15 BF

I HACEE S 0 B X 5 R B A RBGE B S W R 4 & 4 (algebraic system). ff
MERA - MR EENNE ARG BAEAD RIS, MAEC KRN —TTHERE)
Z RN 15 38 B 53 30 AR ARE 2 v o A i B b A T ELAE 280 1 At 43 5
Ty B A AR BRI 2 G A Tz .

ARFER T A ZRER E S BT EEAE TR — SR R RS RATIE N FRERI RS SR AT
TS T IEFE BRI R R S 17T T A T Y AR N 2 BRI EAE TS T TIEW. TP K
B B A R IEIE NS AR EAATRER BRI BR Abel BF 194514 2 LA

1.1 &R

AT FBER LU & wHR ] B 0 B A PR TR A AL e RS e s
B AR NABRE EFEN KRR SRS KSE.

LA

LA HE AR S R BT 0T R I AR R S A (set) s BUTRT AR A 2.

AEHE AN £ 8 & 4 £ (the set of natural numbers), Z % 75 # 4 4 (the set of
integers) ,Q /8 A P # 4 (the set of rational numbers), R 78 5 # 4 (the set of real
numbers) ,C F /8 8 4 & (the set of complex numbers) , |l & FE /R = £ (empty set).

TR 2€ AP KRILR 2 B THEA M € AV RIRITR AR THEA.

EBX 111 WREAPHENTREE TEB. WK A ZB #—1F % (subsev) 3
W ASB, ENHEEN ACB. ik ACB, X B hEDH NI EAEA FL0FRAREB B
—A~ A F 4& (proper subset) ,it.y ACB.

FHEBN N BIEEEGHNFE.

— R N EENEELE. A=BSACB HBCA. il BRI NES A 5 B
MAE, HEUE A 5 B M E AL

EX1.1.2 FEAMEBHYIAEALTEARMES. N ANB={x|lc€AHzx¢c
Bl .mff A 5B MR E.MF A5 B 3% (intersection). 8 T4 A 54 B (iG £ 4
RS ICN AUB={z|x€ Az € B}, M A 5B 3+ %&.H#HK A5 B 195+ (union).

XFMALL EEZRETCIT ZAES Wi PLE R g LG 1385 IE.
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EX 1.1.3 B A.BANNIEEES KES
AXB={(a,b) | a€ Ab € B}
A Y B & )L (Cartesian product).
Al T LA sE AT BRAN R 2 A R LR

AIXAZ XArlzi{(al’a27“’am) ‘azeAi7i:1927'"vm}.
FE: M, AXB#£BXA.
2. Wi AR

e 555 15 H5 R S bR BOE 2 B HE T BT R TR S IO R Z RO R R B T
%ZliﬁﬁiﬁzéaLllﬂﬁﬂéﬁff%ﬁ%ﬁ(%?fi%i&ﬂﬁﬁ*%E%B’Jﬁ%Z*

EX1.1.4 & ABAWDAESE WRAELE DA BB WXFREN £ X A
':P@f/l\fﬁ%a’%ﬁﬁB e — e — A JCR b XN WK f 2 A BB — w4
(mapping). 1 EFR b N a H4E (image) , FX a b B i#% 4% (inverse image or preimage) , Ifi
A W et £ = L3k (domain) » B B £ BY4A 3% (codomain).

R IHIIICT S A BB A B %5 S R A 1B B
L1 RPREEN S x> B £ = —— (V2 € Q)R RQ SR BB 4
R BA .
Bl 1. 1.2 B g K0 FIQ f R K
gzt oy, ( )—x+y, V=eaQ,
y y

T4 g ARQFIQ MBI, FHRTE=

R GHRHIE.
M E T B F AT 4R A BIAE B XYL W B R A I 2 00 A
(D) fZTATPHEANITTREB TLma14%.
(2) A P TTR B AAHEE, B A g IR R —.
$B11.1.3 HA=R ={x|2€R ,x>0},B=R , WX % 1

f:-r|—>/17‘7 V16R+

ﬂﬁq()—aquQLWQ¢mﬁ%ﬁ

R FIR ) — AW,
Bl 1.1.4 & A SRAEAES TR k)
I,: x2—~>x, Yax€E A
JEWLEF. I BRI b A 18 5 B 53 (identity mapping).
EX1.1.5 & f:A—>B &M
(1) # SSA. M B iy 74
{(f(x) | x € S)
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FRN STE £ AR ACHE £(S). FRBIHL . 25 S=A B, fFCAO RN £ 8915 .0 /E Tmf.
(2) # TSB. W A 114
{r€e Al f(x) € T)
PR T AE £ N g ICtE /1 (D).
FE: (D REEZE N AWNTFENMFS X BEIFRERE W /.
EX1.1.6 ¥ f:A>B.,g:.C>D. M A=C,B=D,.H V€A A f(2)=g(x) M
PR S5 g M5 CH f=g.
EX 117 B f:A—>DB WY,
(D) BHVx 0. €A 171, B () () UFK f 8 3% 4t (injection) ;
(2) #VY yEB. A x€ Al y=f(x) JUFK f R 4 (surjection) ;
(3) 5 f BRI SURWIT AR /24 4 (bijection).
1. 1.3 S 2 G B SR ST  1. 14 B R R U
EX1.1.8 FEHAFA AFHBG ML A 19— % # (transformation).
R 2 A A RER W £ A—>A R FTEE KA R X A B
e PN RE R BN A={1.2.3) ¥ LA BN HR
f:1>3,2+>1,3—>2,
wa pagan =, )
3 1 2
— MR A={1,2, ) BRYSH F T RN
e ( 1 2 3 " )
S (2 £ e fn)
KA TG eR B ME A, FRATT 45 T A Bl S5 1) 5 1 AR 2
EX1.1.9 ®ABMCHRHESES M fA>B.g:B>C H 2 IF 4/ £ Flg
A E— A B C BB R A>C
hzx) = g(f(x)), VYVx€A,
Wh2fY5g M4 R (composition) ,itfE h=gf.
R AR [A>BISA fIa=fIsf = f.
FEAL T B R X TR T AT AT LG 1A G0 S i M
EX1.1.10 & f:A—>B RXU I8 Al f AT#fE 53— B b B>~A H
h:b—>a, WHE fa)>=b, Ybe& B,
FR h N f BYiF sk S (inverse mapping) it N f .
REZ BUE T IR 2R f:A—>B R, N
(D f ' :B>AWREMGHG D =1,
@ ff '=ls.f =12,
3) [ EME—M.
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3. RELsH

2 3 b AR £ AT 5 R AT A M R AU R g MR RS SR EBsTA
HEVIBER T ARE0s 57 DL — 2w iy is B

EX 111 & AB.DHZEESES NAXB R D BN A.B 2 D &
#% ¥ (algebraic operation). 47 5#h .24 A=B=D i}, A, A B A fCEGE BN A 1Y
REE A, B FR = 5L i 5 (binary operation) , R REE B ES A SR R £ 4.

AR TRERS EF UL A X T EREEEE A

— MU RS A LGS T DU 7Rk R IR Can o) 1 N IRICAE ac b, Y

AT RLE R (A, o).
Bl 1.1.5 Z ={2€Z|2£0},—NZ XZ " FNQ W5,

O!(ayb)'»a"/?:i
b

MAEZ . Z " BQ P ARBUS . X B R
Bl1.1.6 —AZXZHNZ Bt
orlab)r>a-b=a—0b
OB k.
AT LAFE AR B0 5 2 3 A D s ST e — AR O B — B AR B,
BRI Uk RS kAR AR Z A PR Q VIR R MR BUEC EI R EUE L
Bl 1.1.7  GEEEEA S AARBEN FRBEE . W1 —-3=—2.M—2 A~AZ&H

A KB R acb— AR RA BEUEQ L RBGE S R (0. 0= a2 0= T

M ABHEAARER A, B 2 D g QU80z 8w T~ EE R G . B, A=
laysass=rsa,} s B={b;sbys++0,} W A,B #| D E@Fﬁﬁ@% aﬂ@i%ﬂ%%‘zﬁ?ﬂﬂ

2 b, oo b,

ay dy di; di
asz dy d; dy
ay, dn d,s dym

X AN 0 PR O 3B L A AL & (Cayley table). fEiz B FEd i d,) 3 d,, LI TR
E 0N

ARB AT 5% 1) S XA B0 i DL R e R R A AR B R e H o, B 20 X B L R B
{14 31 38 32 B, — i b R AL A T R ) — S as RN L T A g A R A A I A AR G
AR ECAEAF T2 45 PR B R et o R R G 5 5 ki A

EX 11,12 ®-AERA LW —-PREGEHE AV aa.a; EAERA



1.1 F&sg |l

(a; cas) cas; = a; o (ay, © ay),

M FR - 1E & ¢ A 4 (associative law).

FELLL RESA EWRBUEH @SS G WX T APERZE (=) PIER
aysay s sa, s REANKREITTER W HEPT A& — R 465 07 2o R S 1Y 45 R ER AR AL [

ML XA 2 L X T 2 4 A A REUE BoR UL AT 7 DT R REARBUESTRNETR
WF 5 AT LB 3 245 5 TR e FE 46 5. 53X — 518 78 A A 5 v i FLTE s 2 AR ek At it
R fRis FH Ik B G, 22 10T X O R A o 1 38 Nk B e kAR AT LAUAT B A A TS 6
F5 5 XU AR AR R G B AR e T BRIz B .

ERBRGE A, OP T APRWAITTR a b M Hacdb A—EFET bea, LAH 1. 1.5
A 1. 106, N IR ARG B A AS A A A [ L

EX 11,13 B hES A BN MBEH A Va,bEAKRA

acb=20b-a,

M FR < 3 A& X #: 4 (commutative law).

ARES A Er USRS R E AR B AR T EX ML R
JL R ARAH A

[F) B 08 2 235 5 R AN S B AR AR EIS 5 B A DL B

EE L2 HHES A BB - BEH 2 455 A O R a2, WX A L& n

MNILEWIBE a,ca,°0a,(a==2) ] LI & JF#I0 Z BTG IR )F. L]
ST SRR R G W

EX 1114 BHES AAWNNEETH - KO WRY a.b.c€ AHA
a° (b@c)=C(a-b)Da-0),
N FR Iz B XD & A o B4 (left distributive law) ; W1HR
bDdea=0Wa)PD(c-a),
T FRAZ B o XD 1 A » Bt 42 (right distributive law).
EE L3 BES AAWNMBLEE - K@ H RO R 455 .
(1) An 2R o X O L A4 B WX T A LR n+1 ANICK arsay o va, Mo A
bela PDar P Pa,) =Weoa)PD beoa,) PP bea,).
(2) o xF O A B WX T A LR n+1 AICEK arhay o a, Mo A
(ain@Da, D Pa,) ob="C(a; b)) D (ay, b)) DD (a, - b). ]
GERR L] EEE L L3 MIE B AR EE M.
4. FHRELGEAM YR
W BB i — 0 WAL HEAT 20 KRS B 6 1 — PP AR A RO 5 vk TS X R B G T
—REER ILRFREN TEGH S EES EEZMEM.
() XA
EX1.1.15 % ARNESESAXAN—DTFTER KNA H—A £ & (relation).
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Va.b€EA, #(a.b) ERMFR a 5b A KRR ICNE aRb. # (a 0D ER K a 5o EXFER,
ICHE aR b.
Bl 1.1.8 25 JRER B EEZ I

R, = {(a,0) | (asb) € RXR ;a<< b},

R, = {(a,0) | (a;0) € RXR ,a = 2b},

R, = {(as0) | (asb) € ZXZ sa | b},

R, = {(a.0) | (asb) € ZXZ .a 5 b W& HPEAE )
S ER R B AER S EAEZ IR R, T H aR b= a<<h, i Ry w2 S /Y “ /N F i 45
TR aR.0=a=20, 3K UL R, Ry SCEE W PIAS E R 5 1 aRsb&al b, 1F 258500 1 HE R
KF MT Ry E B BRI ) [F] A P ¢ &

(2) FEMRAR

EX1.1.16 5 AWMKLRER AL

D B & M (reflexivity): Ya€EA,aRa;

@ x+#R1E(symmetry): YVa,0E A% aRb, N bRa;

@ ik M (transitivity) : Y a.b,cEA# aRb H bR, ) aRe.

MFR R & A — ¥ M % 2 (equivalence relation) , Jtif 8 R 245 FicAE~ ,aRb WHkic A
a~b, I EAE a 5 b F4.

FE 1. 1016 A 50, SEECE R b on B R TR B A SE A ML (RO AR BE R & Tl ¢ &
(A=C"BC,C [ ). #IflE R (A=P 'BP.P 1] i) L) J %4y 5 R (A=PBQ, P 1 Q #n] i)
HBIRAFM K. M) 1. 1.8 H Ry Fl Ry BRHAE A K B 1F R0 AL 338 Ve o B A0 AN 3l 2 % Bk
R, XF T 5B P XT PR P FAR 3B R AR AN L s Ry JESEM G A&,

FE VLG 2 2] v 258 il B Y — Fh B ZE A AE A C R L) 1. 1. 9.

B 1.1.9 TEBEEEL P IBUE — A IEEE m, BHLE

aRbsm | (a—b)y, VYasbE Z,

AR %5 &) 3 k15

O Va€Z . B m|lla—a);

@ #Hmla—b) W m|(b—a);

Q@ FHml|Ca—b)ym|b—2c) N m|(a—0c).
FiAR NZ FH— DM LR R R NZ HETHE m BB 4 # % (congruence relation). i
aRb % 1CAE a=b(mod m) , 8, a=b(m) , %M o 5 b B4 m.

EX 1117 H~REEGA LD ENLR AL

[a]={x|x€E Ava~ x},

FrlalRPh a ACEICH A 1—AF £ (equivalence class). B A 192 R EE M 254 i1 &
B AE A TEFEME LR~ T & (quotient sev) , ILfE A/ ~.

FEF) 1. 1.8 Ry MR, LLO A1 AR TS M2 53 il 2
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[0]={x|2x2€Z,0Rx} ={x|x€EZ,x=2m,m€EL};
(1] ={z|l2€Z. IRz} ={x |2 € Z.x=2m+1.m € Z}.
746 R FRIBENZ /R, = ([0].[11). 300 TR A MEk 118 Sk k.
TEB] 11,9 o, ST B SN 2R PR R R A2 La Jic R a T AR BL A BT AR PR M Z AL m )
RBEIIC N, XFEARIRIN
0= {++s—3ms—2ms —m+0ums2m3maee)s

1= {eeey —3m+1,—2m+1,—m+1,1m+1,2m+1,3m+1,};

m—1={,—2m—1,—m—1,—1,m—1,2m—1,3m— 1., dm—1,+};
MiZ, = {0,122 om— 1} B Y =3 W}, Z, = (0. 1.2}, Hop
{++«,—9,—6,—3,0,3,6,9,};
{+oe, —8,—5,—2,1,4,7,10,};
{oeey —7,—4,—1,2,5,8,11,-+}.

N =l
I

(3) AR

BN EEE A BBRR T I — AN IR A TR I IR 4k 2 T A B B G A
DU B2 2] v 2 8 ).

EX1.1.18 & P={A[ic,LACA} (I HE RHEFES AN —DTFHEE. W
P

O AF#T,Viel;

@ A= LéJlAi;

® YALAEP.Y i B A ANA =,
WFR P R A f—A~ %% (partition) , L g4~ F4E A, Ge DI A B9 —1%.

EF) 11,8 Z7E Ry TWRAEZ /R, ={[0],[1]}2Z M —A4r2; 7af) 1. 1.9 v,
FEFRKER R T m FIRKEZ, T Z 00— 250t oh FRATHE45 0 i)+

Bl 1.1.10 % A={1,2.3,4,5,6,7,8} .45 FHIMRLLE A 195025, A4

D P,={A A, ,A; A ) HPp A ={1,2},A,={3,4.5},A;={6,7,8} , A, =T

@ P,={A,,A,,A;, A}, Hfp A =(1,2,3},A,={4,5},A;={6},A,={8};

® P;={A ,A,,A; A} Hp A ={(1,3,4},A,={2.3.,5},A;={6,7},A, ={8};

@ P,={A A A LA} HAP A ={2,3},A,={1,4,5},A,={6,7),A,={8}.

g O HWHA=T P ARG

’
9
’
9

@ Wy A= U mrre Ua g p £ A 5%
© Wh A NA ST P, KR A%,
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@ P, HAMWTE.

TRV A B S FE I 2 B8R R G R RE0 CR KRS o L — L
PR 4. ] 11,9 i aT DU B R AR R VAR Z I — a2k

LHEAMBPEEESA LFEM R ZNIAFTEE M TR MK R,

EFE1L1L4 EH5ANE-DTFEMXRE~HEHET AWN—D0EP I HEBANFME
BRERXNFEP TN —IR RZEEANE NS EP WHEA BN —-TFENXR~,
M H P e~ 2516 0 ~ 1 — S50 28,

IEB W RANABH—TEMLR.Va€A L

[a]={x|x€E A,z ~ a}
RV a HARRITIEM R M AEFM LR R THEEA/ ~={lalla€ A} bR A H—4
3% PSRN
O V[al€A/~.th a~a,WH a€ [a].la]#T;
@ veeamaelad.pittae U tadammac U rdmga= U ra,

® #lal.[0]€e A/~ Hla]N[o]# T . WA € lalN[b]. ik x€[a]H z€[6], L
x~a H a~b, JEMA a~b. Wtk a€ (o], B La]Z[b]. RIBATHEL6 ][], i [a]=[b]. Wik
il #rlal A0 LM a N[0 ]1=T. LA/ ~H A B—532 . W A/~=P.

Rz 4 PP={A|T#ACAGENNEAN I FEATHELLR~ . ~'=
{(a,b) |a,bEAEIE i€ I ffia,bEA )} BIK~"NA FIH—KE.

® Ve A= UA et € THa €A, FFLL a~"a. REHERL

@ Va,b€EAF a~"b , XEKREGFIEFAN A €P Ml a.b€EA B boa€ A LT b~"a.
X BRI ST 5

@ Yab,c€EAHEa~"b Ho~"c ,BIfF1E A A, fia,bEA b.cEA; B4 LEAN
ALGHTANA =D R E X H A=A Tl a.b,.c €A, AE a~"c f&351E ST

TA~"NA M—EMER.HA/~"=P. O

MER 1.1.4 [ FH~=~"P=P . ES ANENLRZE A NI EHEHE,
— X — A5 2R o S e R AT A A BRAT RS A Rk 1 £ T .

D) FRXFE

FEB] 11,9 A BBUEZ BIl— MU R G (Z . ) Hoh -+ Oy 8 80a) 8 & 09 hn vk 8
LARZE Gy BAE B T AR S R B MR 45 aRbcRd M (at+ )R+ d) . K 3 — & 3k
P4 A28 TRBEREWFR R LR RBERFE LR CERE — PR S0 6
L EREMRIEEA S0 56 R X T R s R R IR R R O &

EX 1119 FHAON—-MBEGE . ~ LA PSR LR WRE Y a.b.c.dE
A,HHa~bsc~d=>acc~bed, M~ RIXT AWNBEE--Z—1 R 4 £ % (congruence
relation). X a € AW LL a HHREITTHEM K La] T W EFRHR a MIRIRZE Y a~b B FK a



1.1 F&sg |l @
56 M4 Hid h a=b.

Bl 1111 [EEERE me ZTERB ARG (Z ) (b il sk ) IR 4Z iy
KR R: aRb&m| (a—b) JEZ FXTF o — AR KR,

B 19 BUEM T R OAZ ERISEM AR,

HWHf aRby cRd AT

m|a—0b, H m|(—d,
T R2H ac—bd=al(c—d)+(a—b)d,Hl
m | Cac —bd),
A (ac)R(LD).

JF LA R XF T2 13 5 e it & — A AR OCR.

FEILLS A O -DMRERG. ~ R A LWXT - DR R, W IERE
A/ ~rp] g AUEE 5

@:la] @bl =[la-b]l. Vlal.[b] € A/ ~.

R WIEQ: A/ ~XA/~—>A/~,(Lal.[6D>[a@b MG B R E W B La-0]
Hlal,[o]JmRERITEFET L.

F b Lal=[a 1.[0]=[0" 1.0 a~a" ,b~0b". th~ MR A VER T A115 acb~a -0,
JitALa=b]=[a">6" 1. B[aJ®Lo]=[a"JOLH"]. X BLHICOH 5 I A/~ 19— AR K 5L 1D
A/~ .- MRS, O

A5 B FRATRARE R GE (A ~ . CO) th AR EGZ ST QOFR A 1h (AL <) A ELE 57 - 75 = 1
(UEAV -

S@ 1.1

1. B a=b(n) se=d ) Jf 4
atc=b+dn), a—c=b—dn),
ma =mb(n), ac=0bd(n).
2. Wt n=—5 I AEREEEZ JEAT R A2 2K
3. XM T TFHANMZ RNZ MBS f.g.h
fixr=>3x; gixr>3x+1; h:xt>3x+ 2.
W fegagofrgohshog, fogeh.
A, EERECTH ME TR~ a~boa WEEM =0 B5EM. IEW: ~2ECH—14
SN DG AR L DR E AR I S5 2
5. WA={1,2.3.4} . fE 2" PHE LK R~ S~T=SS. T HFHILRANEAHIE, UEW]
HKREDENCR. X 20 LR A MEES M A 2T AT R RNES.
6. Ri\R, 72 AWM EM KR RNR, BAE AW ITTKR? 2AZFMLR? N
ft2a? RIUR, BARE AR ZILRKR?



(0|l 1= OB

7. W R LR, &AM R HE
R, R, ={(as0) | 3 € A:(asx) € R,,(x:b) € R, }.

EHL: “e7 R AP U R RTES B —1 Itz A,

8. WR MITHE R HIETLHE. 4R BIR " BBt

(1) BT AN 5 (2) WA B 5 (3) T 3 5 (4) BEAS AL AN

9. & o n g R AV —DERED K BUR o B AR AL K o 2T
A ) T B A XA AR AR

10. ¥ ¢:A>B,SCAEMH ¢ ' (o(S) DS, BEHIE I “ =" — & L.

11, IEPEH 1.1, 1.

12, UEBHEH 1.1, 2.

13. IEMIEH 1. 1. 3.

1.2 BHEAHR

AT FH A AR B AR MR A R A M o

1. BERYE SCHMI ¥

5. ATE LA

Bl 12,1 BEBUEZ T E MINES M T MR G (Z ) R TIMEZ &S
GEAHMHZ FE 0 BARAMR . Va€Z 0tn=nt0=n,MIHYmEZ A m+(—m) =
(—m)+m=0.

Bl 1.2.2 &M, (R)NEEIR F2lkn BHEERRES, B G={A€M,(R)|[A|#
0} R SEHBR b A& n B T 3966 B A A G o ) OG 1 26 B 3 5 I 3R Tk (G O B I — MR B R 4.
e SR FRA . G R T @ S8 a . B n TR AE I N E N, A VAEG.AE=
E-A=A,HYAEGH ., HF AWV A 'EGCHiA-A'=A'-A=E.

2 BeE AT W BB g8 AR, L g DL R s X

EX1.2.1 % GHEFESR.“" NG EH—MUEGEH, IR G iz 5 .

(1) “ "R3B VYab,cEGEAE (ab)ec=a(boc);

(2) GPETLR e MXENTC a€EGH eca=ace=a;

B XN GCHBNICEa . FHEITLE DEGliacb=boa=ce.
MFR G &FIig 8" # B — A BF (group) . iL A (G, o) JAEAR ARG W HTEE T . #id R G.

WERXTEECG, O HFEPANTTR a0 A

a°b=1b-a,

G B s B RS He 3, AR G o X # ## (commutative group) 8 Abel ## (Abelian
group). & WIFR G &3k X $ B (non-commutative group) B 3F Abel # (non-Abelian group).

GO R RITEE B ARE G BB Corder) L0 W [ G| W |GG R FR G g A rL 2



