FHERIR

HH #h5E
201347 H 18 H, 202043 H 13 H

(FMEBIER & &, a2 &z TRIL ) ERAL. 77 20300 LCEmT 5 72D DB
PefiATH %, )

COXHEONEZHERT 2D 2 DFEEPDLETH 5,

COHiDIFHED R DS — a VIR 2B Kk 5, BARHMRRRIUEREE 0 TRESE
3] DTFAMELSHEICLT,

(FIHR) (Vo € X) (Vy € X) 25 (Vo,ye X) EFHLZEDH D, FKICL T (Vo € X)
Vye X) (Vze€X) & (Vo,y,z€ X) EBFHL, VOrbHIZ I THRROEBIEZITR D,

1 ZIREf%k

Bl 1.1 (R LOIEFRER) Ve, y e R ICHL, 2 <y THEINPEI D, EE->TW0 5,

Bl 1.2 (HBFBER) A ZEALTELEE . Va,d e AT La=d THEIDEI D, EE-T
W3, m

Bl 1.3 (BEER) £ A DRIES 24 = Pow(4) D2IL B,C I L, BCC THLME
I, BEF-oT 5, n

Bl 1.4 (BBR) 2 2OFER a, b 1T LT, b=na 27 THEY n DEFHETEEEZ, DT a D
R THD, D502 ald b DRETH S L\, a|b TERYT, BEREEKDOES Z D270 q,
DI LT, albTHEMEI b, EEoT2, m

ZDEHIT, BTHEVELS X OEEDO2TG 0,2/ WL, 2 ~2' THEIZDEIDPEEHST
W3 EZE, ~ 1 X EOZIARR (binary relation) TH 5, &9,

Bl1.1 TlE < 3ER Lo, Hl1.2 Tld =13 A Lo, #l1.3 TiE C IF 24 = Pow(A4) LD,
“IHBIRTH %,

RK 1.5 (CHBROESODSEZAVEER) HThVEA X LoZHEFRE I, X x X
DEFEGRDOILETHD, LEXRT 2, MEPICRCXxX 32L& o~y (z,9)eR
E95E, (ETHHLAEKRTD) X LOZTHRER ~ M5 615, (v,y)) e RDTL%Z 2 Ry
ERTEARDDH 5!

r~y & (r,y) R < zRuy.
BHEREZZIHER ~ DT 77 LR,
B2 X = {a,b,c} (a, b, c FEDDOHHEAL2), R = {(a,a),(b,b),(c,c), (b,c),(c,b)}
E9 5L,

aRa, DRb, cRc, bRc, cRD

EUDHED . il (1212 a Rb) 2IRD 720,
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2 [RMERER

4 N
E& 2.1 (FMERER) EThwES X EoIEHBR ~ 23RD (1), (2), (3) 2A LT L &,
~ %Z X LORMER#R (equivalence relation) & WS,

(1) Vz e X IZWL o~ z. (B, reflexivity)
(2) Vz,y e X ITNL 2~y =y~ o FREE, symmetry)

B) Vo,y,ze X TN L o~y D y~z=12~ 2. (HERZAR, transitivity)

way DEE, 2z Ly ZFAETHS, 2 13y ICFHAETHS, 9, )

ER 2.2 1 DOEAG EICHEBDFMEBRDIFAEL ) 5. KD 2 D O 7 [FERI (R A3 &
AN

Bl 2.3 (HALFEERER (& THRIME) TED 2 a,bec AL a~b EEDDE, C
D ~lF A LEOHEEBIRTH S, =

Bl 2.4 (BEFRBR (BRETERE)) EEOEA LTHERMR = ZFRMERMEFRTHZ, =

A TIRIFEICS  OFMERIRES T 205, 2 2 TREHEZ D D209 (Bwvil
L?) %3,

Bl 2.5 (RFEEDER) 2 2D VHIKIE A & B 3GH A=~ B (A is congruent to B, A Z° {7
BE) - [Alfis - R L2 E LT B I “BHRHN”) &) BRIZFEERRTH 5, (KIEDOARE
ZRT R I IAERED 2 T HRDFPERBUFATIE A= B LB OB T A, Jeah
XAUETIZ A2 B EECDREZ)ITY ) m

Bl 2.6 (RFEDEL) 2 >DVHKE A & B 23HHEL A ~ B (A is similar to B, A Z A7 — 1)
Y7 (BER, AN - PATEE) - BliE - BEHR L2 E LT B IC “HRHNE”) &) BIfRIZFEfE
BIfRTH 5, (KIZOHRZ LT ETITITIFEERED L (T, HRDERBETIE AwnB &
FLOHET DY, HRESULETIE A~ BR AIB EFHLDEZHTT, ) m

Bl 2.7 (BRAE n ZEEUVLTER) n BHAEKL T2, Blekofs 7 LoFRERR ~ 2
RDEIITED D,

def.

a,beZIZHNL, a~b a—>blxn DFEE

a~blFLIFLIXa=b (modn) EEDPIN, a & bldn ZHELE L TARITH S (a and b are
congruent modulo n, a is congruent to b modulo n), &9, EIT B2, a & b ld n THlI-
TeRODPFELVWEE, ZDLEICRY a~b.

D ~ DFAMERERD 32 A7 T2 L 2RT,
EE VaeZ 2L T, a—a=0-n,0€Z %DT a~a PZIJKGFHEILD 7O,

a~b &95E, (FGEZ)a-b=jn. TOEEb—a=(—jn, —j €L THHHNH b~ a.
W ZASRFRERDSER D V2D,

an~bb~cDRYED, (T4, €Z)a—b=jn,b—c=jn TDLE a—c=
(a=b)+b—c)=G+j)nJj+J €L DT ar~c WAIHBHEIKD 2D, =

a=b (modn),c=d (modn) £95%&E,

a+c=b+d (modn), ac=bd (mod n)
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DI D SO, EBE 3k, (€Z)a—b=km,c—d=I{m %5,

(a+c)—(b+d)=(a—b)+ (c—d)=(k+)m,
ac —bd = ac — bc +bc — bd = (a — b)c + b(c — d) = kme + blm = (kc + bl)m,
k+0e€Z, kct+blelZ

THEH05, m
GHGER: TpX TlX. (mod n) Z \pmod n & AJTT %,

Bl 2.8 (ﬁg%ﬁi%) 10=1 (mod 9) TH 225, HARE n IZHL T, 10" =1 (mod 9).

123456789 = 1 x 10542 x 10" +3 x 10° +4 x 10° +5 x 10* +6 x 10*> +7 x 10> +8 x 10+ 9
=1x14+2x14+3Xx1+4x14+5x1+6x14+7x1+8x14+9
=1+2+3+4+54+6+7+84+9=(1+8)+2+T7)+B+6)+(4+5) +9
=04+0+0+0+0=0 (mod)9).

I 6 123456789 13 9 DRFELTH 5 Z E 3 h %, [FEEIZ 987654321 & 9 DfEETH %
(F7% E)ANEZTHRLE), (BEOZORHR, FXoWjil% 9 THl- KD Z3HHEL
THK T2 LT RET2ZLENH-7, )m

Bl 2.9 “—fikfy? #EZEE, 2r DEBGEEIHES bDOIZE RT3 00MEH] 7% 2 £ 23H
%, r,y e RITHLT

z~y & (In€Z) x —y = 2nm.

DR _EOFMEBIfRIZZR 2 2 & DK, #12.7 LMKk D TEIKET 5,

PIZNE —m~m, 2 Fex~vy 5513 cosz = cosy, sinz =siny, € =cV. W

Bl 210 GR f: X Y 526N E o~ys fa)=fy) ITED ~ZEDSL, 2D
~ 13 X LORMERERTS %,
BEA Ve e X TR LT, f(z)=f(z) £V 2~z

r,y € X TRNLT, 2~y BIRNIZDET S, flz)=fly) THE206. fly) = flz) 5D
T,y ~x. WZITHFREDR D 7D,

2,9,z €E X IWINLT, 2~y D y~2z 855, flo)=fly) 222 fly) = f(z) THSH»
5. fx)=f(2). ATz~ z. DZIHEBHDIELD IO, =

M1 H2 A0 TP HIUL, 2~y ETEHLE, y~a ZITHBAZHVI L o ~0
DEpNDL, 1206 AERROER TIINFIIRIIRTTH 5,1 LB, IELWES ) »?



3 REREBRS

-
£ 3.1 (FEE) ~ 2446 X FoRMERERE T2, 2e X 1L T

Clz) ={yeX|y~ua}

%z x D (JE3 %) FAfEEE (the equivalence class to which z belongs, the equivalence class of
r) LS,

FEEIfR 2 B LT, x DFRMERIR ~ 12D T DFEfESE (the equivalence class of x with
respect to the equivalence relation ~), x @ ~ [FAfE3H (the ~ equivalence class of x) & M
RZLbLdH s,

Cz) DI L% [2] ® [2]. TETIELHL,
\ J

C(z) 13 X DEIEATHS (Clx) C X, C(z) € 2¥),

Bl 3.2 BZEELTEREWSRERFRODREIER) (BTboLtE&bA Lt rINE., k-
%) Z LOFEBIR ~ % a~b<a=b (mod 3) TEDSLE, C0)={3m|mecZ} (3
DREBEE), C(1) ={3m+1|meZ} (B3TH>TIRIEDERIK), C(2) ={3m+2|meZ}
(3 TH->T2HRZ2EDEN), C(3) = C(0), C4) = C(1), HHMANZ C(-1) = C(2), C(-2) =
C(1) (C(z) 13 x LDEDVBIDFEHTHEbOEEWEEZL LR, S, HEL 2 FMEHEIE
C(0), C(1),C(2) ®3DFEITH?, m

Bl 3.3 (EEDAY ML) Fifii EOMSDH 2 L&, Eboroliis TR, LK, b )
(TR LR ERFIL 2 b DR EEES E VI, A IS, B 2R LT 2 HE
% THIES AB) LW, AR LT, X 2PHEOERGSOSEKE LT, X Lo
R ~ %

AB~CD & AB #FBEIT 2 L CD IcHk 2

TEDEE, ~ IZMAEBIRICZR 2, ZOFERIRICEE T 2 FMEEHD 2 &L 2 FHoRIZ ML E
FESS, m
EREEE D BB (BAHEIR) 226

BlEFEDIIMEE, MEBLOREITEE S, ZOMELMEICL2WT, MEEKRE
IPETTELAERERINILE V),




/%ﬁEE 3.4 X FELST, ~ 13 X LoREREKRET S,
(1) Vze X IZWLT, z€C(x). (@RI C(x)#0D TH5, )
(2) Vz,y € X I LT, XD 3FMHIFAVICFHMETH 5,
(i) z ~ .

(ii) C(z) = C(y).
(iii) C(x) N C(y) # 0.

(3) Vz,y € X 1IN LT, RD3EMFIFAVICFHMETS 5,
(i) = £ y.

(ii) C(z) # C(y).
(i) C(z)NC(y) = 0.

BEE E9. Vo,y e X AL T, yellz) o y~a ZHERELTEL,
(1) Kz ~2 XD 2 e C(x).

(2) (1) = (i) 29, a2~y LIRET %, Clz) CCy) ZRZ ). z2€C(x) ETNUL 2 ~ x,
Nt rx~y kD z~y WRIZ2eC(y). £ T CO(x) CCy). NBRIZED y~a B3
JRONEDDT (-7 FAfRICLT) Cy) C Cz). £->T Cx) =C(y).

(ii) = (iii) 27T, C(z) =C(y) ERET S &, Clz)=C(x)NC(y). (1) &b C(z) #0
THoHD5, Clx)NnCly) #0.

(i) = (i) 229, Cla)NCy) #0 LIRET B L. 2z € Cla)NCly) 27T = DAL
T5, TSOLE z~a D 2~y DT, (R EHEBHRZHOCT) 2~ y.

(3) Z#UF (2) DXNHETH S, =

e N

e 3.5 (FRES T, #8al) £4 X LoFERIfR ~ 1Tk L

X =),
rzeX
F7-
(Vz e X)(Vy € X) (Cz)=C(y)) vV (C(x)NC(y) =0)

N AVRYASN

_ )

PETIE, B X 2oL EMERETAZE, B RAFRELCKREITHS EIZES K
W,z EFRILZ 7RI y BHY, EH 7 TR Y BHY, Clx) = Cly), Clx) # Cy),
Cx)NCy)=0 EFHTEL,

BB Vo e X ICRLT, Cla) C X THB05, | Cz) c X. —H, Vo' e X IS LT,

rzeX
¥ eC) Thars, e | C). waik X c ).
zeX reX

Bz, FTHSIC T(Cx) = Cy) £1F Ox) # Cly))s T, HifrE (3) D (i) < (iii)
IZED, C(@) #Cy) & C2)NCy) =0.m



EE 3.6 (BES) £46 X L. X LoOFMEMR ~ 23H 5 & &, FEE2EOE
X/ ={C(z) |z € X}

Z X D~ 2K 5EE (the quotient set of X by ~) & WS,
HFreXITC(x)e X/ 2RI LI LTEE LEHR

¢ X=X/, q)=Cx) (reX)

ZEBHR (quotient map) & % W IFIEEEMNEET (canonical surjection) EMES, ¢ 2 X/
D EEMFF (the canonical projection map to X/.) EFFO, 7 ¢HFL L HE W,
CeX/ ITNLT, C=Cx) 2T L)% x 2 C DIREKIT (a representative of
C) LS,
\_ /
Vee X 1T LT, Cla)c X T7%bb Cr)e2X THH206, X/ .C2X TH5,
Co "MGEIt) v &) &, MPRGE =27 Y AZ2EL 2 A0 500 Ltk wd, C =
C(z) AW T %613, 213 C DRFITLEMIEN S (I THRED L), JEEETIE the repre-
sentative T7 { T a representative TdH 5 Z L ITHE,

Bl 3.7 (VFRGV) X = 2014 SFEINERLEBREFIAR L FAERBOES LT 5, 200)
23D ->T, “1H” 12id TK. B, KS. &, =203, “22fl” 12k T.T.H/, T.F. &,
W3, s~y % axtyZEACHIIETSEIEEERT S, = L@H{ﬁﬁé{;ﬁf%%o
C(TK.E)=CEKS. &), C(T.T.E)=C(TF.E) it bic X @%/\ﬁ@é’é&)%o zhzn
LA, 2L E V) AR O>VT w3, HEZHET AICE, ETORVLLET 254E%2—A
ERIFRW, TF. EOFET 2MEE 2R, 2ozt Ths 003,

1#£2M, 1f#n2f =0 1#Hu2=X.
X/o={1#,271} m

ROBNZ, ZOPIEEIGH FEETH 27210 Th < REGR (BE. B RINEE, ZIo,
PRIMZEM], o) 2 TH - THORBRZ2ES . &) IERICEARN D EE L BIEOH &
LTHHETH S,

Bl 3.8 (n ZEETBRIRR) n ZHREKLET S, Z LOFEERER a ~ b < a—b X n OfF
B, 2EZX5, LD ~IZE2HEAE Z/n EET, 72 a DIET BAMEE Ca) % [a] EF
T, [a] 2. n 2L T HRIRE (residue class modulo n) &9, TDEZE

ThHb, Z/n % n z2ikE T 2FRFR (complete residue system) &b %\ ik, n 2k L T 2FR

FHER (residue class ring modulo n) &9,
BARIZ, n=3 DEgHzEHTHAD L

z/3 = {[0], [1], [21},
0 ={z€Z|xz~0}={3j|jeZ}={" ,-6,-3,0,3,6,---},
={re€eZ|z~1}={3j+1|jeZ}={",-5, —2,1,4,7~~}
R2={r€Z|x~1}={3j+2|j€Z}={- -1,2,5,8,--- }.
5 Z/n DIERED2TG A BIZHL, ZNZNRETC a, b ZM->T(DEDH A = [d],
B=[0] £%2X%57% a,b).



e Ml 1 At Bi=[a+1],
o '€ : A-B:=ab

LEET D, A, BIZWHLTA=1a), B=1[b] £%% a, b DHD 51 (—ICF) WD D 2
5DT, [a+b) & [ab]) PO HICESTICEE S 2 LRERTI2HLHENH L, CDXI R
ERIEEICLIFLIZEL 2D T, TA+ B, A- B 1% well-defined TH 2 EFH) &Il >T
W3,

(ZDFFH) A=[a]=[d], B=[b] =[] THZR5IE

la+b]=[d +V], [ab]=[aV]
ZAEIXEV, a—ad =in, b—V =jn ETNZL
(a+0b)— (a"+ V)= (i+j)n,

EJ
ab—d't =(a—ad)+d(b-0V)=1ibn+djn=(ib+dj)n
THHPO, a+b~d 4+, ab~db. WZIT[a+ b =[d +V], [ab] = [¢'V]. m
7/3 T3,

O] +[0] = [0], [0+ [1] = [1]+[0] = [1], (0] + [2] = [2] +[0] = [2],
A+ 0] =[2, [+ [2]=[2]+[1] = [o],
2]+ 2] = [1]
[0 - [0] = [0], [0} [1] = [1] - [0] = [0}, [0] - [2] = [2] - [O] = [0},
A-0 =[] -2 =210 = 2],
2] 2] = 1]

Z/n 3A, 7, BOSERETESZD, B MICIERINR G, n BERTH S & XF (0]
DA OREETE 2R b ERS N, Z/n 13kE RS,

MR 3.9 p 2EH. m T p DIEETHRVET S, ZDOLEE km+lp=1%ATHEEY
k0 DSTET 2, (RIFMKEZ Tm & pPHWIZERGIX, L5HKRS, )

sEBA Z/p T p EDIL(0], [m], 2m],--- [(p—1)m] Z2FEA DL, TNHRFTXTHELS
TLTH2, EBE. bLH20<i<j<p-—1I120T[im] = [jm] BEHILDETB L
(j—iym=kp ZH7T ke ZDBFETED, j—ic{l,....,p—1} L mIFEBIT p DFEE
TR RVDTHET 3,

L7eD3oTlkm)=[1] £%5 k(1<k<p—-1)DFETE, ZDOLE km—12p DFEFEK
ERBDTkm+lp=1%2RlTIcZ PEET S, u

FER 3.10 (1) pFEETHLSTH, p & m BHWVICHE (RARAKEDI 1) ThIuL, km+ip =1
AT TEE kL IET 5, (DUPRRR) J4UdlE 1Z2—2 Y v FORREZHWCGE
HEN 2, EEAROFHETIIEEA O TEEOWE,) THRI EIXRoTw5, i
WCHZ6NTBH m L plcxf LT, m & p DIRROKIE d & km+lp = d Z Wiz T8
k0 %2Rk 2 2 EIZEET, Mathemaitca TIZZNZEIET 2 720 DBEI% ExtendedGCD []
DPHEIN TS, ExtendedGCDIm,pl £T5E. m & p DRI £ km+lp=d %
Wi TREEL k3 d, {k, (}} EVWHVAFTRING,
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(2) EOGEIZED p BFEBD L E Z/p D (0] THLEDTE [m] & (Km] = [1] &H7T
G (K] ﬁo (BEDHIL) T &>, HKil (0] THRWEEOILTEHE MRS, 2
D &) REGRZE (field) &9, ThbE Z/p i3 (BR) hThHz, =

B2 7Z/5 o [0] BADIT [1],[2],[3],[4] icoWT, ZhFNBEoWInERD X,

RET—F—

B 1ORE ELCAv, EHLTRS o SHLT, oy Eh5 y DIEET 5 2 I E
INTVRY, A E LT, 2THhVES X OEED I o,y ICHL T, 2 ~y 13K
DA, & LTERS N IHBR ~ 13, HERE L AT T8, BUREI 22 &
B BB X = {a,b} LOTIHBR ~ & b~ b RUEL X TRTH (0 a, a b,
bota) & LTH, KRR E MBI SN2 05, RN S v, -

SE 3R
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