t & R & 3MBERRXFETD, Rt IT&>T, REFBRED ¢
EEBETHLHABRERT, $4bb, R[t] DItiE

ant™ + ap_1t" '+ ait+ag (a; €R)

ODKOHLDOTH Y, MEEILER OFBRIENTERT 5,

Th36 B DD LEE R DT Z ZITIFFEDNROA, ZHUT XY R[] EAHERE 225, a4, ..., a,
NOTH2EIOWLHRNETHES S, ZIED, RCR[t] &ART ZENTES, R[t]IC
BT 0EEH0THD, 0DSIDIT () 1 f(t) = ant™ +an_1t"" 1+ +ait+ao (a; € R),
an 0 DFBIZEITZ, TDLE, n% f DRI (degree) &\, deg(f) THHHT, 0 DIX
Bt —co & THDONEETH S,

RDHEAAIERTH D L &, Rt 1IZEH 1 2O RN L T2 BN HEETH 5,

CAEWSEALR Rz, y] BAKICERINDE, O Y apme"y™ DIEDOTLTH 5,

& 4.7. S:=R[z] £BL &,

Y Rlz,y) BBFAMTH S 2 L 25t
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s
e
1
R

ZhiE, #lzx
ax® + bry + ey’ +ex + fy+g=cy* + (bz + fly + (az® + ex + g)

WS EAII MBS IEAE DD X FIZOWTEIT AN TEL L WS 22 2EKRL
TW3,

4.4 4K

—fBiz, RBEED G X SN-ES SIZEWT, [T C S HWERT S S OEFINBEESE) &
Wo 2o T 20 (AEBEFRIZEALT) B/ND S O REKEEZET,

BEARBIZ WS, BIZIECIZBWVWT, 2€ CDERTIHEMPEDE R IZEARIDESS
B BB TH B Eh b, 0,1 € RThD, NERTHEMS. 1+1+1,—1—17%
FIIETRIZAD, ZCREWHD, 2EREDVacZIZWHLTaze R, F7222,23,... € R,
25 ULT, BERED : DZHADIZHE T 5632 T RITAS,

{Z anz"la; € Z} C R.
U212, FEIE S TITRA A HERIZ R > TWS, EW0WS Zeid, Zhdt: 250 R/NOH
A DERTH 5,

EE 4.4.1. LOBRZZ[Z] THOLDLT, ZHIEC ORMNIEAERTH > T, 2 2ELHDDSD
LENDHEDTH 5,

EE 4.4.2. t BB THLHEABRZM) LRLHETEESbLVA. SEABZ & 2 2
AT B HAINE B Z[2) LIIBICHRZEDTH S, MIHEICBVTIE L IZZEOXFTH
D, BEIZBVWTIR 2 1ZHEBOTTH 5B,

Bl 4.4.3. ET, 220 := /-1 ThHD2LEDZ[z] CC %2RDED, 22 = —1, 22 = —2,
A=1,...TH5056, : DZHEAFRNIEEHBLIOSNS, £oT

Z[i] = {a + bila,b € Z}.
ZDBE., AU AOEKEL NS,

EF 4.4.4. REHBANERE T 5, BAWE S A R R (R-algebra) TH 5 L&, &2 HAL
MERMERTL p: R —» SBEF > TWA I &, DX D, FBEIZIX (S, p) DHlZE RAREEL WS,

EH 4.4.5. (S,p) & RIWSE L. R[t)| 2% HABL T2, sc S% S DT, p(R) DETT
LHRLDLT D, ZDLE, f(t) € R[t] DREE —FKIZ p TEML-HD% p(f) € S[t]
rEEX ZITLIZ s ARALTHONERE p(f)(s) €S LHoDT,

¢: R[] =S, f(t) = p(f)(s)

EHALNBRERRL 2 2 5, o(t) =5, plr=p &78D. 12— DOHANEERMTH S,
¢ DBRIE. SIZBWT p(R) & s BERLT 5 A BRI 57200,
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BIRE 4.8. LOEH 2T &,

FEHT AR DT, HlEBFTEL, FLAEDHE, RCSTHE, ZOLE, plFID
HOAA LT ZONEHET, BHTES, HlZIX. ZCCTHY, 2 CZE—DFDNIE

¢:Z[t] = C,  f(t)— f(2)
THbB, ZNIFERERLDTH S,

Bl 4.4.6. R =B ATHEE U, S = M, (R) 217513835, p: R— S % a~ al, TE
5L BANERERIL L 205, WE, 175 Ae M,(R) 2—2EXE, EDXSIZ

¢: R[t] - M,(R), t— A

D—DEE S, (RVAHIRTHEDT, AL p(R) = Ah T —1THOESE FABTH5,)
IFAES
¢: f(t)=at> +bt +cr al A + bIA +cl = aA® + bA + ¢l

CHB, D% f(A) LEL DL IHBRIETE > TV LIS, RIA] C M, (R) %25 8
AN E RS NB,

ﬁ%49.A:<? ;1>ag<oﬁvxw%ﬁ%zmazmnu%@nﬁ%@ﬂfﬁaz
L AR,

4.5 i ek
UBERE WS-l S I WR D Ak 2 R T Z 2125 5,

EFE 4.5.1. REEHET D, ab=0,45L57%0+# 0 PFEET D R DIt a ZFRTF (zero
divisor) &\ 5,

0 DA DZE K T % R 72 20\ AL R T R BR % 80 (integral domain) &\ 5, 772U, FERIE
B L 1 3E 2700,

BIRE 4.10. BN ATHER RICH L, RWEBIETHDLZ L. R— {0} » (R, 1,.) DD E/
A R THBIENAETH D Z L 2R,

R 4.5.2. RIFBITH 5,

. REKE T2, a 2B ANFLTHEL, bA0IZXLTab=0, EKBZRDTH ! BEFHET 5,
INEELIZNITBE a=abbl=0"1=0, 2212, HEOERITLL IVESNS, O

R 4.11. BHO RO RIZBIETH 5 Z & 2R,
8 4.12. R L T2, a,2,ye RTa#0D&&E,
ar=ay =T =1y

NWZ BT L ERYE,
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s
e
1
R

Bl 4.5.3. 1. Z3ARTERVIEETH 5,
2. mn>2892LE L/mn FBIETLR, [m]-[n] = [mn] = (0] ZH 5.,
FIRE 4.13. BN AHER R VB THH 2 L, 2 TDa € R— {0} X UNIEREDHE R AL
L,:R— R, xw ax
DHHNTHDZ L EHWHMETHZ I L ERE, (Y %2469, )

IR 4.14. BAIKAEER R MR THEZ &, B TDac R—{0} IZHL (ETE&HLE)
Lo, WEHTHEZLENVAMETHE I 2mRE, (kY MAHTHEILE, A1 28T
TEENFAMEIZRD T ERYE, )

fIRE 4.15. ARER (BEEVEREGTH S & 5 08Bl) 3EKTHL Z L 2RE,

8 4.5.4. RATHBY U, fge R[] #%HAL T3, 0L

deg(f - g) < deg(f) + deg(g)-
R DRI 5 SN T 5, deg(l)=0&D
deg : (R[t}, ) 1) - (N U {Oa 700}) +, 0)

RBHE/) A R LS,

FERR. f DD n, g DIREDI m & T 5, TNEFNDEEIRDIIE ant™, byt™ (an, by, # 0)
Thbd, b U RWER SIS a,b, #07KRDT fg DEEIRDIAIL (0,0, )t"T™ 2720, ZD
EBIEn+m TH 5B, Ko>THREDNED LD, AL Tk, RIS NE anb, =0
DHREMED B B D3, BRAIZE L n+m ZEBAZIEOIHIZSD 5 bMWD TAREF LR D 72D,

LLgDWTNPR0TH 25655 £<17<, deg(0) = —00, —00+n = —00 LEHT 1L
FWATERIZE/ AR TH D, §24.10 DEBEDOHIZHHANDH %), FHMEDID X, O

4.6 AT 7

4.6.1 IROBEBEELRERR

EE 4.6.1. (FEBRICEDEIRE) R % (BAKEIZRS 20, FEr#IS NV BRe
35, ~% R(OBEHES) LORMEREKE T 5,
PAE
qg:R— R/~
DERERBL L 725 X 5 2. B R/ ~ ICEBRINDIBETDERMIE. ¢ BRI B avF
TIN5 28, TROBAED 21,2, 20,05 (K LT

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

NWILT B TH D,
RDPBENERTH 555125, ZORM I NIE R/ ~1TiE 1 2Bt &3 5 BAHY
BROMIENAD, ¢ FHRAKEROERILIZ L2,
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FERH. M BEREO T 2.4.24 12K D R/ ~ IIIMERETH D, ¢ IIREERTLZ 2 5, PR
DFEH221112E 0 R/ ~ FFREICBET 2 LML 00, ¢ (FPHHERRIE 25, HEIZ R/~
BRIZEDZEIZAZFAREV, SEEMOBNEZ S ZIXE\V, ¢ lZ2HEZ15

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

ZE ARV, ¢ DHANCEET MR, BB T 2 LR TH D Z 2 h o £l q(a-
(b+0), il qla-b+a-c) LY, RIZBWTHEERARD 202205 2061351
W, EAANEZ A EEINZOWTHEKTH 5,

BRI R B ICEE U ik, BRI OEMZRGE / 4 FOEH 2.3.21 129 D AT L\,
(L2429 DEETE D &6, HEIEPBALCOEANIMEME SR 0T, R EuHE

=35, )
BV FEREDEM 2424 12X 0 FE ~1ZTaVNF T, BEBHOEM 221112 K 0 RS
~EZaYvsFT, O

4.6.2 477

B (G,o,e) IZBWT, B 0o &IV RF TR EAMERIR ~ 1&, HDERHATEN <G T &
B ERMEER ~L (EREAHORE AR LUTHERAL) L LThobE N (EH 2.4.73), Fkt
G/ ~=G/N ZE#H LU, TOLE, ~75 N 2{E5I11E

N :=[e]. ={g € Glg ~ e},

NP6 ~2RVWHTIZIE
a~bsaobteN

EBFRERVDTH -7,

B ROEGAIZ, AKDOERZLTALD, 2TOHEE L IV 8F TIVRFRERR ~ 21,
+,- & A YNRF TIVIRFEERBMRICMR 520, 5. - D22 LIESKEHT 5L, (R, +,0)
BAHRETH Y, ~IZFDOHBE + L AVNFINTHEDS LOFEFEL O HBEHRTORE IR
MIFEL T

a~bsa—-bel

MESL T b, T LT,
I={reR|r~0}
b,
(R, +,0) ZH#BER DT, EHEMAREL ORI UEETH 2, TR, WOBHRE T A
5.2 3 ZIHBER ~5:
a~rbsb—acel
B 2 OWTH AV RFTNIZRDEES I D, SEwhr o g2, Il TT7IVTHhdZ
EN~p DL OV RF TN THDEBESDEMOTH S,
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B 4.6.2. (1F7)V) REBEL, I CREMECHETZHHOBET B, [ LM TTIL
(left ideal) TH D &id. T DICIZEDP S ROEDTAMNITITEHEIDHIZEEAEZ L, Thbb

Va€ Rya-1C1
MDD Z &, I WEMA T 7V (right ideal) TH 5 &I,
Vae R, I-aCT

MO SIDZ &, [ AW« 77 )V (both-side ideal) TH 5 &%, Lfll1 T 7NV TH O »Df
il F7LThbBIE, (AMBBIIBWTIE, ZO=Z20(4F7ILOBAIZETE LY, 20
BRIz TT7ILENnS,)

B 4.16. R ZHAEE $T5, [ C RWA T T7IVTH2MBE+SEMEIE,
1. 0el,
2. Va,beI,(a+bel),
3.VreRVael,(r-acl),
DZDONEONDI L THDH I LERYE,
EI 4.6.3. RE2BHE L, ~% R (DEHESA) LOFREBEKE T 5,
I.:=1[0]~ ={z € Rlz ~ 0}

LEL, ~B RO, MEavRFTNTHDEHBETDEMET. [LHWHEHAFT7TLTHSE D
EThHB,
Wiz, I C RAPWHA FT7TNVTHB L &,

a~rbsa—-bel

TIHBGR ~r 2EHD L, TN R EOREBEFZBTHOE. MEa v XFTLTH5B,
~= b

(R EORRAE 3V AF TAERBEGEOES } - {RORNA 77 LOES )
55 % EE TR D, TOWEMIE [ o~ THA SN,

SEAH. ~ 21 oV NF I RREEBEGRE T DL, 2473 K0 I I3INER R OO
Thd, 5.zl T a~0 ~DBEIIZIODWTIAVARFTIINETEE,

woﬁ%4Hx

a-x ~

foTa-zelo. Thbbd LLFEMNATTIN, A2 ANEZT, A4 TTLTED S,
T,

[~ DFIFEE TV RF TV = I Wl 77 V)
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WE A e WZ, IV A TTNRS ~f DRIEE AV NRFTLVTHEZI LD, IS5V
DFHTRED, #HITEED, O

MIRE 4.17. EH 4.6.3 DFFHAZ RS E &,
EZE 4.6.4. RE®. [ 2204 T 7 Ve T35, a,be RIZHUZIEMAR e =bmod I %
a=bmod I < a—-bel
TEFET DL, ZNERMERER ~ &8T5, [ 2KETHEFABBE VD,
Bl 4.6.5. (BIHA T 7)) REA#EE L, a € R T 5, ROWHES (a) %
(a) == {r-alr € R}

CEFRTDHE, TNRFATTINERD, a DERT SHIEA 7 7 )V (principal ideal) £\ 5,
X, o DEBD O 2%E% (a) £ FEHL,

FI%E 4.18. LOFIT, (o) A FTNERBI L 2RYE, Eid. RVTHETHRL TS (o) 1F
ML F TR L ERE,

B 4.6.6. meZ L35 E, E£#%1.3.20 TEFH L ZFAMERMR » = y mod m 1FEF 4.6.4 12
BWTTI=(m)&LHtDr=ymod (m) &—H3 5,

4.6.3 RERBEIE
EIR 4.6.7. (1 TT7TVICKBREIRE) REBRE L, [ 2l T7L 2T 5,
q:R— R/I

DERERII L 725 K S M, B R/ I —@YEHRIND, ZOR/I% RD [T X5FIR
BR (residue ring) £ & 9, ¢ ZHIR¥EMRE (residue homomorphism, residual homomorphism)
LE D

AERH. EHE4.6.3 LEH 4.6.1 B HHED, O

FlREF, [HoRD] ODEWRTHS, 5. #1466 CRZKIIZR=Z 1= (m) &7
3e
R/I =17/(m)

&,
Zhz~yer—yc(m) WO FAMEBEKRTEIILZED

AR S0, ZHIEER 1.3.22 TEHRLZ Z/m iI—8T 5, T48bL, RIEETD Z/m
X Z/(m) 22 RIRETH 5,
Z/m & T8 % m THo 72RO OREK] LHE-HINDZDOT, TRRE] OLAHYD 5,
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EF 4.6.8. (&, 71—3)) f: Ry — Ry, BRI L T2, T D (Kernel) %
Kerf :={z € Ri[f(z) = 02}
TEHRT D, 7205, Ry DEILD fIZTLBHBDODI L TH D,
e 4.6.9. FDEH 4.6.8 T, Kerf & Ry OWfll1 77V Tdh 5,

SERH. M 4.16 Z FHHOWTHEBIHEHTNIEZ LW, (b-o & EFENRHEEIX, 11 2.4.33 2>
TRONS, BONBIIERAEFSELDT, ~p X Ry KHESWZROBER L IV F T
LVTHY, Lih->TEM46.3 &0 [O}Nf Wil -r 7V ThH b, Zhid Kerf 12z 5 74
l1\0) D

IRE 4.19. Lo % &,

EIE 4.6.10. RZEB2 L, [ % ROWHlAT7NVeT 5, ¢: R— R/I 2FIRERE LT 5,
f:R— S ZIEDOREAERM L T3,
BRYERERL b : R/T — S TH - T,
f=hogq

REMEED DL OVFIET D BEIFRME
I C Kerf

YRBIETHD, TDLE, hiFE -2tk (LIFLIE fTHREIN5,)
Z DRI E f D well-defined TH 3 &\,

SERH. BEDGE O I T B EH 2.4.75 OIFH L IFIFRI U TH S, ES DX, MEICET 28
HEET f DSEBRMERIRLIZ 72D Z 2 2RI B TR RWEIAEITTHE, Tk

F@lrlyln) = f(lz - yln) = f(z-y) = f@) - £y) = F((2]r) - F(lyl)
MRS, O

] 4.6.11. §3.3 T
Gm : Z/(mn) — Z/m

IRBBRERI A M5 7208, ZHIIRHERRTEH S, EOTH4.6.10 C8WVWT, R=2Z,5 =
Zim, f:Z —Z/m ZFIRERBE U, T:=(mn) &35,

R/I=7Z/(mn) — S =7Z/m
IR B EBRMERIMAER T NDITIE
I = (mn) C Kerf = (m)

PRINNWIEEV, ZTHIFHIZ, Tmn OEBIZEND m OEETH S L\WS HIRAREHET
»H B,

EIE 4.6.12. (BROWERIEHE) R, S 2L L, f: R— SHRAIBERENGEZ SN L T 5,
f(R)CSTfItkd ROKBERT, ZDLE,
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1. f(R) &S DMHTWTH 5,
2. I:=Kerf I ROWHIA F7IT, ~; & RO, FE a3V XFTNnREEBRTH 5,
3. f D

RY RIS s
RBLGRERBES % [ Tabb
f="Foq
7B AR -OHET B, 2 LT, ZOKESE f(R) IKHIRLTHSNE
f:R/I— f(R)
LBRAERL L 7 B,
HHH. BEDBEDEM 2.4.76 ¥ K TE 5, O

B 4.6.13. R ZHNINERE 5 &, M 4.2.6 (CX D BAERERTL f:Z — R, 15— 1 B
TS, Kerf IFZDATTNTHEN, HBHm >0k Kerf = (m) &5 2 &
PRE S (HIEA T 7V, RESH),

ZS5UT, f(Z)CRIZZ/m LABLIZIRE Z LRI ND,

B 4.20. EOHFE [Kerf = (m) &5 m WFET D] 2T &, (5% @H 2454 D
AL, )

5l 4.6.14. R:=R[t] £ L. B¥EMHE

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 BFMEEZ [t] LERDVIZHI tEHNWTLES Z &
295, R/(P+1) ICBVWTEHEAER TS Z L, AIBEOREEZZHATLTEWT, M
WHEWH 2+ 1 THIS7ZRDZLDEWVIERZTHI LT D, FIZIE 2= (t2+1)-1=
—1mod (t*+1) THBDT, tld /-1 DFREZRT,
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Bl 4.6.16. BIHTHRWA T 7 VHHET D, Rz, y] T ERECEBZHABR 2 KT,

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

EBLE, INE R,y DA TTINERD, ELIDATTANRIEST TV TH o728
VRN

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

125 %R a(z,y) PEIETBETTH S, LliZiF e, y "EENDED S, x X a(z,y) D
ZHATHY, y b a(z,y) DELZHATH S, LU, TDOEX I % a(z,y) FEBUPEEE
T, EOFSIE D LA,

BIRE 4.21. LD, (z,y) PHIHA T 7V TRV &0 S HEOFEH 2 FENIT R R X,

4.6.4 f5wm. M. #x. BT
REMHBEL T2, a,be RISHLT,

ar=1"b

B Cc RPIEFHET S L E, bl a DRETERZIZAEE (multiple) &V, ald b DRIIEE
72 IEHIE (divisor) E\W D, a b ZEID YIS L H WD,

alb

Thobd,
a-0=0

XD, 03 LTORDMBEHTHY, RTDITIE 0 DHETH 2,
B2 4.22. b2 a DIFHTH DI L L, be (a) THDIEDVRAMTH S I & 2RHE,
B 4.23. b2 a DT TH B L e, (b)C (o) THDIEDHEETH D & &R,

R Z BN HER 95, R* TR OMIZEHT A cDESEZR T, BIZET 2T
D Z & % HIE (unit element) & HWV S,

RBIRE 4.24. a e R FAHELTHEZZ 2 e, a1 OB THEIENEETH B Z & 2T,

B8 4.25. R ZBANAHERE T2, a e RPAIHCTHDI L L, R=(a) THEII LN
FAETH B Z & E2RE,

B 4.26. WLz BELA T TNVEREG LS Z L 2RYE,
fIRE 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
ORTEVEHRDDIZROND Z L TH D, TH8bL, ay=aBolExhy BEOAHxL (F
BRHOBHIL) LRBIEESD,

7272 U, O IFRBERIIC & AR T2,

vy =aBollr =aFldy=a B ELVWEIAEN, THEMENBEA IR0,
(=1)(—a) =a TH206, JFLudHdLE, a=uluta) ZN5, AHTDOI, —EIT
FDREE NG,

BRI 4.28. R=Z ¢35, ROOTRWMEEDO LI, BT OhofIickbEsZ %
L+,

BifE 4.29. K #k& L. R=K[t] £ $5, RD 0 THRWMEREDTIE, BENIEW L D00/
IZEKbEBZEE LD,

4.6.5 F=ATT7IEEE, Rt

RZMMITHBIY U, [ 220D FT7VET 5, R/IDVERICRB5M4E2E2 L5, R/I
DIEED =5t [a],[b], a,b € R L EERINBH S, BT LB BHEFHRMEEESTTL

[a] - [b] = [0] = [a] = [0] F7<i& [b] = [0]
L%, 5. 2]=0c2zecl THY, [a-[b]=[a-b] THEHh 5 EDERMAERX
a-bel=acl £lFbel
L5,
EF 4.6.18. R 2 RAIMTTHIER, IC RZZDATTNET D, Fff
Va,be Ra-bel=acl ¥zl bel

MENLT B &, % RDFEA T 7V (prime ideal) £\V5, 7272L., I =R (EOZKMZ
72U TWBM) RATTIVEFDR,

FR 4.6.19. [=RDEE, R/IIZ[0) 72—l oR2ELE65THH, DITTHRLTS (0]
UL TTIRVWHDTHD, TOXIBREREFREVD, FERIX, BHEOEH 4.5.1 »oThH
IR T A RESLDRDED, BEEIZEEE ZAR IR, £, RebAaRIRn, Z
W&, I=REFATTNEARIBLVWI L EROEBIITYyF LTS,

EIE 4.6.20. R ZHANAHE, [CREZZTDATTINVET S, R/IWEETHDHE+H
&EF, IVPBEATTNTHEILTH S,

[FA7T7)V) O 3] 1£FEH (prime number) DFETH 5,

Bl 4.6.21. R=Z £F 5, acZ T, BIEA FTI (a) HHEA FT VL% BBEFHER
Wl o HFEBTHZ 2 L THS,
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FERA. (a) BFEA T TN TH B BB+ 51T
zy € (a) >z € (a) £E 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 &,

MR 4.31. BB R DA T 7V I HBEA T TN THDBE+IZEME. R\ (RD5
IDEEEDXSHED) DY (R, x,1) DEDE /1 RTHB I L ERYE,

EF 4.6.22. (Fi0) R 2B AHERE T2, ac RPFETLTHD LXK (a) BHEAT TV
ThdrIll, EVWHZAID L,

1. o RATHETIRERL, 2D
2 ay=az%bu,y e RPVEETBLE o 2723y B a THO YN Z &,

(o BAHTERS R=(a) THY, REFBEAFTLLEDRVDTH-72,)
ROHEID L &, FEAORKEER (5 + 2037-50) Dok —HT 2,

MR 4.32. R 2B AHERE 975, RV TH D BEFAEMIE. (0) DFEASTTLVTH
LZrTH5,

FR 4.6.23. ZITHETDZDIEFEIEN, MIMEDOSEE 2] 1281 5FRTOERIK.
D —MIBIFB THaHILTHRVWEENIG) 2o TW5, LAl BARMKIZIE T3] & T
WTRWEERTT) XA LARnE 25w, ZOHOHEEIL §4.7 THUN S,

4.6.6 WBKATTILEIK

EE 4.6.24. R 2 HANEHIER, [2FD1TT7NVeT5, [ 260 RDATTIAVNIHY
" RUPFHELIRNE &, [ KA 77 )V (maximal ideal) &\ 5,
72720, EOSMHBEEEZLUTOWAN REBSGIEFBAL TTIVEZEDLERN,

EHE 4.6.25. R Z BN ATIER, 1 2ZDA T T7NVET 5, R/IMPMETH BT+ 5F1,
IDRATFTILTHBIETH B,

AW R/IDMRTHBE LT, IDPAITFTNTHEILERT, I LVEIZKER RTRWD
ATTNVICIJCR(J#I1,#4R)DPHEHELTZL TS, xeJaod]%2FoTL %, ¢ N5
(] € R/IIZ[0] T\, R/TBAEDS [2] WA, $75bb55 [y] € R/IDHT [a]ly] = [1]
LB, [ R— R/TBRERE (I 467D q 4 [)) 225 [0] = [elly] = [1] = [ey—1]. &
WHZ B  ay—1€ I THb, v J IV ayeJ, JIFNEHEZE»S 1 =ay— (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 2 HNWHERE U, [ 2 I A RBBATTNVETE, T5HL, [ 2H5TM
KA T T RIFHET 5,

B 4.33. RO RHG TRV TTILVDESE
Z:={JCR|J:ATTIN,J+#R}
L35,
1 T2, AaERIEOWTRMNIETES (1) 38]) Tha I LRt

9. Zorn O (1] 1) &b, LD I € TISHLTENEBLIBAL 77 L HE
32 L% R,

4.7 BIEA T T7IVESE
4.7.1 EBRORABSBRO—EM
BB BV TR THOREE L VW0, ERNESMO—EMETH B, FlZE, 2n
3THOYNANI LIEELHSNTNS,
2" = 3

L35 e, HIAT 2 2R NBNRT 52 L THRRNM3 2EALEDRPBONSED, EITIE
SIEHNL VLS BRBAME @O HDHZ IZROFIETH S,

ZOFERHICIE, THRBUIERORIIN TS, TORUAIFLZE—EBDTHL, ] LWVWIE
H, $abb [BRESMO—EN MMEibhTng, LAL, RERREOMIZZE—ED
RO ?HEOBFEOHAREIZ, ZHNIIODWTIHHZ 5 A TWARVEDAE N,

BRORIZB W TENBOMRR @0 2Dk, DE2DNIEROEHIZEL B,

EE 4.7.1. ZIZBWT, A TRWENITCIEEZETLTH B,

WADZ LML, ANICHAT 5,
AR RIZBIT2#E L a liE. a € RTHHLT (a) BEATTINERDEDDI L
ThHoTz, ZTHIUE, z,y,2€ RIZHFLT

zy=az= (I € R,z =ba) £721% (3c € R,y = ca)
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MW ONDZ e THhHoTz, (EFH4.6.22,)
BRIt A EE L THEL (EH 4.6.17),

T 4.7.2. BAHHER R IZ2B\WT, a € R2EEIC (irreducible element) T#H 2 & id a ©
WD HHREDIZROENDEZ L TH D, THhbLL, sy=a5X by BEOIW T (T
RhbHIL) L5 IEEF D,

712U, 01T & AR T,

BIRE 4.34. R BEBEIBOKZ, a € RPEENICTHEZL1Ea#A0T
zy=a= (b€ R,z =ba) £721& (Ic € R,x = ca)
MR 7=DZ L LEETH S Z & 2mt,
RDEZIZEERNHENEKTES LD TH 5,
T 4.7.3. ZI1ZB\WVWT, A TRVENILD S BIEDH D% FEE (prime number) &\ 5,
INT, EHATLIZHENZEERIT, RITDERDPH S NITH 5T,
Rl 4.7.4. B RIZBWT, 3Bt Tth b,

FERH. FomolX, M 434 02T, 2<I2=1THZOEM2MHEZT, Z0d,
a MEFITCTH B Z 2127 &7, O

T, CH AT DB EERNBOMBO—FEWN2EL Oh, THZFHERNBOMDO—FEM 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. RVWEIBTH L &, EOLKRMIE, ZODOREATTAR—HTEHI L

LRMETH B Z & &mt,

EHE 4.76. 2€Zl, s#£0&95%, ZD1 TRVHEHWIFAMTRWEIL p1,po,...,p0s &
éfy‘)‘gﬁnlanQa"wns (> 0) 7b§ﬁ?£bwc

— N1 .12 n
T =upy; Py~ Ps”

CEIFETE (ZZiCu==41) &, ZO&IREBEHI L1EZ2RVTZE—EBOTH S,
Thbb, iz

_ my Mmoo ¢
x _vql q2 ...qt

YT (vid £l g BHEABZBENT) &, s=tTq OERSEANEZNE £p;
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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=+q TH5B, £oT

ny, n2 Ns __ my m Nt
upy P2t Pt =04 gt gy

THY, Mil% p =+q CHBZ L (ME4.12) T

nlfl 72 Ng mlfl mo

upyt TPyt epyt = (FU)gt T gyt gt

INERZBOELTWHITIE pp=+q¢ BEARIZOEZ3TTHE, BELRSIE LY
H oM AMPRIZREZE LT, PDIT ¢ BRITREZL TS, p FEHIZFE-STWE 056,
Z DD EHHIZE N ZERIZE D pr ik qe, .., q DWT N EEIDEID | (¢ DREFRIMEDS)
oY ozbDLEAMERS, LABIZ, p &g BFABTHIHS, q1,¢,...,q DVTH
EEMETIZZRD, EWIREIZRK L TWS,

IHOUTIRAIZEERTTZF v 2L LTV 28T, 2D &5 BoRE £1 15 EONEF D
ANFZRZRNTEZEEBOTHD Z Wb hrb,

WAL TH D EIZIE, s=0 2 UTEOEBRIIHILTWEED EAKRT, O

EE 4.7.7. ZOETDOTHRWIT 2 IR U, z BN TOREELTHObEINSG,

FERA. @ DT TR WVWE TS, 2 = yz (y,z EHEEBTRY) LWHRIZTE S, T5L&,
lyl,|2] & |z] KD BTNV, |2 BT 2REZE S, 2| =1 Tldo==+1 &9 OfHDEERK
TOMELTHEDENSG, o] <n— 1755 EHHTORIAME NS, LI5ELT o] = n
DORFZFEHT XLV, 5, 2 =yz £ D y. 2z DS IZIRINEDIEIZ L DFEETHDT
TNSEEDOEZEDN x DB RTH 5, O

PAEIZE D, TBEEITRTEMOMIIDMI N, TORMOLEHTEZ—ETHS] L\WVWIE
HAGEHEI Nz, 722U 471 BEZEHL TWARWDTEDREHZ A NIZE X 5,

iR 4.7.8. BEIRTIX. BRARWEBNFEET 5, T70bb, a,be ZIZHUTdla,db’5 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, WD ZEh, T 2.4.62 DIFHIZRENT WS, O
fRE 4.7.9. a € Z 2 TRHRWEERNICE T 58, TNIFHELTH D,

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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s
e
1
R

DEETHBEN, ZDLE
an+br=1,am+cy=1

HRIF 2 DT, L2 HIFT
alanm + ney + bem) + brey = 1
EoTEM 2462 £ 0 (aX + (2y)Z = 1 D%ARDT)
ged(a,zy) =1

Thd, —FHaz=zy &P
al ged(a, zy)

THENPOINEFETH S, O

4.7.2 ZIHEAER

BEIREFE U & 512, BRSO —FNE (Z50Wo7256, ZRBOWEIAEETH O, 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. (FIHA FT7VER) B RIZBWT, 2TOATFTT7ADRHIES T TV kB L
&, R %HIHA 7 7 IVEIK (principal ideal domain, PID) &\ 5,

ROEHIL, EERITIZEHE 2.4.62 DIFFATRENT WS,
EIE 4.7.11. BHEE 7 ZHIEA F7NVEETH D,

HH. T CZEATTNET S, [={0} 5ET=(0)THOHIHSIFTLTHS, £5T
BNWEE TIZIXOUNDTEIPFEET S, ac IS —zclZho, EORXPEFELET S, 1
BT AEDITDSHT, hNOEDEdELT S, del KVEEDrecZ I L Trde I,
£oT

(dycI

Thb, HAEDAEEBRERETD, €I %2R->TL %, 2 2dTE>-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

SEHH. AW EfE ARV THE—DIZEE A Z L IIE 4.35 5 bh B,
RO, (d) = (a,b) O (a) k0 dla THY. £ cla,clb %BIEabe (o) TAFTN
DYEEDS (a,b) C (¢) 2B IENSER D, o

EIE 4.7.13. R 2 HIAA 7T 7 NVEEE T 5,
1. ¥aTHRWIt s € RIZEBHTORIZOET 5,
2. A TRWEERIICIIE T TH B,

3. &% T ORI S 2 o REOM 513, Wl O ANE X 2 R\W T2/
—#lDTH 5,

EHA. 1. O CTHRWita € R 2> THRD, BN SIETHaREZ I3V, WE, o MEE
T ORBIZHIT R We T35, 52, a BEHPEWNICTRWDITEDLS

a:albla alvbl %RX

RSB, BU. ag BEEITTORITIT T, by BRI ORIZ T NIE 0 £ 2 5 2T
THRDYTH 5,

FoTHZDIE, TR LBELLN—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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:*L’E%U“CL‘< t\ a1|a,a2|a1,a3\a2,... tb\iﬁlzﬁﬁuﬁ)fgéo %bf‘ bl ¢ RX* J:
N a; ~ Q41 TiERWw, 9hbb (Clz) = (ai+1) TlE7R\W», o T,

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

RBLERINTH->T, XD CHEBTIEIRVWEDNTE B,
ZZ T, AGUES
I:=U2,(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).
DRI (z) C (a;)e () =1 D (a;) IEHEBE»S
I'=(a;) C(aj41) C---C1

LR, JEOVEDATTIIEAL TIZHELY, ZHIEFE,

2. a BT LT B, az = zy DEE, alz D aly DWTNLDEILT 5 & 2RI &
W, HIEAS F7NVEBIZBEWTIERANBEP EO LS IZEHINEDT, ME4.7.9
DFHARZFOF EHA T (AHTHRN) BENTIEETE RS,

3. LW HE L TH D Z b E, TH 4.7.6 DIFHH & FIRRIZ U THER CORDE L

FMa g2 BT —ETh DI LA RE S,
O

WDEFHIE, D/ —FTRED Z RV AHBEGRICBE W TN ZEDTH 5,
T 4.7.14. BANAHE R IZBWT, 17 7T VOFITRBIZIEAL DD 550

L chhcl3C---
(D Cc HbEHHES) PEIELRWE E, R %1 —X—E (Noetherian ring) &\,

OB, HIEA FTNVEER A - X —BRTHEILERLTWVWS, X iz, *—
R—BTHHILLR2TOATTANERERTHEZ L LIFFAMTH S, *—X—EOHE
RBIEA—X—THY, 2 —X—REF{BLTE2LZHARERXA—X—TH5, INHITLD,
F =R =B EARERDORIZETr—R—b kb, ZNSOEHOGEIE, TAIHERG] &8
HoThrHERFIZITH->TWS,

B8 4.36. R©W A —X—BRTHDHI e, ROETOATTIADRERERTH 2 Z &2 FEME
ThoHILERtE, I ATFTTVIBVHRERTHB L, 55 21, 2, € [ BIELE

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

EHhobIndeThd,
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FIRE 4.37. F— X —BROFIRBIEIA—X—TH 5 I & %2R,
fIRE 4.38. XF— X —BREMHEHE TEHILEARIIA—X—TH DI L E2RE,,

T, O TIRMERDILAH, Aot LNy D ANEE X Z R\ T 7272 —@ D IR T DRI H
75 &5 B D Z & & FEICHE—EI (uniquely factorized domain, UFD) &\ 5, LET/R
U722 &ld, IROEHITMZ 5720,

EIE 4.7.15. HIHA 7 7IOVEBIRIIFE o — B TH 5.,
ROEHLIEARKTH BH, T ORETIFHLY Fb 7w,

EHE 4.7.16. R 2F o —ERBIE L T5L. R[t)| X5 Th 5.

B 4.39. LOEHZFEHE &, ()

I 4.40. EXNR—EHEBTH D2V HIEAS 77TV TRVEREZ DT X,

4.74 11— v NEEE
BT I HIE A T 7 VI CH 5 72, Mz, RO SEAEE MIHA T 7 VB TH 5,

TP 4.7.17. (BREH) K &2k2 U, fLgc K[t]| 2T 5, g£02T22% H5qre K[
PIFAELT
f=gqg+7r, 0<deg(r) < deg(g)

A
At ZHAOH D HOER 2T AT LWV, O

EE 4.7.18. EOZ 2k, BREBBMATRLSTH, g DERERDFEEDFEIZOWTAIHETHN
E S AAC L

fIRE 4.41. EOFEE AW &,
EHE 4.7.19. K 2k $2L &, K[ IXHEA T 7VRIETH 5,

FERH. EFL 4711 OFEFHEIFE AL FAMTH S, A TT7NVI C K[t] Z#EREIZE 5, ZHHH
FHAFT7VTHBILa2rtiEE v, T={0}&oF 1= (0) CHREASFTIL, £5TRNE
T2, del,d#0D>HT, deg(d) R/NIT 2% F>TL %, ZOL&E (d)Cl,
Zi.

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 ODEREVTENITHIES TTVEETH L, Iz, 2—20 v REED
Waz2EAT 3,

EF 4.7.20. JHFESG (S, >) BEEFIES (well-ordered set) TH 2D Lk, S DIEREDZETIRN
WOEE T IZRNTPFIEST D Z &,

Bl 4.7.21. HABOES N IZEHEONET I UEBHESTH S, NU{0} P NU{—oc0} %
YIEETH D,
ZIIBIEETHRN, ZEHY (B THRWVHEDIEETH D) BENCERFZRWNPSTH B,

EFE 4.7.22. R2EIL 5, RP2—27V)y NEBIETHD LIE, HIEBIELV LB
v:RS VIFHELT, FEDOre RIZXHLT

o(r) =TV oR/htl & r=0

BLORD TRARDER] BEOIO>Z &,

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| CTEHRTNE2L—72
Uy FEI L35,

Kzt V=NU{0,—cc} & U, v: K[t] = V % v(z) = deg(x) TEHFT I
a—2Vy R8I L5,

T 4.7.24. 2—2 )y NEFIIHRIES T 7IVEETH 5,

R 4.42. LOEHZIEHE &,

BIRE 4.43. AU ADBBIR L[| CcCE2EZ5 (Hl4.43), V=NU{0} & L.
v:Zi] =V, 2 22 = |2)?

3By, 2=V FEIID Z L ERYE,
U7z oT, AU ADEHRIZFI—2 )y NETH 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=v/=3,200WTNEDR RIZBITEHNTTH D Z & 2R Y,
2. ZNHDWTNEAREITTIERN I & 25,

&oT. RIBFHIEA 77 VEETIEZR W,
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4.8 IR, B

ZIZXH LT QEMELMED HIX, #11.3.13 THhR7ZEBD
(Z x N)/ ~,
LB THolz, T ZIZHAMMERESR ~ 1
(n,m) ~ (n',m') & nm' = n'm

TEHT 5,
FIREDRERR D, (EREDEIE R I U THHEETH 5,

EFE 4.8.1. RE2BIGEL 95, ZTOMEK (3BUK. 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) WEHOEAETHH. NN TEMITBHITE-T
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 5, €/14 8 (R,-,1) DEDE/ 1 RS % ROMHALS
WV,
EF 4.8.3. R WA B L, S % ROMEHEES LTS, RO SIZL 5w (DB,
fraction ring of R by S) SR %,
ST'R:=RxS/~,
(a,b) ~ (d',V) & 3s€ S ab's=ad'bs

TREHT D, (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} BRHEATH S Z L RAMTH S Z & &%
L. ST'R=Q(R) TH 3 & &mt,

FSZE 4.47. R DL T3 2. RIZ Q(R) DIMAEE ALES I L &R,
—HHITIE, R — STIR (r— T) X EABIERRI 22 A X IR S AV T & &R,

RIS 4.48. LOMBIZBNE 62 R— SR (res 1) RO & 5 M %55 2 ¥ 2R,
RO EAMES A LEERR [ . R — AICKLTH, f(S) C AX ThhL f ldd b
FliSTIRS AIZED f=fopbhId, ZDOES574 /1S IR— AlXME—DTH 3,
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MR8 4.49. ET, it ¢ :R— R ThHh->T, ZOLI5BMEEZFEODLDVH /22T 5 :
EFEDHEAIIER A LBYMEREL f : R — AIZHLTH, f(S) Cc AX ThhiE firdd
floR = AZED f=flod DB, TOLIWRf R — AIFHE—DTH 5,
ZOLE, R L STIRIIEAMTHZ Z L2 RE, IHITHL, HEEBEAMA: R — SR
WEAEL T d=hod L7325 I LERY,
(v b : R OME”»S R — SR, STIR OMEN S STIR — R BMFET 5, 205
DEBPEEFEERIZIRDENE DI NED, ZNODEKIE ¢ LERLTHE2DLST, [FD &S
=D TH L] LI HENSEFEGHIZ—HT 5,)

INoDMEIZED, R— STIRIFZOWEEZ L DHE—DDELMERAITH 5 Z L Avbip
%, ZOEIRHEEIIRBFED W5 L ZAICHN, EEM (universality) | & FEIEN 5,
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BOE  NEF

5.1 IR&met
5.1.1 fngt

HERE (M, +,0) D Z & Z JifE (module) & H W5,

R 5.1.1. JIERE M O H SH¥EFRRL 2K End(M) 13f1& U CEBOM%EZ, e LTaEkE S
25T EITK D BAINERE 25,

Z NP 3.4.6 TAHZEEH TH B,
EF 5.1.2. R2&BE L. M 2NERE T 5, REERER
p: R— End(M)

N—DfFEI N &, M &/ R (left R-module) &\,
R DSHAIERD & E X, p IFWNBRMERAITH B Z & 2 TFET 5,

HOGEEW 728 3.42 < 65RNK, £ RMNBEM &1 8RR R OIER M ~DRE
LTOERDBIEEINTVWE I & 1Mt s,
EHL1.1.22/ 12 &N p: R — End(M) C Map(M, M) 1%

Rx M — M, (r,m)— p(r)(m)
REMIEERGZ B, p(r)(m) & m 2 r 2IFHEBRREL W,
rem = p(r)(m)
THOHDLT, DHLDH o IFEMET DM, BADI BITIE-ET D IEE7-DITHVTEL,
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 e (ry em)

4. lem=m
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WK DI DOZ L TH DI L&, (FNENp(r) € End(M), p EHEL DIV RFEY F 1,
p LML DAV FEY T4, pLBATLOIAVNFEY) T4 Z2EVBRIZHDTHB,)
E& 5.1.3. (R, 1) Z BAINER, (M, +,0) ZIE#EE 95, RO M ~DHEH
e:MxR—M, (mr)—mer

NEZoNIZEE ZOFEMIZEY M PG RIFHZ AR 2 L 1E, IROWMD &9 Z &,

1. (mi+mg)er=mier+mger

2. me(ri+r3) =mer;+mers

3. me(ry-ry) = (mer)ers

4. mel=m

B&E 5.2. M 74 R-IEETHDH I L &, BUEFRM RP - End(M) B5Zo6NTnbH L
DEAETH 5 Z & 2R,
TZITRP XX, MEREE LTIZREALTH 2%

g =10 pr
TEHELIERTH 5,

RDFAHERD L EIZIZ R=RP THDh ok RMEELA RIMBHIE UM &L 5, 20
REZHUZ R-MBEE WS,

EF 5.1.4. RMMERD L &, R-IEE%E RIGZEME WS,

MIERBOBREL2FRT, BPEEOERED NEHTHEZ L, BIUOMES1D4D
DR EF-T L] THEIZ 2R LUTATIELL,

%8 5.3. B RIX. /& (H) D5 ROIGENMTIB I LICE DA (HRMBETH S 2 L 27,

B 5.1.5. £ RIMEEM (2 U, D REDMEEN 13 (1) EANERHFTH>T (2) RD
ERIZBALTWdE D, T7bb

1. ml,mQEN:>m1+m2€N,‘é6LZ 0eN
2.reRneN = rencN
LB HD,

RBIE 5.4. ROWNDELS SHE REOMEETHDIZL e, SHRDATTLTH DI LHHE
HThserz2rtE,

AR, RIMBEE Wo 7o RMNEEZETHD LT 5,
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EZE 5.1.6. R EZHAMERE U, M, M, %2 R-INEEL 5, My 7256 My ~NO R-JIEEE LTOD
HE[F] Y & (IR RE D HE A Y
f : My — M,

TH->T. RO IV RRFTIUNEED, Tihbb
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,

I 5.5. RMBHMERIRL f . M, — M, DR TH I HEHHEMIE, BN THEZLTH
52 k&Y,

R A HER BE IR DY TH 5,

EE 5.1.7. M #E RIFELT5, M EORMERER ~ 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
2.4.19 OFEHFERRIZREI NS, )

ZOEE, [0l V& M OLEES RMEEL 725,

Wz, M O RIEBHIBEN 23U,

miy~mo < mp—mg €N

755 AR ~ 2EHET D L& INREMEEGRT. MIZEBESNZIRTOEEL IV FT
NTH5,

% 5.1.8. M %/ RINEE, N 22Dk RBAMMEEE T 5, M/N Tl
q: M — M/N
% RIBFERTL L 52 K5 R OMOE N 7272 — 8 D IZ A D, BARIZIE,
[ma] + [m2] == [ma +ma], 7 e[m]:=[rem]
L%,

%5.1.9. f: M — M ZK RIFFERME 2L &, Kerf ¢ M B RIBE B f(M) c M’
HERMBETHO,
M/Kerf — f(M)

RBFEENGZ 605,

% 5.1.10. f BHHTHB I L &, Kerf =0 & IXFEMH,
FERRIE, BEXCEROMERIBEBLOFE & KFZER\0,

I8 5.6. FOTH L ZDR%ZIHE &,
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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 CTIRER My x M,
2. ROFERIFENZTNICERTES
ZeTROoNSE RNBETHD, FEE T
My & My = {(m1,ms)|m1 € My, my € My}
(m1,ma) + (my,my) i= (m1 +mi, ma +my), re(my,my):=(rem,rems)
TEEDE RMEEDZ &,

5l 5.2.2. R%#E& L, R" % RD nHOERIZ, KT LDMEED T D R DEEH

(@1, oy Tn) + (Y1 Yn) = (X1 + Y1, ey T+ Yn)
re (@1, )= (r a1,...,7 2)
G276 0DET5, TNEFERNIETHS, BEMOERLD
R"=R®R®---®R (nf{d)

WA 7 5 7,
ERMBEM TH->T, DD nlZkb RP & RINEE L CHMZE D2 ERAERER RN
B WS,

PAF, o BT 2,

EH 5.2.3. R&2BRET D, LARMEEMIZHUL, MO (HR) HEE (basis) £1EdD2EFD &S
HEERD M OO0 zq,...,x, € M TH B,

1. gyjzﬁlﬁ'lé 11 + M + TnTp = 0 = rn=Tro=--"=Tp= O
2. HE <z, o,z >p={nT1+ -+, =0r; € R} IE M IZ—ET 5,

2HFHOMEZ, MIZ R Exy,...,0, CTERMFELLUTEKING LWV, TDX57%
Ty, Ty DFET DL E, M 3L RIBEE UTHRAERTH S 05,

EHE 5.2.4. /&£ RIEEM DZEREKRAHE RIMNFETH 2 BB+ 05M1E. M2 (BR) £E%2
HoZrThs,

FERA. oM f R — M % (r1,...,m) = i + -+, THANUL R IIEEERELC
Hbd, TNHEFTHBITIER5.1.1012 LD Kerf = {0} 25 AIX K VA, ZNHEED LM
D= S0, f BRFTTH B Z BRI S A,

WMo R — M % RMBEOFRES &35, (1,0,0,...,0),(0,1,0,...,0),...,(0,...,0,1)
b0 ol kB4% 11,1, £ T 5. p OHEGEER UMMM S . REED AL
PEIZAh R S 7200, O
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R MR, TR0 BMBZERIZBVTIZIRD LD BBNZ ENE R 5,
EHE 5.2.5. RBWEDE &, BRERK 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,
UL, RO &S MENGHHTE S, 20/ — NTIEiEHZ 5 X 7\,

EE 5.2.6. (AMRAERK PID IIFEOMECHE) RAMPHIHA 77 VERO & &, ARARK RN
BEM ZERED R ¥ R/(a) DIEOMBEOERI 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
AR L IHE D AN Z 2RV T—RIZE 2 5,

M ZINEHE T 5, End(M) IFHRMHERTH 206, i 4.2.6 12K D HE—DDHALHER
HEFEL p Iz kD

p:Z — End(M)

B, UIzoT, TOMERIZZZ—@0 DFHEIZE->T (BAK) ZIEEE 5, &
DBLRINZETIE. neZ iz ln>0%01E

nem:=m-+m+---+m (nfi)

n< 0ok
nem:=—(m+m+---+m) (—nfi)

THEZLN3,
R 5.2.8. IIERHI Z INBETH D, Z INEHIINERECH B, Z INEEE U TOMERET & Nk
B LU COMERRIZ—HT 5,
I8 5.7. o %Y &,

ZIIBIEA T T IVEISTH 7206, REHD,
EIE 5.2.9. (ARERT —IVEORETH) M 2 GBRERNERE T, #Y%%a, €Z
&0

M=Z"®Z/(a1)® - BZ/(as)

DIBIZEL ZENTED, 0, 22 TEBELEINZILETE, ZDGEE a; BIEZD AN
ABDEE-E—@DIZHRES,

Kz, BIRINERIZARERTHE 05, EORIZHSHLEINTn=0TH5,
FIRE 5.8. G 2 HRINEREL T2, GDLDRTHNEIPRALZEDE LD, TOMEE G D
FE#L (exponent) & W\ e(G) THT,

FEED ge GITHLU, ¢¢C) = e 2RE,
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5.3 EHREFim

EHL5.2.6 252, Jordan E¥EDFAENBZIZIEHTE 5,
K%k U, Ac M,(K) 235, #H44512&0,

p: K[t] = Endg (K"),t — A

Y72 B BABEER p BT E B, LhioT, K™ I K[t IIBEE 725, ELARIIZIE

T K[| DIEHDPEZ 6N 5,
EHL 52612k D, K" IX

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

DI B, A 501 K FEBRKGEEDTm =0 £7%55%, ay,...,a, € K[t] 3% (F
BOLERIZIER) OB THBELTEV, a;=p™ THHELES,

T 5.3.1. K 2k 95, K[t] DM EOZHEALETHHNTRVWE &, K 2 ABEIK
EWVWd,

5. K 2RBEAKE §5, 20L&, p=t— )\ TH5, K[t] MEEOFR
K" = Klt]/(a1) ® -~ & K[t]/(as)

BHEZ6NTWS, LElONZIF ARG UTERT S, G tiZeffe UTERT 5,
000® - (t—a;) ) @030

0<j<m;—1, DEDEDZEURBEIEEERD, t15T 5L WD ELRDERBITHIX Jordan
B IZ 5, LoT, KM IZAMERAT ADIZ, HER L D BIEES T4 % Jordan 2
LT DHIENTE D,

2 Wk
(1) BASRATR T4 - RAIAR) s
2] BASRAIR TREGRAM)
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# ELHDTDOMEE, 8

Map(S,T) S 226 T ~DEHDEE, 10

N L@, 8
[T EA, 18

U AR, 8
Uz‘el’ 19

0 Z28iE, 8

C MDEE, 8
0 IHEHE, 15

associativity #&&f, 10

binary operation —JHHZ, 14
binary relation —JHEE{R, 17

canonical FE¥ER 72 18

canonically isomorphic FE#ERIZ [A T, 18

class #, 19, 20

direct sum [EFl, 18

disjoint union HEHRF D WEDE, 18

element Jt, 7

epimorphism 44, 11
equivalence class [FIfEXE, 19
equivalence relation [FIMERIFR, 19

function BA%, 9

identity map fHEE4, 10
image Ju®, 9

image 4, 11

injection HL4F, 12
intersection @RS, 8
inverse image W%, 12
inverse map WEM, 11

monomorphism #4f, 12

n-ary operation n JEJHE, 15
natural H#R7, 18

quotient map FEM, 20
auotient set FFEES, 20

surjection €4, 11

unary operation HIEJHE, 15

union &0, 8

n JHEE, 15
&t 8
sy, 8
gt 11
WER, 11
Wik, 12

gt S
FEEH, 10
JT, 7

THAE G, 10
Rk, 10
fEH, 16
BES, 9
R, 18

B FEEGREDI Y AAFEY T4, 21

G405 2 % [FERIFR, 20
EBE,7
BEA, 9
PB4, 20
P4, 20
HeRBA, 19
24t 11

£, 11
AR, 19
LEER, T
HUIHBE 15
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G, 12

EFE, 8

B (BAHD), 18
Al fiF, 19

FfE%H, 19
LTW3, 15
Al fE B £, 19
TIHEE, 14
ZIHBMR, 17
=R, 8

S5, 19

FEAE R [F T, 18
WG, 8
WA, 19
53#E, 18
TRRREES, 8
BIRES, 8
FEIND G5, 21
HHEL, 21

¥4, 20

H, 774,19

R 5l



