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K H) BNF 88 2% 55 (2 0L 4005 R B DR DD

GESARERES MAAIRRES A PHITENY. THRETY B SAN
Z /Y IE, e il i 5 42 card(A)D.

WEEENE.EAPRNITRERTURBEEN R MR AR XA IRESSE. flin A=
laslashlsbych s iIXBFHAT=4,80 A Jf 4 D00 E ol aslasb)bse.

BE JAEALA S HITRENESEEMLESS?

KAE—TEAMPY R M. A, M. RusselDIFiE, mESIFIRWH G E THAME =
WEHL. FTiBIEIS i EEE LA -3 BRIRFAXHENES A=(XIXEX), MLt A€A
oA G A FRE TR, BRI RS ) T R R R A X R R e A . WA
BEFEP RN ES ASHFR . HEAR A A B E S B,

FEBCA RN R AL T B S Z B TR A KT, JimryES A el Ll
A={a.b,c,lab} ) 5 R BIF2AFES. FB L EZEAFNEYW . Tt EaA~AEE
HAE L ES P CREN EAEZ TUES (a,{a.b) b0 EER A,

HESATHW e TR AN b TR EREAD c LR A Zrl HAE,XBF A AJ LA
RKAANA={2+a.5+b,oo«c). WHEELETHEHSTHET 2% H 2.

EAEHAEM TR LGN ZEE (empty set) . i W T8 ).

1.1.2 F&

— RO, B AT R AR BN —

[EX1-1] HEPWTESGARMB. G ATHERETREBET B AZEB MFE
(subset) .ol A W FFEB. 8K BET A C N ASB, W
12 iR U

G AREBWTEXNESATELE-ATEAR 5
@

S ARA T I A B

[ 1-1] X TEENES A AT CA.

LMAES ACB A M A 0 E R A~ E S Bo1-2
%% .iLh A=B.

FATAH FiRdie.



[ 1-2] WA.B.C B{LEEF. PG IEML.

(1) AZA;

(2) %# ASB HBSA, ] A=B;

(3) HFACB HBCC, ] ACC.

FATHIE b3 PR A58 (2) i BT, Gk B E B 1-3.

[E 1-3] A=B M RELFEACB HBCA.

Z0E PRI E B A B 5 AR AR Y FE AR T

[EX 1-2) #ACBHAZ#B,WF A 2B IHWEFE (proper subset) .ic i A CB.

mEEREe"H XA E e R IR SESHNRR . EHITENEESS
EEMREFR ST ) F .

(51 1-2] W A.B.CREEES.FFASB.BEC, ERULH ASC?

iR AT, Win.A={a.b).B={a.b.c}).C={a.{a.b.c})}) . XWAH AZB.BEC, iij
A 06 C o BT LLES 18 A BT

FE OEREZBEAT. ITRABREC L FH R BEE L. B T A L E MG T8, 58 R
5] & — F s AL BLIR A7 09 7 ik

1.1.3 B&

[EX 1-3] AE®Ed X XA FEARMESHRN X HREE (power set) i

gy PCX) L H]
P(X)={A|AC X}

POOWATAE N 2% X Fid ik S T E W EH 1-4 F —E KR,

[ 1-3) & X=l{a.,{a.b}}. 315 P(X).

B XWMTEL.: THRT AN TEHRNTE el Ha. b1 s AN TR LK F
FElala, b)), TR PXD={T.{a}-{las b)) {a-{a, b})).

[EE 1-4] # | X[=n 00 P(X)[=2",

iIE JREXMB-DTFHE XA RBRERWFEA CL Al X AT E A
BFEACE s X P a— L ATTEBRWFES G A X b AT EBRKNF
A CoA~ HE . ok R E o —mi e B X T EA LA

1+C+C+ O =+ D" =27
A A B R LA TR ik DR R AR A, W) 1. 1.

1.1.4 nJtéA

T i e T T A A n A

[EX 1-4) WU TERE » DITER 2002000, TR M7 HED 505 3] — 4
n JTTA P4, " Fr n JTTAH (ordered n-tuple) I N (ay vxy s oor s 2, ) By s s ooy,

TEA R IAHEF A T R A v DL PR TT 4.

PERECPW n i B 0 R4 A 0 DR FFRE 0 ol n T (g s ap 50000 2,)
b B £ AR ¢ 2 (1< A BT LR A

Vi HARRRTEE -8 2 e ks BRI A AL RTAEE -8 3 i

. 4o



TR,

n TR L b 2 — R BB A e B R R — K. k=, 55,
19, ).

AR n JCHL (g srp s or s ) Ny oy o ooy, ) T[R90 28 20 12 2 LX) 07 79 43 i g
MR AR S B 2, =y, s 155i<in,

— AL (s )7 Cyaa). AN 2 TELH (2, 3) I3, 2) S A MR 1+ 3 — a5 AT LA AE - i
HAARR T AMHE . [, (a0 072 2 T84 ES 2 784l (a, (b)) AN 1.

i 2 S PR B F 3T o {8 (ordered pair).

1.1.5 &HFJILR

Uy E— SRS T LU R A A B IR A
[EX 1-5] BA A A, BEASHESG{(vaseax) | €A i=1.20n)
HALLA A, BE EJLFR (Cartesian product) . H 2 (product set) 3L Fk i X ] (cross
product) ,ie A A; XAy X = X A,.
fE AT TUA] 2 A2 4 JL(R. Cartesian, 1596 1650) 42 1 [ B2 56, « 38 USR8 7 F1 b 2
B A C T RS .
HaE XA, RILBE P ES. 2ESTHILERE T4l N T HE. %
n~
AXAX e XAIE N A",
(51 1-41 &K A={a.b}),B={1.2},C={}, il Hil5H AXB.BXA,BXCHAX
BXC.
BB AXB={(a.1),(a+2).(b.1),(b:2)} \BXA={(1.a),(2.a),(1.6).(2,b)},
BXC={1,2), (2,2},
AXBXC={(a, 1, @)s(as 2, D), by 1, D),(b, 2, T)}.
WRIEELHE AX T =T XA=T ,—# kit AXB#BXA.
) FH 3 ik IR H , 25 S 3IE I
[ 1-5) #F|A|=m,|Bl=n.0]|AXB|=mn.

I W |

1. 3 m T IES

(D {x|xER,22—5xr+6=0};

(2) {2x|x€NJ.

2. B35 WA HEUES X Dss;.

3. WIES D AT M AR ZAL.
4. HE T AN WS R A T, B B

() T

(2) Jed;

(3) DD},



(1) Jel{d).
5. WA MB ZES 2N AcB H A SB [ a7 1 1]+
6. MTALEES A.B,CHE FHIW S & & o7, BLH L .
(1) % ACBHBEC. M A& C;
(2) %5 A<B HBeC, M ACC;
(3) T AEB HBEC N AEC;
(4) #HAEBHBEC, M AZC.
Wil AN
(1) P(P(@Z));
(2) P(la, b, ¢});
(3) P({{a,b.c} ).
8. ok FH e v IR B I E i 1-4.
9. MEWEHE 1-5
10. % A={a.b},B=1{1.2,3) 0Bt % .
AXAAXB,BXAAXBXA(AXB) XA
11. X TAFEES A.B.C.H AXB=AXCHRER/RHEH B=C, Mt4a? # A= TR
12. &[SI =n. 25— S BT A F 507 ik,

1.2 WA e &

1.2.1 BRETEIE X

W S R 2 PREI. PRBURAE 17 4 30 ARARIF T Hh £k iz Bl B 7= A 1 — A, B AR s HE
BAE 1673 A G, W, Leibniz(1646—1716) JF IR . T s AL 28X () 7E 1734 4F A
L. Euler(1707—1783) 7| A.

245 R B 5T SR AT R AR A Z [ ) — B X N 6 &R, B H P — N E A s Rt
FRLIUHE 2 R o — DA TP R TT R, 76 2% Jm S50 b ie 1 pR R 76 52800 L
1.

e St 2 B AR v Y SR A R IRATAE 25 2F B v 0 2 el R e S ) UL e BOTE
HERAPAATRESMMH . BE C BT RIFHEHS &8 PR LB LT {7 4
1] LAAE A 2 St A eR B TR £ B T S AR ] DA — B AR AN 2598

S —RE M B AR A T A N 2. TR ) B A A e R T A N B e S
JEFOCHE BN, MR IXE I N A A B A R HE AL

[EX 1-6] EELHEMDNES A M B EFEXNEN £ 7N TR o€ A 47
TEME—1 yEB 5EX N FZ2ESEA F B
i) — A~k Bt (mapping) - RN A 3 B 19— 1~
B (function) ,idh f:A—>BUNE 1-3 ).

FESZBR L Aol 5 A B A B SRR O
A A (transformation).

. 6 .



Aep AT DOR AT R A TR fr R>Ray= (o) =" +1.
PREY g Z—>N, Hrf

1, x W&rE
y =gt = {o, x ML
4T B bR KL
BE AU EES,TRIE XN u,U—>[0,1], H
1. &€ A
a2 — {O? R

B 0 FRONES A RHIE R

T A A AT HURRE 2 R A TR R SV Z R [ TR e ] xt
FALE LR o (2 | RARKTET o BN RN R IR F L (ceiling function).
Le | FR/INTF5TF 2 B9 E R B Ak b M HR & 3 ([loor Tunction). i 4 . BUEES & #1[ + & i b
A B, Tal=2.[—1.41=—1, 0 4l=1,[-1.4]=—2. B8R, H »— 1<l <
<o a1, iR o B8R r—0.5 8 x40, 5 LBRIAE « 62 T W FA AR 5 %y
CHICIN

TER DA AT VR BRI RE G 27 3R AR S R 09 R B 7 n AL S i

R 0 A S MBI HEFE R PAT RN T () = Sn(n— 1)+ b, Hia Fb K

2
R
BT Sl — ST fog h F Gy H - S T8 o,y Fom G LU R
Fr) ] DR HE B Ak B LS F 8 F R . A0 sin. cos, tan, exp. max. min, add, root.
average, hanoi, delete_string, -
B f:A—>B.y=f(o), lHAE « R A ZRE, 72 & 09 BUOE T E RS E X
(domain) . 1K dom f. ¥ y FR Ay R 25 s . 1] 2 oK BT 763 AR 9 B3 (range) L i2 K ranf.
X LTI A S A SRR A
(1) pREL f 1 LEUZES A CH X BLE Y pREE 4 pR L 1A 2 — B SO 19 1
PRECL B dom fEA;
(D AER 2€A BT BME—ITR f(2), (O FFR = PSS £ T IR EUE (H A
—E RO PR o B £ RIECEE IR y= f (o).
TS A MBI B*GEAEYB EA™ERR A B B (10T A 52 i 4 4 L B
B* = {f| f:A—> B}
(6] 1-51 # A={xy. 2225} . B={y1.3:}.3K B,
& ARDBMBEY fi=1.2..8,
filxz) =y, filx) =y, fHx) =y ol =y fola) =y folxs) =y
fslx) =y filx)=ys [falxs)=vs fuilx)=y1+ [i(x)=yss [fi(x3)=1vs3
fslx) =y fs(a) =y [fs(xa)=ywms felm)=y2s Sfela)=y1s [folas)=ys;s
file) =y fr (@) =y frlas) =y fe(x)=y2s [fela)=y2s fo(x3)=ys.
[ 1-6] XMTEEAMB.#|Al=m.[Bl=n.M[B*| =n".
iE W ACBXMTAEEN €A B (OB P a ASmEPAEE 1,
« 7 o



[EX 1-7) & f:A>B, %2 XSTAH (XD={f() | 2€X}¥n X EMY fFM
% (image). X YC B, H (Y= (x| f(x) €Y TR Y HEMH f F iR %K (inverse

image) .
FE X 28 U(Y) AR - A EKRRS,
FERRBUT R P B A=A XA, X o XALMME R c €AVH o= (a1 .25, 000 52,) » He
o, €A I<"i=_n. X},
flx) = fllxpsxssrex,)) = f(xysxz st sa,)s
FRfFHALCA A BB B n JEEEL(n-ary {unction).
WAR AL n TR f (xyszp s sz )T SR ERAVITH . Y n=0 0. f & CHHEF T

MIEZRE K f 8N B Wi — P I0E. W fLAXAX - XA>B. K A F
B 1 n JGREL.

PRECT LB INE X, 2 WS %5 B[S TR 1.2 /) v—e
5514 1, Xy I

BE RAAEITENP 2 s omm (& 0E 1-4)9
1.2.2 METRIMER

1. 85

[EX 1-8) % f:A>B IR E 1.0, €A () = f(a) ATHEW &) =2, ]
Frof A F B B (injection) , s{FR £ J& A #] B i) — X} — (one-to-one) B 5.

L LR 2102 EAVE 11 F 2 1B f(2D)FE f () JUFR £ A2 A BB 5T,
i 1-5Ca) FR.

(%] 1-6] & f:N—>N. (o) =220 fJ& N #| N9 Ll 2.

. WEE v ENVH (o) = f(a) MG 20y = 220, , #E T 20 = 2.

2. 5t

[EX 1-9) B [A>BMEEE vEBHEAE €A M v= () JUFR [
A 3| B [1i# 8 (surjection) .5 FR £ & A F B A F (onto) 1Y Bk 5.

BARLf AR B A SRR FAEECN BRI ranf =B, W& 1-5(b)
flr 7.

B

e e e

(a)
& 1-5
(61 1-7) &% £ Z>N.fCGo= x| 2 72 3 N @5, L uEii 2.
E B yEN a=yEZ. BREA y=f(2).
L] 8 .



3. gt
[E X 1-10] (&% fA>B 4 f BRSSO 0 PR /2 A 3| B 34 (bijection)
AR f B A # B i——3F M (one-to-one correspondence).
(5 1-8 &S — Z 3 N ) ——XJ i
& % f:Z—>N,
27, =0
2zl —1. =<0
REG AL, f & Z 3 N ——Xf .
FE L Z BN B —— XA ME— Y. AT s —— X AR A e X AR
(6 1-9Y L& —4, D3| R g——X .
2 % f:0.D—>R.f(x)=tan (x—1/2)m.
[EX 1-11] HA ZARES GEFEE A B A WM A FREH (permutation).
(5 1-10] S A=1{1.2.3) L0 frfy & .
B A={1.2.3) Er A BE#A 6 1. o002
p(H=1, p(2)=2, p(3)=3;: p(L)=2, p(2)=1, py(3)=3;
ps(1)=3, ps(2)=2, p;3)=1; p,(1)=1, p(2)=3, p,(3)=2;
ps(1)=2, ps(2)=3, ps(3)=1;3 ps(1)=3, ps(2)=1, pe(3)=2,
Ly 6 A EBE AP IT RS A C A BE T

1 2 = 1 2 : 1 2 3
5—Fpor X Pl_[ 3}9 [)2—( 1 3)» Pg—[ d}s
2

flo)=

1 2 3 2 3 3 2 1

_F 23} __F 3) __F 23]
Pirly g o) Pl 3 ) P s 1 o)

BF A p =@ 3, p=(12)(3).  ps=(13)(2),
pa=(1)(23), ps=1(123), ps=1(132).
A B ] DOCHE B s . Flan g g 26 A9 S0 B0 — > B
abcdeflghijklmnopgrstuvwxyz
p:[fjhldnqupsavyl)ogwlmrc i uzeJ,
¥ 1 love you H Y x abed zbr, Ht1 1 love you & BA 3 (plaintext), x abed zbr j& % 3
(ciphertext), p JEZ4H (key).

1.2.3 Fprst

W A>B AN 1-6 () R B £ BT S IS I 1-6 (W FImiy . 50 AR
B F| A .

[EX 1-12] & [ A=B AKX R E R f 7 m i 5 il g 28— 4MES B 34ES
A BRSSO 2 e 5B S F oY 1 Bk Bt k03 o B FK O B BB £ invertible function) . i
N

g f:A>B XN FR f IT a5 SR e 8 B B A (GBS 58— f U B
55 f WAUETE Y. T A T R E B

[EE 1-71 W f:A>B M £ 058 s S A7 e i R B 45002 F AU



(a) (b)
F 1-6

12— T 76 LATI 2 29 B R B A Ar] A7 — 28 BRI 25 14, AnE 9% pR X y=sin =, 2 T 1 ig
H R B E RS € [—n/2,7/2] 8028 T ARIE sin: [ —x/2,7/2]>[— 1,12 —1 N
B (——XF ).

WIRRUR f:A—>B RS £~ B>~ A W BU H ()7 = £,

LG 1-11]  F5aE JUr 205 1 0 B S O 75 A 30 W o A 0 R L Gt e B

(1) f:R>R, f(x)=2";

(2) g:R>R.g(x)=2",

B (D HN D= (=2)=4, fAZRG UL f AFFAET ST

(2) B, g BAG HHMG N ¢ R>R.g () =Vy( g(—3)=—27, FRA
g H(—27)=—3).

1.2.4 E&m5t

AR FRATH

[EHE 1-8) ¥/ :A>B.g:B>C, XTI +€A L h()=g(fC)) U h EEH A B
& C L.

TEFEX

[EX 1-13] % f:A>B.g:B>C A EE 2€ A h(a)=g(f () JWFRh N f Flg 1Y
S8 & BE (composition of f and g). il N feog.

WIS /g MRS RE fog ATLIR A 1-7 J7 2B

fog

e W,

H & 7 BRI AT
(fog)@) = g(fla)

010-



HES A MEARRICH fog . BRMNAERGIHTT. B SEEMAREEGWILS

TERF EAR =2 BARWAK AR, 2K R £ X« iERm 75205 il 7 T2,
a7 = (x)*

ML AR T .

Z T LAXFEAL PR L SR 5 R 4 S5 B LA AT B S s RAR S N B A AT CH AR
A48 LI s 0.

[ 1-12) % A={a.b,c},B={1,2,3},C={a,B,7.0}.% [:A>B,g.B>C, f(a)=2,
FB)=3,f(c)=3,g(1)=0.g(2)=a,g(3)=0. i HEGMH f-g.

R EAME fog:A>C, (feg)(a)=g(fa))=g2)=a., (fog)(b)=g(f(h))=
g(3)=0.(fog)(c)=g(f(e))=g(3)=0.

TR AAmPAAMAZLSIR ZRIELSWMHN g AEXL . LM

f(A) < dom(g)

(5] 1-13] % RBRAMWABE F Mg, XWTF: f(o)=a".g(x)=x+2,05 5
I ABYS fog Mgef.

B LR xERNH

(feg)a) = g(f(a)) = g(a®) = a* +2
(g ) = flgla)) = fa+2) = (x+2)°

X 1-13 5, oF 5 WS oK B B T LA SR e i Oy ik BRI
gL f(g(a)) BB HfLL,

TR AR E S g go f MAEL L RBARIE fog=g° f R L.

WARES. S [(AA () =x. 0 f HES A FEZEM S (identity function on
A) A 1a.

WA FIREEE

[ 1-91 % [A>BEZXU WA fof =14 f o f=1Ip Feulh & fA>A R
RUE I fofot=f1e f=1a.

B E BRI T A PR S S M R A C AR

[EE 1-10] % f.A>B.g.B—>C.

(1) % f Fg &5 W] fog S Ml

(2) %7 f F g ZWH W fog il

(3) #7 f g R fog BRAGFH (fog) T=g tef .

E (D) MMEE 20,0, EABIE (fog) (o) =(fog) (a) B g(f(ay)) =g (f(a)). B
Mg B .TEA () =f(x). T fRPG L 2=, #ET0 fog BT

(2 FCOHE R %~

[EE 1-11] & f:A>B, g:B—>C.

(1) %7 fog JEFPS £IEPI AL g A—5E s

(2) 5 fog WS N g EHES T £ A—ZE.

iE (D fERZA.

(2) M TAERE =€ C. T fog B P x €A () (D) =g(f(a) == &
y=f(2)EB.f gly) ==z, HI.g ZH 4.

e 11



W A={asb:c} s B=11,2,3},C=1a.p} % f:A>B,g:B—>C, f(a)=2,f(h)=3,
f()=3,g(1)=8,g(2) =a, g (3) =0 XM, (feog)(a)=g (f(a)) = a,
(fe) ) =g(f(b))=B. WA ran(fog) ={a.pB}. fog WA Ml ran f= {2, 3}, f A%k
5 5.

T E M SE AL

[EE 1-12] &% f:A>B.g:B>C.h.C>D W (feg)eh=f(geh).

iE SMEE €A T (feg)e) (@ =h[(fog) (@) ]=h[g(f()]Mi(fe(geh)) (@)=
(geh) (fax)) =hlg(fCaN ] I, ((feg)eh)(a)=(f(g=h)) (x). Frli
(feg)eh=f°(geh).

EE WER1I-1L2 TR, 5ARBRKLEHTARME ST I fegeh=(fog)oh=
felgoh).

2] 81,2

Loraitelshi—1L =15 L sL—1ll—1.5]

2. TG b RS R XU 7 T B B

(1) f:2—>7, f(2)=37;

(2) f:Z>N,f(x)=|x|+1;

(3) f:R>R.f(x)=2"+1;

(4) f:NXN—>N, f(x),7,)=x, +x,+1;

(5) f:N—>NXN, f(x)=(xr,x+1).

3. WMFHMRESAMBMEE fA>B HIAI=|B| LW £ 205078 E R4 Z
F R W T RS LIRSS e M g7 24 ] A

4, & F:A—>B,i{3EW .

(1) felg=f;

(2) I,o f=f.
Fenlith 45 fA=A fely=14°f=f.

5. A — AU fof= WMor H D fLASA H fF LA S AR
A f BTN 7

6. W fA>B.g:B>C. % f Fl g JEWH M fog &0 5, 1k B,

7. W f:A>B.g:B>C.i{iEM . 27 fog 2SN £ R, 28 H UL L X g A
SE A LT

8. W f[A>B. A g:B>A MG feg=14s Hgef=1pg iliEW] . /&M H
f =g

9. W [+A>B,g:B>C. % f Fl g XM fog ZAURH (feg) =g o/t

10. & GRRERA B A WA MU AR ES UEH .

(D AEE f.g€G. A fog€Gs

(2) XM TAERE f.g.h€GH (fog)eh=f(gh);

) LLeGHMTAERE FEGH Ly f=fla=f;:

e 12 .



() XL fEGH fFFLEGH feft=f"tef=1I,.

11. 5 A={a, b, ¢}, B={1, 2}, 0] A 3| B [0 5 050 W& A 2042 53R
ﬂ’J?nlb

12. WA, B, C. D Z2IEEHES, f2A 3B WX, ¢ &C 3 DY, %
h:AXC>BXD,WEE (@) EAXCh(ase)=Cf(a)gCe)) WEH: h 28U,

13. % f:A>B,g:B>C.h:C>A LW ¥F fegeh=1I4,goho f=Ig-hefog=1Ic.0 f,
g.h ﬁj‘fﬁ K g T

b%ﬂﬁjﬁx(Ackermann) BANXN>NIELN.

(1) ACOyn)=n+1.,n=0;

(2) Am,0)=Alm—1.1),m>=>0;

(3) Abmn)=Alm—1,Alm.n—1)) ym=>0.n->0.
SRR AC2.3) il AC3.2).

1.3 is8ByE SO PE

iz B2 ORI G458 R G — o ik S0, O e 4R ikt AR 2 as 5, an Bz el iy
P eeat s NN AL Wl 21 1 B/ = M 2 0 R g NN ) B W 5 = M (SR D S o Y € o i
B2 285 B B4 Fh 45 REAYE B ANTE 1. 4 35 BB 9 45 5 18] iR is

AR IS BT b SR e BRI SE A SO ] AR S R T s R —SeiE
P T T PR 4 330 4 1 AT LA — e O B2 00 T B R R AT RS L B AR S s b By

ARSI U R F S 2 — . A8 X iz 500 — e SR M k1 ?Ehg%ﬂ‘l%

1.3.1 ZEMENX

[ESL 1_14] iﬁAl?*/qE 9'.'9An *HB %%%!Z&
[:A] XA X e XA, > B
WFR £ HALLA, A, 8l B 1 n JTLIEE (operation).

fEAT ZMIFAES AL Ay A, REB B AR fONIBE. [ AXAX - XA>B,
WFR o8 A BB W n tis Bl A B n Jtis 8.

L TALE v s, EAVH [y s sa,) =y €AJIRR £ 8 A ER 2 JUE
iz & (closed operation) .5 ffh A ') n TREEZE.

W RHALA A BIB M n I B I y= f(aysans s Pozysas s oz,
Iz n DA AR BB IX R f PR n Teis R . y I H AR i E CHE .
25 e — S M — 1.

(50 1-141 & f:Z—>N. (o) = | o[ VX, f RSB RES 2 BB iz 5. f 2
1 iz 5.

T EBGE TR SR E HE RS

X FAL TR m M ons 2 m=0 B, M‘T&”ﬁ-*yggﬁ g Ml r. fi1g n=qgm+r(0<r<<
m | XL ATER I Hoh g FR O (quotient) o r FR N £ #I (remainder) . 1] f K BR R
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. EERBO<r<<|ml|.MMECHEFTH 20im HH 15 F5-BHREr.0<
L <Zm.

M A B ik o T LK 0 i 505 0 A0k ) % S0 A e 4. 91 4 3k ) % 247 % 48 n
JNHEITT LA BE A 247 =30 X8 +7,30=3X8+6,F &

247 =30 X8+7=(B3X8+6) X8+7=3xX8+6xX8+7,
R . 247 = (367),.

(50 1-1SYGREESED X T @ i IES B m % f:2>N, f(2) =2 (mod m) , 2 (mod m)
TR 2 BRU m AR BB REREHA ., 2 (mod m) JE M x=gm—+r, 0=<r<lm W7 #
Br. B F272 FWBmiz® .21 TizR.

U] X T IE S8 m AR« f vy

(x + y)(mod m) = (x(mod m) + y(mod m)) (mod m) .
(z + y)(mod m) = (x(mod m) » y(mod m)) (mod m).

F5 3z B 1 9 e R L 1 o

B 26 DI LF B ay by e cees 2 HIRINLTEE O 1, 2,000 25,0 TR T LUK
— N FEAEEHER 3 {E,E%Lﬂlﬂﬂ’ﬂ%i%] Loryh brx, WY SCH i love you. 33X A i fill % 28
Whe=(p +3)(mod 26) . ft A H N p=(c—3) (mod 26) . For p J& B SC X I 1) 55 55,
¢ FE WSO R AR R, 3 RE . XA AR N IR, Caesar) %0, FL7E 2 JTHT & L & 41
SR e 320 A AR o 4

B R ECSRAFIAE m DA lnlﬂ’ﬂ%ﬁi‘?,EILM%@’I‘TZE%H’JL@%’JE‘% n AT m 125, B 5
EERZIC AR EE R ) A G =n(mod m). 3 FHE 1 FR A EL S & B 5k ME 7 o6 £ ( Hash
function).

(5 1-161 &% f:QXQ >R, f(ayvaz) = a1 + Sy X f S Q FEIIEEZE. £ &2

iz, Mi% F:RXRXR>R, f(xysa5s03) =20 +apxs - XA, £ R Y 3 J0 5 A
@ﬁ

(60 1-17Y X T4 € W IE R m  BBES 2 EBD m L2+, L m e ikic B
e EXIMTE XN TIEEER o My oty =(x+y)(mod m),x ¢,y = (xy)
(mod ). Bl m=5,3+;5(—5)=(—2)(mod 3)=1,3 + ;(—5)=(—15) (mod 3) =0.

bR BB m IR T m e RIE R TR L, =10, 1, 2, - sm— 1} BB
B HzE WA 13 55 12 .

(%) 1-18)] #BEES 72 F WA iz ® ged Al lem.

(D X FALEER mon. 5 dlm Hdln, R d Hym Fln (92 B (common divisor).
i, thF—214 H—2]—6, 0L —2J& 4 Fl—6 MWAKE. &HHiE. 4 F—6 1A AK
Bh—1, —2, 1 Fl 2, HERAWER 2. H gedOm,n) For m Fln BR K2 BEH (greatest
common divisor) (WA IEEE) H ged AREEES 72 ErY iz B B AT 0] 8% 5 #K 2
0 MIEE FIE ged(0. OORFELE. BHEES A=1{1.2.3.4.5,6} X} ged 2 A EEHA 2 70
iz 8.

(2) X TAEZ I mon A5 mld Hald, WFd Fm FMa 125555 (common multiple).

e 14 .



.t 4l —12 H—6] —12. 012 —12 J& 4 #fl—6 BIAMEEL 4 F1—6 BAGEGR 2,
—12,—24.,12,24,36 5, i /NERAEECH 12, H lemGn,n) FTam m fMon Bf/hET 2
FEH TR B IN A 5 3 (least common multiple) , W] lem 2 # ¥ E 4 2 FEH ) —tis
BOBRL TR =04 lem(0, ) =0, 853, lem(0, 0)=0. HEH A={1.2,
3,4,5,6) XM lem A2 A LAYEH 2 L5, HRN lem(4, —6)=12¢ A.

WS ged Al lem w0l 40 5lid 0. IR CH LB ged(man) =[m.n], lem(m.n) =
Gnan). BT gedlms ) =gedClm| . [n)H lemGny n)=lem|m|. [n]), K AETR 2 1) 5
i s FRATIT I B9 & 1 1E B B0 e KA BRI R /N A AE &

ERIE BRI X FRF LAY IEBEE n #R 0T DL S fiff i — 2 22 50 1

no= pupE e pik
Hr pospose s e AT ER oy ors oo s 52 IFE BB, I B EASTE R B (3% /> 3
TG Y ) (A Bl 3% o3 i 7 = e — 1.

B 6=2x3,12=22x3,21560=2° X 5> 72 X 11,1024 =2 fH5Fx X FEKE »,
BTG n 0= RO B R AR 0 (1) — A 2R BUECER R A Y RAERY . B A R 1k i R 4R 3
M =142022 B LR F, =22 +1 M — P ZEF KL

Brm=pppR e pt €L n=pRpy e pr ELT (prspos s P ANFEREE  riars s
re Fllsyssy oo sse AR FUEED W

)

gcd(?’”,n) i pr]nin(r].s])prznin(rz,sz)"_Pglin(rk.sk .

lcm(?n’n) — p?ax(r]‘sl)pénax(rz.sz).“p‘l&nax(rk.sk)-
AR A IR m o AR R ged Gmy ) WOHRFE AR BRI . PRV BRJL BB
F (Euclid) Bk IR AE A JTHT 300 4R RROL B AR COL A J50A ) 25 1 iYL Jnl DAY 0 R

Bo B By BE 78 UR.

RGN REE. A m=qgnt+rn. 0 <n.n=qgyr; Tr2,0<ry<rj, " sriy =
Q171 Tr 0y <<rqsrmes =qre-H T e < << n<n,X#rEFAEMN. T&
gedGms m)=ged(n. 1) =ged(r,. r)=r+=ged(rp_y» ) =rp. MM rn=rics —q1r—1."*"»
ro=n—qari sri =m—qins TIRF B o oy flif5

ged(m,n) = mx + ny.

[ 1-19Y A ECJL B AE 2T E ged (119, 35), IR &8« F1 vy 15 ged(119,
35)=119x+357.

fig KN 119=3X35+14, 35=2X14+7, 14=2X7, FrLl ged(119, 35)=7. HF
7=35—2X14,14=119—3X35, F& 7=35—2X(119—3X35)=119X (—2)+35X7.

2 gedGm e ) =1, W FR m A n BHZE (coprime). MIERTHE TS, gedOn, n) =1 Y4 H AL
MAALEERER « 1y {18 mx +ny=1.

XFIEREE 2 ] o) RR/DTHT n H S n BRI B IR o) 2y B R £
(Euler function). N ¢(1)=1,¢(2)=1,¢(3) =2,0(4) =2,0(5) =4,0(6)=2. Y p HEK
At o(p)=p—1.

B JERT 1A IEBEE s H BBl N n=pho ple oo ple s prsposees po ANRIAY R



Boriory oo s IR BB R AR B COL R ) o] Ak B
a0 ) (o p ) ()

ZEFSHEE s B E ANE Ja FAR R T2 R R A R & A A R FR
Y NTTE R e 8 g = K i = i i SN R < N1 - S )| RS e N R e = R (1 B2 R N B
SR UL, Oz B0 & R AN B iR B B EA S AT LA . e« 7 T D
AT LT SO T e O U e e e T S H s R
SCRE SCIERE. SEBR b CIER TP TRZ MRS,

ZEFSHMEE 85755, 0 DU e BORF5 — B HCPE SR T s o] RUBCE fe ) s thnf
PARCAE TR ) R 2 JRie A5, 45 BT 16 B0 S A v ) 07 B X 1 Jcdz 333 o 4 12 S A
SHE - E s XFE . CEFTPE—N 3 TR &M f /a7 O HBEER
R ?a b, BWRES BN 3 DX R0 MG 8 — 58 2 G = B BB
S AR TR — 4 B A AR s A S AB 1 CD.

EEER MPEEEA={zi .z, 2, WA FAY 1 JeEK 2 sois 8] DU — 4> #s £ R
k. A B2 tiEs® = i LLRAR R -1,

Fan . & FHES A={ab.c} A B = BBETLIINE 1-2 2 L.

® 11 ® 12
* T e x; s T * a (J C
a7 a b a c
I .;’C[' E'S T; '{’1 b ¢ ¢
¢ c a b
I?l

1.3.2 ZEMHER

Z i AT g da B A MR o, % Dy TR T AR I s A 1 ST X B R A A AT 2 R
TETHS RS 1 I . 1 BRI X R T I BCE P B2 i 02 55002 MRAJE [R) 5 22 8 S R g A 8K
B X AT s S A A MR LA R A B A fE.

1. ¥4 Cinvolutive) £

[EX 1-15] #&*2A Bl eREBUsHE .40 THEERN o€ A A

¥ (*x) =1 (D
MFR « BAX S M. 800 « 2N &

(6] 1-20] 284 EIGH R U5 —" BAX G mH e isi | [ A RH
X k. R A 30 R R s W B AX A, AT T =A H(AHT=A,

2. B Z (idempotent) T4

[EX 1-16] ¥ xEA Efy2 oiBUa®H EGX T €A FH

T *r =X (2)

MFR = HFRTF » BHEIBEIT (idempotent element) ; X FALE M 2 €A, x B W FE T,

. 16



MR = BA BEM, SR « i L EEE. £ 13
[F1-21] &% A=1{1,2,3},A L *xz&HNL * 1 9 3
FT1-3.NEBHFRELME1 M3 EXLT » BHEMRF 1 1 3 9
JC-HIHN 2 RO REE G, NI « i A H A REEFE.
L6 1-22) E#EES NT LM ged X lem iz 551
HARSEE NN FAEEFERY 2. A ged(a,2) =x,
lem(z,2) =2 fHXF TRAES R EMRKEE G, HA 0 M 1 27570, il R A3
s B A B R,
3. Z#E(commutative) P
[EX 1-17) #& =2 A L2 eflsE A TIEEN . y€EA A
THFyYy = y¥*x (3)
AR « BA et 3iFR = i 2 32 #R i,
(61 1-23] #8ES 2 Lk s S+ et m 2 L8 —" A0 8
LR, BUEHIE.
i WA RGP R 2.3€Z.HR 32723, T UL, — AN EA sc i
[ 1-24) % RAMBESQ LM 2 is®W . EXWMTF: TE 21, 0.€ Qo ¥ 1, =
iz UEH] « AN BA A2 R
E B a=2,y=3, X0}, 2% y=2°=8,1ll y* x=23"=9, Ml * ~HEHAGZHE,
o102 PR, b o gFge £, T LA 19 & G s SR AN I R A et
4. %4 (associative) tt
[EX 1-18) ¥ =2 A B2 efREEE . 448 THEEN v.v. 2 €A H
(r*xy)*xz=ax%x(y*z) (4)
WIFR « HA &M, 800 « il L& &,
[0 1-25 {500k BEES 2 LWINEER -+ as e m 2 EEikss — A
W I 2 A
B OWARFARAYEE. N 2.3.5€Z, HH2—3)—572—3—5), i, —AKBAf
HE M.
[6]1-26] RIEHE1-4 MBELRMAEES A=1{1.2.3.4.5) FEXN * BB EH
W R A el A5 A R
* 14 B R 2x4=37#1=4x2, LA I,
* 1 2 3 1 5 *» AEAZHME. XH T (2%3) x4=47#2=
2x (3*4),rlL, » AEAL .
Mz BERHAE B R ZRW RS, B
K A% im0 3R 08 A 6 F X M X FR. 1 iz
P PN LN P RAEEER L O —
i 4 ! 3 4 3 TE FEHFBRELBZMNSZALES
5 5 4 1 3 5 AmiE HT R dE 5,

1 1 2 3 1 5

N

o« 17 o



5. ALiE

[EX 1-19]1 #*2 A B2 efREBUER AHTE e CA R TAEEM € A, P KM
1T -

e * r — x(left identity element) (5)
x * ¢ = x(right identity element) (6)
MFR e HEGA RT * 2FMATENBMITENPR « 1250 L LT

(6] 1-27) KFHE: BEES ZXTNEZER WA ITEN 0.0 2 X TREIZHE
“ e PHAAIITR N 1,2 LTk R - B AT R,

R IR 2€2.0ta=a=a+0 1 a=x=x+1 WL T Z RXFMEizH +
NI N 0.1 2 X FREZEE » WIPMNITEN L HF r—e=x=e—x XMEE x #PHL
SLHIGE e 18 L ATEAE Itk Z X Tk s FkCR B o &R,

ELGAXRT «BREMPAITTERICH 1R ESE 1 IRE EEAITTRICH e

[EE 1-13] 7 A XCT * sRNARAIITE . W B TR 2 M.

iIE We Mle 2AXT x ZBEMPMITTERE.JNA e =e % ey =e,.

6. ELE

[EX 1-20] & 2t A B2 ofUBUE R AR 0CA M TR €A, FII &M
) 157 -

0% x = O(left zero element) (7)
x % = O(right zero element) (8)
MFR 0 NESGA XT > BRENEBLELR » 2RI 2 FLE.

(6] 1-28Y L4000k BEES Z X TINKE® ks —HEEZFILR .M 2 KR
TRELEHE - WEITLREH 0.

f& (ENZR-D).

BHEARXRT «2HMNFETECH 0, Hilt 55 0 IRE MEFTKICH 0.

[EE 1-14] G AXT*BHEMNAFTITR . METTRZEME 1.

UE ().

7. FETHE

HAXRT > BEAEHRNITTE e, WATLITIE A PEUEMITTE » B HA WiJt.

[EX1-21] #&x2EA LM 2 cREEFHARNITE e . X F o€ AHAE yEA,
45 T 51 S AR 35 AT

y * xr = e(left invertible element) (9)
x ¥ y = e(right invertible element) (10)

WFR v o METTRNFEr X TR « EASETE.
AR AT T A s B ol 2 Hoadi a6 [ A o S oo R R B AR B X T eR
FOR U — AW 2C T eREUT K6 B8 10 30 DTt 2 03 L, M 9K U AU A s,

V7 70 3% 2 H S I A
(6] 1-29 73515458, SLHUEA RPETEXTINEZEE HFREZE - MiiTX.
B (DRXFMEEHE WA ICELZ 0. TIEE 2ER M y=—a, [Nl 2+
(—)=0=(—2)Fr,. TERWEELE + WA L — .
« 18 »



(2) R KTHREEHE « WP ITRE LY TIEE 2€ER.FHF o740 W y=1/a . H N &
lae=1=1/x+ x, TRIFEFETLER c BWHEEHTT /a4 2=0, BIRANAFEALM yvER,IHE
ZAF 0« y=1. M1 0 KT IRIL LW LE.

(5 1-30] % A= {a.b,c}) LT 2 iz 55 % £ 15
m 1-5 iR, «

a b c

I-I-I,:{ﬁ1_5ﬂ%ﬂ9a%A:{a!l)9C};€$*Eﬁﬁgfﬁ‘ a a b ¢
MILE. WA N bxb=a Hb*c=c*b=a,frLL b,c &

b b a a

J& b 1T,

MF Zs=1{0. 1, 2, 3, 4, 5} P f 6 Feikiz 7 ‘ ‘ ‘ ‘

e RUL T 1 BRIZER NPT ER A S RIEX

Feo " BE LM S AWIG, RN 1S, 2, 3R 4 RIELEN G, X F AR 6 ks 5
kUL T 0 BIRIB BRI TR VAR BE 2, = {0, 1, 2, 3, 4. 5P EAITTERER
T4 R AT, k0, 5,4, 3, 2, 1.

i b ARl — AR M T A — AR LRI AR AN — e — H A TR
2.

[ 1-15] BHAXT >R AM IR N e Hx 8RB LGSR A EAMEA P
AEHITTy ZLAHITT 2 W y== #0070 T— D RS ENERE kU A — Tt R AT
D)L 300 0 s M — 119

iE HMEHMEHAE .y x=e Hax*xz=e. Tk,

y=y¥e=y*x(r*z) =(y*¥x)*z=¢*z=z

HIOLHE x €A FME— 00, M IR 2

8. &3 (cancellation) &

[EX1-22] &x*jEA Biy2 oflEuaR .74 A KT x sBAFuMid A 0. 11
BN x.y. 2 €A HE = 2 0 A TR RGT

th \r*yz.r*z—f:fﬁf.:"H

y = z(left cancellation property) (1)
|-|-| yF¥Fr—z*x Ef:fﬁf.:"H
y = z(right cancellation property) (12)
MIFR « HAEE M. 3R « i L H R

(6] 1-311 X500 BEES 2 Liynikaiy -+ fsikiziy « ¥y e in 2.

W FE, M e R, RERIECO A, X TFAEE o,y 2 €L, b y=
2 AT y== WAL UL + BATIH 2. R Hh 2 CTREBRMNEIT N 0, A T1E
B xey,2€Z. 45 70, Ml 2« y=x « 2 BIRATHEH y==, H L, « BAHH L.

[ 1-32] LUl T2 808E R B A 2 By PR 2 i 465 ML (RO H: B i 4R 3
L B A R LA

7 @MA%$m%ﬁ%@ﬁm$ﬁ%f)o}ﬂx—f ﬂif)°}M%F ﬂ'
0 0 0 0 0 0

F ﬂ_F ﬂ.F)O}ﬁf ﬂif)oymumgmimﬁ&@ﬁmﬁﬁﬁﬁﬁ.
1 0 0o 0/ 1 1 1 o) \1 1

e« 19



9. 4BE (distributive) T4
[EX 1-23] @& M-Z2ESAENHA 2 cRBER AN TIEE 2.y, €A H
x* (yez) = (x*y) e (x*z)(left distributive property) (13)
(yez)*xx = (y*x) e (zxx)(right distributive property) (14)
WIFR « iz X - iz 3 AT 43 e
(%] 1-33] &G R ERyFLEE » MInLs® ol i 0 ks R+ Fikiz
B A,
B U TIEEN 2.y 2€ERAr (yvt2)=(zrs H+(rsDH(Gy+2) e 2=(y )+
(z+x), TRAFELBH « WINLEH -+ 8. B 2+ 3« 5)F2+3) « (245 Bk,
Hiz B MR IR - A0 AR
R O xEABa e, XD AN Z— R BT,
(6] 1-34] W R[a [ RRTHE R FIART » 9 —m 204 £ 4G, 50k .
22 13 3 i dm B 22 1 2 hn i iz B a1 .
& (fEh#R-D).
(5] 1-351 % M, (R) R 28CE R LA o BrJ5 B AL ny 5 & . 50k < 5 e i 3fe
¥ 3 O A Y N s R n] A
& (fEhg-D).
10. WYL Cabsorptive) £
[EX 1-24] ¥ * . 2ZES A BB 2 e A8 THEE v . yEAH
x* (x ° y) = x(left absorptive property) (15)
(x  y) ¥ x+ = x(right absorptive property) (16)
DFR s iz 5500 o iz 57 AT iR UK.
WA = fe2Es A LMW AT 388 2 SoRBGE T W+ i3 5% - is B n] Wl UG %
i A 215D s C16) RV ] E W i PR AR By ANy 28 = il e ] 22 4.
(5] 1-36] =CX%E4G R ERyFkiz® « Xz E -+ A a] M, B o A i 2 X T1E
M. VvERH x e (x+y)=nx.
11. {& « EE4R (De Morgan, 1806—1871)%F
[EX 1251 & 2846 A LN tEESE, « -2 A LMD 2 ez ® . &
XHALE o, yEAHH T i A5 A7
s (xxy)=(Cox)=(ey) (17
s (rey)=C(ox)*(y) (18)
RFR X = Fpiz 5038 /£ De Morgan £,
(5 1-37] AEREHES EIFERFEIREZEE ., 5H Eaynkiz® ok iz B A0
JE De Morgan ., FH X T3 + yERH J/x » yZEJ/x+4/y.
MTE ZHGE T iz 5 ) B8 HA I H WA, A 47 € R ECE S b 2 B — 2L 5] i iz
B, INEER 2-3 PSR AR —— P2 T,
AT s TR E RS AR ST B R R A] R A JL bz IR i B 1 A X
AF 3T 7 B A5 A S, 258K R 1 O (R WL nT DL 24 SE ds TR Y . 2 00 A G C BE T iE
H AR
. 20 .



1.

2] 3 1.3

A3 0 ) R B XHEGE B || s s B R E 5 — VBURGE S max BN E B min

et N HRBEES N B REGEE.

2.

oy Ul = W

7.

LW B8 A= (3" | n€ N} ST B0 Ik s FEAR 4.

W A={a.b,ct R A B 2 TREGEH %L

W5 1 K 365 T 4 mi Bk

A3 A 16(mod 3), —16(mod 3) .0(mod 3).

I Z H B 33T 8 ged (36, 48) Al lem(36, 48).

i FH R L LA B9 138 ged (14, 158) FHoR BB « Al y 15 ged (14, 158) =

14x+158y.
8. WA={1.2.3} ,ikMRIET L EMBE R 1-6 f 1-7 0 0iTie B8 s 1k L
FRGAPMN TR GAHERE APSETEN Y TE.

x 1-6 x® 17

* 1 2 3 * 1 2 3
1 1 2 3 1 1 2 3
2 2 2 3 2 2 2 2
3 3 3 2 3 3 1 3
9. BHEES Z FIHIKRIZE max FAIHUNEE min A H AT Bl Lk 2.

10. W RLx JERREHE R EWTAERT o —n 22U A &5 {51k

(1) ZIsCH ik iz G2 0200 e ik iz 5 0 R a6 1

(2) Z2 T Y e ik 1z R0 22 10 =X i vk oz 38 Al .

1. WM, (R ERRFEEAE R B 2 B 4L 45

(1) TR IE « R PR fr) 3Rk a0 o o I 199 i a2 5 T 4 B

(2) M, (R) LT HFFR LR AT TC R AZ A 47 M, (R) P TE R 5C TRtz B A 07

12. & 72,=1{0,1.2..m—1}.2, EAPA 2 S0 80 0 2 m WML s 8+, 7/l
Bom RzkzE 7 EXWTF: TE 2.vE€EZ, . a+,y=(xr+y)mod m.x * ,y="(xy)

mOd m.

(1) HH 2 kT -+ Ml iz RE.

(2) IEM . - iBmHEX+, 250 L.

13, WIIE. 2 X Tk W+ MlEs T —HRAZF R, 2 XTFREKizH 7
& ITE N 0.

14.

(R T I i R i NI W S R Y

15. G H/ARESS=11.2.3) P EHRHARMNES.
(D G RFEAMH "1z HE.
(2) 5 G X TEAEM "B TTE KL G PN ITE NI,

« 21 .



e W AR Ais B IF s B A s B kb iz
1.4.1 FHIizE

[EX 1-26] #% A M B ZES, WA FI B & (union) A UB & LT .
AUB={zx|x€ Af{x € B)
EH5AUBBMEBESA S B hIcE & WECH M Y 8

OO | oo . I o
\\% A AT LI A+BJ¢3EEEPHEF'H’»JK,TLEI@ 1-8 Wi B R &R 47
' BERESIFHEEZE PO EW 2 i HE® B U . PU) X
PP W) FEA R 0 iz 55 Fr (0O 1 55 5 P (UD I 5150 il 2 B

Eo1-8 GBI R R E A,

[EE1-16] W ARMBEES.MAUBEWUEESA MES B NE/NES.

iE @BR.AUB2A HAUBSB. 4 CETE—1ME A M BES. B C2A,C2B,
XA C2AUB Wil AUB b CY/h7,

WAL TN E .

[EE 1-17)] & A.B.CEHES.

(1) AUA=AEE®);

(2) AUB=BUA(Z##®);

(3) (AUB) UC=AUMBUO(EEER);

(D AUG =JUA=AFEET IR UNBAIT);

5) AUU=UUA=U (24U ZBHZE8 UNETH).

MG IRE A DU R 2 E SRR KA A< 285 .0

U

UA=AUA U~UA ={z|r€ A Ha€ A, e € A,)
i=1

AT LA BV A S bR A

ie]

[%) 1-38) % f.A—>B. X% F{FE XCTA.YCTAGFH . AAXUY)=F(X) U F(Y).

iE BN XEXUY.BRE rOOCSAXUY)JEBEEER., (YY) S X UY) . HEA
FXOUFYHSAXUY). FrEEH . (X UY) S (XD UFy).

MFEE e F(XUY) FE a e XUY i b= /(). XIf,a€EX B a €Y. ¥ a€
X W o=f(a)€ f(X)s#ra €Y M b= f(a) € F(Y). WL, b€ F(X) U fF(Y). TE,
FIXUY)Y S X U,

1L EH1-3H. /(X UY)=7r(X) UfFy).

1.4.2 XIicE

[EX 1-27) i AMB 28450 A B M3 (ntersectiomA (NBEXWTF .
ANB=1{x|x€ AHx & B}
o« 29 o



EAANBHMEKEARA SBHHAALITRIUH M ES BT lidh A - B
g AB ESCICE Y R 2 1B 1-9 R i B2 4

(6] 1-39) #EEG o =1{({1.4}.{2,3}},m=1{{1},12,3.4}},
HHESG = (XX 2. H X=ANB.,A€x,.BEx,}.

B a={{1}.,{4},12,3}}.

CIRYSTR:ER

[ 1-18] #AMBREES.MANBRASHEESA R 19
E£4H5 BT HERKRES.

iE 2R ANBEAHANBEB. 2 CREEE—THEEAMB NESG. N CEA,
CEB.XMAH CEANB. WEtRER ANBHLCYK.

AR A T AL,

[ 1-19)] % A.B.C %40

(1) ANA=AEE®).

(2) ANB=BNA(Z#®).

(3D (ANB NC=ANMBNO(EED).

(D ANU=UNA=AREU EXEZHE N HWBELZTER).

) ANG=CNA=F(HZHEITRLEZHENNETE).

PN EGI BB LU B E 2N ESNZER. A Q<2845 .0

éq

A=A NAN—NA ={(zlz€A . Hr€A, ~ Hr€A,
AT LAHE T 30T — e i QAi,,E:—FF' I ZHehrik.
[6] 1-40] % FA>B. X FATE XCTA.YCTAHE AXNY)=F(X) N FOY) T
S U T B
B (E 2D,
T B PR 1Y 2 T s B 28 as B 2 1A T I A A T
[ 1-20] & A.B.CEEL.
ANAUB=ACNX Unrmgiio
{A UANB =ACUXE N Al i
ANMBUO=ANB ULNOCNX UAT4ED
{A UBNO=AUB NLUOCUX N A 4rED
(5] 1-41] X THES ABLAEW T3 3 a0
(1) ACB;
(2) ANB=A;
(3) AUB=B.
iE A BRE ANBEA M TR €A HEH &N ASB.A € B #fi
sEANB, FREASANB. Hik,ANB=A.
HOHE W ANBEB.ME M ANB=A.ifl ACZB.
AR AT LAE ] (1D 5 (3) S 4.
« 23 o



1.4.3 #ZE

[EX 1-28)] &% U ZEEXNTHEESAEX A BFE (complemenDA IIF .
A={z|x€U, Bz & A}

1 #b iz B E SOaJ, — B G A RME MO T 4 5 nY B EL.

[ 1-42] WHEG A={ab.c) AL U= {a.b,c.d) MU=1{a.bsc.{lab},
{bych ier}) 3R A,

B HU={a-boc.d} M A={d};FHU="{a-brscs{lab},{bsct.{{ct}} M A=
{{la-b){b.ch. et} ).

RAMAERS A BT EFEANKALE 1900 5] AW EE
A 7ESCIR I g R A 1-10 Ry B 43 v

BRI EEREAM S A=A FTRHOEMEEEN . EE2 @
AL G A I — R PRI AR HER .

[EE 1-21] W ARESMAMNHEAFKE.

(1) AUA=U; A 1-10

(2) ANA=(.

GiaE1-10MESHBE LA . EHHAMN T EEPHITELCER 2.0 @A B HALY
TEA M rEA N €A MFRH—  HEERA IR IR ootk A BA IR JR D v W] 5
.

EE Az B RES IR EFH L De Morgan .

[EE 1-22] & A.BREES .

(1) AUB=ANB;

(2) ANB=A UB.

E (fE &),

AL 5RE 0 A O ES 1 B9 TR B AT LU AT EC I3 983 oA A0 2 W AR .

E—HF 4% (first mathematical induction) ¥ ny B #H P, AF — P X TR n=
no WAL P(n) o 45

(1) VFAMER P (no) 7.

(2) VAMB TR WAL BN n>ne o P ne— 1) W7 AT LAAF Y P () AT

WX FAEE n=n 84 PG WT.

FZHZFIHM % (second mathematical induction) & n, BB A E—PN KX TEE n=
no WA AR P(n) o A7

(1) VAMNERM P (no) W07

(2) BPEHTE AT ZN v =00 o1 PGao) PG +1) oo \P(n— D ISZ 0] IS H P () AR
SES T FAR B n=n B P () BT

HET B De Morgan # 1% A, A, .-, A, 2SI

(1 A UA,U~UA,=A,NA, N NA,.

© REEEn=1.
o« 24 o



(2) A,NA, N NA,=A, UA, U UA,.
D) Ao R, M =2 WL A R, B e — 1 B T
H

AUA UUA,=AUA U--UA,_ ) UA,
= (A, UA,UUA, DNA,
= (A NANNA-DNA,
=A,NA, N NA,.

(2) (EEZ-D

FEAmU. N, BEMREEERIMT .

(1) A=ACGHEHD

(2) AUA=AANA=A (BEH),

(3) AUB=BUA., ANB=BNA #Hd);

() (AUBUC=AUMBUO, (ANB NC=ANMBNC) (4E8);
(5) AUANB)=A.ANAUB) =AURYLH 5

(6) AUBNO=AUB NAUO.ANMBUO=ANB UANC) UritH);
(1) AUA=U,ANA=T CH#H: A HFHILA);

(8) AUB=ANB.ANB=A UB(j& - FEMHH);

(D AUT=FUA=A, ANU=UNA=ACU., NA P i) ;

(100 AUU=UUA=U, AND= NA=D(U.NHFZID).

AN A A (7 A DARR N A MR

I A 2R A G ) 22 05 5 R 22 (AR iz

1.4.4 =58

[EX 1-29) %5 A.B HZEE (subtraction) & LI .
A—B={x|2€A Hx&¢B)

EHA—BHENEGATEHETB WTR . AEXIKE T ERZE 1-11 PR A
AR A7 i B2 304y J& B—A. ,

(6] 1-43] & A={a.b,ci s B=1{b,c,d.e, [, 518
A—B fll B—A. %@

8 A—B=l{a}) . B—A={d.e.f}.

AR A—BFB—A, RVE A1 2552 FO 1 2 28 e . X i 2 AT
LR ES A BLA—B=B—A o i REE%. Bo1-11

[6] 1-44] IFHE R—Q.H R ZBILKES . Q 2HMMES.

R R—Q={z|x ZCH %,

BIRA=U—A BT B EAR G Rk YE  RATA i ek 28, T EMZEA
KEimE N EELS L.

[ 1-23] X FH£45A.B.HA-B=ANB.

iE (D) BIEHA—BCSANBATE 2EA—BMRIEEZENEXH €A Hr EB.X
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€A HxEB., TR EANB.HILAH A—BZANB.
(2) HFIEW ANBEA—BAEE 2 €ANB, Xt 2€A H2€B, TR 2€A Hae &€B.R
PEEIBEEE L xEA—BL T LH ANBZA—B.
DR M. A—B=AB.
A bk g B, 0] LLJ7 i Hi ik B — 26 5 2 2 B e Ry H
[ 1-45) X TAEEES A.B.C,iFH . (A—B)—C=A—(BUOQO).
iE (A—B)—C=(ANB - C=ANB NC=ANMBNOC)
=ANBUC=A—(BUO).
(6] 1-46] ¥ A.BREESGEH.ASBYHMNYA—-B=J,
iE (fE &),
(6] 1-471 X FAEEES A.B,C, & H T 51 %
A—BUNA-0O=d
I ST P I TRT B 1) AR A A
B HNA-—BUA—O=ANBUMANO=ANBUO=ANBNC=A—
(BNO),HMEHMENHE A—BNO=J. A—BNO=FHREZIZEAZBNC.

1.4.5 XWMREIEH

[EX 1-30)] H45 A.B i3 FRE (symmetric difference) 7 XU F .
ADGB=A—B)UB—A)

LA WX FR 222 B XAl B IR A Ceyele sum) iz &, B2 2 FAF 5 W 5 1.

5 ADB 7E CIRE ) 28 & B 1-12 i) A XFRR 114 22

A—B 5 B—A M. u
M SCE 1 75 5 7 \\\. D
APB=AUB —(ANB) | QY
(6] 1-48) % A={a.b.c) . B=1{b.c.d.e.f} . iTH ADB.
B WNA—B={a}),B—A={d,e.f}. LN ADB= Bo1-12
{a.de.f}.

A X PR 220 5 A DUR Mk

[EE 1-24] X THEAH A.B.A:

(1) AGB=BDA;

(2) A=A

(3) AGA=U;

(4) (ADB)DC=AD(BDO).

iE (W),

[ 1-49]1 X F{EEEH/ A.B.C. %5 ADB=A®C. M B=C.i{uF#H .

iE WHADB=ADC, L ABANDB) =ADANDBO). X FR2ZizB TR G .4
(ADA) DB=(AGDA) DC, i I (3) ., 5 T DB= T DC. EJahtER (2) 5 i B=C.

KT X PR 20 B A TE R (3) , o1 5 3 — 2 458

[6] 1-50] ¥ A.B 24 GEW . AOB=J 4 H{LY A=B.
« 26 =



iIE & A=BJHPER A ADOB=J. kilk . % ADB=J.HN ADOB=A—B) U
(B—A) il A—B=0,HB—A=J, T2 ACB HBZA,M\li#A A=B.

A DA JEAE B 1 3 ia 35 DL Mot ia 3 X FR 25 8 T 2 Al i E &

(6] 1-51] ¥ A.B.C2HE4 .0

(1) ANBECO) =ANB)EANC COX DA 43HED.

(2) 263 A U(BGEO) = A UB) DA UO RIS CU X DAR 4.

g (AR,

BE dmmEsmEMiziEmg e i 50 ik sz 5o

##r AUBANB.A—BA@BGERoARLTM 1.4 895 11 4).

75 % I3 (inclusion-exclusion principle) & s 5t #4317 2.

BREE WA.BREARES. WMIAUBI=[Al+|BI—IANBJ.

R ] DA SCEC P OULER A, e 00— R AU

BREEMN S —MENX & A.BEARES.N

IANB|=|Ul—|Al—IBl+|ANBI|

iE WANANB=AUB.,mlAUB|=|Ul—[AUBI.

(60 1-52 F8 Gt 1.2.3, =D MH 15 2 AP H 3 5 4 ASHBEEHEY 5L

B H1.2.3..na=O MR Z2E U B |UI=nl. % A.B il %R

Urh 152 #%8.3 5 4 A48E 4 HEP) 45 m) 5E45 0

|Al=[Bl[=2—D!,[ANB[=4(n—2)!

1177 ST 2R B A HESA AN B A N B FRA

IANB! =|U|—|Al—IBI+IANBl=n! —2+2n—1)! +4(n—2)
=(n*—5n+8)(n—2)!
EBIrHBRRERE A LA A, EESN

n

A UAU-UA =D 1A= D) TANA T+ D) [ANANA,]

i=1 1<i<j<n lsi<d j<Tk=n

—ee (DAL NA N NA, L
HFIA NA N NA, |=|A UA UUA,|. T EH FREE.
BrrEZREEME—FERE B A LA, A, BES
A NANNA=1UI— D) 1A+ D) JANA = D JANANA
i=1

1<i<j<n 1<i< j<k<n

+”‘+(_1)ﬂ|A1ﬂAzﬂ"'ﬂAn|-

3

. e U={abicsdses frgsh!t s RHEEG AB.C.D il A={asbscoghs
B={d.esfrg}C="lascs f} D={Fh). it (A UB: (2)BNC; (3)A—D;
(1(ANB—C; (3)D; (BBDHC; (MANBUCO; )AUD)—C; (DAUC; AmAUBUC

2. WACCHBCC.,MAUBCC,#tfi ANBZC.

3. JERHE « FEEH (De Morgan) fit.
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4. MFESHE ABAEH: ACB M HALM B CA.

5. W fFAPB T TAEE XSTA R YCSAGEN . A(XNY) S (XD N LY. — R,
FIXNYOZ LX) N LY 20 2.

6. X TEEES A.B.COEH . (A—B)—C=(A—C)—B.

7. WA.B.CRRES . FAlaTEUE & . A

() #HAUB=AUC.| B=C;

(2) %7 ANB=ANC. N B=C;

(3) H#AUB=AUCHANB=ANC.,M B=C.

8. MTIEELES A B, IEH]:

(1) PCA) NP(B)=P(ANB);

(2) P(AY UP(B)SPAUB) 21181 P(A) UP(B)=P(A UB) AR,

9. P A.BEES.GEW. ASBYHUYA—B=J.

10. X TAEESES ALB,C, 40 il $  F 50 55 2037 1 dre 1 219 S B 551 .

() (A—B)UA—-0O)=A;

(2) (A—B)NA—O) =

(3) (A—B)MDA—OC)=d.

11. ® A.BEES . E X OERR . cycle produc) iz H (0T .

ARQB=AGB

W AQB=(AUB) N (A UB) . 3116 Gz 55 ELAT i1 k.

12. XFAEEES A.B HCIEH .

(1) ANBECO) =ANBEBAUNC;

(2) (BEHO) NA=(BNA)DWCNA).

13. ® ALB,C2%45 220l AUBDO) =AUB) B UC) AT,

14, MRAEEAS URN A E o fGiE g U R O 3 8 w55 .

15. ¥ A.B.C 24 A MM E S AR IR EHEY] .

|AUBUC|=(AI+[BI+ICD
—(ANB[+ANC|+HIBNCDH+H ANBNC|

RERE) 2 — B n NEA AT IE 7

16. (S5HERE) A 1, 2, -, ndbn P RHIITHI A58 DR AHAES L
BG=1, 2, =, n) FRIXEEHED] 58 HE (derangement). FFH n NE G TIE 5 R BT 6
HEry %

17. (Euler ®BED) X T RF 1 WIEEE n, 45 n=pp pr - pir P propsseee s po it A FH
M) ZREL 7y g s o S IR REE TN

=12 (-4 (-2
1.5 HHmRln 58

G 1R Wi e 55 TR WA — Fhor 26 e (R BB b X RR A el AR Sy — B
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53 R W 5T 4R A R A BLA R ) R R G SRS R A BT RO R R S Y B
X LB A AE T FE s HF.

1.5.1 EAM%5

B 285 0 DXL S0 0 21 L R 45 o 2 SRR 2 R 4

[EX1-31)] HAREEESG.~E2EHA NS T TFEARNES. WA TH 345K
ST

(1) MFAEE A Ex. H A#T;

(D AEE A LA Endi7j . HANA=T;

3) [ JA.=A.

Ai.Ez

MR = ZES A B—F X4 (partition).
HES A W5« 098 SCHL, o 2 A WAEE TEHAMMES P EER AR T
KA L T A X TR SRS A S LK 1-13.
WAL 1 31 A A DR R ‘
BT ARESES. AT URTTEM & A B4 °
M2 5E A 390 ASAFAE B A 1980 50 ==
E£E5 AWK« PR E%?‘Jﬂi&' 43 19—~ (block
8§ cell).
(6] 1-53) % A={a.b.c) EHEU {ab) ) RESAMNR . EREES AN
T A A 6] ) 3] 43 43 51 A
m=1{{asbsctty m={{asb}lsicl}s m=1{lasc}1b}},
mo={H{e.bl o larys me={la).{bi lci}
[ 1-54) & A={a.b.c.d} REES A BITA A ER Q] 53 FE A2,
[ 1-55) 5 A={a.bocsdses frgsh) HIETFI A M TES:
Ar=lab.c.dseys Ay=ld.e.f ghiy As=la.d,e},
Ay={bscsfis As=1lgsh}
M{A A A SE A BRI BN e €A NAFD A A A EA BRI g€ A UA
{As A AR A RIY.
[ 1-56] Xf FRMER 2.5 A, BT A MR ES, A, 20T a8 i 5
G LA LA 2 Z K57
[EE 1-251 WESAAWHY S0 =Alie M on={(Bljc]), AL
ANB#dGel.je DM ANB, ARMESG N ~.
r={A;NB;|A,NB,#J.i€l,jE€]}
W 7 & A W) —Fr )2 % 53 B R ) o 7, 1932 RIS
E B bR RS T N ARITTRE A NB, A, NBENHEZRD,
il « P AT A LR IF L ETF
U s, >—(UA )N (U, )=ana=a

i€ e =N

Frbh o A B — Rl 53
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WA DL O 2 A J 43 14 38 LRI 3 . B R FLRE & (rough set) BRI 5T W e 3 A (1) 4
B ESTFTREMNBNENLRETME, MRS E IS 2 E BB A 3 TR 88 AR
AR ZRIE 7 2 LHAN S — R i g TR, Z W7, 10].

(61 1-57) EHES A BN o, ={A el n={(B;[;j&€]}. [0 mNr, E&EU
e AR kA

R o Nm AEABR . MW A={a.b.cod)s m={{asb}{c){d)}m=
Hasbhslesdt s R o Flm ZHEE AR n N = a0 ) ARES A BT

BEESANMFR D ={A €T}, ={B;|;€ ]} HINFATE A, €n  BHIFAE
B, € flif3 A, =B, Wz MFRK] 73 7y S o I IRAR R 43

AR B 1-25 o F o A9AC R34 i m B ROIMZR R 53, B3R AR — 4R 4y
9 mam . RE R R A3 i B R 43 i T /NG — e e B ] 40, 2F B o A g AR G AR AR
o] gy B R S A S R .

G B RS A X34 Eml 8, A SRR %A BT T il

M) 1-53 H. 457 [A =3, A (T A AT RSB 50 032 L Al =400 A 1
JIT A AS ) 1 3 43 S Bk 16,

WAl =n=1. FEHZE A WA AR BR8N Go.

L S B BRHKE n MU EREGR N b AV BE PR S k) 2 88 Z 2 Stirling
5 T AN

NG = D Snk)

k=1

HA 505085 CHE A N 2520 .

(1) Stn,1)=1;

(2) Stnsn)=1;

(3) S(n,2)=2""1—1.

e — kT S k) S R

[EHE 1-261 X T a1, FHIKT S(n. k) Wb HESC R BT

Snk) =8Sn—1,k—1)+k,S(n—1,k)

iIE WA= {xisxsox, U AP —DICER o0 B A KR e A H 53 RS B
g

(1) oy e —Adep HFEE N S(h—1.,k—1);

(2) 2y AMAE—ABp XY THRE T 2—1 MRS L DA Si—1.k)
P BB o BUEH R — A Berp A ke By L L. AR AR R T BB
ES(n—1.k).

MR TH A SGia k) =Si—1.k— 1D +ESn—1.k).

HAET 1-26 i CRATE N(D=1.N(2)=2,N(3)=5,N4)=15,N(5) =52,

1.5.2 &AW E=

EAMERIMET TESR IS, g LT,
[EX 1-32] ¥ A ZES AAGXEAE S TRMIFESET AWM A fs THE= 74
e 30 -



MR E S A B & (covering).

EEAMERZALERAD AR FEAMEL. L ES AN EES A NHE
i o {H Rt R A 7

[ 1-58) & A={a.b,c; . W{{a.b}tbyehbit A BEEHAZ A BRI 5.

WEEH S A= la. by ITAANE M ETZHS? 25 | Al =, 0 A BT A A R 1) 8 5
BHREZ D 2 0WE7% CHR[6].

2] @ 1.5

1. & A={a.b,c.d} SRIES A WICA AR 7.
2. MTEPES Z.%
A =13k kEZ), Ay =3k+1|keZ). A, =1{3k+2|kEZ)

MI{A, WA, WA, 2 B35y, BUIE 2.

3. Wa={ALEEES AM—FRN . XMFES BJTA A NB#AJM A NB H g
MEARZ A NB R4, e Z.

4, WESAEGWMR o ={A i€ m={Bl;€]).MmUzr 2HELEABKR
s WA AT mo— s WY
5. WEM: B n=1.0
(1) Stn,1H)=1;
(2) Shen)=1;
(3) Sn,2)=2""1—1,
6. WA= {abscodses fogihsisjis A= {abicod}s As=1{esfogts As=1{d,e.g.i},
{dohajbsAs=1{heisj s As = lasbocs fohoj b S E T HIEF AR A BRI,

(D
(2)

AL ALVAS T

A1 AL A5 )

(3) {As. A3

(4) {A;.As.A, ).

7. WHES A= {a.b) T A AR R B .

{
{
{
{

1.6 AR

FHHE SR AR e R AR 5 — MR AR i 85X AR LR A SN B A
TROGF oRRIOHE 3 1) LA L 42 e 1 R T R B T BAR S IS T B BE T

1.6.1 &EEXWEHENX

[EX 1-33] & A.BRESG . GHAE T AZB XU MFRES AMB WHE. LK
A~B.
(61 1-591 A RBAES N5 H AR AT S8R 55 E XS5 el
« 31



iE % f:N—E,f(x)=2z, 0 72 N3 E AU AN ~ E,
(5] 1-601 LiEM . (0,1) ~ R,

iE 4 f:0.D>R.f(x)=tan (x—1/2)n. BIR f &I},

[5] 1-611 BLIEH]: N ~ NXN,

iE AT AT SR S, — A N 5 NN ) ——Xf )i

0,0) (0,1)=(0,2) (0,3)=(0,4) ..

S

(LO) (1,1) (1L,2) (1,3) (1,4) ...

/

(2,00 @20 22) (23) (24) -

Yol

G0 G.0) (2 (3) (B4 -

/

4,00 41 42 @3 @4 -

[EE 1-27] HEEXNELREHEMLREEMXRILE 2.5 7).

(1) A~A;

(2) 7 A~B. W B~A;

(3) #%F A~B H B~C, N A~C.

iE (DA ERESEMIE A B A SR,

(2) WA A~B, TRAFE AR B AU £ BR, /12 BBA AU, IrELB~A,

(3) HEH e A BB A £.B 3 C NG g, B, fog A 3 C AR,
MA~C.

BE KTAMELRMEMEEL A7

1.6.2 ZRESH

AT HEEXNFIME. ST s T iRES LARESH™%E X, TIRESGHERE
[] J ¥ TR AT T 2 H L

[EX 1-34)] WA RZES. . GAGRAE-NTESARNEESXNE. N A NERES
(infinite set) , M FE A B RE S (linite set).

[ 1-62] HABESGATELMRES.

[ 1-63] [0.1]2TRES . LUHE].

iE B {0.1.1/2,1/3 1 /s S0, 1], M {0.1,1/2.1/3 .1 /n =} ~N, A
.0 12 RES.

1.6.3 EE5HEH

1ES 11 R &E X TAHRESHEESAMRES A MEEERUE A TR A
HOo=T A={D}nt1=nUln} 58 THEG M ERE, 0T LUK HY RBIT RS,
. 32 L



[EX 1-35] #4%a A FB XAF R P55 19 B Ccardinality) A .

Fi A MEEBOH |AT R, BIRE SOF RS ARG IR BN 5E S8 R U] 1 X 48 1 i
NES ALB A M R FEEC FOUE PR AR PSSR AT R B 38 2 2 15 X N RS A H ) Y
TCRANBG R EANTZ 0] LU ST —— R B AETHE 7 A JT R r- ] LS 1R A S id
BTG, X T ARG X T 5 B, 9Cbr b 78 BT BRI B 2Z /s EE B
A1 BRAE S 0 3 BN A LR R X A 9 07 k. el T A5 0 46 5 A AR ) 0 S 50 o (R A AR
e N BYFEBON S, (BT 0) .

INI=¥,
5 N X 2 B O RCAR I SR s A (ROE SRR R YR RO S (B3 )
[R|= &

RS O RIDE SR S VP I

Hif 1-59 71, HAREUCER G N SHA 2Bl E & E A M FE I h il 1-60
L0, D5 RAME R L BE 1-61 H1L,N 5 Q A A1 [ 1 B X 2L 2598 M E W 31 f#
T PRUE Y L S I B S5 B A G, Cantor #0328 [n] el By 7 1% T xfE LA 3 44 . 26200 B T ke St
T LA B figE K R 2 Ta) (1 52 T R

FEHRA M R BE b 22 2] a] 51 52 & FLAS a9 52 5 . fe e I R it i) =
EERIEZIE S

1.6.4 TAI¥ESE

HOhFEAM S LIE XM HES. BES A~NFEEXS AN, X A=
(RO f D 2 e TR ARSI SN ESE — MR A oo E 0 RS 14

TR F2NTILE L 3T EK — A H T () H ke
[EX 1-36] #E5 HAREUIES N X EME SN AT H £ (countable set) . X n] F5 ~ 7]
5l &,

MRIELRESHEL N . EEXTREAHAFE—INATHHNFES. WX — 5, 0 LHE
W1 JC FRAE 5 IR AR S5
[EHE 1-28] W ARKRES WAFAE AN -PTHTH BTG A~B.
iE B ARTRES AGFE—TTEFE a0 arsazs 1. 2 B=A—la, ), B
B A MAEFE #7—1TABBIG fWF ALE €A,
) T x & lagsaysazs**}
f(x) = .
A1y = a; (1 =0,1.,2,++)
Hy M, f A BB XU A~ B.
A X e85 DL Rl 1-61 a] LIGER , T8 S A TCFR P 2 v BUE & & T4l Bk
BRI AT BES.
(6 1-641 A7 FLEUE G Q Bl BUES.
e (FEhERAD).
H TR To A B A A S R A N ) R R TR S

1.6.5 ATAHES

WA LR GHZ I BERETEM.
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[ 1-651 GERT: (0. D EATEES.

UE CR A BUE T R R 2k W) B2 0, D ZATEE S W0, 1) ={a . a;,
ap e b NN @ €001 i =04 1,2, - DR H S i ME— 19 JCER/NEOE A0 CHE 2 7E A F i /b
BOE R TR RS2 081 4n 0. 12 T A 0. 119999++) .

a; = 0.apanapag = a,y 1= 0,1,2,°
B r=0.byb by by++b, -+, H
l. a,, #1
b, = s n=20,1,2,3,
3¢ dpg = 1
WA, — A r€ 0,1 73— T fl r#a;,i=0,1,2, . X BIKE—F .

H1 b AR GE W G Al B A BREE G A1 R RTBUE & A RE I 9 28 0 R 1% R 5

A (0. D~RITLIEBEGRATBES. hibal W, AABES S LR S Z W&
ARFFLERUH A I N 5 R R X5 251 38,7 3.

EE O RIEEAFTRAG—AEN T EAFCEAHN GEAF EA ABRIEE FR A
EVRFEMET. SARBELF I~ XAER F &R

1.6.6 EHHLEE

fie Je R R A SR L

[EX 1-37) SHEEH ABIFAEAFB WG MFK A MEE/NTF%F B 3
¥l h |A|<<|B|. #5ik— 25  AFEE A BB XU, MIFAR A 950N T B %0, id
|A|<<|BI.

M2 X5 HL #5746 A 5 B 3 . 0 [ BI<<|A.

AR AR PR R A TS HINS, <, B IN[<TIRI. I 4 ) B5AE (5 R B BE A B &R
G rp A o] ) gEtes

BB JEEAE—TES ATEEN, <A<

T SE PR EDUL L B AR 2 5 L AHUE IR 8 TR L BRI AS T UE .

[E 1-29] X THESAB.&AI<|B/HIBI<|A|.W|A|=|B]|.

[ 1-661 EFA. [ 0.1 |=|[0.1]].

iE 4 00,0100 ], f() =x, f LA 0. D <[[0,1]].

4 s[0.1100.1) g ) =5 A FFBLAT (04171510 | s 1-29 1.

L0, D =[[0,1]].

2] B 1.6

L. GEH . AL IR E S e ] B4R,

2. WEAH . (0,1)~[0,1].

3. iER . [0.1]~[a.b].a<b.

4. AHEES Q2T HUES.

CER s AR RS R—Q 5 R A AF Y H 4.
6. X TAEEES A PAE A MREEAEN . [A[<[P(AD].

e 34

wnl



AL 4

1. EEEXER

LA R R, e REASA PR, LN €A, H & A, HfF
EAMEERESPRICRIAER ., TEHGE — S8 5, B R L BB
o 2S8R oo oudl %, FROoREA T LIS AS S R R 0, ES TP o E T DU R EX
ZMTEARGNITURES: EAPMTEAGEARANTFLR; £E5FPMITEEN LA
G-

HEES B, BINTHEA MEESB P —SooZ WM ES. ich ASB, %
FEECMEm XA, EHMAESGHSEEHIA = BN AREXFZASB HBE=AY
5k,

EEXHREP XX MTAEFERRNES. FEOEPX), BEREITHESAE
EOWRE, BRI, FX] =, W|PXDO| = 2m.

PEHLA n TR x1vxg oo, F— T HEP R LR — T n T4 (2 s s oer2,).

HWERILFE AL XA, X XA, = {21 a2, | €A i=1,2, o0}, BEAGITEN
RILFH. X = m, |Y] = n, WM|IXXY| = mn.

2. BSTHBE X

Wit f: A>B it EKGES A ML EE X R EES B PIoER. B A BN &
SO, BEAE R S A Zou R B, X S S (o) WA TR, T K Ak AR eR 55 1 A

gt f: A>B, ZARM A hmEMN AR B hItg, fatiE at; 2 ek B i
WAELS By f SR G5 BRI I SR S R A XU

W A>B. 25 5 S SR RERS 3 B B A W eREL, B 03 eR Bl i R B
Wk R f A RN FEEL AR £ RS

ST £: A B REHEFTIS) g B>C. A1 F] A B C B, EElE S5 e W
REWSE, 10k fog, BREBRBWARBMNESGERE, Mk, fogFg fH(fog)oh=
felgeh)=feogeoh. F¢ AN A R B & 5 1 5505 U 0 56 FIDRUSST 22 R A O R

3. BEMEX RER

EHEAHMMENCHTRESLHMNTE, n TEaE R 2 TR £S5 A En T
HHAZEE 2B TEEA Dl M IXRH#T FsENSE R E THES A, EREREEH
BT L, AR S 7 1A m 325, BIASARTE A O 0 1 A4~ 38 850 fe A T
¥O2H ged FUE BN BN/ DNAGEEZEE lem, THEEMF 5 NER L EHEF 500 E
MizH 3.

EAHM—IGE W A G, Znie W EA RS TS0 2 0. F0
PE BT PE R RPEEME . I oniE B B R Rk . — A —JniE B A o
B . FEARYE, BEXT A A 1033 B ) by HLPE R

4. £EEWIEE

AR LB IR A  ZE R R 2E



AUB=l{z|x€ Az € B}
ANB={x|a€ AHx € B}
A = x| 2 € U.Hx & A)
A—B={z|s€AHx+€¢ B =ANB
ADPB=A—-B UMB-A=AUB —(ANB
TR PR A IS B LK s BOE S5 00 T A . £ 0] R X 28 40 I i 4R A 5
X, SRIEESHENE GEH [ AUANB =A" “AUB=ANB #M“A—B=ANB"
XEEM L. BRI AR IR, [AUBI=[A|+[Bl—[ANBI.
5. 56N EEE
ELH PR MENZESTEMITHE. 3P TEESH S ARG, « P ERES
A 15 B TE R4
THEGWER: WERAMNSTESFEZIFMEEST A, MAGH A WESE, AER
FHEZRIAHAL.
6. EERIXE
R RBTIRAGHE E A ZRIM G LR HRNERZRFELE DO, X ER
LA N S ).
THERES: HEFANETFERS AREES NITE, KA ZERES.
TR PSS BAHIFEAIE W 2] = IN| IR = 0. D],
THATRES: fESHRKES N ERNESRTRES., BURATHRES. A1
HES QRITEES. (0. DERITEES.
TREBRNLE . BEE AR B g, WAI<[Bl. #F[AI<|B| HRfE
A 3 B R, WAL << [B].

036-



F2E X 7

TH 18] 5 W) A7 A2 3 HK F Bl o 0 98 19 35 ST 55 0 e BL 3R W R /Y N A8 KL AR . i B T 4R
B AT L2 o 20 s iR AR B RE AR R DGR (relation) . 20 HLAN REAN G 45 0K OC & O F 5
R G T 5% T 5K AR 1 — JERR L

FEf5 BRSO 58U Z W] B AP AR — B MR AR KRR SN X A g o ) B s 25
F8 LA B 000 P A AR 22 TR AR AR SR AR T 22119,

ABETHEM R RN E S BRI RS  ERE UL A S PSR A BB AR, X
LA BRI A E .

2.1 RHERMZ

2.1.1 nTXBHENX

EHFEAETSBALEMERNXR. DT RESTEMEIESHZREG LR, -TA
HSTHZAMXR GERARIMAEXLR . P TFTRLR WHEXR BEESMENLRS. 1
oM TREMXR MK TRRAANTETLREMEXRFITXR MULRE 2
FERABTRRBAETXAF AGEERED IR SBIEZMFEEZM LR THHE
—

(51611 & AZE T EANNESA={K=ZFN, 1), BEmREHRWES
B= {3 . C it B B 450 0 aiE 5 ). C A2 B R A C= (. B,
A% G, R Fon Ak SRR Z M —FP I 08 5C & L gk = A8 B R B TP
AT R GGk = BECEES) ik SRS SR A5 R Gk = BB AR Lok S kB i (9K =
SO AR PU A RIR 45 K (DU, BURAS D . TRk CIBS (T, CiEs) . T HixBI
Bt G (LR, ICWMiE5H) XM R NESA SEEB ZHMN—M 2t Xk R 0] LUK R E
N

R={k =, BHEECA . Gk =, BdRgsH) . k=, 3WiE) . (ZFEN. B4 . (T .
Cits)(EH, LT SAXB.

M TEEE L B2 45 LA (B A A A T e TR AR Y R R AR YL sk = B
BRCECE AU AR BT 3 JTAT TP AL AT R n O Gk =, B O D) T A B A A R
PGz —F R S, ERES A, B, CZEM—F 3 0kFR, (T S Enh.

S= (K=, BEEC:.M . k=, B, B, k=, 55E. ). (=, HiEsds
W) (EH, CIEE. &), (EL, LHiES . B SAXBXC.

XA 1 18] - B e 245 He BRI SRR R b S e h B, O T BCE RN S LR S IR AT
e B AT T RS RIS ARECR M R BCE R . Hog LES | FIh 2 B
o A T Vv - )
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[EX 211 BA Ao A, IR B AL XA, X o XA, BIERE TR HF R A,
Ay A, [l n TTE R (n-ary relation).,
MEXE[LI%JLH s AL Ag s A, I‘EJH,J n ﬁi\éf?‘ R & Ay XA, X XA, {'j:flh:SLEF'aE‘

R j‘]A1 7A2 ER sA,«; I‘E—'J lfl/‘J n fﬁi‘é%’;‘.ﬂA] :AQ:”°:A,,:A9EI]
nA~

RCT AXAX XA

M XFRR A Efn JTLLR.

Zig o, REAXBZA 5B 2ICKFR, SSAXBXCREA,BHC [E 3 IT
KR,

PHRANBB AN . GEHEEn tA AN S L UAESHWEH. T —Ltn
AT LR — 2 I 2 A

2.1.2 2LEZR

WAEASRPLRZR N 2 XA BAMM 2 TXRAESE¥INERM. BT
n(n Z3HTLREMNITIEE 2 T XRETELEXLUMN . AERARKEY S B AN ERY
J 2 LKA,

RIEA BB MEER . JEH REAXB;REA FIKER . ETE REAXA,

[612-1) % A={a.b},B=1{1.2.3} . HFW R="1{(a.3).(a+2),(b,1),(b.3)} , M R J&
A.BEP—1RKFR KWK

AXB = {(a.1),(a:2),(a.3),(b,1).(b,2).(b.3)}
Ifi ik R A X B.

WEEENE. BRXRPHNEGEN TERFR AT HEXRPTESTEZ R ZEE

AN, B 2-1 Py R o] LS R a0 FIE .
R=1{(a:2),(b,1),(a.3).(b,3)}

MR OC R E LA HE RCAXB, M RZA SBHY N XRKA HB B4
KE LB, NN T SAXB HAXBEAXB.ENTZAZBWER, NN AZ B K
TXRRMA I B HEXE FFNM.A IS LR LR T AXA.

e 2-1 T IAXBI =6, RIEFENITENEN —MHRAXBES MEA,
BIHCHRIA 2°= 64 4, GIrP TS dn R G2 H D1 —A. — A TR .

[EHE2-1] /Al =m, Bl=n 0] A,BRKRILE 274,

AR EIAl=m, W A Fi R 2 A

WREAXB, H(x. WERMAPTMITE 5BHMITEy AXREREFIEH
Ry, X RAMFESEPEAE. EFSANUIMARIEXLRFSEEMN TR ZRN S
. AR IE R Ray.,

(51221 & A={2,3},B=1{1,2,3., 4}, MAPTTEEBPTTEARTLRNA:
2>1.,3>1.3>2, IA.BEIRFRXRAER=1{(2, 1), (3, D. (3. 2}, BIREHE—M. N
o, A5 B R EFRLL 22 =20 4.

DIFI2E ) i M e R A SR = MEHKWPIT XA/ HEEN2EXRA= LE
HESMETRRE MESHEE CRCSCHERNEHE XA S S AP RN EMN. KK
¢« 38 »



CaFEM T SOFENENT . RR I &G nl LA g,

XEAMAMSHENRAE: A RINMNEBTESKRELKAN. XREES. TE
EREEGM S UER KRS  HK T 0 WA9R A F rY ¢ & al BLZS H— [ € 19 55 7k
545 AZ TP B A —BE R R AT D — R MR A ik n] DLk — 2647 5 RN FE MK &R,

WHIRFIMRKTRARS"RELBES R EMKTRR, #ESICT NS K

== {(x,y) | x.yE RH x>y}

THNABRYES Z EWPADNEECR: BRXERME m RR LR HRKETEIEH
UEH e~ R

(5 2-3) 51 TR FALEEE m Moo S EEE g, 5 n=qm, Ff m B
not A mln, BI“7RREES Z L —FOCR RN Z LR CR.

WA ={(x.y) [x.yEZ H x|y}, ¥, (2, 6). (—2,6), (2, —6), (—2, —6),(2,
—2). (2.2 €.

BRMNTERE €L A xla. BEXLRBBEGWM IR X THEEER 2 v, 2.m
o,

(D A xly Hylze W 2=y 8ix=—y;

(2) FHxly Hylz 0 x]z;

(3) Haxly Halz, W 2| ny+n).

T A A AR R ECES K. F. Gauss 78 18 {20 R4S B BUE 2 E IR m [ 4%
KER=," Hrp om A EN e TR AL S h A 520 .

(6] 2-4Y & om 2 EREE G CEHEZ LB AR CHR=, WT.

(ro) €=, YH Y m|(x—y)

WA =, R Z FIXR. 2=, Im RIRXREH R m| (c— ) HHAY = FREL
m WREET v B m MR BEER =,y B HAUY » (mod m) =y(mod m) . It 7]
AR B m RIR IR B m 871 DX IR &

TE =,y A##EPFITA 2=y(mod m), E R ERZ r(mod m)=y(mod m) . 2R
Z 5 r=y(mod m)&F.

KT B m [FRKERA LT R

(1) XL € 2.8 r=x(mod m);

(2) IMEE 2o vE€Z. 5 2=y(mod m) M| y=x(mod m) ;

(3) L 2y vy 2€ 247 x=y(mod m) H y=z(mod m) .| x=z(mod m) ;

(4) IHEE xo vEZ. 47 a=b(mod m) H ¢ =d(mod m) | ax +cy=bx+dy(mod m) ;

(5) #5 a=b(mod m) H. ¢ =d(mod m) W ac=bd(mod m) ;

(6) #r a=b(mod m) .| a"=b"(mod m) . H:tp n M 1EBEE

(7) 45 a=b(mod m) | f(a)=/ b)) (mod m), HiH () R ZE .

KF B m FIRKRALUT = A 52 B

B /R i#h ZE FE (Wilson theorem) p AR R EZME(p— 1)1 =—1(mod p).

BXHI IR (Euler theorem) ¥ % o 5 1F %% n B R, ged(ay n) =1, 0] o*» =
1(mod n) . H:H o(n) KRHI PR AL

G AT LAAS )
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FO/MEHE (Fermat little theorem), W p R HBE N« 5 p B ZE W ged(a, p)=
1,0 a* ' =1(mod p).

i AR

(1) B KEM™(Fermat great theorem) 3EFEE £ abycFon, B n =2 0, H a"+
b " (1995 F#k 3= B # 5 £ Andrew Wiles #E8H).

(2) BRI EEMER LB T EHMNKFT X 2RAERN. LD ETEEEF T
FhaBFEEAG. P THERR L, LR ZRAFESE .t a S5 n ZF,.a7' =
1(mod n) 1B i, = A8 4w 341=11 X31,dm 2" '=1(mod 341) , 42X 4 49 n(# # Carmichael
HOEF .

SEFERRFETMCH D EENE R R R R ERER R TR, X THAE
M S o b FNEE A m R T« [t

axr =b(mod m)
Fr b 26 1% B $2 77 2 (linear modular equation) » B — R FHEHX R =" 1.

AR 2 92 axr =b(mod m) W fF, WX TAEE 5 « & m [ R0 B 2, 72 ax =
b(mod m) fiit.

FHEHEY] R ERRTTR ax=b(mod m) BB T EZRMHRE ged(a, m) [b. —TJ7 i, 47
ax=b(mod m)H f#  WFELE vELAHTE ax—b=my.B) ar—my=b.TF & ged(a, m) b, 5
—J7 1, % ged(a, m) =d ,WIFLE 210 i €28 axy, tmy,=d. NN ged(a, m) | b FHE
€L M b=dc, TH alcay) +m(eyy)=b., & x=cay, y=cy1, AN ax +my=0b, Il 7]
1% ax =b(mod m). ¥ ax =0(mod m) A fi#t.

HF ged (6, 514) =2)15, FiLl 62 =15(mod 51 W H . & a 5 m HE, L
gedCay m) =1, BAF gedlay m) |6 X} axr=b(mod m) H fi#.

M E R UERR 2 AT T axe = b (mod m ) BY 3K M 77 12 O B 2 R BROJL B A5 330 15 45 th (il
axytmy,=d WL x40 yi €20 2 m BN LU 2, =10, 1, 2,-, m— 1} P ECE
“7 6 TR AER AR TS 8 =4(mod 6),Z; = {0, 1, 2, 3, 4, 5} A9 2 A1 5 2 HA#
Fit5 2 6 5 B8 6 WA € Z # AR, B 82 =4(mod 6) & #f# « K = =2(mod 6) Al
x=5(mod 6).

276 5—6 ol e Fg AL Wi A B g — AR B EAE AT - DA TR S
Py AN LA, = =R L OB = b R R T T LA 7 X sk e R R
[F] I PR

x=2(mod 3)
x=3(mod 5)
x=2(mod 7)

i E F £ E I (Chinese remainder theorem) ¥ 1F B8 my vy s or oy, P T2, W 22 44
[A) 3 Jr fE el
xr=a; (mod )

T =ds (mod s )

xr=a, (mod m,)

0;10-



ARERRE . HAERE m=mymyoom, B REZME— 1, BT P R0 2 m R 1.
= si= 1,2, sk, H—I? ng (vamf)zleﬁ{j:-%%{ T ’[EE’,I%MH‘IEl(mOd m;)

1.:]-929'"9&- m

ik M, =

i

r=aiMyxi+a:Myxs+ - +aM,x;
R A i 2 P [R] A Oy R AL

AR P m =3+ 5« 7=105,M, =35, M, =21, M, =15, [if 35 « 2 =
1(mod 3),21 « 1=1(mod 5),15* 1=1(mod 7)), Tt x; =20, =1, 25=1, L 2=2 +
35+ 24321+ 1+2+15+1=233. 1EBE m=105 T2 23, X & fe /M. il A K
b % .

1978 4 & 15 1) RSA (Rivest-Shamir-Adleeman) 2y 57 % 15 19 JE Al & Euler & #, H % 4>
PR DR B DR e 1 R O IR R S AU T R B Euler A B2 3 B (4R
PERI AT RS A X 2 W aCik[23 ],

MFAEMNKRRA-TENEENREER A FWESEXR L, HE LT,

[EX2-2] HARESG.HKL={(.20)|z€A}HA LINEEXE.

(6] 2-5) & A={a.,bycod} M Iy={(a.a),(b,b),(c,c) (d.d)} A FINHEZELER.

FE {(a.a) - b.h) ()| AA A= {absc.d LHIBF X Z.

I AT AP Gl E —E SR - MES N ERAEE 2 (B — A SL PR drp 5 2
5] — 4~ 5 0] A 5C B9 A B T ) B ) 58 &R L X 2R Bl e 2 B O SORR . ATAA 2=
T I KRR E L.

[ 2-61 WREEHESCLEMER.EXWTE:

ARy BHMN Y v —y = a+bi
Hrpa, b HAETUEERL.
[6]2-7] & RZEFEHESLSGC =C— {0} EMRAREXLWT .
(x+ yDRG+ vi) M HALY 2u >0

(5] 2-8] & A REREWFHABRNESA={(,») |z, y BEELH EXLA LW
KRR WF:

(rsy)Ru,v) BHAY 2v = yu

(51291 & A=PUabie)) ELA ERLRERR WT .

R={(X, Y| X, YEAXNY#JT}

2.1.3 X ZABEXEM{ESE
[EX 2-3] WREAXB,RMENXIE (domain) ZH A (x,y) €ER HY o 41 E

A B
domR = {x | f£i1E y € B.fli(z.y) € R}
R B (range) HITH (x.y) €ER Y y AE AN
ranR = {y | fffE = € A fli(z.y) € R}
BT REAXB, M domRSA.ranR & B. 5] 2-2 ki .domR={2,3},ranR=
{1,2}.
« 41



(40 2-10] % A=1{1.2.3.4}.R2ZA L RR . XLWMNTF.
R={(x.y) | x.y € AH(y—2)/2 2¥E
ok R M domR FI ranR.
B HMOEH.AR=1{(1,1).(1,3),(2,2),(2,4),(3,1),(3,3),(4,2),(4,4) } , it — 2
B domR=1{1, 2. 3.4}, ranR=1{1, 2, 3., 4}.

2.1.4 XEHRTR

R AR R ESRR N THRESGANMBUAAFBWELRER, W TTEH
WAL PR C R RVFFHIRE M Z 2 DMK RMEREA RNE FEEELRE RN RE
Gr Frn. By THARBARRA B R D KA THAEIHE R T EZEELRERD
KR My 5.

1. % % [E (graph of relation)

R R AN N SE S TR

EH1 REAFNBMEXRMIFER ZA FMRR). @HEKESTHNIA TR A
M2 DR SSE RO RN ES A BELH LS B MRS #:4 (x, ) ERNES A
Motz « #4ES B b IC % v 1 — 2% a9 GEE FR A a3 . i i FE 8t 2 O &
R K& E Gr.

(% 2-11] & A={a.b.c.d} . B={1.2.3}, A | B LR R B W

R = {(a,2),(a,3),(c,2),(d,2);
MER R KRR Gr WA 2-1 Fis.

B2 RZA EMXHR. il LEHEEIE 1 #7008 (HiEE BRES A PR
S NI 28 0 i BCSE 50 3R o ] 31— B, 05 S Z B A Y 6 &R 4 (o ) €E RV TE R
x BIICE y W — 5 W . A ETE LR X R R 19X RIE Gr.

(5 2-12) % A={a.b.c.d} . A "IIRXAR BUH

R = {(a.b).(a.c) (c a) . (dyc) . (dd)}
MEHR R KRR G WE 2-2 s,

&

K/ 2-2

FEm AR E R S ACRES BT A TR A Z — A &m, nE 2-1 h TR
b RICHR 1. R (r.y) ERWAREMNICE = BITCE y W —FA ML, XERE . KRR PAH
Z DA MAESC R E Gr LA 20 %A WL R B E B2 2-2 h e R d Bl d 19
— &AM EXFRN d B d D ECA ).
o 4D .



2. X %% % (matrix of relation)

FE3R OC AR FE B I A/ B 40 b 3R BRI OB e, S A= {aap s, b B =
Cpryse oy VET A FHERER, A B=A) M TAEM AT B lERR, K% REMN
My = (my ) mwree—"1> m Xn Fiff I
1. (x,.y,)ER
0, (xi»y) ¥R
AR R RS R A R IE A AN SR 2-1 B,

*®

H’Ifj:

2-1
M N2 e Va
s 1 2 b iy
Xz ma M2z ees M
T M M2 e Moym

[ 2-13] EHH 2-11 i R R R 198 R FE M.
fi# 1 2 3
al0 1 1
blo 0 0
M, =
cl0 1 0
dLO 1 04,

(5] 2-141 S B 2-12 Frég AR &R R 1R R AL Mg,

fi# a b ¢ d
alO 1 1 0
blO O 0 0
MR —
cll 0 0 0
dLO 0 1 14,

TR AT ABBWERR,. S X=AUB,WRFEX FHWER,XZENH
B RECAXBARES WH#EH RS(AUB) X(AUB)=XXX.

2.1.5 HEHXREX

B a AEB TR R G R IR A T LA pR B ) — A ™48 2 Y. 16 L2200 s & —
A B0 R B F B 2 A0 K eR B A R DGR 1.

[ 2-15) #ESG A={a.b.c}) B=1{1,2.3},% ftA>B. EXWMTF: fla)=2.
F) =3, f(c)=3. AT 2 fULEEZ P REF S e fBEZ TP XEMNFS:
7 (o) =y MME(r. € f.FREH

f=10as2),(b,3),(c,3)}

BAR.H FA>BJ FREERA FIBH—PRAAHAZEM—PES A B HXR
#hT A E A A BB M eREH A0 R=1{(a.2),(a+3),(c.3) ).
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T A~ B AR HE sRECT) 7 SCHT . H f B4 S0 5C 200 2 P 451

(1) domf=A: AHEEITEHA B HIocE 5 Z X L.

(2) M EE €A FH (x.yvDEf H(xoy)E F M vy=y,:— P €A HEEAME—
v 5Z X0,

AR R R W BaR (D (2O A BIB HRRZEA B B R HIL 58T
KEGHRECTI N E L.

[EX 2-4] WA.BEESG./2AFBWNLER A LT EHMADFM.

(1) domf=A.

(2) FAEE 2€ A (xay) € Haay,)) € L] yy =y, CREME JIFR £ VA 3 B
1) &R 2.

o f A BB R 55 1 .98 £ A>B.

EE L% fLA>B5 FCAXB KR,

PRE X Al 55 1 T2 RT 45 i SC, AR o b o2 AR R . A 42 3, 25 2 SR
14 Foe R AN ML s B R G AR A AT DA B T 0 LA SE S [R] o eR R 0% F 5E S, A AL bk
TET X B XA A 5 32 AUE RE &

AR I FOE R BT SRR DUAT Y e BT S i & SR AT R RS AT . R
KAREHZ A T UGS 1 35585 2 Wl 1-5 5 8 D eREUH R R TR Il R R KK
XTEHEM A BB K REEABHESEA F B AR

LG 2-16] FIWr H AR AR & N L F 91 3¢ 7= B8 5 0 1l ok 4L

(1) f={(z.y) 2. yENx+y<5}.

(2) f={(xsy) | x.yENy H/NFHEF 2 BRI, p 2R B (prime) ol 15U $5
p=>1 Hop MIEM AR RGER 1 sUEAR LS.

R (D BHR.2.DE[F.(2.2) € fLATREBEPEZOR BT f AT B 1R L.

(2) MTAEE 2ENGERE/DNTHET 2 MR-, H—Z &8 T N, W5 & X
() y SR ME— 1Y AR PR Y G 2R S, (D RO AR 2 L i £ 02 N E R pR &L

2] @ 2.1

L 28 PR 3 oo K R 1.
2. WA= {a,b)  BORM A A LXER,IFEUEEH 2-1 5L,
3. W A={0,1,.2,3,4},A FIRE R={(x,y) |x=y+1 8 y=2/2} b HFI 2R T R.
4. o3I B & AR w416, 3] —12, —3[0.0[—3,0/0,2] —2,—2]2.
5. MFAEEEE xoyzom Ma b LT 2518,
(D #FHxly Hyla W o=y 8 ac=—y.
(2) #Zrxly Hylz 0 x|z
(3) Hxly Halz W 2| Gny+n2).
6. MEXLT 2 MEBERB T B a2 +a 2" P ++a, 1x+ta,=0 A BRI a,.
7. W om RIEEEE UM
(D) N TAEE +r€ 2, x=x(mod m).
o A4 e



(2) M FAEE v.2€ 2. 77 x=y(mod m) .| y=x(mod m).

(3) XWTFALEE 2,y 2 € 2. % x=y(mod m) H y=z(mod m) , M| + ==z(mod m).

8. WEM % a=b(mod m) H ¢ =d(mod m) , )|

(1) MERE 2 yEZax+cy=bxr+dy(mod m).

(2) ac=bd(mod m).

(3) X TFAEZEIEEE n.a”"= b" (mod m).

(1) MFEERERBEZIX (), (@) =Fb) (mod m).

9. IEMEURHMERM . p NEBM AL FMHZ(p—D!I=—1(mod p).

10, JEMRRPIER . # a H5n HE B ged(a, n) =1, a*”=1(mod n) , HH ¢(n) Bk

11. ZRYER T ax=b(mod m) G 0 75 2 K & ged(a, m) b,
12, JE A A [ R s e B B IR BEE my iy s oo T L ZR L WGP R] 3 T R 4L
xr=a; (mod m;)

T =ds (mod My )

x=a, (mod m,)

A BB HAERE m=mymy-=om, T EME— 17, BT 3P A A2 o [F 4310,

13, X TR a e 4 AR 25K T4 R R.domR. ranR, H {1} R /¢ &
Bl Gr, 5 R YOG R E M.

(1) A=1{0,1,2,3,4,5,6}, R={(x,y) |2=2 H x| y}.

(2) A={0,1,2,3,4,5) , R={(x,y) | 12— y=2}.

(3) A=1{2,3,4,5,6} . R={(x, y)|ged(z, y) =1},

(4) A=10,1,2,3,4,5.6}  R={(x.y) 2>y Hy BZH.

14, 45 E 2-3~FE 2-6 MCREFRGHIHIMNCR R E®ZA 3| B MRE, A2




15, FIWr S8 S R 109 T 41 26 & G444 Bl pR L.
(1) f={(zyy) |z, yER x=1"}.
(2) f={(x )|z yER. y=2a"}.

2.2 XHZRMis

FEXRRNEEEN TN AN LR LN LR,
2.2.1 XZMERICZE

MR OCFR I U ERME S ITDAVES 1 b ir s h i S M afh iz 8, X
LA
WRMS 2EASAFNBHWERBR.SCAXB,MEXZHH . . ZRIHECGR
iz
RUS.RN S.R.R—S.REP S
JLE*H WGBSR, KGR E 4 mEE .
H¥R,SCAXB.#AH RUS.RNS.R.R—S.RESTAXB. FipilHh, #5 R 1S Ji&
%éALﬂ@aé?:,mﬁ%nl_é%;ﬁ)}}mLu’aaé,?:.
TR #FREAXB.AAAIBWAXZAAXB,e# Lk beeisd, it
R=AXB—R.# REAXAAXARZA E#y 4% %, R=AXA—R,
[612-17) & A=1{2.3.,4}. 2 RNA FEWERXR.SHA EH/DNTXR, iR
RUS.RNS.R.R—S,RPS.
g ki RS
R = {(2,2).(2,4),(3,3),(4,4)}
S = {(2.3).(2.4).(3.4)}
it RUS.RNS.R.R—S.RDS:
RUS =1(2.2).(2,4),(3,3),(4,4),(2,3),(3,4)}
RN S =1{(2.4)}
R=AXA—R=1{(2,3),(3.2).(4,2).(3,4),(4.3)}
R—S =1{(2,2),(3,3),(4,4)}
RPES=(R—SU(S—R) ={(2,2).(3,3).(4,0)}) U {(2.3), (3,4}
=1(2,2), (3,3), (4,4), (2,3), (3.4)}

2.2.2 XZEHMPIZE

o5y AXRRRXN v 5o ZHPXFRMZER M LR,
[EX 2-5] X REAXB.REXZR (inverse) R71E LK
R = {(y.a) | (xyy) € R}
B, GZ REAXBR'EESEBRAMELR, R ITCBXA. TEAR BT, R M &
FAHATS R TR  EFIERN TR F R E—ERMFZAE T nl LU B0 ek %Y.
RESGME KTRA "M XRRZR /DT RR", AIff=>""=<,m3>=2,0
. 46 o



2<GERHUE RO XA R DS =D MACB. M BDA: & &y 1Y
VM7 S R Ry & o B2 B — AT

[#] 2-18) A= 1{a.b,c.d}.B=1{1,2,3}. % R=1{(a.3),.(c,2).(a.2),(b.2)},
KR

B AR ={(3.a):(2.¢).(2.a),(2.0)}.

MRBHEM LR RN CRE G AREGEL HYE XA RTTMERE G s AR R I
KA Mg ARE S R ER RTVNEFAE My HEE A C B85 A

ENTTRA pie SE U =NIbL d 7

H 396 B0 5 L B A

[E®2-2] (R')'=R.

T P PR Y R s T O R G s R R PR

[EH 2-3] K R.SSAXBWFHI458 7.

(L (RUS)'=RTUS™.

(2) (RNS)'=R NS

(3) (R) '=R 1,

iE HAEA(D), HaEELS.

FIEHRUSTTSRTTUS T MERE (u.v) E(RUS (W u € B, veE A), W11l
() ERUS. FE(v.w) ER (v, ) ES MM (us ) ER P (u.0) ES LA, (wsv) €
R 'US™*.

R A DA R ik AT LGIER] R USSR US) L. 4518 (1) 8.

FF a5 R 22 R FR 2 A RD i 50 A XM, il DU ERE 2-3 #E .

2.2.3 XZEHWESREE

1. XZERE5XZSHESR-S

e S yvARRERHyS5:AXKRZS. X+ 5 ZRIPVLRBLERLREAR LS SHEA.

[EX26] WA, B, CEELG . H#RECAXB,.SCBXC,MEREARSXEASMES
(composition)R=S & X R

R-S={(x,2) | x €A,z € C.fffE y € Biliff(x,y) € R.(y.2) € S}
XF T )2 R, 2% AR I X s B L B R 1Y SR —
[ 2-19] mA:mmwdh:ﬂLm&Mm:aﬁm,,AEBM%ﬁRﬂw
R = {(a:1),(a+2),(b:2),(d+3),(c.4)}
BHE|C KERS B
= {(1,a), (2,8 .(2,8), (3.3}

T 8H R S.

B ARIRE A B LRI R RN T (e, ).

(1) (ava) ERS,HIAEME y=1€ B ffi1%(a,1)ER,(1,a) ES.

(2) (a.pERS.HNEFE y=2EB.AH%(a.2)ER. (2.0 ES.

(3) (a,&) ERS, P NTFTE y=2€EB. ffi18(a,2) ER.(2.8)ES.

(4) (b, ERS,HNIETE y=2€ B, li15(h.2) ER, (2,5 ES.

o AT .



(5) (h.®) ERS. NI y=2€ B. {5 (b.2) ER.(2.5)ES.
(6) (d.ERS. AN y=3€B.flif7(d.3)ER.(3.PES.
TIER-S={(a,a)+(a.B)+(a:8) (b, (5,8 . (dB)}.
B T 5 2R P& AT LTI 2-7 Sl PR A b o B & L 1 401 7

B o2-7

XN FhHEFENE.BARAAE (. ) ERAMHANTELE (4.2 € STV AETE
(c+2) € RS K JEH) 27 35 B Z Y In) &

e AE B e X H L, RCAXB,SCBXC M R-SCTAXC.H RS Z2HEAA 7|
C 1K .

WrLfE B T — 26 F MM X RENE G .6 2y WHE, y 2 WETF N 2 £
e WHERE A o JEy WACSR, y & = WALSR, ) 2 J& = AUHHAC. A O AT RLFE 28 1 — S 25 0L 4]
FL LA IR AT X RINE A

WREENEARTEWNADRXKRETLRE AW, BIEEGEHME XM, LA %
REAXB,SEBXCH H—PAIMES B.R-S AH & X e if il i R-S H & X,
ABEARIE SoR A7 . 3k i r 2 i 2-19 ki, AR R-S A7 X .1 S°R %47 75 X.

# REAXB.STBXA M RS &SR #AEL. ¥, % R.SZ2A ERXR. N
ReS KSR #A L. ALRIE RS J& SR #A & L, WABMRIUE R-S=SR., WLF 11 i
foil 2-20. WEL R UL X RWE A3 B AW Eaga, i —sokut.

R:S#S-R
[ 2-20] #% A=1{0.1.2,3}.A FIOCRR 1S & LT
R={(z.y) |xr.yvEA,y=zx+18y=2/2}
S=1{(x.y) | 2,y E Asx = y+2}
P18 RS 2 S*R.

f HEEHN.R=1{00,1),(1.2),(2,3),(0,0),(2,1)}.S=1{(2,0),(3, 1)}, T&AH.
R=S={(1.0),(2,1)}.S<R={(2.1), (2,0), (3,2)}.

WA JR-SFES-R. L IEVHE A KRR R G 5, B3 B e 0.

[ 2-21) % A={a.bscsd} A FIIREAR. STIT 53 ABR={,b)s(b.c),(c,
a)ysS={(b,a),(cya),(c,d) (dsc)} T = {(asb), (co b)) s (dya)}, iITFHE(R-S)-T Hl
Re(S°T).

%

(D T RS=1{bhsa)s(bsd)}s TIE(RS)T=1{(bsb),(bsa)}.

(2) AR SeT=1{(bsb)(csb)s(coa) o (dsb)}y FFLL Ro(ST)=1{(b:b)(hsa)}.

THTHE R RE Gz F M.

o 48



AT 22 H0E  OC R E SEE A R s U DR . CRNE S BRI R 53,
[EI24) K RCAXB.SCTBXC., TCCXD, W TR 7
(R-S)T=R-(S-1T)

iE B (RS) TCR(S°T): fEF (x.w) € (R-S) T, R a8 H 1 E LM AF7E
:€ECHH(r,2)ERS H(z,w) €T, HIKBIERE G2 B ME LH L FEE yEB (2. €
RH(y,.2)ES. HH(y.2)ES H(zow) ET. I (yow) €ST. X[H N (x.y) ER,
TRA(zw) ER(ST). FHIt, H(R-S)*TCR=(S=T).

FEIH, rTRAEM R (SeT) S (ReS) > T, SEbx b, g i B nl 451 4 [n] Js

JITLA A (RS)s T=R*(S-T).

RN ERNE BRI RS AL RS T 48 5L, ] LB i (R=S) = T, 1]
PIJE Re(S-T).

[E 2-5] WRCAXB,.S.TCBXC. M,

(1) R=(SUT)=(R>S) U(R=T);

(2) R*(SNT)Z(R>S) N(R=T).

iE HAE(2) . (D EAEZ.

BB (r,x)ER (SN ARPEE LA HFHE yvEBMHHF (2, ) ER, (y,x2)ESN T, X}
(vox)ES H(yv, )T M EXLA(r,2)ERS H(a.2)ERT, TEA (x.2)E(R-S)
V(R=T). fIt LAZ5 8 AT

TEERME, B, FX R (SNT=(RS) N(R- TR M. BIE Gz H X%
FIY A 18 AN Loy B, T e — 1

[0 2-22] & A={a.bsc.d} A FXERR.S T 400l BUA

R = {(a,0)(a.c)} . S={,d)}. T = {(c.d)}
BR.SNT= M R (SNTY)=I. i3 —Ji.ReS=ReT={(a,d)},JIiLh,(R=S)
(R-T)={(a,d)} A R (SNT)F(R-S) N(R=T).

TiRERS M E Aia WS s W 2 R R,

[ 2-6] W REAXB.SSBXC,M(R-S) '=8 =R,

iE BIEH(R-S)TTES TR fEE () E(RS) T B ERMNE XA (vou) €
RS,k veEBfFH (v.y) ER.(y.u)ES. TR, (v, v) ER ' (u. ) ES ' HIEE &
B E XA (u,v) ESTHERTY,

FLEH] ST e RTTC (RS T A G R A B IR, o BEASIE.

THREMANESEE SHEFLRZEMN —DE5E.

[ 2-7] HREAXBI.

(1) I,°R=R;

(2) R°I;=R.

iE (EAEAEZD.

2, XRERBAREER"

WREAXBHEGBEHEMNE LA, Mk R-RABEART L., BIER ZHE5A BN
FKHR.HNTIHERRE R NWAFRIEE (power of relation) . F Z & RESA XA,

o 49 .



n

[ 27] W REAXAGEN R =L (A FHHE%%F) R =R, R =ReRe+w-Run>2.

HTRAMESERWHESGHE, LRAE L EAEXM. TETFEMNE, LR R EE
o TMESGTLEXE FILFEZESR , SWHE 1 54 XHEHXBER R &n MR REGIZ
B X AE BRSO HERDN . fER Z R R* 5l ReR.

AR XA o n . I Y S5 R ST.

[ 28] WREAXA M TIEAEEE m.n. 4

(1) R"*R*=R"*";

(2) (R™)"=R™;

(3) (R™)y"=(R™ .

[612-23] A= {a.b.c}  EEGALMERER={(a.b),(b.c),(c,a)},iXITH
R™(n MIF %50,

7 R'=R=1{(a.t).(bsc)s(cva)} s

R*={(asc)+(hsa)s(csb) },
RE={(a.a).(b.b) . (c.c) =14,

HEMiA R'=R*°R=1,R=R,R°=R**R*=1,°R*=R®, Ak 1% i FL 51, X} TAT 25 1F %%

i‘&k'ﬁR“:I JR¥FTT =R ,R¥*? =R?,
L0 2-23 MESIE A ZIEAR N . S 2] 2, 2.

3. IIJ%IJ’ ER#gmas feg

W fA>BHg.B>C,oR¥ f 5t g WES/ICH feg. 2.1 WH fFEAXBH
gEBXC. KR f5XR g MEAWREILH fog. ENMNETESE—EUN.

2.2.4 XEHNHEMEE

FE HL AR v A e B8 R B b A S U KOG R Az B 0 A O R E R iE
RAWESLIE T O FR M R 25 2 FR 1Y BR s 5055 i T 0 B R s [] L 7 e A1
WS, AH T )5 e 5 A% 09 5 8 B/ IR A 41 2k R BRE i S P i — R R IR S O . 3G
FHE—1TTFELWIRE.

[EX 28] WREEGA ML R.BEAMNTE.NMREB ERIRE N

R|g=1{(xrsy) | .y € B H(x,y) € R}

¥ B EMKEER | LK R.

[ 2-24) % A={a.b.codsesfog) A FRIRRR=I1,U {(g. d), (g. b, (g, a),
(dyb)y (dya), (goe), (gya), (esa)y, (g. . (goc)y (feoc)e (fyva), (cya)}s BL
B={a. b, c.d, gj M RAEB AR E A

Rlg=1I3U (g, d). (g, 0y (gya), (dy )y (dy a). (gea)y (gs )y (e a))

ARV T CRPER G B E = RN 3 M &, B0 52 A R (R) .
PR s (R AL AL ¢ (R).

fE CIEF TN XRMF S T XEH/NT <" NTHET <" KT>".K
THTZ"ET="MAFET L6 N5, Frid Ky X & &AL Fr B2 AWM oo
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REMAHRR WA —TEZHRHE.
BE LRNITANERR LXK R W87

2] 3@ 2.2

1. WA=1{0.1.2.3},A FIILER IS 45K
R={(x, |z, yEA,x+y=3}
S={(x.W|x.yEA,y—x=1}

iilE RUS.RNS.R.R—S.S—R.RBS.

2. W R.SSAXDB, W FH 45 7.

() ((RNS) '=R'NS .

(2) (Ry"'=R",

(3) (R—S) '=R '—S .

(4) (RPS)'=R DS,

3. WA= {a.b,c.d} A FIIKRR FS 735K

R=1{1.0).(byc)s(cha)}
S = {(bia),(csa):(csd) (d.c)}
Wi R 'S '\ R-S,S*R,R*,S* ,R°S*R,S°R?.

4. WREAIWXRR.SREA LNEXRR. UMW R T=T-R=T.

5. HRTAXB,S, TCBXC, M R-(SUT)=(R=8) U(R=T) iXiF M .

6. WS, TCAXB,REBXC,M(SNT) RE(S=R) N (T=R), I % ] i W A fit ¥t

ST ="

7.  RTAXB, N

(1) 1,*R=R.

(2) ReIy=R.

8. WR.SHTHNEEGA FHXR. A SSTEW R-SER-T.

9. W REAXA XN THAEREE m. A (R") =R ™.

10. #IAl=n.REA FICRFE AR . j 8 R =R, Hh 0<ii<{j<2” |

1. #% A={a.b.c.d} A LIIXERBR=1.0) . (b.o) . (c.a) ) ki (R
n=1

12. W RMS BESA FIWEXRFEHR-S=1,.
(1) A RAWRES. N RAMS ZEA FAYXE
(2) 20U A R XRES R S A—ER A FrIUH.

2.3 REMMEIR

T T R SR e 2R — B0 o6 & ANAE S PR n) B, R TR SR 1 R B B Ak R R B
S L R TR T 1) 6 &R
MTEEGA FMRARCAXA G WA R METCA 5 FL sl g8 k.



2.3.1 BERH%

[EX 2-9] WREAXA.FXMFAE €A A (2. 0) ER, ) 2Rz, MFRR A I+
MBRXR. AP RAEA FEARKN, 8 R EES A ERA AR (rellexive property).

(5] 2-25] % A={a.b,c.d} A FIRA

R = {(a.a).(a.b).(b.b) . (c.c) . (coa) (d.d)}
EHRN, AR TR €A MH (r,2) ER.

WEIEENEREANA FIWARXR HGHAHAWRESG A TEETR 2. 2 52 #A
FKHR TR EHERIK (aa)(a.b) . (b.0)(coe)s(caa) ) MK dEAMI(d.d)ER.E
AIEARM. 75 A LR R R = {(a,a), (bsb) . (cye) s (coa) o (dod) b s MIEAZ AR
M. ES5@HREERBT R IGXK.

BHEES 2 EHNERXAI"ZEARNES XPHFEP X ENUEXR
CCTRARMEAESG R FNPNTHETRR"EARN: LHES R EN/PATLR

<"AEHR.

T E B 2GR R A R SR R AT

[EHE 291 BEREAXAJMIRAEA EARMFIEERZMFRETLER I I, A B
FRAER.

iE HEEES L= {(x.0) [ x€ A EIT],

BREEITIHNRRABAZ KRR NPT RERRIESET EMARKR . AN
A=T U [,=, ﬁﬁR D XA TSR A T . 33X A2 — P EE T R IR 1 B,

TERFE Gy B — A S EA — a3 W R & A R A 0] 25—

,ﬁﬁ‘&ﬁffﬁsmﬂ R AEH M. il 2-25 Frgy R CHRINE 2-8

@"—@ i
MR I RH I Mg 2 FI 80, 5 Mg th EXT&TE 2N 1,

MR ZARM: 4 Mg T EXMMALITEALR TN EDH 7T

RN 0, W R AR ] 2-25 BT 45 R ¢ R 4N
Q '@ 1 1 0 0
01 0 0
A 2-8 Me=11 61 0
0 0 0 1duy
X ) 2 A 5 ZR MR T R SE S SRR 2 b 1. TE T B A S G .
2.3.2 RERY

[EX2-10] HREAXAEXMNTHEE €A HH (2.0) ERWFER WA LR E
REZR.SHREALRRARW. K REER A LHA R A R Grreflexive property).
[ 2-26)] % A={a.b.c.d} A FHIRER
R = {(ba)s(asb) s (bic) s (cod) s (cha)}
R AR, X FIEE €A A (. 20) €R.
T8 RAFAA LHRARXZAFHAHMAFTAFPEEZEALF 2, 2 5o HEA X
. 52



ZR. TA.E# 2-26F. HRIA{(a.a).(a:b).(b.e)s(cod)s(coa) ) MEH aCE A, MW
(aya)ER,ERAFRARW. A FXRAZRBA{(bya),(byc),(cod)y(cya)}, M EAB 2B
arw.e5.b)A%%HTRIL.

BEES 2 EWERXR AR AR ES X NEEPXO ENUEXRE S
AR HARN:EBES R ER/NTETRR<"ARR AR LHES R ER/NT R
RU<"ERARM.

T Y E PR A R R A RO S AR A

[EHE 2-10] HREAXAJMRAEA ERARMAEEFZNZILNR=D K 1, 72
A FESEC R,

iE (EAEZADD.

BRFEIENERRSWREIL EHRARRKRR HN A= L [ =T, 1fi R=
X AH [L,NR=T e lor. T 280 ENERRIRZE AR, BER H .
T OCRBEA R A M WA R AR,

[ 2-27) & A={a.b,c.d} A FHIEKR

R = {(a.a).(a.b0).(b.b).(c.d),(c.a)}
HXETF c€ AVH (che) €RITLL R AZEA RN a €AVH (@) ERITRL R AJERCH
Y.

i 2-25 gy e B B E SCH IR A& B, 4 2-26 2 &R H REAZ B IR
1Y 2 7 7.

TERRE G B iR AR A3, W R B A R, & R Z AR A Ak A
WL R AR H Y. 6] 2-26 Ii4h R 1L R A W 2-9 FTR. he=——ea

MR IR Mg LH B, 5 Mg Th EXFRLITTR 2N 0,

ROERCH B 47 Me HEXALOCEA 2N O EDH—1IOLE N D,
W R AJER H R, il 2-26 JT 4 R )¢ RN
0 0

C-.—n—-—.d

MR — I?I 2*9

1 0
1 01 0
1 0 0 1
0 0 0 O

44

2.3.3 XtERM4

[EX 2-11] # REAXAFAFE 2. vEAME (2 ) ER LK (vox) €ERFR
RHNA FMERER R 76 A FREXFRIHFR R 7E48 A L BA XHFREE (symmetric
property).

[ 2-28) % A={a.b,c.d} A FIIER

R = {(b,a).(a.b).(b,b).(d.c),(c.d)}
JEXTRRAY.

FHERNA FHIMHRER DL : RE(r,WER L —EAH(y.2)ER. TR, I, F
B ICEAEN EFR R X PRI, 766 2-28 th, 8 R BUCH {((ba) . Casb) o (bsb) o (dye) ), WA
H(d,e) ER, M (cvd) &R EARIERFRIV.



BBESZ FIBRERERT AR ES XX ZDWREE P(XO L F %
RUCTARREMNRAEES R EM/NTETRAS"AEXNFRMNLES R E/NT
KRCREX IR A Z M G LR RN R R BBE Z LB £ R 4206
=" HAMFRE.

T S B H R R RR Y 7R B A

[ 2-11] HREAXA M RIEA XM FAESFFRER=R .

iE (AE%SD.

TERFRE T Ge B B — XA T Z 8 A 20 BUA 1) il 28, — 2 2 s By . T R 2
KRR I o 75 ) S R — X a5 Ak B ) B W R RS RERR . ] 2-28 BT gE R Bk FR K
mE 2-10 Fis.

BR VR MFRFEE RN Mg FOLE KT EX AT, B Mg XFFR. 7l 2-28 FIf 45 R 1

KRN
bo/—\\oa
01 0 0 \
M. — 1 1 0 0
7 1lo 0o o 1 Y
~N_ S
0 0 1 0ldy
& 2-10

2.3.4 XM

[EX 2-12] W REAXAXNFILE +.vEAWMB (., v)ER H(y,2) ER 4 —
Hr=y,MHERNA ITHMERFIBEXR. AR REA RN KR EESA LA
X FRPE Cantisymmetric property).

KERRMFENFEME L : RAA ENRMFELRZEN TIEE o, yEA HaFy,
W (xsy) €ER 5 (y,2) € R ASHE A B 157

(%) 2-291 % A={a.b.c.d} A EIRER

R = {(asa) +Casb)  (byb) o (byc) s (dsc)}
I N R Y.

FR A8 S0 R OC 2R Y 5 SCHT . Ty TP Y 98 RS 52 0 H RO X R, 201 2-29 il (asa) s
(b.b). KFHE R RAFR A PAEEPANAFITLE 20 vy (2.0 ER 5 (y.2) € R AREIRI AT AL,
S RO LAERA RS . (oo y) € R H(y.2) &R, # RHUN{(asva)sCasb) s (bab) s (bye) s
(b)) JUME R by c €A bFc T (bye) ER H(c,b) €ERFE M, R ASJE X FR Y 5 W] B, 3 B
KRR R WA FRE KA (@ .0) ERAH(bya) € R. ] 2-28 £ W B F& X BRAEAS S S X
PRGICER B, B 2-29 25 19 2 R R BRIEAS 2 X BRI C &R ) 1. 19—

(61 2-30) % A={a.b.c.d} A FIWRFR

R = {(a.a).(c,o)}
B2 0 AR A & A B R AR 1T

BBES 2 EAEERCR["ARRRA R 2l —2 H—2]2; X lIREP(X) B
AL KRR FRI M TAEE A.BEP(X) . #F ASB HBC A, —EH A=B; %
HAESG R EW/PNTHETRRS"ERMIEN; LBES R ER/NTRR<T"ERMIRH,
PR THER oy ERVE a7y, M o<Ty il y <Ta ALz TR I AT

. 511 L



T A A BE 45 I RO BRI 8 A

[EHE 2-12] #REAXAMREA FERMHRMAZERMFZRNR S, b 1, &
A FE S LR,

iE (D) B8 R RAMFR. Z () ERNR M (xy) ER H(a. ) ERTY. (2. €
Rt (yvoo)ER. R RAFRHA 2=y X H (r. )€1, TRERNR 'S,

(O MBRERNR 'S, MEE 2. vEA B (xvv)ER H(y,2) ER.H (v x) €R 1] HfE
M, ER (v ERNR V.TMRNR 'S4, TRE(x,v)E L 3T 2=y, BHIER
XFFR I E SR, R R FER.

TEXRE Gr 25 B — XA [R) 87 4 0 30 #5830 A B i 21, T
R J& ROV FR I o A5 ) A B — X 4 1 301 ) B U] RO e % @,_,a
PRIy, B 2-29 Brés R MG R B 2- 11 Fm. O

KF R R PREY FEE 5508 00 R M BE M v o8 T 3 0 £ Ze X i
IR ARERIE A 1. 1 2-29 Fr 4y R MC BRI N

1 0

C,l--—.d

F  2-11

0
0
My = 0
0

[en I s B

0 1
0 0
0 1 44

2.3.5 fRiEH

[EX 2-13] W REAXAJIFALE 20y 2 €A MR (2. ) €ER H(y.2) ERIBA
(2,2) ERJFRR A FIEBRXR MR RAEA FREEGEN. R REESGA FRAE
% M (transitive property).

(%) 2-31] % A={a.b.c.d} A LKA

R = {(a.a) Ca.0) s (b,b) s (bye) s (ase) s (coa))
ARG E, WA (o) ER Ha,o) ERH(c, o) ER.
[ 2-32]1 % A={a.b.c.d} A FXER
R = {(a.a) - (a.0) - (b.b) . (hec) s (cab) - (ase) o (caa) - (cac) s (haa) |
sl i 1.

WIELBE RN EL, RE(r.yv)ER H(y,2)ER L~ A (x,2) ER M R E1& 1%
By e 2-31 L B R(a. D ER Hb, ) ER F(avo)ER; HE(a,0)ER H(chba) ERVAH
(aya) ERAEFE K (c,a) ER Ha o) ERA(c,c) R TLL R AL,

BBESZ FBRXR""EEEN:ES X WFEPX) FHEHEXEC7EMR
BBRFGEHMES R ER/NTHETRR" MG LHES R ER/NTRRS <%
.

A E B 2 W R A% 1 Y 782 AR A

[EHE 2-13] HREAXAMRAEA FAZRMNAEFRMZR-RER.

E (2OWFEE(r.2) ERR.MKERE G BRME L. yEA (2. ) ER
H(y,2)ER, H R R AL, Tl (2,2) €ER, Tl R°-RER,

(SO TIEE 2.y, 2€A, (2. 9) ER H(y,2) ER. M X RE G iz B E LH

L] 5 .

Ul



(r+2)ERR. AN R-RER. T LA(x.2) ER.H R 5%
[ 2-33) % A={a.b,c,d} A FIEER
R={(a.b).(a.c)}
bem———pea  JEALFRE), FNZIH A R-R=C, BIRA R-R ™R, {HAFFFH 1 E M,
AEH M a . 0) ERLMTEA (bye) €ER Z25, 501NN R A58, 257 HL
= {(a,b)}
R A J2 1% 3 1.

EXRE Gy T AEEWN 20y 2 €A HRE £+ 8y ffihH y 8 = Hill,
—EH Bz AW R EAZEN. RIEXHE R XFWE 2-12 Fw,
MXERRAEHE . HRaB e HNHe Bd Hil, HaddBEGD.

g EH 2-13. 5B R-R WKFRZMIES R MR ARMEN KR MR 195C F 5 [
My zL-%JHéFrR 1) 1 34 P 1 7 3

I A 28 0 R LY 5 b 5 AR B 1 IV L A S B T 2 v T B 2 38 38 G Al B A S AR (i
?a‘déﬁ\huchd PR AR IR AR S A e I 2 D ) 2. 3). T gAY ] R AR AR
JUE 265 5 1 2 2 L FI BT R ELAG ] P 3. 24 9K L T DA% pE 1 L A0 17 56 AR LA W S 4

[ %1 2-34) iikA:{o,1,2,3,4,5},ALﬂ’~Ja‘é?=

= {(z.y) | x.yE Ax+y=5)
AW R A MER AR . Jiﬁ}i XFFR R R FR AL 35 ) o R B

8 (1) RABRAGARYE: (0,00 €R.

(2) RAEAR AR ALE €A BRA (x.20) €R.

(3) R BAMNFRY AL E 2. vEA () ER 2+ y=5, B8 yv+2+=5,B01(y,2) ER.

(4) R AAEARXMHEM: (2.3)ER.(3,2)ER.

(5) R AEALYE I N(2,.3)ER.(3.2)ERH(2.2) &R,

ZE LR R HA KA BRI B (B SE el RUSESR Y R B A D

[6]2-35] W REEGA EBXNHEGEMNCHR, I REESA EWAHRE
E

BANITTFHES . NF TR €A BT REXMNHKB WA (. ) ER TTHFH (v,2) ER,
NN R BEBE M () ER X (y, o) ERMGH (2, 2) ER, UL R J& A Y. i %5 4]

B b B A R 2 A

B HLA={a.b.c) B R={(asa)(a:b),(bsa) (b.0)} S HE R EESA IR
R ALBMER. T ceAMic.o) ¢R. AR ARA EIAR LR,

FRHEREEAEN R B A X ERMBEM . R B A FRXFR RS T
Har.yCAMP(r. ) ER I AT (v, 2) ER. 5 (xyy) €E R AW ST, W |- 348 ¥ 3
K.

A HEEXRNER S XREHEZMMRR.

(6] 2-36] & R,S 2 A FifLid X R LHWIRSIE & — o 1% 3. 30 3 iy
ReR & & — @& Gih

8 R-S A—@Efih. . A={a.b.c.d} . %

« 56 »

c*® *d

E 2-12



R = {(a:b)s(bs)s(as)ts S = {(h.c)s(cra)s(bra)}
WEGEUER.S BES A L ayEiE R,
RS = {(a,o) Casa) (bsa)}
)
(bya) ER <+ S,(ac) ER- S
Hb.o) E RS, HIL R-S & i,
T R 28N, TR RRER,HAM(RR)(R°R) “R*R., UL R°R J&14 311,
R2-2HBEMXANER S X RIBEZMM LR, KPPV 7 RRIER (True) , X7 %
N iR (False).

x 22
- e R R Xt i b R A FHE fe s
RS vV v v Vv Vv
RUS v Vv v X X
R—S X Vv v v/ X
R v Vv Ve
R-S v X X

(6] 2-37] ¥ R.S ZHESGA ERXIFRKR.

(1) Zfli B RoS AN — 3 X FR.

(2) WEW: ReS MR FEE K IE R-S=5°R.

B (D Flwm A= a.b.cr A

R = {(a.b)s(bsa)}s S = 1{(h:c)s(c:sb)}

BARLR.SE/RA FHXHELR. M R-S={(a )} W H(a.c)ER>S.H(c,a) & R-S.[H
It RS A XFFR.

(2) HF R.SXFLFLAR =R, H S™'=S.

(=) RS AR (R-S) ' =RS,M(R>S) '=S"'"*R'=8°R,HIit R*S=S°R,

() R S=SR,(HANRS)"=S"R'"=SR,ilIif(RS)'=R-S. T RS
X FR.

2] @ 2.3

. WREAXAGEM RAEA FRERARMARERMFREILNR=T, HP I, A EW
(ER S

2. W REAXAGEW RTEA EXFRAE XM R R=R".

3. WA= a.b.c) A LIWRAR=1{(a.b). (b)) . B KM 3 MIFHRAR WLiE



1. W REAXANFAFE 20y 2 €A MR (. ER H(y. ) ER A (2. 2) ¢ RN
MR ANA FHREIBXER.

(1) a2 — A A% 38 O &R i .

(2) WEW . R RAG BN A EFZ M E(RR) NR=.

5. MREAXA G FAEE 2.y, €A MR (2. ) ER H(y. ) ER A (2 2) ER N
R A FMERXER.

(1) a2 ) — A5 30 ¢ & 1 .

(2) UEPH . #F R & H R FUIE R 00 R LA X B FA 3 1.

6. Zr|Al=n.RHA EMRXRERKB RORTMWRAEE TR LZ PN 0R
)

7. W REAXA.# R A B M FALENE N ReR=R. 3 iy 8y #5057

8. WRIEEBEASC EMER EXLIT:

R=1{(z.y) |2y ECHx+—y=a+bi.HH a,b HAETEL

KA E R TE (H R R E R FR R R A% ) L 15 B i

9. Wi AL Z AL R oo B MR i (H . R B AR R kA%
1) o 1k I

10, XFDREPX) FMXER,EXLWTF .

R=1{(A.B) |A.Be P(X) HANB=# Y}

WA E R APERE CH R vE R E R e RERRYE R X R A A% 3 ) 45 W B

11, % A={a,bscd i i 8% —1 A FERSCREF RN AEA A E AR
PR G FRPE RO B A% 3 1

12. & R,SEERA LWRE BLHIET 5 a8 BAR ., 5 .

(HDRMSFEARM.MRUS HRK.

(2) RFMIS BRARM.MRUS XHARK.

(3) R AIS JEXTFRAY I R US XFF5.

(4) R S ZERXFRA W R US [RFFR.

(5) RS By . RUS 1%,

2.4 RREMHL

A5G R B — s BT LI R SR X T A ERA R, 8 R B EEE K
PR A Rk 5 R A RAT ARGl e R h sl — L8 )P AR A R K &R, Xk
WA RIAG 3 — L8351 A B RYSER.

2.4.1 BRAE r(R

JoF/ T A

[ 2-38) % A={a.bsc) A ' KXRERR={(a.a)+(bsa) . (bie)y(coa)s(ase) ), WK
HITA NS R MHA R EA.

B THMANTKRBELT RMWARKR:

¢ 58



R, =RU {b.b),(c.o)} = {(a.a) s (bsa) s (bsc) o (coa) s (ase) s (hab) o (che) )

R: =R U {(b.b) . (coc) Casb)}
= {(asa) s (bya) s (byc)y(coa) s (ase) s (Db (coc) o (a b))

R, =R U {(b,b) (cye) s (eyb)}
={(a.a).(b.a) . (b.c)s(coa) s (ase) o (bab) s (cuc) . (cab) )

R, =R U {(b.sb) (cye)y(ash) (e}
={(a.a),(bya)(boc)y(cva) s lasc) s (bsh) s (cuc) s (ash) s (cob) |

MRy Ry Ry FI Ry WJRLF M THE KR S7HRULLR, B4 PMEERARKLRT
LA RICR (i=1,2,3,4). 8E4E R, #F R 19 [ £

[EX 2-14] WK RCEAXAE/PMET RIARKFERANR B RAEG (refllexive
closure) ,it N r(R).

MAE S 2-14 n[ LR B H M r(R)JE A ERICHR, HO AL LT 3 5&F:

(1) 15 R:

(2) AR

(3) f/ME.

RIS R 9 A AL - (RO O T Rk f /M 722 &R R A ZERE AT BE /A 78 Jin oo
FOHESRA K. FEhr b HEAL A ERESFRR T, Py edoom mit Ll L 1, o] LI
HEH] .

[EHE 2-14] # REAXAN #(R)=RUI,.

iE (D BRRUIL A R.

(2) W L SRUILFELRUILy A K.

() XMFAEFNEE RMWARKLFER A RER' H ISR #tmA RUILZR.

i, RUT Z/MIEE R MWARXKER,BA R4,

REDNKFR R MLHREE AR - (ROKFRA.

(5] 2-391 ¥ A={a.bscod} A LR RER MRFEE Gr WE 2-13 Frox, ol
R AR r (ROFXERE Gug .

2wt R AR - (ROMKERE Guw o fF R BRFRE G, BEERE L, T E 3
— A SRR AN PRRIAT L AR 2- 14 FTOR.

pe————ed @_—O

BRoC R R B H AL oh b 220 % 18 R B AT 6 M A% 3 4] 4.



2.4.2 XFAE| s(R)

[FEX 2-15] % REAXA /MU EE R X FRE AN R 13T A G (symmetric
closure) , it s(R).

THE R XTFREA AL s (RO, 7ER R R LAl B/l gD s oo & . BB X FRsk T LA
TR BB R R R g e oc E it ek al Ly, ol DIGE R .

[ 2-15] % RSAXAN s(R)=RUR .

iE (RAEZD).

[41 2-40] % A={a.b.c}) A FBIRARR={(a.a)(bsa).(h.c)s(csa) (asc) ). AR
R X FRA AL s (R).

2 s(R)=RUR '={(a.a).(h.a) (bsc).(coa)s(a.c)}

UlCasa)sCasb)(cab) v (ase) s (cva) )
={(asa)s(hea) s (bsc)s(cva)sCasc)sCasb)(csb)}

Fom i R A X FRA AL s (R) B X R B G s fE R 19K R [E] [ —
Gr WIBERN b 37— XA [F] 2 22 [ AT 32 U)o 200 1 ) i 8.

[ 2-41) & A={a.bsc.d} A FINFEKFER MWELRK G
Kl 2-13 frzs . il il R X AR A s (RO R R Gug

R s (R KRB G G0 2-15 F7R.

2.4.3 fRZAE (R Q @

[EX 2-161 B REAXARNHEE R LR FEKN A 215
R 14533 A 8 (transitive closure) , it A t(R).

[ 2-42] & A={a.bici A FIIERERR={(a.b)(bsc)s(bya) s WK R 1% % 4]
Al t(R).

R (R)={(a.b)(b.c)s(bya) (asc) s Cava) s (bsb)}.

FE OEMRBERSUGTAEE A G (R, B A2 AT Vil L4 12 B4R G2 R A
ARG K AAEE, AP 2-42 P, REERXEA A (a,b) (b)) ER ML HE (a,c) 3K 7T VA
T . BAAXHFHE.NFRING X E2 {(a.b). (b)) (boa). (a. o)} A RAEE, 2K,
(a.a) (b.0) EAMFHFEH BT BRERZTE LU EL G,

(5] 2-431 ¥ A={a.b.c.d} A EINRFRER MRRE G 01 2-13 Fr ilmith R /Y
s A t (R R G

& R ML (RO KRE Gup INE 2-16 7.

THR AL I8 AL R — e T2 A B .

(&3 2-16] % RCAXAM «(R)= | JR=RUR*UR*U--.
i=1

e hifie FERER. S R = UR":R UR*UR*U- Pl IEH ¢«(R)=R".

(1) RT BALZ M. M THEE 2.y 2 €A BE (r. ) ERT H(y, ) ERT BB I BH M
i%%ﬂsﬁ’ﬁ:][{?gﬁ r,.\‘s"’ﬁ’,lg‘(l",y) ER:— a(yg'Z) ERSqﬂ:%-’h‘(.TsZ)ERrDRS:Rr-FSgR-F !ﬁﬁl\’j\
. 60 L



RT AN, W RERT . AL AL E LAt (R) &R™.

(2) HK RSe(R) Al B 3 gl ik v] LIIE .

RIC t(R), i=1,2,3,

f5E R'C1(R) ATHU (. y) ERT' =R R fF{EILE a €A fii
(@) ER Ha, ) ER;HHHAEREA R'=:(R) Il R=:(R),
Q @ FFBL (va) € £CR) 5 (asy) € t(R) s t(RIMEB RN, (03) € 1(R)

FTRRTMTCHR).HHFRC(R),i=1,2.3, N RUR*UR* U
|o2-16 o =RTC(R).
HI(DAI2) . B t(R)=R". .

EH 2-16 AEE TR A S, HNEITRE R, i=1.2,3, 2 AMEW. HEES
A W ITZE A BREF T g BUE A R .

e ARG GE B L SRR Rl e SR L L2 00 R AR I LB B T AR B SR T
LR AR,

25 % JH I (pigeonhole principle)n+1 s Z Hi4 7 ik n NEF0 ., A4 - ET
o 2= /b H A

B EIE o+ 1 80CHE 24 R o ASHh R — A il 2= D SR

W RIRB R I (extended pigeonhole principle)n H&8 -+ Kk m P I, —EH —

ho=w—  od

IEFHITED] ,, [Fa8T.

n

[EHE 2-17] #IAl=n, REAXA M «(R)= [ JR* =RUR* U - U R".

i=1
iE Wy Et(R) i EH 2-16 F AFEIE B p 18 (x, ) ERY AT p 2T
1%%#1:;'{/]‘”,] *E{E R? U’Jiﬁi sﬁ’l’i%% A ':F'ﬂ/‘]flj%-'_:.r,el 2€2 9% 0Ep— st’p:}’sﬁf@
(.1"3(‘.’1) - Rv((f[s(‘.’z) - Ra"'s(t’p_lst’p) - R

{ﬁjﬁ P>?h@j‘l|A | :n»[‘H:‘F"’§W>1s)‘E}ETﬁSJmﬁg}j‘fﬁﬂi»ﬂ 16297 9 €p—1+€p EF"JZ‘T?

TEMIFTEE e, = e, 1<r<ls<<p. HIt. A
(rye1) € Ry, 4e,) € Ryery(erve) € Ryery(e,0,y) €R
HREESEENE XA, (2. )ERTY P =R~ HF p—G—r)<<p. 5 p MWk
AINPEF I B p>n A RGSE. TIEEE.
MA=ON . HR=J. TRERA (R)=UJ.
(5] 2-44) FIJER 2-17 FHHEH] 2-42 h R & A« (R).
B WA R={(a:b).(bc) (b)) VLA
R* = {(a.c)s(asa),(b.b)}
R} = R R* = {(a.b).(b.¢).(b.a)}
it (R)=RUR*UR*={(a.b) s (b.c)(bea)(a.c)(asa) (bb)}.
AR E B 2-17. AT ARG h OC R A M oRAZ 8 A A0 5C R AR M B9 7 15 H S 4R
G AP RE Z R ER, Mk Warshall 76 1962 482 T — 2R 1% 38 H 61 19 A 2L
B,
o« H1 o



a2 E A A B 5 oAb 2R R

1. X2 EESHMEEZAHNER

THREMAH T XRAMARBE 5XR1IFieR Z E 1 —L8ip,

[E 2-18] W R CAXA.R,CAXA,N

(1) r(RyUR,)=r(R,) Ur(R,);

(2) s(Ry UR,)=5(R,) Us(Ry);

(3) t(RyUR,) =t (R Ut(R,).

iE RAEH ) AN, (DA,

(2) s(RyUR,)=(R;UR)) URyUR) ' =R, UR,) URT'URD
= (R, UR) UR UR: ) =5(Ry) Us(Ry).

(3) hEM 2-16 fl, «(RO= [JRI =R, URFUR} U
i=1

t(R)= | JRE=R, UR;UR; U+
i=1

t(R, U R,) = U(Rl UR)D = (R, UR)DU (R, UR,* U (R, URy)? U -
i=1

BERHXREBEMNERA (R UR)'2RIUR: . T2 t(RUR)26(R) Ut(R,).

T 2-45 B L AEE R 2-18 () AR DT e =",

(5 2-45) L2805 1(R, UR) #1(Ry) Ut(R,).

B WA=labic)s DR ={(asb)s(bec) ) Ro=1{(bva)} . 3EZB t (R))={(a.b).
(hac)sCase) ) st(Ry)={(bsa)} T LA

R U t(Ry) = {(ab).(b.c)(a.c)s(boa))}

07 H AT ] 25 B, 0 (R URy) = {ayb) v (bye) s Cave) s (bya) s Casa) s (bbb KA
t(R,UR,)#t(R) Ut(R,).

2. BEESXZNMRNER

[EHE 2-19] K REAXA,

(1) # R AR s(R) & t(R) AT 5

(2) # R MR #(R) Fz ¢ (R) %R :

(3) 47 R AL ) r (RO WAL 1T s(R)AS—E {536,

iE HAE )G, (D EEZS.

(2) HEAW R M#F A R=R . HT r(R)=RUI,.MGRH'=RUI,H'=R'U
I[,'=RUIy=r(R), Lk r(R) X FR.

R R R BTLL(RD = (R D =R 1 F t(R)= | JR=RUR*UR*U-FJ&
i=1

GRNT=RUR UR U =) =RT"U R U®RI>TU =
—RUR* UR* U - = t(R)
W CR) X 5.
(3) Wl RAZ3E LA R-RER. i r(R)=R U, ,iX
r(R)  r(R) =(RU I - (RUI) =R (RUIHDU I (RUID
o H2 =



=R RUR-I, U I, (@RUI

=R RURURUIODERURU (RU I

=RU I, = r(R)
K. E r(R) .
Fln A= {ab.c}  R=1{(a.b)}, BIR R L3811 s(R)={(a,b)(b,a) ) Ak,
P2 CRERMMER SAOBEENKRWME 2-3 i,

*x 23
- EPFgs A R o FR [FROF itk ipeRis
iz 5
r(R) v X v v v
s(R) v Vv v X X
t(R) v X v X v

3. ZEfBEE

H1 T3¢ 09 ] iz B A v F R LA Lol BRrh AR A H L T T R 22 A [ R AT
g,

T ZEA s E . E NG B ARG TR

tsr (R) = t(s(r(R)))

WRESME . r(R)=r(RUR*UR*U)=I,URUR*UR*U---.

[ 2-20] X REAXA,

(1) rs(R)=3sr(R).

(2) rt(R)=tr(R)(A[IE R =tr(R)).

(3) st(R) =ts(R).

iE HAER] (3), (DRI BIES .

(3) st(R)=s(RUR*U ) =(RUR*U-H)URUR*U)"=(RURU-H>UR"'U
(RH7'Ue)=RURU= ) URTURH*Ue)=(RUR") URURHH U=
(RUR™MH URUR H U -=ts(R).

R L B 2-2003) L R REIES SN =

(5 2-46] A2 BEW] st (R)F1s(R).

2 WwA={a.b.ucts D R={(a.b).(b,c)} N

st(R) = s(t(R)) = {(a,b),(b,e)(a,e)s(hya) (e b)) (cya)}
ts(R) = t(s(R)) = {(a.b).(bsc) . (boa)s(c.b) . (cia).(a.c)e(asa)  (b.b) . (c.c)}
AR st(R)F#ts(R).

2] 2.4

1. @ RESAXAM s(R)=RUR ™.
2. iﬁ A:{awbsfl'vd} 9A J:ﬂ/‘]jé%i




R = {(a.a).(a.b0)-(h.a)-(b.c).(c.d)}

KR A AL - (R) W FRFAL s (R FI{L B AL ¢ (R).

3. WRAR RMKKREME 2-17 o i1l 45 thR 09 A A AL r (R) AR AL s (R)
A% 33 A A ¢ (R) ) % Z .

4, BHELS Z EWRAR={(x.y) | 2.y€Z H y=x+1} 5 R i1 3% e (R)
REPTRER<.

5. WRMS Z2HEAA EMXRR A RES M FIEE A AT

(1) »r(R) & (S).

(2) s(R) &s(S),

(3) t(R) < (S).

6. W RICAXARCAXA N (R, UR,)=r(R,) Ur(R,).

7. BT EM 2- 18, T X R WMz E SRR ALz B Z H B8 &,

8. W REAXAAA R AR s(R) B 1 (RO A .

9. L RSAXA,

(1) # R AR, s(R)WR AR AR #(R)FI t (R) A —5E.

(2) #7 R RXHR  r (RO WX FR H s(R) Il e (R A—3E.

10. W A={asbsct s R=1(asb) s (hsc)} 2K 7t(R),

11. % REA XA,

(1) rs(R)=sr(R).

(2) rt(R)=tr(R).

12. W REAXAE R =t(R),R" =tr(R),iF W

(1) (R")™=R";

(2) (R")"=R";

(3) R°.R* =R"°R=R".

2.5 HH Ok &K

FESLBR R B B L ILA RS R 2 A M. TR 3 WA Al HER
A AR G FR AEE R R AIF A,

EMARE—FAEF EENFRRR . EREMHEXR =" 25 LR "="F 1 —MIE.
AN OC FR TR A bR v L a0 2 (A [R] AR AR R 45 R AN TRl S5 0 i [l — 288, S b o 5 5
INF, BE T RE A 2 B3 50 4 880 o3 Sy A BORNA B800 288 o o A A5 UM B0 A 80 g5 e

SR R VLR E X E A TR 5 JE MBS EE (rough set) PSS Y JERE . KRS 28 #L95 2
BiefF B M EE T RZ —.

2.5.1 EMEXREHENX

[EX 2-17] B REAXA, % R BAT A RVE SRIEL AR #PE WAR R A ERYSE
fft & & (equivalent relation).
[ﬁ'] 2_47] i& A:{avbs(}qR:{(aea)v(/)sf))s((v()s(!)vf>s(£!b>}s'ﬂ§§%%ﬂER 7?5
L] 611 L]



A WM EA.

(5] 2-48) IKEUE SR 72 EAOAE 3 R C R (ILE 2.1 i 2-3)

R={(z. v |xz.yveEZH3| (x—1y))

&L EINEM R A

i (DAEE x€Z. T 3l G—0 JfA(x.0)ER. T2 R EA AR

(D) B 2. y€E2, 5 (e, ER M 3| (z— ) BRAE 3 —(a—» B3 (y—2), TE
A (y. o) ERJHIL R HA X R

DR oy, 2€Z. 7 (2. yv)ER H(y.2)ER. M 3| (x—y)H 3| (y—2), AT
3[Lx—+(y—) L 3| (x—2) JFLh(x. ) ERJH I R B L8

MR E CHLR 2 Z FHEFM LR,

1.6 EM 1-27 JL, S ZMXTHEX R ~"REMRR. MRESUEW

[E32-21] HRMS 2EFTA LW FMRAR MR VMRS 2E5A F5F
R H.

iE RIEFM R E L H 2.3 7R 2-2 FE iR o,

WRHMS ZESGA LW EMRR WL 2-4 IR NEN KRS RRAZENWEKA.

x 24
RUS RNS R R—S ROS R™! RS
X v X X X v X

2.5.2 FME

[EX 2-18] ¥ RJEA EMHFMLER I TIEE € AFRES
{x|a€A H(a.ax)ER)
KHICE a RFFMELRER I ERFEM FE (equivalent class) ik Al a k.

(5 2-491 ARHEG] 2-47 PASEM SR R A P& TR TN FME.

B Lale=lal,[blr=1{bsc} [clr=1bsc).

FPARRELERNFN KR BOICREA IERN SO AHNE] 2-49 a7 71, A R S5 B
KRlat Abseh. X TEHEM A b et . HARETAT IR b0: [ = {bsc) AWAT AR c:[c]r =
{boet AR E S, ] LIUEH] .

[EE 2-22] W REERA LNFEH LR 2. vEA M2 ]g=[v]r HHALY(x.3) ER.

iE (RN €RFTLIRIEF M IAEXH y€ Lyl BRI ale=[y]c. 1T
3 velalg T PIA (2 v) ER.

(SOMTAEE z€[alx MEXH (xvx) ER. A KA (2, yv) ERVINT R EHM AR, L
(y,x)ER, HiMi(y,2)ER. TEA z€ [y A A xSy ]e. Ry e S, I
LJ%A[.T]R:[J’:IR.

() 2-501 MRAEH] 2-48 PSR R R Z P48 TR B e 19 55 28,

B 7 D TR TR SR 285000 h



[OJR:{"-,—6,—3,0,3,6,-" == =6]g=[—3lk=[0]r=[3]r=1[6]r=

[1]R2{°'°’_5?_2919‘1!7? - [ )]R_[_ZJR:[I:IRZI:/IJR:[?:IR:

[2]g=1"s—4,—1,2,5,8, v} =ee=[—dg=[—1r=[2]g=[5]r=[8]r=

M T 9 A ] TR T LA R lﬁ] 1 S 2R JE AR SE Y L BT b B

[E#E 2-23] W REESA EWFEMLR 2.y € A & [xde & Lyl W
[2]eN[ylr=¢

iE wﬁﬁﬁhhﬂbkignm%:E[hﬂbhﬂﬁﬂu)@Rﬂ@wmﬂg
iz ) ERJTUA (r.y) ER. HEM 2-22.[ 2 g=y ]z . SEHFT .

[EX2-19] ®REEGA EMENLR, MIASMEARMES ([2kl2€A)}
NESAXTHEMRXEAER B E (quotient set) . IC N A/RGEE AR, H]

A/R = {[a]r | 2 € A).
Hi5 2-49 0 A/R={{a} {b,c}i i 2-50 H
Z/R= {{+, —6,—3,0,3,6,},{wrs —5,—2,1,4,0},{eos, —4,—1,2,5,}}

ENTEES A= {a.b.c ) RIEBEES Z 157,

[E3E2-24] HRELESA LWFMXR. WA XTRMWEA/RZEGAN
X5t

iE AREZIEMSFM OCRI FIIER (BBIELAD) .

(D) B—AF MR A5

(2) AFEBFEMEARZZCEH 2-23)

(3) B SHEIIFRENES A Lale=A.

2€A

Wit e S A E—DEMEHERMIBZEM KRR HES A B —Fh )45
ROt K EGE THRAE A B—F Q50 o, o] IR CBEEZR D) 3 F i 7 ST fy i B A
ALW—1"EXSr FRNEENXER:

Ry Sx il y 7151 = B[R — 4~ Herp,

[ 2-51] & A={a.b.c} A LRI o= {{a}, {boe} ) 0B oo U772 A2 00 25 4 56
#R.

fiE R={(a.a).(b.b).(c.c) s (byc).(c.b)}.

TATHIE S A={asboc) EWIARMRIFIL S Al it R AEE S A EWA A
WM%W%?LET¢,ﬁﬂﬁRﬁﬂXARZ{mm%%mHUhﬂr%wwhwﬂﬂ
ULy .R,={(a.o),(c.a)} UI4,R; =1,

TLMEHH:

[EE 2-25] X TEEES AEEA LWIAGRAARMEES X SH M4 5 40
KEAMMPWERY BEXTER.

iIE MNTFEEACH e X EXERA LWEMXRER HaRy o My X o 1Y
[A]— B, BARA A/R=n.

i ES X BESY g £ r >R,

(D XMFEE L. nEX D f(m)=R,, f(m,) =R, % f(m)=f(r), Bl R, =R, , N
A/Ry=A/Ry JIT VA 7y =n,» I £ &G

o H6 =



(D) fEEREY., HAEM 2-24 HIA/REX. BRI A/R E X EMLRMER.
BPfEfE n=A/RE X 15 f(x) =R, FrLL f /20 5.

W RES X FIESY ——X . k.

— MR LR A=, Xl X=COH Y=,

BWR MR, BESALMNEMER, MEM 2-21 MR, NR, LWREFEMER, XM
A/(R,NR)HEH A/R, Fl A/R, Z[a] 8k FEH A — P08 (R EZR D).

2] @ 2.5

1. WA= {asbscod} BIE R={(a,b),(bsa)} Ul B A FREM L.
2. WA=2XZ, A FINKFRR EXWTF:
(zsRu.v) BHMN Y 2 +v=1y+tu
IEW R JEA BN X AR,
3. WRMS 73l ES A MESB ESFHXR. A
T = {((ars3v1)+(x2.52)) | (x1522) € Ro(y1.3:) € S}
EH . THRAXB EREMER.
40 X TIEBE R RIEREIE 2 LR L RIRER =,
r=yy YHMHE | (x—
ol AN R
5. WX 2ERA=PX) il M FRSGER A ERAR EHEFEMXR. WY
SEREE
(1) R={(z W |z, yveEP(XDH &y 5 y &)
(2) R={(x ) |x.yeEP(XOH +Dy<=C} , Hp CEX.
6. W RAS ZHESGA FRMADSFEMCRILEOIBEI TFIENA -EREES A BN
TR AR,
(1) RUS.
(2) R—S.
(3) R-S.
7. W REAXARINER/PEE R 56 CEK.
8. W A={asb.c.d} - R={(a.c).(cra)(b.d).(d.b)} Uly,.
(1) B9E R £ A FMEM KA.
(2) RiliE % A/R.
9. W fA>B.EX A FMKRER WT .
R=1{(x,y) |, yE A, f(x) = f()}
IEW] R 2 A S CR.
10. W REEEA EMWFMLRIMALTR WEEA/RZEES A MR
1. #4E THES A N—FRl oo b3 Ty 7 AiE M Eas A EXCRER:
Ry BHAY = 5 y X7« 1E—4~Hrrh
EEMRERHARE A/R=r.
« 67 o



12. #IA|=4.5RH A L i 050 % 2045

13. R MR, 2HEH A FHFM LR FHA/(RINR)H A/R M1 A/R: LR,

4. R MR, ZEAS A FWFEMXR X FES A MRS .A/R & A/R, BII40
5325 HALY R =R,.

15. W REEH/RA LNFENXR. L

S={(z,y»)| Ic€Afli(x.c)ER H(c.yv)ER}

WER . SEESGA EEM KA.

16, REEBSA FNERMEA LN ERSITF: X FIEE 2, yEA,

(r.yv)ESS(r,y)ER H(y,2)ER

BHAF S EHEM KR LR R LA L WP L T 7

2.6 1% X &

8 55 B 0] 5 A o S S5 ) B b A [m] B 1 5, 40 ) S S B i) — S [R] S L R
B A SR L5 B 5 55 0 5% F A [B) A A2 3 M 3 % ml BB A HA 1L 3 1.

[ 2-52] #&EHS A B — IS4 Y A = {set, logic,algebra, graph}, % &
R={(z,»|z,v€A H x5 y HHIFEWFEHRE) ALIE R BA B AR B ARA Ei$ M.

B XNTEE €A BA x5 AHENFERE (.00 €R, T R HA HRIE.

MTAEE 2. v€EA, B (x.y) ERN = 5 vy A MTEE, S8 v 5 o A AR T B,
FiAA (y.o) €ER, NIt R BA SRR,

K 4 (set,algebra) € R H (algebra, graph) € R, {H (set,graph) € R, ir A R A~ H A 1%

AHAS IC FR 0% B X R o 9 S W AT B A A AR B T LU AR S Y A

2.6.1 HBEXEHENX

[EX 2-20] B REAXA, 7 REAGAREMIFRENER A FNEEXR
(compatible relation) B AL % & (similar relation).

FESE PRI A A A AR AR SR ZE. BR . FNRREMAEXR AMHELRA
—SEETM IR, B 2-52 BRI I A F . 28 5 B0k R OC R 1 P AR R A G R,

(% 2-53] £ REAXAMRURT' UL BES A FAHAE LR,

E WA LLERURTT UL RUR T ULy A RW. m(RURTTULO =R U
(RHTTUUDT'=RT'TURUL=RUR'UIL.T2ZRUR UL 2XFAY. bta] 5.
RUR UL ZA EIMHAERLR.

(61 2-541 WRAMSEESGA LI DMELCR AW RS AR A FIHZELAR.

i fln A=1la.bsci s HUR=1(a ) (bsa) ) UL S={(b.c)s (b)) Uls. B R
SEEAGA LI HEXLR M R-S={(a.c),(a.b) (b a), (byc), (cyb) ) ULy, X B
(a,c)ER-S. T (c.a) & RS, TH& RS AXFR#ETM R-S A2 A EIHZAEXR.

WRMS ZESGA EMANTHELR, K25 THEXLRSXRIZAEMNEKR.

¢« H8 =



*® 25
RUS RNS
v v X X X v X

|

R—S R(PS R™! R-S

fE2.5 WA, MES A NSRBI ESA BNEMCR, ML MREES A MBS
FEAEA A MK LR, /0T
(6] 2-55) % A= {a.b.cod}y {ALARESAME S HP A ={a.b.c) A=
{cod} IX
Al XA = {(asa)s(ab)s(ase) s (bya) s (byb) s (hye) s (cya) s (csb) s (cuc) )
A, XA, = {(cye)y(eod) o (dye) (dod)}
A R=(A, XA UA, XA, BHMIEAREA EHFERXE.
— M H A LT 2 B,
[ 2-26] WA i€ DREA AMBER I R= (JA XARZA ERHRXE.
iel

iE (EEAEZD.
FTE AN ARESELEOFTXTARINESA LMREGHEX A,
[ 2-56) ¥ A={a.b.c.d}, WAEG AMBE N {{a.b) . (b.ch{a.ch {c.d) ) H
v EMBLER S 2-55 TP AL R R B A A A DG AR AR IR ).
fEM| 2-52 4> xy = set, a; = algebra, x; = logic M x, = graph, |
*2 A= {x1sassassa, ) H R={(a1s22) s (g o) s (o v ) s (g vn ) o (g sty ) s
(x4 0a3) s (g aay) s (g sas) b U .
X3 TERF R KRR G B AR SR HA B HAT B P A E ) S Z
X, ) 25 A7 T D0 R B S8 T, FRATT 295 (1) 31> s Ak O 0 2 W 5 (20 iR
moo-1g  PRAVA [ H— AU, X R R PRV E X R R B E X
ZE. 0] 2-52 PR AR R AR R WA 2-18 Frox.

2.6.2 HEZE

H T — M 19 A 25 00 R AN SR B 3 1Y L TR IR 5 2R 100 58 SO [l F 354 28,

[EX2-21] WREEGA LWHAERR. THFCEAEXN THE 2. v€C. HH
(x,y) € R, NFR CI%[‘H*H%?;Q/?ER 7= Y HB A 2 (compatible class).

T 2-52 L { {ryeas b lag b Aas sy bl agexy b ol s sy VS R ML R R 77
AW SE S {2y x5 ) #4‘-115-

HAHZE KR R AWM A R ZR 20, FAT 201 &M A2 2L,

[EX 2-22] #@RAESEGA FHEXR.CZHMAEXRR PAEMMHER AT
EECCDSAD AEMER MK CE2RMHEXRRR LMK KMESE ZE (maximal
compatible class).

ALEM L ES APREE TR EPHERMEERLRER 7 4E
) — R RHAE D,

W] 2-52 H ey sy b da s sy VIEI A R R R 754
1) BT Y b R AH 2 2.

(a) (b)



FEAHZ KR R BRI KRB — RIS 22X LAY A Itz Ml — ek
A, P8 56 & 238 24814 2 108 AR WS TR ARA 1. 55 5 b, — 4> S F— S 2k Bt
IR SE 2. WA 2-19 Bz 5128 (9 70 )02 58 42 =308 58 4 Ul B,

HTES APIEETEEPERMAERLR R AN — PR LA 1
WRANEIMNE S A B — PP .

2] B 2.6

1. WA A B R4 ) A = {set, function, operation, relation. logic, algebra,
graph/ .
R={(rsy) | z.y€E AHzx5y AMEMTH)
(D BHERZEA FIAHZ LR,
(2) Wk R YT A L.
(3) m A AE X R R L C R AL
(4) THE R A 0 T A B R AH 2.
2. WA=1{1.2.3,4,5), R={(z ) |z yvEA,y=x+3}.
(D HRAMAEXLRZERUR 'UIL.
(2) K ARXTRURTTUIL WA KRR,
3. WA Lie N RES A ER W
(D R= |JAXAREA FIIHAEXZR.
i€
(2) SR A% TR 2% M KA.
4.&R%%%AimmﬁiﬁwwuH%Atm%mia

5. RRAMMS WA FIMAEXLR N TR 2-5 P8 —T, 75 ZIEH AL B, 35 &
B TR A R

2.7 W R FR

TE A PR 92 B (] U o FATT 3 S b HE XS Sy R A7 LA () B 42 30X s o Xk 4> 5
Z ) S J5 A 5 HE P AR SRR b X B R A T4 MR O A S TR

Tl P 5% FR o e B AR e W B — Bl Y SRR CE A R SR B BN TR R R
1 — Bl i)

A AE AR E 1 5L Al A 2R e AR TP R R T R

2.7.1 WEXEHENX

[EX 2-23] ¥ REAXA. % R BA AR R FRERAZ IS, MR R A 1Y
7ok & L i FR 4R FF (partial order).
S/ WATE 2.3 e 1.
[0 2-571 GEW]SC804E R B/ T T RAR<"2MWIT LR,
. 70 -



iE (D X FAERE € RJAR o< T AR A R,

(2) M THERE 2. yER A oy H y=a,WH o=y, i LI R FRIY.

(3) XMFALE 2.y 2 ERHF o<y H y=<z WFH o<z IrLA<JELH 1

PRI, << & S0 BUEE R B T

AR AREE N EECH HECE Q B/ T4 T X RS2 H F )y C&R.

[ 2-58) EWT S X RE P (X FAE LR S BWMF LR,

iE (D) XTEEACPX)ANACA T SR H M.

(2) WFAEZE A, BEP(X) , 5 ASB H BCA,WMWAE A=DB, r L SRR,

(3) MFAEE A.B.CEP(X).H ASB HBSC.WAEH ASC. Ll SEALI$ 1),

HI, S P(X) FERIF

W E A F AT T R R LEES R BN TEHETRR<"I—R ).
AT IE T — T R nTid <", HFR(A,.<) N1WF & (partially ordered set.
poset). Z I LAME <" X% 2l — MM RIF R /AN TH TRA<"H LU
I, HARBY T/NTEETIRR "ol AR BY B R 7 R A S L&, s i 22 3 1) i e 46
M FRFAROTZR . HAE P o an e, — R O 17 << n] DAREPE N T3 T

HEFZ, —E L R <"5LE N TEHETFRA<"EME LR —-EX
IR 2 ) X 2 ] A R SCERR TR TN T T X R<(Z WS H SR8 D . HA T
R 0 7 36 02 R R AR R e 2-58 iy 7 DL KT 4 b (R R | 7.

(6] 2-59Y EW . IFBUES NT LB RCR[TEE ERITFEE.

(D X TFEE ceENTLHR 2oL R A .

(2) M TAERE 2. yEN" FH aly Hyla WA o=y, LI 2R3 FRAY.

(3) XFAERE 20y 2 ENTF xly Hylz WG oz BTELJEAL 3.

FHUE, | ZIEREE A NT LRI

HEFS BUESZ LNEEXRARE EMWRTFRR, WA 2 —2 H—2[2, (H
274 —2, MM ES Z LEBIEXRARA R FRME.

M O R AR WL R R — R R T C R

[FEX 2-24) %A <) BMFE.EHERE 2. vEAH r=<y o y<<z, MFR="Z Lt
¥ & R PR B (linear order) . ¥ PR 2 FE (total order).

AR TR F BN /N T AR T O R R

[ 2-60] % REAXA.% R HARAREFRZSVEMFR R A ERIFER .0
FR#UF (quasi-order). iE

(1) 4807 BA R R

(2) #F R RFA LHUF M ~(RY=RUI, B A FIARIT.

(3) %W RANA EMF W R—1, 8A AT,

iE (D MFAEE 2. vEA B () ER H(y.2) ERJHAN RAE# JFVUE (r.2) ER,
H5REARFE H(x.y) €R 5 (y.x) € R AGER B SL L #4007 EA R PR,

(2)(3) (AAEZ D).

JUA i 2 FRIRTE B OC R N3k 2-6 TR,

o« 7] o



. PR g RH R %t i R et
FMARR v X Vv X v
LIRSS S Vv X Vv X X
T ¢ v X X v v
W X Vv X v v

2.7.2 RWEEHBETE

TEAR Iy 10 O Z b B A (55 AR AT B L AT DAAS 2 ) 0 2R SRR B ) BRE FR R FAG GE 1
HA 77 1 52— 200y, e an &R 2 T 3] i, 5T S A AT A e i T A e i Sy A, (R B
Je i3 ) 77 1)L 352 33X b 7 245 3 G (R 2 RS B B (Hasse diagram) , 52 DA FE 4027 % Helmut
Hasse [ 45 i 24 1.

[ 2-611 ¥ A=1{1.2,3,4} . A EAEY/DN TS T RRSZH LT R,
(A=< il 3 &1

‘ \ 452> 4

B AXT<WERKIIE 2-20Ca), EITE W E 2-20(b).

RN EE N Che S CPTE 178 D0 N N A 2 S N AN ;
HEF.

Jg T LA A A T G v e URF R v S E T E 1 il 2

[EX 2-25] B (A<ORFFE 2. yEA LTI =AM D |
IFR S MFRIE R y BETLTE X - ® "

(1) 7. B 2-20

(2) <<y,

) AEHEFT oMy MILER €A, il a<<z H =<y [FBFR57.

HWHEE , v 564E o 48 v 52 « Tk 7748 COVA) = {(x, ) |z, vEA H v 354E x).

[ 2-62) % X={a.b} 2 A=P(XD={D. {la}, (b}, la. b}} A FEETER
SO EMRITEER R COVA).

fi& *E}EEM%E al BT, by EfFED. {a, by FifElal, {a, by WEE{L). HIL
COVA)={(J, {a}), (@ 1), Hats {as b)) b}y {as bi)i.

bc(A,é)E’l’ﬁlT*%q#T[ﬂ]ﬁIUlﬂlm%@W%J(A,é)ﬂ@”%ﬁﬁm:

(a b} (1) M s/ NE A S A T,
(2) MTAEE (2, y)ECOVA), B y 854F « &K y WIAE = 1Y I
{a} by FHAE v 5 ZIAm— & n .

FTE AA—FAEALSBHALEFTRAREKR D THAF LT
AEARBAELEGHNMLEREIEX D LA X A, X2MA LK
oy k. a9 os BT A R — &4 (chain).

A z-21 0] 2-62 o R JF AR TP LI 2-21. (P (labac)) s ) B 57

.

~1

[R%]
.



P L 5-4(c).
2.7.3 RE&EPHE%RTE

TEMRITFE (A<D P RTFESCTA T A PR IF<<ifii 5 .S Hhab F 5 B g5k 47 8 1
TCE R E TN, B R X R R T RO B W << S 1E DN TFE T, BARE —AE
£ Q1 N e

[EX 2-26] (A< EmITFHE.IFSSABES.

(D) HXFALE 2 € S +<<b. UFR b JETH S IR K IT (greatest element).

(2) HXTHEE €S b2 PR b BT S 10w/ IT (least element).,

1 2-57 YR FE (R <O ERS=2. 00 S BEJC & Koot /oo X sl i i — A4
TR KON ITOA—EFFTE.

FE4] 2-58 I (P(X) . )L S=P(XD) AW FAEE A€ P(X) . HH ASX. i
DL S W fe Koot X, [RIEE AT, S B/t it .

SUEEBR GRS AR TAERE € NT LA 1o, THRA 2-59 i e 17 5 N7 10 %
ANTCHE 1. R T T A I R RORE B 9 IE SR, BT A NG B R .

AW S=12.4,6,12}, U S WA RIT R 12, S E/NITH 2.

[EF 2-27) EMTFEA.<ON, TESTA S IR UM JTTAHALE, W ME— 17,

iE Wa, bi2S WEAIT, AR a i KT, TUA b<<a: R HN b 2T,
DA a<=<b. th TPt X FRAY, BITA o= b. [a] B ] ik 7N oe i ok — 1k

FEMR P2 (A, <O A R OTIEHIE A 1, A BYE/hocil #ig A 0.

HE TR ES (A <OPIESES S Wi/ TS . T IS LT & X

[EX 2-27) WA, <O ERMTFE. HZX FEEITFESSA,S #AF T i/ 7o, WFK
<Jt A LR F (well order) s FR (A, <) 2 B F & (well ordered set).

[ 2-631 L. AHABEES N XTHM/NTFETFREAERIFE.

iE M TP EENMESTFES SESHPR—TTR.HHAWEKE N TRERE T
S RIRf T3 S M/t it (N, <O R RITFEE.

Al PLuE B LLR R B

[EHE 2-28] (L8 RIFHEA < ZLRMEITFE.

E X TEE 2. v€EA M TAORRFE I o,y BFFER/NT, IS 2, B
R <y BI(A, <) B M PEE.

— MR e M T AN —E R P

[l 2-64) Gk (2, <O ZEMF  HAZRIT.

B WK, (Z, <OBREMF. T LA WAIEE/NTT UL, <OARRIFES.

255 e DL 5 B

[E 2-29] EEARMLETFESERIFES.

T Ak S v R T A Y I A — SRR T K.

[EX 2-28] B(A.<OEMIFE.TFESSALES.

(D) X THEE €S8 b<x. 1 =0, WFK b & T H S MK IT (maximal element).
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(2) XHATE 2 €S9 2<<b. A =0 MFR b ZTFHE S /N IT (minimal element).
HI b ES M AKITEIE S TEAH s TRIITEK: b 7&S IO/ ITEIES TiEf

b /NN ITER.
] 2-57 th B S=R, W S BEEMH Koo B /hiT . X5 B2 B R (/) 7T
. p o EAELE.

(61 2-65) o3 CANE 2-22 Fr ) RTEE T . {asbaeadves [ IR

¢ KITHE as bs {asbicodae, fIR/NTTR €, f.
J R — A TR KNI — EF . HRAERR—E

ME— (B3 S B R N o 7E WS B R ) Jo i A HLME—.

¢ f BIRLIERIT (A, <O P AT B A R IE s F £ R ER /DN JT. 2

Ko o202 A EHMREFHXADEETUAEES A FEXL T 5L HT.
ST A #TRINEY, HEAS WS k2],

[E X 2-29] % (A.<)RRITHE.TASCA.

(1) HAEaC AN TR €S A v<<a . W a B FHES 1 EFR Cupper bound).

(2) HHAE aC AN TAEE 2€S A a2 « N THES 1T 5 (lower bound).

HHMBEAYITREa S LR RIE a £S PRE—PITEMN ECF)IT.

e 2-65 B S={codi s M S ERRa, b . SBTFRAA, es f. B S=
{lasbscsdses 1M ST EHRWIETH, AHREEILRK a Mo, LEITEK e F [ Z2WA W
¥ 5% R ).

[E X 2-30] B(A.<ORERITE.TASCA,

(1) 78 SHE/NERFNS I E#R (least upper bound) .i A lub(S) 5§ sup(S).

(2) FHESHERTFABNS ) THRE (greatest lower bound) ,ict & glb(S) s{inf(S).

FAFESHLECORAN—EFATUTFE S LCROBAA—EFE. T,
R4 S 1 L CRORAEAE . T8 S 1 L CRO# Sl A — e 775,

(51 2-66Y 7ens Wi E an &l 2-23 19wy b il W {d e ) A LG a
EWA (b BN HHEA TR

B BR.a.boc Bide) LR AL TFla o) BRNTE, B {d,e) T ° ¢
Ew A R does fRE{D BRI T Ad ey [ B RIT, b, c} BF ¢
e

[EE 2-30] % (A< RRIFE. TASTAE S ECE)#i R r7 4
7 U o — A 2-23

iE (EAEZRD.

[ 2-67) % X BHESEM . RITEPXD) . O P EEPP I K BFE A iR L&
B

iE XIS ABEPX). B AUBEPX). HFASAUB HBZAUB. L
AUBEBARMBMY LR BECREAMBMWEARAMMASC.BEC,HILAUBZC, AU
B2EA fB M/ ERLA suplA, Bl=A UB. RI#AE,inl{A, B}=ANB.
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(%) 2-68) & N* 244G R w748 (NT L D AR P A TR B e e Ll 9L LR
P Hp | 2R G R,

WE WELERE CRM G TR 2. vENT S 2 5y /D AEECH lem(x, v 1R
PEAERNE XA ol lem (s y) H yllem(x, v, D?U\ lem(zs y)&{x.y) 19 B EBE
ol sy M EFR W oz H oyl 2 B 2 32 2 5 y 09458 B8 /b 2 A5 80m & LA
lem(zy ¥) |2y T lem(xs ) i@ {a, v B9 BB S, FRERTIE , > 5 v Wi KA ged(xy y)
s la, v B9 T 5

2] @ 2.7

1. % Dy J& 12 T A IR 2 WAL 5 G e F A BEEROC &R |72 I 1y 5C &, JF 1
i (Dus s [ 05 S .
2. WES A=a.b.code) FIIRFRN
R ={(a.a).(asb)(a.c) (a.d)(ave) s (bb) (b)) (bye) s (cuc),
(cse)s(dsd) s (dse)s(ese)}
WEH s (AR 2 AR Y 46 - i g Bl ]
3. (A=) BWIFHE.SCA M. <7E S ERHI<|s &S Eoyfly. 8% 5
(S, <|)IEH (S, =<0).
4. FH A<D BMRITE G =08 (AL =) 2R 4.
5. WRAMS ZESA LWNPIAMT. R 2-7 51 T ir 5K AR5 096 R.

* 27

=
o
)]

RUS RNOS RDS R™! R-S

X v X X X v X

TE T ) 25 L0 R B LR R I 5 i R {1
6. WEW]: (1) & R MA EMEUF N »(R)=RUI. N A LT
(2) HRNA LT W R—1, A LT,
70 UEW] . AT EA BRI AR A R AR (A <O BRFEAE R/ ot KXl R Oc.

8. WP (A, <O TR & 2-24 iR, a
(1) RES AMWERKRICE B/ R MRITEME/NLE.
(2) SRFEAbc d) W B R H L 05 AR R b c
9. WA BRIFE.JFASTA 7 S L CR) W ATFAE. N —
S ME—. ¢ d
10. fEfm)FHE(P(X) . )W EM: inf {A, B}=ANB€ P(X). o 2-24

1. % FINDZEHAREBES NI ERGRFHEANNES.
(1) WEB: (FIN), ©) 2 1mIr4E.
(2) (F(N), SYydAmKIT, Mfl4?



(3) (F(N), )& AE W, A
(1) X FALE A.BEF(N), RBIEAE sup{A, B}?
(5) X FAEE A.BEF(N) 2R inl{A, B}
12. WS HESGHA=P(S) —{S. T} F# KA BB/ IC R IC Fe/hoc K
KIE.
13. WAMB BESR.AFT(B.<ORMmMITE. EXB* FIIXRER W
(f.g) EREf(x) << glx), VY€ A
(1) IEM: XF R 2B LT
(2) Z5th (B . R)AT7E i RIT ) i B2 R A i Ron i) — OB X
14, WAZESG . P2AMNTAUNTHBRNES M TIEE P Ma, P HE P L
MAERRWMTF:
mBRe, 2V X Enm,dY € 1,,. XY
W RIEEA P W IF.

A %D g

1. XEMER

BHECE R BN . FEVRXMN R ZRBRCBICR, o DX FZ 1 E R T2
nﬁ%%,ﬁ%$%ATmnﬁ%§@jﬁ%ﬁﬂ

WAMBEES, H# REAXB, WIHRRNABIBW2 LKA £5ALMW2ITXR
REERQAXA>uMkamuﬂ:mEMMEBEM£%%ﬁ2m4.

AR B 2 1B OC R m FIAR R, HME m R R 3 A&

BLE B, BT ] B0 [A) 4 G M Ty R R[] s e 1k R 2 1 OR

KFR R PIIAFEE— b MR E AR R AE L dom R, i A 785 — A br il
WA ES N R B{EE ran R,

G AR B HRRMA FRRRMXRERRITE, BBS BRI KR

TR SRR E X, TR b, RRE R,

2. XEMIEE

KREES, TR H#TESGZH RUS.RNS.R.R—S,RDS.

# REAXB. M

R = {(y,2) | (a,y) € R}.

WA, B, CZ2%EL .5 REAXB,.SCBXC M R-S={(x.,2)[s€EA,z€C, £ yE B lif§
(rsy)ER,(y,2)ES].

MEFRXRANBH R 5B0H XML,

3. XEMMERK

RAMMER BATESHNEZ —, WEMEANE.

(1) % REAXA,ZXN TAEE €A WA (e, ) ER MR FEA FMHRXER. RTE
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A I ARMFEEZRMRE ILCR.
(2) W REAXAEMTIEE « €A WA (x.a) €R M R FLEA LAY AR KR,
RIEA RARMAESKMZEILNR=.
(3) W REAXA N TAEE .y EAMBE(r ) ERIFAH (o) ER R iR A |
MXTFRRE R, RIEA BRI A E KR R=R .
(4) % REAXA N FALE 2. vEA B (2. ) ER H(y. ) ER ML —EH 2=,
MRFLZEA LRI ER, REA PRI AEFMFERNR T E,.
(5) W REAXANMNTFHEE 2 y.2€A M (r. ) ER H(y.2) ERIPAL(x.2) ER. W
RtEA FMfE#E LR, XAREA FEHMNAELRNER-RCR.
4. XENHAS
W REAXA /NS R H R AL 3 CRBUE R A R AA r (R) OO FR A
£l s(R) AL AL 1(R)).
F(R) =R U I,
s(R) =R U R
(R) =U R =RUR UR* U -
BORAGFER LR WAMZE . EREA e L ERE & B EAARE R
{10 B 60 (A /0 0l P A 33 P A A S AT 150D
5. EMx#R
W REAXA, % R BA HRYE IFRIEL, L e U R g2 A FrISEM KA.
WREA FHEHELR N TIEE EATTE a XTEMLZR R ENZMNE
alg = x| x € AHG,x) € R}
EHAWR S SESGA FEMAERR ATLLE Y ——X W KR £ >R, bl £4
A LEMERR ZRES A bR, ZORERESM ORI E LS AT
6. HEXZR
W REAXA, 4 R BAARMEFMMFRYEMFR R AA FERMHEECREAABCR. &
A eI EEE A H‘Jﬁﬁ»ﬂﬂR:g{A,—XA%A ERMHAER R,
PR 2R FR M a2 S T A R SRR KA 28 2.
7. REX#H
W REAXAE R BA AR R FRYEFfL %M R 02 A MR, #A,<D
S P EMEE 2 yEAA r<y B y<x. M<ilJE A LML IETFSR 2T,
WA <O RMFE, y it 238y o W0k Eu]7. w5 &0 m ik .
(1) HRESS/NAERRES A PITE;
(2) oy wifEa 9 y BifEx 19 B HAEy 5o ZIm—552k. w8 3R T )y 4
I IT R Z A R IR A .
BB R 4R i e 4 114 S SO g U7 R ) 3 A O B 2 AR O A b R SR 10 R
JLEK.
W (A<D EWITHE, JFSEA .,
o« 77 o



(1) bES.SHHNITLE v, x<<b, b RS Wi KIt. h€S.SHHITLEK . b<x.
b LI S 1 /N IC.

(2) bES, F SHEA L ERUMMITE, b LS MK UM IL.

) APITLHRa &S LCPHRZEIR a S P H PR LCH .

(1) S/ EFRIES W Eu. SHE R FHRES 19 R,



E3E 2B 1H

PR — A AR E BB R R SRS . H i, — {7 U E
FEiERE B, M B A fE R8P s A G 28 Bk " a5 7. Wt ZHEiEHD
FoAEASTE s A H 5 A 3 T i S ] 8800 ik ke 3108002 52 304 IR W LA BRIy D A 1

B A SR IE AR Y X A ks B A R D L HE B A AR AR T 2 AR R A2
FINATH T, A il 5 4% 8 2 R+ £ (Aristotle, A TG T 384—2 T HT 322) 2B
B H ARG . B S B FR ORI G 1 2, SRR AT S M R T | ] BB A A
B RO A HERE W57 8 S S AR LA S N

B4 OB SO U8B 3253 580 W e Ak RS0 e Y R S R
r Al AL TR E MBA MPA DL TR+ A=A T2 8008, [ NRZ KA
A A I S 2 B A T 4R 03 A ] i

B F T FK AR W (G, Leibniz, 1647—1716) & 2648 4 I B2 7y 98 %8
o2 —BEREN SRR AR S Z RIS M B 36 A Je 2002 BOHE B e il ik A
0 1F [RA XA, BB A2 MR S A

IR TCAD ASAE N B AR A A S B (o] S A e DR ) 2y e B A SIE B L RRR  OE
P 55 IE.

Bk T 5 40 04 BB BT (N A AL 4538 T N LA AR At R IE 3 UE IR AN E I )
RGBT AR RN BRI EZHE BAEE HWEHE P EE A EHE.
RO B ] AR SR 2 BOA R R BB L A R L R T B A X e 5t
BB UM 5%, 55 A K30k 14 ].

AT B2 3 B ML ) T LR ol 3R 47 28 i 0L A 1Y), DA R s 1 e A
PLO™ SCF TR SEEA A 32 B R4 L X — Fh i 47 19T B 4 (computational thinking)
E S

2 S IE R RO BRI Ay, AW MR NEW RES

o N 40 1 T 5 % 4 2 A
3.1 a4 G2

PRI T 5o A L R A R 2 B S O A R A B ) 0 G i R
fr 272 n /il 7 &5 &8 (proposition 8 statement) i HEH W7 H HAR Colf BB O (1938 7). n]
AN =4~ T7 1hi 2% B .
(1) Ay ph e — A~ SE B 1 4] 1 AL I BC 0 2+ 3 =5 fURME ). X — A fE e
I (14 A RELACT 5 A IR 2 3 T
(2) Frénidm BA BEE SC AT 2B AS H W LPrEUE B & B2 . — okl A
o« 79



MRt A A o] R EA BB S A L B ) AT AU LA A B B L.

(3) FEXNMT ) FAR. Aok B0 of 5E o B8 0 W o L IR AT

D6 3-1  FIWEF 51 A 2 A5 2 A .

(1) 3L 7 AR b el A 5 — 8 2 BRI

(2) F& 5 RE T AL AT AR H i

(3) x=>3.

(4) 371E!

(5) XA HITET)

(6) REEFR M FHLT 0 248 25 3% 7215 9%

(7) K2 LAEY.

(8) 3% A) i S ik

(9) /NEF/NZE R

(10) R HA ZI35 2% 2 A RE LA 4 i 4.

B OREAR. (D) EaE.

(3) ANJEATAL, B JC 3k I8 A8 B o W B 2 17 T 325 1 e L LI

(4) JEPTHEA) A BB XS 2 0 AH 4 G S A4 IO

(5) JREILA], (6) & BE (M) 41) L 3 A FL R RS AT “ R 3 sk (R AR Y i 27 B A0 ) . R
i AT PAIA SR (5) J& 31X A AL I 42 " i s R R 5, 1R i 2 A A

£ 2005 4, LE KIS HMB LA KE LAK. ESHMAREXE EREGH LY,
2012 AF 25 fili K BL Y Uf A1 75 E 7RI A0 R AT AR A 0B R S A A S a1, EH
(DHEA N a8, E IR AF B BE (C. Goldbach. 1690—1764)1742 R AH“1+1=
27 B R T 4 BRI R M EEaE R 24 53 10" AR T 4
AT O 2 0 UE S5 1S 20T Y. 1966 AFIREACE R BR S EUER T1+2=3", =77
I R EUE — DA BRI — A A A R ECR BB 7.

(8) B AERAN L ZERSFHFE. & — PSP I Wz e
AEHE T N TR RIS B WS A I S A B E AR

(9) FC10) A .

AR ) L SN AE T W — AT R A A R ) R A R LR A, RO o
Fl W7 34 46 S ARE & %) DA T T8, (B XS 0 2 AT 5 2 AF 9T 32 4 1 AR a0 B8 A iy AL & 3 2
BT

A B AR (truth) 2y A2 . S M E SR AE WA 1A o eEfER RS
PR A WA 1, 7 — AR B, o 1 5 — > am e (B ar @, B 0. 1
AL LA PR b 2 3 B 1 o BB 0 Tom B EHUE . 1 R PR AL T 480k
A0 R I RAL T Wi AR s =B AT 1 &om s = R T 0 R 5 76 HL B4 2 B Ak
AT LAE . 1 Feom i T i P15 5. 0 F6om 1B IR L 15 5 . S0 Be L fe BB 8 i vp L O
ZaHEZEEREH T(True), HEH F(False) F# /R 1.

A AR AS L B AT TN i B, DR H O TR F & R Catom) 5] PR A L, 75 D) B ol &
B &8 (compound proposition). J5L - i Ay #1255 0F 58 119 2 A B AL, X 43 5 i LAE i
I Ao R A S A AR LAY AR 3-1 v, (1)L (2) . (7)), (9) 2 TR 7 /3L, 4 01 08 3 (9) 2
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JF i R AN RE A B A3 i R /N TR R A AN R A AT (L) R E G, BEESA WA
T A R 20 2 = R AR AR e

WHE NG RESCFEE pogeres. B FER prspos pas o FFRER I F A, W
p: 24+3=5.q: S RIAT LR

RAECEMEER SR RT T8 L. A MRS ST 4. 8 1 /o R
HiZ 38 E = (logical constant) , &G EZL LR P HIMN pog.ress T propospss
PR @5 @3 JT (proposition variable) 3 12 38 3% & (logical variable). fiy #4270 Al DA R AT &
A, I EUIE 19 A 1 & i 22 T BE AT UHRC 1 AT AR 0.

2] 3 3.1

1. 50 B2 i A WE S 2 A, XF T A 4 O HLA.
(1) JEEAE 2008 260 His 2x.

(2) BREC AL iR,

(3) x>y,

(1) VYR — 21l TR E B 27 kL.

(5) 1 2R

(6) ERFHMEErSA

(7) HW AT 3500 T 84 N fs .

2. AR T 9 A5 ai A BT DR, 2l NS SRR RO,
(1) A UK.

(2) ik =—ihF\, i iphone WF % k.

(3) /NAEHE G B

(4) X 2E IR N T8 a7l BRI R

(5) BRI CHLE LR A sk b A kR K.
(6) An 2R3 A mra), F 0 K L FH B CEE.

(7) A4 K, BraE R TR,

(8) /Nok BRI A S B A R, A B b

(9) R A 21525 2] A RR IS 4 il 4.

(10) ALY IRE . F /T {HBE.

3.2 EHRIKES

el 12 B b B Y d R B a1 e A B 2 ) A G . — 5 2 G U T
Al K6 I, B W KA )y — i, e TR T A 8, 2 %8 B 45 1A (logical
connectives) A DLW T AT B — A5 A i i . A 2 2 S 45 1) i A T 2 —.

WAL T [ ARTE S % i A (H O BRI A5 TR iR 2 BB B BR AR AR 6 AT
JUAR A A AT B KR e Hg JAE .
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3.2.1 HBEBZWE p

B p Fon— . - p BEX A p 1B RE (negation, not) . EAE“E p”.
Bl .4 p: 2+3=5.01 7 p. 24375, FJ&.1 ovia B ~ Wi W3 415 3-1 Frow.
Tp WA ~p B ECESHHp Exn.EFELRERP

Hi— p o A A AL % 5T HLAL B3 b 5 56 % . 5 3R =
9T T LB < AETT . P R

- p BB E bR G S L T 7E 2 bR R SR p il S, : 0
BN I P T R AR o

R ) —A 1 LB s AT, T mEihis AR R 2 Jis AT,
3.2.2 AEEEEW p Ng

L p INEEEM g NEEELN p 5 q FE B (conjunction, and) p A q: /NEEERIF H
TR A BURA R A Y FAKET PR ST T LT AN e i e
SR oo B ” IR AT IR 7 AR B IS W) N\ B RN ER 3-2 IR,

x 32

P q rNg p q rNa
1 1 1 0 1 0
1 0 0 0 0 0

(D) “DEF D FRRF P "L SRZE.

(2) AHAEIZH P, GRELE NTAFEEZANGAFELERRANE R HGHFE,
B p: 2+3=5.q: AR LR, M p Ng: 2+3=5 AR LR, T @R 269 5 15k 45 33 4
S XA 72 R

pNg T p&q B p * q Fom AL CilEH T H] p& &g FTom AR 8 DL KT H AL L
FHT pAgH p g TR IFHAES « "ol IEW. HIESW pg. 5 H XN 01T H BN
"5,

3.2.3 BB ZEE p Vg

L op: XEHII B AN TR BERR . ¢ X B R GRM R p 5 ¢ MHTE
(disjunction, or)p Vg X WFCHEME A T8 GE slOB R B B A BOBCZ5 8] V AT 2 T A 2R
s e E, IR A TR V Y is RN AR 3-3 .

* 33
P q »Vaq p q Vg
1 1 1 0 1 1
1 0 1 0 0 0
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PN 76 CHEFN p | g T AE BT TS HLALR T T p Vg i p g %
R 5 X T 1T R B R ]

E A BRI 3 ML (03 BHE ST . 2T R A 0 R B A
AR 2SR B T RIS + R » U 50 5T

3.2.4 REBLEW pDyg

FISRE S TP« sl W] BE 2RI 3 37 (inclusive or) , & 387 99 3 0T [a] ok B0, FHFFELV %
N AL PR AT 5 e T 3 A e = N A N A L N BN X e N A - B8 8y
L, 3 T S M 4 1)

% p R EFHIN CHLE B4 8:00 & Raqg: IR EHEINA CHLZ B4 8:30 &£ K.
P 5 q MR (exclusive or. XOR) pDq. B K LHEIIE CHLIE B4 8:00 5 7 8.30 i
KRR OMERRWE 3-14 Fis.

£ 34
P q pDyq P pDyq
1 1 0 0 1
1 0 1 0 0

SR A SO A SN S A

MFHRES PV R DT EATA A, — ok, AR B R
ATESEAE V.

(6132 4 RXup FIRAEEZE AR LR hiE B,

B S p: ARG ERAEFEE LA g SR LR LB EE B, W ay @ o] &Zow
M pVa.

(61 3-3)  A2db ok — ol 2= pu 2 i o g .

B % op: Ak = MR CNBE, g ARSI 2R Y Y 5k S BE K T R @A) KR
pDq.

3.2.5 FEBEiE p>q

A op WHBE g FRIFBIRWACEE W p—>q. WRIRA B TR IG5 B B
p—>q EAVE"p iR q” Gimplication) 3" p & 1§ q” (conditional) , Z3 B BL &5 ia] — 4 2 F H SR 5
H e e N R IR A A SRR S R > s B R Nk 3-5 TR,

x 35

p q b—>q b q g
1 1 1 0 1 1
1 0 0 0 0 1

p g (R 12 5R 3R G0 b b o Y 2R TR I 2% 1) 20T K 25 1) T DARR O AR A R A 0 L H
e Cira M A&z H LI if-then W) & AR
L] 83 .



£ p—>q . p PRI (antecedent) s ¢ 5N T (consequent). IR 1. 5 1FH
Lifop—=>q 1 HEMERN 1SR 0B, p—q 2 0, X PR LT B9 BUE 22 5 B .
MR FATTHY — & LB IETE T O S5 F R 1 i, p—>q S 1 HHiTFR 05K
0y p—>q R 1 XM E R HESME, W T 6 r.

(5] 3-41 % p: RN HEK.q: 24+3=5,0 p —>q. “URKHMNGHH K, IEA
2+3="5" & H .

(%] 3-51 % p: KNP K q: 2+3=4,0 p —>q: “G0R KPG8 4
2+3=4" Hav il

SR b LAERRE PR E LUER] 1.1 A ER 1-1. X FAREES A B SA B LR
BB b A S 57 2 R i SRR SR B OC R BB R H B PR L RO R B A% 8 P B
45 H 3 A S T 2 T ) E L

IR T AR A X8 2 T AN (R B A 25 45 BN [ Y 2 48 F 0, T fh AR 2R TR S AR
FOSLAR 2

3.2.6 MEMHEBELRE pog

A pr PRI IE AT R g TAIIE XS #1047, W pog: PO & FAT Ui 4 B
Y Z MBI X A7, p < q iE1E"p FM q7 Cequivalence) 8 “p WHEH q”
(biconditional) , 55 i MKk 25 1a] < A 24 T B K18 5 a9 Y HACY” U FE 0 B H SOl
if and only if,4§%5 Jy iff. ZFHr Bk 45 i8] < 1z B R AL 3-6 Fos.

& 36
p q pq p q r=q
1 1 1 0 1 0
1 0 0 0 0 1

“PMHANMg"BAMEST X (1) “p Mg 5 g—>p. (2) “p ALY q" EH8 p—>q. IFHR K
o S A IR 4 1) <> SCnT LR Ay RUZE TR BB 445 ) B0 2% A R 45 ).

TERCF R AR A T SR BR 5 ]~ PR R 1 T O 775 2w, b i [R) 3l 7]

(6 3-61 {5 0RE,FLE .

R % op. E T g IRE,NEMmE ] £RH p—>q.

1F A SRE T . R BN A I 2S nl sk 2 L 6 A, S b uE i L, 2 o s LA N i
34~ A iz 3R
3.2.7 5B pLq

p A qiEfE p 53 q"(NOT AND) . B 5 F Il 9 s qE L5 “ ¥ 7 (Peirce # k) M0,

H5AEPE 453 UL Sheffer 1) 4 F w44 - #R0 Sheffer B, i fe 0] i 125 A 17 B L S5 HE B

ZEGRC A RIS AT S S H i B A5 A Shelfer BT 5|7, 755028 55 L K T B AL 4
R R A A LB EAS . p SAE ¢ HEEC Hp » ¢ . X TR R 53R,

. 811 L



3.2.8 EAEBE&ERA pv q

pvqiEEfE“p BIAE @7 (NOT OR) . adEEE 453« v " LA Peirce 1 % F 1 4 J “Peirce &
EHTZH AT EN AR R y” EATHMBENS . p B¢ HiEIL N
Pt RERLEYT ] LB S E AR,

3.2.9 EUEBEEBLER p g

prq EEp £HEBEE ¢ (NOT IF THEN) . Hip n R 5 5E not.

“p FMEERE " FTHEIE N T (p—g).

FHRAHET 14 1 cZHEE 84 2 tEBzE. FEFiEY . ARW 1 cEZBzd
2 T3 9 A

2R MO B 9 SRR A HT AT 6 R4 A iy s K.

BE g X 3 EiaE?

2] B 3.2

L (D & p: MAEMRZANEBET K p

(2) B —2 BEEE 3 2 IEEC S .

(3) ¥ p: A FREEBIERER K pV —p.

2. & p: SKEM.q: WRAM ] p NgpVasp—=q.pDq.ptq.pvqFlp->q 53l
Tt 4= A Ao

3. & p: WATEEBA g BATE LR - (p A BRI A5 Ay

40 % p: AEM. g TE LR BRI A AW HIA L LR TS
FoR?

5. “sRELAIK 22 R P A 5B ES R A AT A AR

6. H— il Ea IR RN poCg Ar).

3.3 a2 X A%

AT A BT A 2R R AT LA B i LR B B AT SR R T DR A0 T A S 4R TR
PR R FRATTAN 25 H 22 4 R AR S TP U0 5 Y e

3.3.1 fAaAsRHENX

A A R R BA P E R EHE R 1 Mo, KMok
W0 T By 3% B 1ETF—ILA%¥U»L$¢IE$HE[&H’JME LA AE N 1 8 0.

iy 2R o A B AT AR T R A R AR FE S O A RSSO T A A
B (well-formed) 19455 53 . H ™ 85 58 SCHF B T8 108 X7 U8 .

[ X 311 @3 (proposition formula) 45 4 T 51 77 i 4 0l



(1) iy A & 1A 0 LA K iy A8 e J2 w8l X

(2) 5 A A = o A JEap A 5L

(3) B AR B A MA AB AV B (ABB) (A—>B),(A<~B), (A} B,
(A vy B).(A>B) R,

(4) ARV H (1) (2) . (3) Fr 5 B 155 B2 52 UA 1y 2 =X

RIEMGEARXBHEL A po (2 p) (2 (2 p)D (T AP OV p)) (2 (p—>g)),
(PDD Y PUR(pNV ) > r) >(p AN ERABAL. M (p—>)),
(7 p g FERZEAA.

A TR SRR (Well-Formed Formula, WEF) 5 {5 #1220, H 2 FR ki i
AAAR XL AL ERPBEIEM . & XHEM RIS F /TS B, 5 R T
ARG UAR—F, FHELIRE . AR EZEAB(ESELRZ% P 0 WFF 1Y E
UAR—=F0 , &0 A N1 K AN B SRS 2 X, 0] LR B T R8s am i A =0T 58 X

A X — B AB.C, o FTom. AR A TR EEn DA IT prspossss Pus
WAL A DR ACprspose s po). WIR AT T A BRI AETC p1s oy pa HIPREL

FA FE A A U E X S AR 2 146 5. — T i X S Sl A R X g
T W5 SUIE 3 5100 50 — J7 L 35 R 22 45 i 2 200 ) 33 R B 5 A R AR, R R
— LB T] LA BE G S 20

(1) fehh 2z B 465 AT LA ik

FE I 1 B 2 11 i 182 AR i A %) v el o R A5 30 A i BN XL A B AR B L BB N % A
AR FARK. MpD v ORI TFARXDTHH pg. (pDO T pD ¥ ). XKL E &
Ui, TE R 22 ) a A X ((p Do) v O IF JEANZTE S VLAY . (pDg) v q. HEEL
it R A S R B M.

(2) 9 AR E, a]az B O S ) 4

LA, V,@,*,*ﬂ‘f‘,%,g
6 A28 A LGS LIRS, Iny 82 X

(pV Q=P —>(pAg)

Al LA Y

(pVaga=r)=o("r—>pAq
7

pNg>=reor—>phgqg

{3 ARG ST A R 2 AN R — 2, i ml LB A RV 75 VR TR 4% ) as SR ] R g Al R
A, HAE X5 AR -, ALV, o A B A B e g Y.

(3) AFzBENEZHKKFET. W p>qor FE(p—> >r HBZMERESG R (p>¢)
r B,

TE OC‘TUERTEATLTARER 2 E AL E. b mAnX p ANqg—=>r B R
(p Ng) —>r dLiF £ 4F.

PR b E X A A A S AL, FUEE R S R A Y % R ek RO 2 A A 5K

3.3.2 wmalFsSHL

i AL PR A P A —— i 22 TG 3% R A4 1) 3 6 BT 4 i A i R AR R
. 86 L




de. —rm vl L FF S R FZOR IR TSR, ) —Jr w2 A - P ) A A
FE AR T IS ) — o s o A5 78

i N RER A

(1) 4 H T & a8 T A DAL - i, 9 /N 58 SRRl R bR ROR.

(2) ff a2 o7 1 FH 08 B0 &5 ] , 9 oo g D AL P A 55 e ke

[ 3-71 ¥ F 7 an i s 5 1k,

(1) RAAR b 5 AR 4.

(2) qnak = MZEPUER A 2 0 2 3wt 2.

(3) Y RE. LB TF.

(4) F4 KA FRAER TR,

(5) R HA ZI3% 2% 2] A GRS 4 L 4.

(D M p: REIBLF, g KRB, WEAGFEF SR pVa.

AR i B BN S BB B A T 3 BT DLV .

(2) M p: k=20 g2 WL L, MEAEGF ST 2 p A 2gor

FE OCKEAREFTRALLLGA.

(3) M p: HE. q: AT MEMBFSEN: g —>p.

(D Hp: AR, g KW, WFEGEFSLN: ~g>p.

“ERAETH Y T R AT

(5) FH p: WZIF2F2T g PRV 4F 0SS U R A 54k N . g —>p.

3.3.3 mRAAXHNEESR

X F A AL X A o B A A R O R E — A A 1 s 0L X A A A
XA #HIT T —FEEFE IR (assignment) 58—~ FF (interpretation) , Ifil fE 1% 48 Ik T &K
N A W—DEMA K A BT A AT RE R A5 TR DL AR B — > AR IR 1) BUE 5 i — A~
F kBRI aEARX A NEMER (truth table).

(6] 3-8 Sianin(~pVe —r FEAEE.

B A pVe >r WEMEAEIRML 8 F, 43518 (pag,r) = (1,1,1),(1,1,0),
(1,0,1),(1,0,0), (0,1,1), (0,1,0), (0,0,1), (0,0,0). ZifitEM, mEARX~pVe —
r FEFRIR FABUE B : 1, 0, 1, 1, 1, 0, 1, 0. H . AR~ p Vo —r PEMELM
% 3-7 i,

*® 37
p | g | r| "p| "prVg (mpV@—>r | p | ¢ | r | 7p| "pVg | (7pVg >r
1 1 1 0 1 1 0 1 1 1 1 1
1 1 0 0 1 0 0 1 0 1 1 0
1 0 1 0 0 1 0 0 1 1 1 1
1 0 0 0 0 1 0 0 0 1 1 0

TEF FAB A o B df i a] A TSRS PR 5 i ok, A0k 3-7 TR AN SR 4 BIAIES 5 31, B 5K
« 87



P L 4 i AL 2 2R T il 8 (o i 2 i i 2 U9 20 B 5 19 L QB 40 25 Tl HL (L4
IR AR B — B35 IR T A9 HUH.

1B TRUR SR 78 91 EL(H B 32 B2 BT A iy 7L A2 78 I H: AR 1 IR AP B b 1 IR T i 22
AU 78 24—~ 20 U 52 2 I A7 2 1= 20 SXnT LA i o ml I Joir A5 i Al 722 e Je
FAH AR IRAR AL 55— 3. X S PR b2 — R AL i) HAE K.

SRR BEHERR S H — a2 URY BB R 3R AT Y el A 2 SR e 20 A2 I K 4
2/ RA1T.

H13R 3-7 A1, & 3 DA U a0 20 8 =2° MR By KRR IR, AR WA, & 2 4
AR TC Y A A A 4 =2° MR HAETE IR, — R U0 & n(n=1) 4> A5 JC 1Y A 7L
AR B EAR S5 IRA 27 i

BE Wit R T4 E i el 2 0 i BAE K.

3.3.4 wAAKHRKE

[EX 3-2] FEfEMEIR TRE N a8 A X8R BERLES K (tautology) ; 1T
ful 45 IR T By HUE 0 a2 PR O sk B 30 2k F B K (contradiction) s £ /0F —Fl 5 Ik (1 3L 4
H Aoy SUFR AT i B I (satislactable formula) s 2708 —F IR H oy B[R B 2= /A
— i PR A H A B i 2 SRR O AR i R BB #A 3K (contingency).

R E AL AT AR pV @ —r AP IRE G RIE, AR pV 7 p HKE
Xop N2 p Rk

A A A 2 ANE
=Kz

nrm,@zt{qqﬁﬁ

i A 2y A

A=

IR A KEM FAEFZRME A KBANBKEMNRESFRMZ A M B ¥KHE.
K HL AR AR B 0 — e A S Bl — A

(61391 GEW. A (p > p Vg EkKHL.

iE S Gp—oo(pV RN 3-8 .

*x 38

P q P g b “pVyg (pro(pVe
1 1 1 0 1 1

1 0 0 0 0 1

0 1 1 1 1 1

0 0 1 1 1 1

HEAE R L AR A K (p > (7 p V) R KL
FE ARAMERFE - AeHMAXMERZRFTAGT H IR FETARARE
R
HAE A WIS EoR UL, 258 42 AT AT 1Y o {HL 25 A AUIE ST A8 22 It o S 4 ol AS I (A9 491
« 88 »



VAR G — TR P R A A 35 I 0 2 88 380 33 1 1Y) 5 S e R 11 ]

[ 3-10] ER . i =p A (p—>q)) >q &k EHA.

iE B p AN (p = BEL ] p J p—q BIMUCE 3E0 ¢ ELEH I p A (p =) —q K HL.

[ f51] 3-9 —#¢, o] LLAFH B AR R X5 0] 3-10 #EA7TuE 0 . HX TR A —B sk B, nl LLii
A CHBUETR AR . i A EHEL B EEith B BRI A B A —~B RKE”, B E KR
HEAWEHAA 5B &7HE.

R XA R BRAE GG F R A — A AL R 69 A T AR A BUE .

W H A R EERTEHE S B ARERA X, 75 68 T 33X Fp o7y i, Xt
TR Se 2510 2 Ak 5 1Y . 2 WA 19 > U5 3.4.6 3.

I o A Ak AR A B (Rule of Substitution,RS).

[EE3-1JCGREXRANER) &AL A poeer s po) AR ELE W 350 H i R
N3 By s By B, A A PR AETC proposers p IR R aTE AR A B
LA S5 . substitution instance) s 7K H 7.

E wERENmE AN BT A BHIEE—MEIR. w8 AKX B .B,. -+, B,
AEAA Lot TTHE A IR Al sty ot YBUEL, FTEA B 2K HaXL R,

AP A B EX N BT A(p > p Ve EaE, XTI
BarAa LA MB.RIBEBARAZEHA. (A>B)o(~AVBEKERX: i Tt
(p N(p—>q)) —>q JEKEX,TLLA N (A—>B)) ~B J&k 1.

MACAE B A IE A, BB X FAE B AU A fIB.(A—>B)>( AV B)Z&KHE
=GR E AT LK A Al B & VR a2 TT . A b 78 7T ELAE 26 15 Uk B 7K 5 i 4 5 gl 72 T
AT R A AR CE 3 G B 25 o A 20,

2] @ 3.3

1. B TS k.
(1) 5 a Fl b AN atb 2 AL
(2) HATEIESE n=2 B ,ANE TR "+ y ==" A A 155
(3) RAETFM.FBEAHLBIE.
(4D 7R I R 2 219 LS 22 JHE 0 03 A% 7o 2R 43 Sl A 4
(5) XA BmAREH  HILAFTH L.
(6) BrAEFe4% 30 A0, & W IR A £ 20 25 e g 2.
(7) FA/N 2 A2
(8) M ZE 5 40 i) NBA SEEK HL 3% . ir DU A >k 1A 2.
(9) R b2y 2] A A KUF 5 Wb i) 30 T HE JJ AR 5%
(10) A FHLEA T AR FHILH—T.
2. B poq Blr w72 o0, 50 T 5 Al 23 20 B R
(1) C2p AN(pVg))—q.
(2) (7 pV 7q) >(pe ).
(3) (pVg)—>r.
. 89 .



(D) (p=q AN N p—>CgAr)).

3. W& pagyr Fls A AL T, FI W T 51 i o =X 25 B

(1) (p=>(qg—=r))<=>(p ANg)—>r).

(2) ((p—=rIN 7r)>((g—=p) Ng).

(3) ((pVg)>re=G—=(p Ag).

D) p>C2pNAgArAs.

40 UERT . X TARE AN AL B C, R 3 a2 XK B
(1) A—>(B—>A).

(2) (A>(B—>(C)) >((A—=B) >(A—(C)).

(3) ("A—>"B)—>(B—~A),

5. 3F . XM TAEEMEAR A M B. A A—B)<(A—>B) AN(B—~A)KH.
6. X TAEE A AN A LB Al C,AEB 3 iy 82 Kk H.

(1) "A—>(A—B).

(2) (AVB) N(A—=C) AN(B—C) —C.

(3) (A—>B) N(A—>"B) > A,

(4) A—=(A—B).

3.4 ZHETEFIMAE A X

A T T 1 o 30T AT e A 5 2 S 1 A S D i T i A
ST T8 A A A PR U S G X T T A5 DO R B X A R S EL R U T
KPR 28 0 DS 030 57 40 3 A A A 0 B B 74
0 3

T i A i 3 e A

3.4.1 ZEBEEHNEX

[EX 331 HEM PN AMB, & AR B ETEIRT A M B i B AR AR [H) .
Fram sl A fl B 123 % {E (logically equal) o§ % ¥ %t (logically equivalent) . fa] #x A %5
{HEAASE iCh A=B.

PR L4 A L 1T 5 A A— B Rk B A F1B 2 B8 %4 (ogically
equivalent) i , B R /RN A R ZE B —F LR, @iy AS B ENHLE % JER
1) Ff AR E

REEEHER RGP, 5555 ="0 HF5 R0 % B A5 4 R0 o 5 # 2 NBGE 3
(B IR A7 BT A 2 pR B i A A T B 2B AL A= B BBHEE 2. A K
ZRHE A=B. At A<B.

T8 b BT B (M D SR SE B B R BT B F N IR A E S FEM K TR
BT, JEHEICE DB 13 50 45 5 nT B AT B, i P A i A 35 I 2 45 O S AT
KA iy g 3 3-2, Fr LLZARSF I PRV S S50, S S P RS i) 2.

FE TSR XRAH T ABAFAN; "R EBHFTFT AR

. 90 -



[ 3-2] HAMB EGEAX M A=BWREERMFE A B Rk

iE (=) A=B [H,A fl B ) EHZHF T A< B Rk EH.

(=)#H A< B Rk HA LW A F B 0 &R, it A=B,

I ) 3] 4 B A ) A R I S R S

(% 3-11] EW . X P EEGaEAXAMB. 4 A>B="AVB.

iE SRR X Fan ARG p Flg . p—>g= " pVa.

HE T e KA p—>g T o p Vg WEAARINER —KFTZH, WE 3-9 PR,
*x® 39

r q P g op “pVyg
1 1 1 0 1
1 0 0 0 0
0 1 1 1 1
0 0 1 1 1

R 3-9 M. ar A p—q 2 p Vg B EALEATATIF O T AR A7 [F] A9 . i 45 A 2 =X
FHMWEXH p>q¢="pVaq.

HF poqg="pVg.BIWEH 3-2 0 (p >~ pVKE, HKAERMNAZHGE
FE3-DAL A TAEEMN B AL A MB,(A>B) <~ (~AVB) KE(ERM3-9, T2 A
B=—"AVB.

AT 1~ 1) dg S 150 B ] A A E B

[EE 3-3) AL (proposap) =As(prapsseresp) s AE Ay FA, H 40 51 i R 45 58
By By B, FAVER poyposeee s pu AR BHG 9A fi e 20 TUSF(H

iy AL 3 22 T 0 A (R i A 2 S R — i G R L AR AR AT T i Y o P

[ 3-4] sl AXEFEERZEFEMAER.: IMEEmEAX AB.CH.

(1) A=ACAHRE)

(2) # A=B, W B=AGH M) 5

(3) #HA=B HB=C, N A=CU&# ).

3.4.2 EAXRZEER

1. 52, A, VEXHEEK
[E 3-51 & A.B.CREEMaEANXNGHE V. A, "B A 70 EZ M.
(1) " "A=AGIE®E).
(2) AVA=AANA=A (BEERAHRNEED).
(3) AVB=BVA , ANB=BAA (Z#i#).
(1) (AVBYVC=AV(BVCO), (ANB) A\C=ANBNANC) (5.
(5) AVAANB)=A,ANAVB) =A(RIHE).
(6) AV(IBAO)=(AVB) A(AVO).ANBVCO=AAB VANO (SEER).
(1) AV 2A=1,AN"A=0 (BiME. A 4T A).
« O]



(8) "(AVB)=—"ANAN"B, "(AANB)="7AV 7B (De Morgan ).
(9) AVO=0VA=A, ANI=1ANA=ACV ., NG BT FH NE—H.
(10) AVI=1VA=1, AANO=0ANA=0(V , NGETKFH K 0-1 ),

o FadEm V., A, ~sRHERSESO U, N, sBEREE2LLN, X0

Ar A Hip

R an AL AR SF A RN A LHES 1.2 MZ R i BN Z —. SEbs b X R B R AR N, E
Mz A E KR .2 W 5 &,

B R — AR BT S T LA BT (R R BRI AR BT i A5 2 — 1 i DA HA.

[0 3-12] EW. X FEEMEALAF B, A AV AAB =A 5.

iE ARPEER 3-3, HFUEM X Far AR T p Flg  WULE pV (p Ag)=p W7 BP AT,
A A pV (p A F p W EAHER 41K 3-10 s,

£ 3-10

P q rNg prVpAp J2 q r N pVp A
1 1 1 1 0 0 0

1 0 0 1 0 0 0 0

&R 3-10 . pV (p A H1 p i BALAEAT AT FALHE IR FERAA R T LA pV (p Ng) = p.
2, EMMEEMNEEN

[EE 3-6]1 X A.BEATEM a2, N

(1) ABB=~"(A<B)=(AN"B)V(~AAB).

(2) A>B="AVB.

(3) A«B=(A—>B) A (B—~A).

(4) AYB=-(AANB).

(5) Ay B="(AVB).

(6) A“>B= " (A—>B).

iE HAE) . HABELS. WEEW. MFa@aZx p Mg, B pog=(p—>¢ A

(g==p). 5N p=g F(p—>¢g) N(g—>p) W EAEZ , W F 3-11 Fraw.

£ 311

P q r<q rq b (p=>) Ng—>p)
1 1 1 1 1 1

1 0 0 0 1 0

0 1 0 1 0 0

0 0 1 1 1 1

R 3-11 nf 4, sy A X pog Fl(p—>@) A (qg—>p) AT TEIR IR T A9 WO ER AR [ . M T

HEEMNEXH pog=(p—>¢) AN(qg—>p) il A~>B=(A—>B) N(B—~>A).

%?Eiﬁﬂ%éﬂiiﬂ@s TRLE, T . ¢ 91’3%’%?&2';5;{111‘&@3{5”;1”@3“, ﬁ s ¢ {ﬁ}ii‘:%@
O RERIE 2T HEANER (L3 1) A C#T B4, X E— M RIEM M SN, &
o I DL ) R

.« 92 .



3.4.3 ZEEEZ

FEAR A ZUE R 2 F a8, anb iy a2 2 A0 W 25 20 28 Y Uk B A X LT AR
O R 2 A R A e A 4 A L BOR R S B AGT L BRI E B 3-6 A AR X

EAE S A 20T, 80 45 {8 ' e 2 B (Rule of Replacement ,RR) /&% X HZENY, B
PR TR/ TN

[EEITNEEEBRER) HCEMHELANXAMWTFLAKXAC=D, W APy C &
Oyl iR D g R p A XS A SR

AP i A 20 X L B 4 {90 TR R I B 0 T R SR E k.

[%]3-13] % A.B.C BiEEMmE A e FolamE A REESREHREE
SV s,

(1) (A>(BV =) A “A AB.

(2) “"AAN-BA(-C—A).

i (1) (A—>(BV "C)NAANB= ("AV(BVY "C) AN"AAB
— ((FAV(BV ~0) A ~A) AB—20 A AB==(AV = B).
(2) “AA-BA(-C>A)= "“AA-BA(==CVA)
A

= ("AN"B)ACVA (T"AANBACOV(TAANBAA)
= ("AN"BAOVO="AN"BAC="(AVBV ~0).
W A XGE AREENA AL ELFAGHR TN KEF RS
LA
I S5 T R, I — > A 2 I 2 R L B T
[ 3-14] ¥ A.B.C 2R a2 2, FI B T 31 ap il 2 LAy 2 R,
(1) (A—>(B—>C)<((AAB)—>(C).
(2) A>("AABAO.
i (1) AHA>B>C)=A—>("BVCO)="AV("BVO=("AV " B)V(C=
“(AABYVC=(AAB)—~>C, FlI(A—>(B—>C)H<((AAB) O EkER.
(2) AW A—>("AANBAC)="AV("AABAC)="AV(TANANBAC)="A,
mA PR HEA—>(~AABACO ZE .
WA i R ACAR A T AR 98 S AT A R R AT IR WL T 1o 2 i B O A A oA
(L PR 25 {1 3
[6] 3-151 % A.B.C BAEE A A L UE T 5145 (8 .
(1) " (A=B)=(AVB) A(~AV —B).
(2) A>=(BVC)=(A AN 7 B) ~C.
iE (1) "(A<B)="((A>B)AN(B—>A)= = (("AVB) A("BVA))
= (7AVB)V " ("BVA=AAN"B)V(BA~A)
=(ANBYVB) ACAANBYV " A)
=(AVB) AC"BVB) A(AV “A) A(~BV - A)
=(AVB) A(AV 7 B),
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(2) A>(BVO)=7AVBVO=("AVB)VC
="7(AN"B)VC=AANB)—>C.

3.4.4 X{BEFEIE

FEERE 3-5 Ao BRYEET (1) &b HABAE B AR A2 B0 1 3G, P ) A — 8 YR &R e an il
g NN OPOR: B PSS

[EX 3-4] W@ A APTELZE 3 PERELW L, ALV AP ARV ;
ATV R A A I 1 e 05 A iR o Hak 1, i As B e AR o 2 A 3HERX
(dual formula), ig N A*.

[ 3-16] % p.q Al SR 22T . 53 0l 5K 5 51l A =0 0 4 =X

(1) 7" (pAg) N1.

(2) pV (g Ar).

(D) " (p A AN IXHER S - (pV ) Vo,

(2) pV (g N BIXHEAH p A gV ).

FTE M RHL.AFAT,

HRHE De Morgan 0] PLE B R 1 %) X {4 72 2.

[E2E 3-8 BEE) & AFBZ2w@Ax. % A=B., W A" =B",

AT XS, E # 3-5 th BRI (D AR S, L EC A I — T LT )
Wl pV="p N q. HIXEEHATHE - (p App="pV 7q.

[ Ao A5 1 X I B, B AT mT DR AT B i A =R A xR =, #lan R p—>g= —p V g
FFLL p—>q XS T p Vg X, T p g XA ~p Ag.

2] @ 3.4

1. WEH] . A 2R S5 (H G R 2 SF I K&
2. JEAEEE 3-5 FF Ay BCHE (6) Al De Morgan 3 (8).
3. W ALB,C AL E M il 2 20, FI T 51 fiy 8= 75 T B A 2
(1) % ANC=BANC. ] A=B.
(2) % AVC=BVC.W A=B.
(3) # A= B, A=B.
4. W AB AR E M a2 51 2% 2
(1) AGB="(A<B)=AAN"B)V(~AAB).
(2) A>B=—"AVB.
(3) AYB= (A ANB).
(4) AYB="(AVB).
5. WAB.CRAEZE M a2 ik 31 4 2
(1) AGGB=BDA.
(2) (ADB)BC=ADBDO).
(3) A>B="B—> A,
o« 04



(4) " (A<>B)=A<>"B.

6. & A F B 2, 2 TEEHEL A A TiRE58 i T o4

(1) ~A=A*rA.

(2) ANB=(A4YB)} (A4 B).

(3) AVB=(AY A+ (BAB).

7. WA M B AR TR 1 VA TR iE R A5 X

(1) “"A=AVvy A.

(2) ANB=(AyA) vy (ByB).

(3) AVB=(Av B) v (AyB).

8. WA, BHIC Zari . ¥Egikasin—ic h© ikl T 51 % 5.

(1) AOB=B®A.

(2) (AOBYOC=AG®BOO).

(3) AOB= " (ADB).

(4) AOB=(AANB)V (7 A A B).

9. & A.B.C.D RALZE W ar A AL R 51 i R4 SOT 85 e 5 45 AU v o,

(1) (AANBAO VAN BAO.

(2) (AABYDV(=AABV(AA "B).

(3) "((AABYVAANO).

(1) (ANBYV(~"AANBYV(BACAD).

10. ¥ A.B.C,D ZALE 1y = FIW R 50 i X 2 5L

(1) ((A—=>C)V ~C) >((B—~A) NA).

(2) (A—>C) >((B—>D)—>((AV B) >O)).

11. % A.B.C AT a8 A uE T 91 % .

(1) " (A—>B)=A N\ "B,

(2) A>(B—>A)="A—>(A—>"B).

(3) (A—=C) AN(B—>C)=(AV B) —~C.

(4) A>(B—>C)=(A ANB) >C.

12. W p Ml q a2 70, 3Rl p©Og BB BEE pOq EFK W7

13, A—THEEZEAWRA . —F A SR, —Fh A S U B, — 2 e 50Ok 311i%
A — A =2 H A AN HE MR — R R K B T ) L X BRSOk T — B R
T el (121 S B 1= B R = I - T LT RN T Bt o (K1 =S

3.5 e AL

G4 A O 3 AR L 9 5 98 T B (0 M 15 8 L B8R T A 00 M B3
b 3R — A AT A SE L. JEL B2 7 4 24 2 o i 2 8 A 0 4 5 o
R TTATAY T L U0 100 /> A A8 76 0 i 24 28 B ARG VR WLAT 27 7,

A 3. 4R SR R R R T I 0 MO e, — A A A
BB 0 5 LS5 (L0 A 2 A2 AT P AR B P BRI S M 8 W S
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A FHE A S Y (B 3R R RE A 5 A o] EL{E 48 IR T IR L B A o] BB 45 IR T U
3.5.1 @ ARXPMECERXESECER

1. HEAGEXRERGEX A E X

[EX3-5)] HARMEARL A A=A VAV VA G=D, i A< H
A T W E A S B, MFR AL VAV - VA, AaiEAsR A WFEER
(disjunctive normal form).

KT S, T RN W L.

=

(DAQ<n)ARGATARLETEZARMGERX. #ldo A, (1<<i<<n) TR
TpNTgArip N g g Nr FLAATRARENGGHAEARRL TR Ao g, " r F. 255
iwh A2

O EHNA P oREARAGERR S EHIN, T A =0,% A HBGEX P T
AR A

@ EHEAA P REARL T R THNFE IR A% T AR B KR A 3 3L

@ MEAMHBRAFTELRIAAAVEEFELARSER. 2O AN "V ipN =
(p N ).

() AMMERERA, VA,V VA FPon Tk A 1. LA AR ET THHE
EEHUBRUHTBRRXER —ALREGHAXAGHIRGEX Al E A= "p N g Ar. 0
(7p N ghrA AWK,

SRl v] DL 25 i 2 A G U E X

[EX 3-6)] WARMUBAR.GA=ANA AN ANA, (n=D  Hi A, Q<< £
A Ar ral H 7 E A e A B, WIER AL AN AL A e NA, AR A ERER
(conjunctive normal form),

[ RE , 2C 4 B =AY 2 S, i 7 3 7 A

FE

(DAi<nAHTHETARELET THAROHFIK. #l 4w, A, (1<i<n) TV A
“pV ogVropV gy gV r FATARAENMGGAEARLEFZ 40 g, 7 r F. 2R
i .

O EHEMA P oREAZLALGERREL.GTHN A =1, A GEBGEX P T
AR IEAATRA

@ EHEAMNA, P MEARKLE L dF R 8 I 4% T ARM B KR 3

Q MAMKBRAFAELRIAL BANZEEARFRE . PV 2 N(pV 7g)=
(pV 7.

() AHSIRERA NA N ANA, P on TAH 1 L3223, A dA T TR
FRMBRHRAFER—AERLZGANSIRNAGEREX HlFE A= pV 7¢Vr. 0l
(7pV 7gVrt AegaRiE K.

HIE Xl L5 A= pV mgVr W2 pV mgVr=C7pV mgVrdE A IS HGER,
pV ogVr=C("p V7@ VHWEE A MIrEGE .

o« 06



2. IBGEXREBEXHITE
HE A AT B LA BE R EL BT,
(1) AEE B arB A S b B ZS R IT 2 -, AL V.
(2) FIJH De Morgan H# — #% 3| i i1 £ 7 19 i 1 .
(3) RGBS Bl a2 X BT BGE X & A BGE .
AAN(BYVC = (AAB VYV (AN OCRITEGERXAD
AV (BANC) = AV B)A AV OCREBRGESHD
(6] 3-17) & p.q Flr B AT, KA A= (p > < r IHTEGE R KA I
2.
B R A BT BOE R A G B AP BR 1 FUDBR 2 A (R Y.
A=(p—>q@wr=("p\ Qor
=((pV) = ANG—> (= pVg)
=("(7p VP VONCrV (mpVe) CGEFE1ER)
=((p A" VDONANCpVagVr) CGEE2ZER
(1) Brici L.
A=Up AT V)N pNgVTr)
(AP N (CpN gV VGACpVgV 7r)
=((p A" A7p) NV Up AT ANg) V (Cp A7g) Ar)
VAN "V A NV (FATr)
=(pA"gA" DV (ZpAr)V (@A P
(2) G HEL.

A=p AT VO ANCop N gVor)
=(pVAOAC gV DA pYqgVar
M B A R 2 BT B X B B B = 25 SR AT 2 i A2 0B A8 B G =
G,
3. fTBGEX R EBGEX N A
AR AR i 12 XA AT BB = R 5 B = AT 0 A 2 o A BB LB A8 R L 91 dn AE
i 3-17 h . BRE A WHTEIES A=A 7gA "DV p AV (g Ar) 25 AR
(pN=gNAN=r.(7p A (gADEDL—DRH L, THENEHZEGHA  Hp A g ~r=1,
Wp,q.r)=C1,0.00,lH 7 p Ar=1,0] p=0,r=1, #M(p,q,r)=(0,1,1).(0,0,1),HH
g ANr=1,0g=1,r=1, #ili(p.q,r)=(1,1.1),0.1, 1), T2 .l A B 1 18R A
(prqsr) = (1,0,0),(0,1,1),(0,0,1),(1,1,1)
FEE. A MESEGEXNA=OVD) ACogV ) A pVgV 7 a5l A BLo iy
RIRA
(poger) = (1,0.1),(1,1,0),(0,1,0),(0,0,0)
(6] 3-181 M p.q.r.s 4 S NHFIEUR 2 A 25 SR R F 3 A 4103k IR O7 i A WE
JLf.
(1) #5 p 200 r Fls P HZE T A
o 07



(2) g flr ANEEHAR X

(3) #7 r 20 s AfEZ.

B op.pEEG BN E . r B Es: s ERE p>GDs), 7 (g Ar),
r—= 7 s[A] I ST

/:(\'.

A=(p—>GDE) A2 Q@A) NGr—>75)
KK rDs=G AN 7OV 7r AL A BIRTEGE N
A={"pVOGATDIDV (r As)H ACogVor) AN (Cor Vos)
=((7p AN C7gV7r) VG Ans) AN(gVor))
V(rAs)ANCTgVTr)) A CorVos)
=(7p AV (7p A7)V G A7sA2 V Gk ATs A
VImrAsAo@ VorAsA7e)) A Cor Vo)
=((("p A"V (p A7)V (r As A g)
VTrAsAT@ V TrAs) Ar)
V(CapA g V(7 p AV G AsAq)
VI (TrAsAog) V orAs)) As)
=(2pAN2gNAN" DNV (2p A2V (2gA7rAs)V (2rAs)
VITpATgA") NV Cp AT r A7)V CogArATs)
B A OV (P A DV (mpAg A
VITpATrA7s) V(g ArATs)

P PR BE P B 1 ADAER 2 p A o r B ER por #A TR gas 22355 2 4
G " rAs H1I EBRr AL sBEE, FEAMMITE: posillg.s ZiB3I NPT~ p A
g N s HIERR puges FALEAFEEERE L4 DPFWA "p A 2r A s BT E
N paras WAL WAFTFEEE; 5 PG g Ar Aos W1 R gos Azor BT R
psr 2:

25 BT G g 3 AN RMFRIRIRTTIE N : (Dpes F: (Dges £y (Dpar £

3.5.2 AAXMWENIERXAREREER

— ROV, — B A AT IO U A A S — . B, A= (p A g)
Vip A g=p it A MITHBGEE. X Pl A ME— 254 2L [a] 8 A9 318 5 R AL T 1a AR 8% 45
R ) T A A AR T TR 25 R A A S ME — i bR o TE X T HGE K A K A
k.

HEMB NN ALK T HEHIREALNERER R, N A frar @228 7T 7 A4 19 B/ 5
FVRR R TO i) £71 E SR e A iy 2 B G X 8 35 5 B L 7 32 48 v fife op the 2 039 R 7 1) A
ETE 2.

1. EHEGERX

[7E X 3-71 X TF455E 09 fim il 728 o0 « o5 Fh iy 72 ool OHG 03 5 4 Ay 5 B 2 (D) 4>
AR O S I 2 — RO — s (2) 4% 2 B 4% F b A/ 3 R ) B R X

¢« 08 »




FER 5 Bh P 45 o 728 56 7= A2 () BB /NI (minimal term).,
flan, WA~ fig AL IT p Mg 77 LR R B NI
pAhagp N g 7pNag."pAg
3 N FE AR TT pog My P B NI A
pANgNANrspNglN "repANogNrepNghAor,
“pANgArsTpANgNANTrs T p ATgqA s T p ATg AT

T — DN E A — g IR, i NI p Amg Ao r HATEIR
(pagar)=C(1,0,00f HN 1.

A DUAR 98 X G X /NI G B B NI o, s HR AR @ a2 th R TR AE B AT
] A5 7 T RS X A NI p A g A — e BB HR IR S B A R B 110, KR
(110),=6.FLL p Ng N\ 7 r=my10 =ms.

SR b AR NIRRT AR SR ] RS D B T (.

2 3-12 J2th 3 A RAETT pog L 77 A B NI B 3 RS 4 IR AR NI £ 5 R

F 312

e A HE S IR ﬁgﬁff% B A 5 WA &ggff%
phghr 111 min =my; apAghr 011 Mo = M3
pAghr 110 Mo = M “pNghr 010 Moo = msz
pNghr 101 Mie1 = ms “p N ghr 001 Moo1 =1y
pNANghr 100 Moo = M4 “p N g 000 Mo00 = Mo

[EX 3-8 X Tl A AFHETHA DA ST A4 194 T A b i
AT B, B IS & FR 8 A 9 EMTEGE X (major disjunctive form).
BHOREER . AN A=A povre s ) B TR KN 2 /N 0O R AR
JIT AT A/ NI B AT R KBRS 1000 0 /NI AT BCE RS A SRk R 03X A Y T K
T2 ANTEAE . Bk R A b i 18 T A1, A 2 R kX
iy 2 2R 3 A B0 2R A B = I — ok R A B SO 2 2 A B =L o o
] 3-17 iy A= (p —>q)<>r, LA B AN
A= NAN7g A DNV (pAr)V (A r)
EAE A B FEEGE A, FEE R EAh  FWE -p Ar DU eg Ar At A
3 AT paqger AR NI TR AT DLAE AT B 2 e al XA EGEE 2 Ar LR
q N s 383 R FE BT R0 1 i R AR A SEE AR R JLAS /NI BT ER B
ghr=(p VN7 pNgANr=(p NgNIVCpAgN r
TpANr="p ANV " OAr=CT7pANgAN XN pATgA )
FRAE XA, T LIS R A B9 EBGEN S —F ok SEERE.
R SR B R A A AT BGE A THR LR
(1) R A PrEGE
(2) | 43 BE b 8 B 20 1) i 8722 TG
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(61 3-191 & p.g Al r ZATEZTC, SR8 AKX A= (p > <r B EHHGE L
& BBl 3-17 LA BT B,
A= NAN2gA " DOV p ANV @GAP
S
ghr = pN ") NgAr=(pNgADNCpAghr)
“pAr="pANQ@Q VN " ODAr=C2pANgAPDNVCpATgAr)
FrLL A B EHBOEAC
A=p AN gAN DOV pAgADIDNCap ATgADIN P ANgADIDNCp A ghr)
=(p A7gNAN DOV pANgADONVNCpAgADIDNV(pAgAr)
1 b A AT IGE AT A B R EAETR IR A
(pager) = (1,0,0)5(0.1,1)40,0.1)s(151,1)
SEBR BT RARIAT A M EAE &SR A 1 A BGERL.
THEA R ERBGENE MO RERE.
A EAG R EBGE AR 3 A5 F,
(D) Hilimrda Azt A MEEZE.
(2) XF Tl A B 48 IR 5 Rz B B /NI i iz B /IR % A8 TR T LR 1.
BN Cpagsr) =11 D A B 1, WX R M AN R man =me=p Ng Ars
1 (pagsr)=C1,0,00fF A 1. XS R B NN g0 =m, =p Ng N rs
B (pager) = (00,08 A B LU BIBE NI mogs =m0 — = p A= g A7,
(3) (] LIGEBD A SE{E T e A7 3R 5 1 1% 4R /DN 30 174 B B
(%] 3-20] 3% p.g Flr B ETT KA A A= V) —>r 9 EFBGE.
oA A=(pV ) —>r MEAEERWFE 3-13 FrR.
i A=(pVg)—r B 145K 111,101,011,001,000 XF W B /NI 451K » Ng Ar,
pANgNhArspANgANro o pAogArsp AogNr. TREA
A=pNgNDIONDPDATgADINCpAgAN DNV Cp ANogAr)
VI (opATgAhor)

*& 313
P q r PVaq (PN @) —>r P q r rVa (pVq)—>r
1 1 1 1 1 0 1 1 1 1
1 1 0 1 0 0 1 0 1 0
1 0 1 1 1 0 0 1 0 1
1 0 0 1 0 0 0 0 0 1

it Lmm e ARIESEENEXES S A SHTIAEXESD BN
B,
2. FEEGER
FHEBUAMIHE S EBGEUE 2N, T 5l AE R 2R IT RN,
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[ X 3-9Y X T 25 %€ Wi i A8 T . 7 Hy 17 el 728 Te g H 75 7 4 i i) i BB i J2

(1) Ffra L s KR EWEZ — RN —K;

(2) 55 BNy 2T Am DA /AN 380 RO b B0 L B 3 B 49 B B el Jr 45 i 22 o6 7 AR
4% AT (maximal term).

a0, AT AR T p Ml g 7= AR R BRI A

pNagpN7g.7p Vg 7p Vg
H 3 AL TC pag M e P2 A OB R A
pNagVrip VgV orip VgV rep VgV,
“pVgVrspVaqgVorspVogVr.7pVogVor

T — WKW A A —FEIREESR O, T K p VgV r RARIK
(paq.r)=C(0,1, D HA 0.

A LIS 33 A1~ 25 08 O B It g ), B IR ML K, H N AR 7 it s TR A F Y
S T R A g B R TR p Vo g Vo MU AR IR B 19 i IECh 011, Bl R
(0110, =3. L pV gV ~r=Muy =M.

[ A6 & Bl R0 0 T A R e o i B

2 3-14 J2 il 3 AR TT pog e 7 A R OO B H R 48 IR AN AR RO 455 2w

x® 314
e A R AR A Tk e j;i;mMﬁ v R AT AR A TR e j;iﬁﬁff 7
pVagVr 000 Moo =M, “pVaqVr 100 Moo =M,
pVag\Vor 001 Moo, = M, “pVaqV —r 101 Moy = M;
PV gVr 010 Moy =M, 2 pV gVr 110 Mo =M;
pV gV r 011 Moy, =M, “pV gV or 111 My, =M,

B H M, =m,.
[EX 3-10] X TArd AR A, ASFHET A F A dr @ 22 7o AR Ry T4 R
B A5 WHE 5 F B8 A 19 E S BUE SN (major conjunctive form).
HaRERD EAME AR A=A pos o pa) T B KEON 27 /N ECH 0. 1R 2
SR T A M KI5 A KB 041 0 A R I A IR E A K L 1,3 A /9 3
BTN FETE. B s P R i 15 T 21 A 2 R R4 2L
Al 2y 2 3 A BGE A2 & B A w7 — Mok B A BGE A R E A B L i,
il 3-17 ) A= (p >q)<r, HEBHER N
A=0pVIONCCgVV D ANCop N gVor
EMAZANESBUL, FEEREEZGEGUAT AR pVr LR 7 gV r AZH
A W3 A pogsr PEA BRI AHE AT RATE A B 0 ZE 8l L X TGS p Ve BLJE
g Vol b FE T R A 0 A A e R AR R LA B R I A
pNr=pVN QA" )PQVr=(p N qgVr)AN(pNTqgVr)
g VNr=p AP NgNr=(p N7 gV D) ANCTp Vg Vr)
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RRAEIL A B AFEER A 19 EEBGER R R EEEEE.

SRR A B 5 BEE AR 322 58

(1) R A & B

(2) | FH 3 B 4D 78 BT 8k 20 1 i A2 I,

(6] 3-211 & p.g Ml r 22T KA AR A= (p > <r I E5BHE.

R W 3-17 LA B A BGE N

A= (VO NCTgVDONCTpVgVor
S
pVr=pV@Q A @ Vr=(p N qV DANp NV gVr)
“gVr=((p AP N2gNr=(pN7gVrDANCp N7qgVr)
FrLL A E S BEEAN
A=0pNgVrIONGNTgV NP VgV r
NCopN=gVr)ANCTp VNV gVor)
=(pNVagVOONANGBDNgVVDOANCTpN7gN )N CpVgVTr)
i Eo i A BGE AT AL A B0 I EARAE IR A
(psqg.r) = (0,0.0),(0.1.0).(1.1.0),(1.0,1)

SEBR B ATRARIH A M EARERSR A 1 5 BGER,

TR A M EGHGEME 2 Mok BEERE.

M EARER AN ESBREAR 3 MR ALEN .

(1) Gl A A IEEE.

(2) X T A B0 MR IR 5 AR 9 ORI (2 R IAE %45 IR SR 0.

BN 45 Cpager) =11, DA A B0, PR 8 K5 My =M, = = pN =gV

H(Paqs?’):(lsosoﬂf A O T R B R TR Mg, =M, = TpVaVr;

B (paqer) =000 A B0, WXF R AT KITN Moo =M, =pV gV r.

(3) (ATRAIEMDA S8 T P AT iX RSt i B R0 19 5 K

(51 3-22] % p.g Ml r a2 IC ORI A A= (p V) —r B9 5 HGEL.

B A A=V >r WEERILE 3-16.

HiA=(pVqg) —r B0 MFIIE 110,100,010 X W KT8 R~ p VgV r,
“pVgVr.pVogVr. Tirf

A=((7pN7gV DN pNVNgVr)ANp VgV

g & by e S U e el DAGE I . A SR T B A IX RE S i A K 0T Y
A H

b T A e A LA E B

[EE 3-91 &R AR K HD a2 sUARAEEME — 1) AT HGE L (GRS BGEED.

AR LA A2 Y B IS UM 3 A G U= (R Y. BT G R B Y i/ T A
b 32 BGE P e S B9 B R TS B T iz e A U BB R B L e — 20wl DU 4T
BEAGR I F 5 BEEE, R kR,

AR i B 3 FE A MO 2 B 328 G ) g 2 Y. ph 3] 3-19 =o] 3-21 0, a il
L A=(p>peor 2P AL HE - E RG] T
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[0 3-23) % p g a8 7n, FIH ERAHWar il A p A (p—> ) I RHL
B pNp>=p N pV=Gp ANV PpATO=p N7 q. BIRFTE S
e A FE AT BGE A S — AN, B LB 2 R S
AR FH i s 2 %) 2 A SO 2 R 32 5 B =X ml LA i o) i 2 75 S5 1L
[0 3-241 A FH 3290 2CA0 W 3 95 4> i 2 202 75 S5 1A
(1) p—>Cg—>r).
(2) (pNV @) —>r.
B () p>(@o>r)=p—>(qgVr="pV7qVr
2) (pN =>r ="V PV r=C("p Ao Vr=C2pVr) AN(7gVr)
=(pV @A PV NW(p Ap)VogVr)
=(7pVagVr) A(=pVogVr) ApV2gVr) A= pV7gVr)
=(2pVgVr) N2 pVogVr) N(pVqgVr.
B A p—> (g ESBGER A AL DRI a8 A (p Vo) —r B EGBUE
AP A 3 BRI, T2 45 L B 45 1Y il 2 AN SR
1A 08 1 B A 2 3 AT G X A 3 WO A e HH A R 2 AR Sk
PR,
(6] 3-25] ¥ AN A WEMEERME 3-15 frs, K A.

& 315

P q r A p q r A
1 1 1 1 0 1 1 0
1 1 0 0 0 1 0 0
1 0 1 0 0 0 1 0
1 0 0 1 0 0 0 1

Rkl RN AFETHAMA B AFE IRXT R /N0 #r B, BT LA
A= NANgADDV P A gA DOV p Aghor)
L2 HNAFHETIAMEA B0 MF IR R AR I 5 5L, Bt L
A=C7pV7qg VIO ANCTpVgVT ) A (pNV gV Tr)
AN pNVTgVrIANpNgVr)

e B i 1 L 2 aF R g /NI S B 3 TR R IS B S BT BLTE
FESCIM XS A ST B AL TR B2 ) B,

— MR A A BT BN T 0 RN SR AR BGE R A A B0 AU T
HOT W80 ok ESBGER A kR R — DA N ErE S HES
WO 0 S (Y.

M 3-25 T HBS T — -l a0 A B9 B E 28] LU Z a8l =0 A (Y 3R
RO R k. X — 8 AE 3.6 2 A #.

AN RIE R RE AR GG T ard A A B EATHGE L WA DS AE A S E
P A 8K , 2 AR A A B T AR IR L B aT LUAS A e 30 A B A BGE E Rl ok
IRIR.
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2] 3 3.5

1. SRF B 24 2B B =0 5 5 B =X

(L pAN(p—q.

2) 7 (pANgp) N(pV .

(3) C7pAg) —>r.

(4) (p—>q) —>r.

2. fE—WWHT2x b .3 25 28 MRS T B0 13 20 A O A H i

SIS B '€ - NP =i N NP - nk (1) N

LV “EHIAE LN TN,

Wit : “ EEERA RPN LA N

FHFZVTEFE: /13 AP A =P ANEEX T 8 — D AU T A— 4 AXTHE
22k i R EAR MR N7

3. M pegores 4 NFERMSTHRG A AN 4 NPl aif by, p W AR, q Ul
T W @7 s ORI 4 N WIE B — D ANAF G 2B ) — 7 1 i 5t B UL
A 2 NG5 Bl I WP g 7 7

4. CH pagerss X 4N AHEH HACE A NS0 [F B D200 2 T 41 4 554

(1) p Mg fL— A&

(2) & r Zh 0 s wEhns

(3) g Hls ZEZZSIM—1 N

(1) #7 s AZI 0 p AZ.
IR T ETRONG L) | NE & . 3

5. 41 ol FH 25 R 10 R R R LB S 0 SR T 9 A A A BOIE =  EES BGE = ORI

(1) (= pV 7q) >(pgq).

(2) (q=p) NC7p Ag).

(3) (gV 7 p) —>r.

(1) (p=CqNAr))ANCop—=Cog N\ 1)),

6. FIH FEFERAWHFHALCp > V (g—=r) >((pV g) —>r) AL

7. A F 5 2CA W R B A A 2R A A

(D (p APV p AV g Ar);

2) (p ANV Cp Ar).

8. WHAmE AN A B HHF K 3-16.5K A,

x 316
P q r A P q r A
1 1 1 0 0 1 1 1
1 1 0 0 0 1 0 1
1 0 1 1 0 0 1 0
1 0 0 0 0 0 0 0
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9. WIF—a AT OC L BB, R AZ 3 NP8 ALBLC Il Y HALY ALC [FE
K B, C R SCHMNAT 5. I F R 58, pagor 03K RIFRA,B,C KH,KRF=
F(p.g,r) B #FAA LK F i ERFIGER KX F 4B

10. FEegrp A — HATHI R 3 A IFE ALB,C. B2 HAUY7E TR 4 Fis il 2 — 4758 .

(1) CH#fsEm L, A M B s T

(2) A B#sEEm F LB M C e T,

(3) B M C @y destm b, A o dim T

(4) A F B e b, C s m .

S F RJ/mIT5E  poqor MAFRARAB.CWIREM Ok F=F(p.q.rnEHRFLALEL F
i1 3 A HGE AL

3.6 IR&S AT Ty RE S Ak

1E 3. 2 W4 17 9 AN kS in), s i — 07 2 /A4, [R) B WP 2L B &5 30) 5 5 AT T hig 52
ZE X Ee Py B n] LN — 52 04 B IG5 B S B B AR 0 A ] o g A A s R L — R AR 2
i oR RS ) L
3.6.1 BXGHRIBNTE

A A AR T p Mg ORI, H p R g TR R S A B A A 2k 2% =16 A~
ia}] Ag(i:1929°"316)smj§ 3_].?.

*x 317

P q A A, As Ay As Ag Az Ag Ag | A | An | A | Ay | Al | A | Agg

1 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 1 0

1 0 1 0 1 0 0 1 0 1 1 0 0 1 0 1 1 0

0 1 1 0 0 1 1 0 0 1 1 0 1 0 0 1 0 1

0 0 1 0 0 0 1 1 0 1 0 1 1 0 1 0 1 0

MR E XML A = 1,A, =0, A= p. Ay =qsAs = 7 paAs = g Ar=p Mg,
As=p A g As=pV g A =p ¥V g Ay =p>q. A, =p >q. Az =p—=q. Ay — pDg. Ay =
q>pAs=q"p.

B AL=1,A:=0.As=p. Ay =q LU XER MG (As 5 As JAu A A Ak b,
WA S 9 . 1 JoHREs A 1S, 2 JolRZs iE 8 A,

£ 3.4 RN ESER SERERZNAER EENKR. TE2AH TR E s
M
&1 EAEEMTHEHEREXSGNESZRENE L e g
e W T AR 1o 2 e\l 9 MG TR ES)  MEFEH
B4 7 5 /.

BIRA 2 A4 FhES BRI E X.



@3 9 MEIHIEEYS 9 FhE Gz R IR e
3.6.2 IheeEw®EEAE&E

Sbr b AEEZHEE A DG T HABB A I E XS4 R EAFER TX—
AL AR PR RT LU IE A7 SE R 25 3a] I - gE AR B A RV I ELSE S, X U R R S R B G g T g
5 % k.

[EX 3-11] X T FABRE i ny3E 25 85 S, 11 50 a2 2 2R ol i A 5
S S 1R S ML R R ok TURR S 4 Th 8B 58 & Bk 45 18 &8 (complete group of connectives.
adequate set of connectives).

B S b AR 4 ) B R TT R ]S A T RE 5E A 1Y A2 18 AT A0 Y 0% 4R H BR A v] DA X s
WLEN s

H 3.5 WERE 3-9 J AT E Y A AU A A ME— AT A O A BCE S 8GR, T,
R A 2R T LA =0 AL V) A I 45 ) S5 (E R s th ok I I A7 LA R g B

[EE 3-10] (. A.V I EIRESE & B4, nl 4.

e LU HES iR AR R T RE 5E 4 1.

(D {1,
(2) {+}.
(3) {75 AL
(4) {ﬁ,\/}
(5) {7, —>}.

iE HAEO A B ES.
(2) AREER 3-10, HFAEW . ~p.p Ng.p Vg AT HALE A 7 fy i 20 Ron.
ES )
ap="(pNANp =php,
pNg= " (pANg@)="(phry = OHprprpre.
pVag="(phAp=Cprioo=Giptgte
BT LA {4 )2 T RE 76 25 K 45 1n) 2k
(4) HEUEM . p Ng v HALE L~ Vi amd A X SRR,
EHRpANg=-(7pV 7q)  HEH 3-10 HI{ ~, V } RIEE S & B4 1l 4k
(6 3-26] & X 3 JTHRE 1A £ a0k 3- 18 UEM . { f} TR 58 % 1.

x 318

b q r fCpgsr) bz q r fCpagsr)
1 1 1 0 0 1 1 0

1 1 0 1 0 1 0 0

1 0 1 1 0 0 1 1

1 0 0 1 0 0 0 1
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FCpager) = (mpV gV ApNVgVm ApV-gVr
TEAH [(pepp)="pH fCop,mps " @=p Vg HER@OH,{ Vi Z2IELE
1, B f ) 2D RESE & 1.

(5] 3-271 Ak &AL (pV ) —r) —>p I HALE IS~ A TS A
TR,

fi# ((pN @ —=r)—>p =7 (pNV r)—p

=7 (7 (pV V) V p
=(p V@) NPV p
=((p N PN ANCr V p)
=((p N NCp 1)

=p \V (gAr)

== (7 p A g AT

T E A B TR e 5 1 B KA iR AR

[ 3-281 GEW]. { A, — i ASSEUIRESE & B K 4500 48

E ERIEM T RS ARG A, > PR ar a2 A LTI A a2 oo L
A ILE A 1.

XA TS AR S5 AN B A R IR

M n=0 i, R T

BB /NTFETF n WAL M A &+ 1 ABRESEM X A=BACHA=B—>C,ihd
B L AE T A AT AZ ST IR 1 B B fIC i EAE O 1.3 A i EE R 1.

X an AR TG po BTSN p A 7 p AREFIALFERES RN A, — ) A A 55
(HFEAR BN > AR EE 58 % Bk g i) 2.

[E X 3-12) % S ETHREC & n LS a5 . i S T AR 2 P A IR E &1
g1 48 I FR S /NI Th BE E & RIBX &S iR 4.

HT{ b AT AV o > AZTIRESE A 10, I DA b 38 3-10 MHEie A -

[ 3-111 T IS E 5 /N IR T & .

(D {v}.

(2) {41},

(3) {7, AJ.

(D {2,V

(5) {7,

ANV E AR S FBHEE - ANV, > o e A W bl R 5 Fb.
SR LA S M EALEN . AF 4 ML A NIRRT SN A E LA, A Z R
25,

HIUE T 3% 0z 80 B L B il N D RE 58 45 I X &5 e 4R L X TR ATk — 2057 o] (B AR E
MuEIE A R LA .

FESEBR N e, R A Al A LA Ry AT Bl 2 AR T B R o (p Ag A
T (p VgV rVSF nl LA 44T, i SR 4.

—
—
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2] 3 3.6

1. 3ER . % e & — A AR G p B SE(E A Ay A X HAEIS H — B4 i) .
2. AEW] . F 0 DNAVEAETE pysposeees po MRS MG A KA EOR 27,
3. WFEMH . DLF LA R R T RE S A Y.

(1) {v}.

(2) {~, A}

(3) {1, ).

4, UEW . R IR S ) AR AR AN S D RE 58 4 A IR 2 T 4

(D {7},

(2) { A}

(3) {V}.

(4) {—}.

5. HEH] . T BB AS ) AR AR AN AE DI HE 5T A A K 4 1] 4.

(1) {7,

(2) {~,D}.

(3) { ALV,

3.7  dwdZ AR

R AP I T SN A R ST S A — SERT R HE S 508 i e A SE R ) b
B E BT AR A T A REAS tHE5 18 A0 el P LR AT A5 Y IR L A AR A5 LL K —JT
TR T R R AN SR T 0 15 H 5 R A A AN A S5 Y 52 RO S R X R A — S 3

ORI T E e AR i 77 EE AT IT 2 AR b g A S B OG0 A R E B 2 A ko ) AL

Bl hn , 71 i WA A [ A A 2

(1) 77 PP A7 U )4 A A 55

X B ST AT L B LA (RS2 AR A

(2) AP AT A5 U X 7 320 A 5

XA =R A EF BT LA e AT X A S
#hEA AT i e 2

35 pP>q.p i3 q.

JIT 8 9 B SR A ROV 4R AR AT 3R 4 O IR 4 BT A5 S5 18 6 SR S L L T AN 75 E T 4
FEE T 1Y FL S0 5 S A R0 BT = DU i i 7 104 4 2R 0]

3.7.1 EEEXBREMNENX

[EX 3-131 & H,.H,.-.H, f1C Za@ a4 H . Hy oo  H, 2R 5, 0 153
CSRE WFRh Hy v Hy oo H, 53 C MEBERXEB YA (valid argument form) . it A

quHZs"'an:>(j(Ez H]sHﬁq"'an |=C9@ﬁ{iiﬁiﬁﬁzit%’i%ﬂqi%XTﬁﬂﬂﬁ‘j1EJEH,ﬁﬁ
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H,.H,,.H, F CfEIigiBmHERS /D, b H,, H, .-+, H, # } B4R (antecedent,
premise, hypothesis) ,C £ & 451 (conclusion).

H,,H,,~ H,=Cufaijff H,.H, .-, H, iEZ 5 # H (logically follows)ﬁigi'ﬁﬁfﬁ
(logically implies)C.* =" &M "5 H . H,y oo . H,—>C FRAEIEA M.

Al Hy W Hy oo H, 28 E /8 HLANH, AN~ NH, E. TR.H3.37
il 3-10 (UM PT . Hys Hes v H, 2 W EH AT C R E M EESMFR H A
Hy N+« NH,—~C Hic HAL KA

[Efi 3-12] b’t H,.H,..H, *ﬂc %ﬁfﬂﬁbit’ U‘JJ Hl’Hzﬁ“"Hn:"’C n’]fﬂg%ﬁ:
= H, NH, N+ NH,—~C 2ZiKELM H, AH, A+ AH,=C.

EE X RE, XFR Hy s He oo H,=C Rk BEERN B EAER. Fitk, " =" &K
FLZER e R 2R AT B S AR R A A T AR R

FE OAAANGHEAAXAL.SRAXEF T ASBAZHARX ., >REFHF. A~
B R X, f il BT HLEY 28 3R 35 B 4 24 0,

SERL 3-12 g5t 1 AR (E U Sk A U B Ay K ZR . o] DAFIH a2 Bl 3-12 Z5Hik I — 285K
Fa, 2 WA 1) 2] S 10 8.

MHEHNAER B A=BERASB Eifig.

[E3# 3-13] &% A fIB 2 AX. N A=B MRESFEA=B HB=>A.

iE FHA<B=(A—>B) AN(B—>A)EIf4.

7 SE B BE b, Re R B e W, A E B 313 AR H L

] AR B i A2 X 1) ) B 2 00 O B R T O .

[E 3-14]1 &% A.B M C &y @, Fikgsiglior.

(1) A=ACH M.

(2) I A=B HB=>A,N A=DB( X FRE).

(3) #H A=B HB=>C. M A=>CUE$H M.

iE (D) BAAR.

(2) HEH 3-13 Hi14.

(3) BN A=B HB=>C,ffJA—>B HB—~C K&, oL . HAEZNC &E,F
= A—>CKHE,Hitf A=C.

HR4E 2 B 3-12 n] 45 A A2 2] A K B2 06 R =38 B T 1 P 2R PR

[EE 3-151 & A,B AC &A=, Fikg5it s,

(1) #A=>CHB=C. 0N AVB=C.

(2) #H C=>A HC =B C=>A AB.

iE (D HNMA=>CHB=C.JUA>CHB>CKE.TREHAVBEAC H, NI
AV B—~CKHE.#M AV B=C.

(2) WA C=>AHC=>B,JFLLC>AHC—>BXKE.TEHCEHAEANANB &, HIt
C—>A NBKEH . i#iii C=>A N\B.

i E B 3-15 A DIAS IR DL 2 B

[EE 3-161 % A, B & amd o xl, W T w2 2 ] A K BZ8 T G 3R =,

(1) sup {A,B}=AVB.

(2) inf {A,B}=A AB.

.« 109



iE (1) BR.A>(AVB)KE.TREA=>AVB. WM B=>AVB. ifLL.AVB & A

MBALH. BZCREAMB WTELAMA=C HB=C. i 3-14 H.AVB=C.
it AV B2 A fl B f/h R 3 mA suplA.B)=AV B.

(2) (EBYEZ-D).

3.7.2 EARHEIEHRN

i

T S 6 1 B I B A O A R 0 4 ROk

[ 3-29] & A B EaEAXEW.: A—>B,A=B.

S RHEE X DTUEB (A —>B) AA) =B s 1. ik 2380 F8ACE BiVA, DU TIE
YT AT TC paq A CCp—>g) N\ p) —>q IKH.

EE 1 HEMEEE SlaEAR((p >0 Ap) >q MEE £ LK 3-19.

B, ((p—>¢) N p) —>q KE.

iEE2 HBEE B> ANp BE W p—>q K p WA, ¢ E.H I

(Cp—=>q) Np)—>qiKH.

® 319
plalp>a|p>@Np| (p> Ap)>q | p|q|p>q | (p> Ap| ((p>g) Ap)—>q
1 1 1 1 1 0 1 1 0 1
1 0 0 0 1 0 0 1 0 1

IEE 3 AR
((p>p N p)>g=W2p NV @ N p)—>gqg
=((7pANp N pPAD)>=qg=(p N qg)—>qg="(pN g Vg
=(7p VN @O Ng=""pV (7qgV g ="pV1=1
iEE 4 sk
((p—=>@) N\ p)—q B F A BGEH E G BGEA 7258
(p=p N p)>qg= PN N (PpA@ NV (pANgp VI pAg
((p—=>q@) N p)—>q (EEGHEIESAFE
M FEFEXER T LIS H (Cp—>¢) A p) —q 7K.
AR AT DA IR BH T 3 35 A 4 3R 0]
W A,B I C a0, i 3-20 Fr 7 Sy KA 3 2R 0 a7k 5 2 3 =X, BEoRE AT

F3-20 EAXFHEBRKXI

(1) ANB=A, AANB=B{L#E).

(2) A=AV B, B=>AV B(Htim).

(3) A.B=>A ANB(&HEI ).

(4) AVB, "A=BUTH=ZEiB).

(5) A>B.A=BBRSHIB).

(6) A>B, "B=—"AUEHEZ).

(7Y A>B,B>C=A—CHRE=EI).
(8) AVB,A—~C,B>C=C(Z_¥#1E).
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3.7.3 anAEENBREERS

AR F 09 #1502 FE HE PR 0 RE X —Fh 7 ik E F B2 NS it — 5 2]
OB e, J0HOE N 22 B 2 PR I R SoANOHE 25 1. SR HE TR Y R VAR T O — S
FRELIN 4R 5 HR 5 30 05 R0 D) ML T 4 HE %, JE 5 AR H . AR B R A L A [ R B e R
G. GentzenfllJ 22K S. Jaskowski 7E 1934 4FE 7 25 th O &2 88 R 5 19— 1A
AR

TE R RS N A LUT 4 a4

(D ENAGT S  EE2RE T RFHRM T ARERRENVGTSALUT

D AHEAETE pogeerarsms piagssrss e,

@ 5 MERGEE -, ALV, o

PRI A X 5 ANkl i) 2 AR 52 B In) 88U A7 i 1. o Hh B S g 5 A K 235 30) 155 0 T2 5K
IHZY 33X 5 S RES ) X A=A S I F Y.

@ AfBRFES . “ (7.7,

(2) & XHEMM RGP 20, B i — 2 i BN 45 3] 09 A B RS 8 fL g
Ui Bl A A S HE R B AN BER — s ALV L o S A I 2 da) ] S D00 | AN
b P A A 1O,

(3) WhEAH, WS RS p AN S AR A NE X AR, B K H
L. ARMER RGP RA LM, X — U 5 A PR G R A W .

(4) EERBN. £ AR RGP BT A S 5 MRS ALV > o G RIEE
A2 58 20 1R A A S HE AU (L% 3-200 W, — AN REARSFE A (L 3-2D) 402 T A
FEAE IR ZH A PR OATCE TR 3-20 R 3-21 ZAb, a8 ELAH FH A~ S JE AR 0 4 BRI 0]

@ P FM. Jr 25 /4 A L AE i B o A2 v B RS T L5 ] A

O T M. O 240 a2 A8 VUG (E B 3 72 el DB 5 H.

* 321 EFXRAEERXE

(1) ~ "A=ACGTEH)

(2) AVA=A A NA=A (RS

(3) AVB=BVA , ANB=BAA (Z#)

(1) (AVB)VC=AV(BVC), (AAB) N\C=ANBAC (F&hH)
(5) AVAANB)=A.,A A AV B)=AURIH)

(6) AV(BAC)=(AVB) N(AVCO) ,ANBVCO=AABV(AANC UHEH)
(7)) AVCA=1,AN ~A=0 (HFME: A H¥t A)

(8) AVB=A AB.A AB=AV B(De Morgan )

(9 AVO=0VA=A, ANI=1ANA=ACV , NFH Qi ns# K W —H)
(10) AVI=1VA=1, ANO=0AA=0(V . NGZEallFH Nl 0-1 )
(11) A>B=-AVB

(12) A>B=(A—>B) AN (B—>A)
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FI AR I 2R G 1Y I 35 o R B0 3 B A D i BEACHRR i B S L0 3 B AT A A
11 H 5 B e A 4 2 5L BRHORR Dy A 2R HE .

TEIEAT A SR AE LIS R A 35 PEUE B J7 16 TR BR“ M IS TR 7 . T M 0 b 107 2 10 J2 B3 1 3% 4
)3 2 (deduction) . o] LR M “ B NIERR”. fE ZHEM AR L P BT 5 — KK H
“RTHETHE A A BRI RS S A R G L RAR KX BN, Ir g sZiE T A
1) A Ty 2 B AT S AT =

Joil i — A TR R B S R

(61 3-30) (M EEUEN: p—>(gVr) . 7s—>7q.p N T s=r.

iE

(L) p N s P

(2) p T
(3) 75 T(DI
(4) p—>(g\Vr) P

(5) qVr T2) (DI
(6) s> g P

(7) 7q T3 6)1
(8) r TG DI

MUE WSR2 0] LA . B — A7 3 BB Al a5 — 384 02 g o U B B IR I 1 5 UL
Wi WS — a8 A L LR B s il T E RS L mEA LG SRS
P A2 AR Z A A R B R R .

W12 R I 0 07— 2 — 2 1 it A S04 00U W 2. 15 3 0
— M AT LU AT 2 B, B 3-30 9 B i R AN -

T E r AE 3 AP HAARX p >V O R EHR r HAEIGHF q Vr . 2558
op AR SE A —>B.A=>B RIS ¢ Vr. X — S REZ DB H AR p A ~s. EHRIA
HgVrla. Al g, AT AVB, " A=B o[ 15 r. M il 7 g2 7ERT$E 75— ¢
A g, Bl e s BIR) X — s WARE S A8 o AT p A s,

(6] 3-31] fEAMEEIEY: p A ~g>r.7r A g=>7p.

Uk

(D pN—g—>r P

(2) 7°rA g P

(3) 7r T2)1
(4) 2" (p N~ T DI
(5) 7 pVg TAE
(6) 7q T2)1
(7) 7 p TG 6]

— U A O L LB B AR AT S i PO O Y. 2R I — A B U A S
(19 B SR BT 25 O R 3R A S5 Te AT S Ak AR TS E S 3- 12 SIE WX A4 5 4 B (E A Y.
(5] 3-321 kiAW B2 B XA A R0t R/ RN X B A 2 bl
WE AFEALATS/NRE LA T/NRINECE LA T U/NMMEE AT T
¢« 112 -



g M p: MNELEATq: NMEEAT o ANNEA A s NELA T WE R
(PN @ —>r,7sV pyg/N s=r

(1) g \s P

(2) q T(DI

(3) s TC(DI

(4) 7sVp P

(5) p T3]
(6) pNg T2)(5)1
(7)) (p Ng) —>r P

(8) r T

I A 2 e ) 22 199 R P I B T s
1. RiE%

FHEM H, . H, .o+ H,>CH48518 C {EMRF ~CAFHEL — 1A E . S A —S B,
M~ . B9EW H,  H, - H,=>C, REZHE Hi NH, A=« NH,—~C 7KHE B~ (H, A
H, A= NH,)V C KE, 5 #i5HiE
(-~ (H,ANH, N - NAHO)VC)=H;ANH, A ** AH, A—C
AR S RIS 3 — skl i S A - S 4
[ 3-33) (R UEEIEH: p A “g—=>r, 7 r A g =7 p.

iE

(L (7 p P CBfF i
(2) p T(DE
(3) 7°rA g P

(4) —gq T(3)1
(5) p A g T(2)(M)1
6) p N\ qg—>r P

(7) r T(5)(6)1
(8) —r T(3)1
(9 r A r T(7) ()]
2. CP #M (FIERAF M)

X a0 R A 4 B

H,.H,,.H,=>A—>C
HEEEM Hy W H,yy  H, A=C Xt 2R CP R AIE A ik . B 2 A >C i
BIEA FUGPFEC 30— FhiE I 7 3k FR b S 4 E B B .
HEmr. Hh
(H, A H, A =+ A H,) > (A—> )
= (H, N H, N =+ N H)OV("AV O
=(=(H, NHy, NN H)V-A) V C
= (H, N H, A\ *+ N HLAAVC = (H, ANH, A =+ NH,ANA) > C
JrLL (Hy ANHy A+ NH,) = (A=>CO) K B FEEFZM 2 (H ANHy, A= NH, NA) ~C K
. 113 -



L, Bk A
H,.H, 9"'9H,,gA:?C
(6] 3-34) (i CPHIUE . p >V r).g—=> " p.s—>"r=p—> s,

ik

(1 p—>CgVr) P

(2) p ISQpip
(3) gV r T (21
(4) g—="p P

(5) gV 7 p TWDHE
(6) g T(2)(5)1
(7)) r T(3)(6)1
(8) s—=>r P

(9) =5V 7r TE
(10) s T (91
(11) p—s CP

WP A TR S R R RS 25 BRAE B AR 40 0k 220 A
HKM B XA R S AT P AR R G B HEA BRI GEA S At
(R TES R U] L 2 3L 4 R D). L 28 o Y o YO 28 & 48, 40 PC (formal system of
Proposition Calculus) fE# i bl 8 7 H & M —BvE 58 & PS5 Sl ik il A Sy E
Fghie, PC RETS A ZE SENE Y U7 A HE 3R, Jor 48 £k ) 722 48 4 2 HE 28 B8 13 E 72 BT 32 B 1 5%
R, EREAS S IE 0l A0 45 16 . X 12 4 3 500 5K 2R G0 B HR  E  E iH BAL B TAE i &
W& A L CHk[ 14, 15].

2] M 3.7

1. XTaEAX ABAEW]: A—>B, "B= A,

2. X TN ACB M CAEWY .

(1) AANB=A;

(2) AVB, "A—=>B;

(3) A>B.B—>C=A—>C;

(4) AVB,A—~C,B—~C=C.

3. IE BT 30 4 B X TR

(1) WA =R TE 4% WX R FH 5

(2) PIAS =T BRI £ AH 55 -

(3) T L iX M~ =M 2%,

4, B AB HIC st X e .

(1) A>B=(AVC) ~(BVC);

(2) A>B=(ANC) (B ANO).

5. W ALB & 2 M7 2 2R K B2 C R = .infl (A,B}=A AB.
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6. o FHRA) 3 2 0E B LA #fE B2

(1) "(AANB),BVC,"C= A,

(2) A>B.C—~>A.C=B.

7. R 3 AR I LT 4 B

(1) AAB,(A<B) >~(C=C.

(2) A>B, (" BVO A ~C,7"(~AAND)="D,

8. i B Uk % , #3113 T I 4 34 ) A

(1) "AVB.C—~ "B, A= "C(.

(2) A—>B, " (BV(C)= A,

9. fli ] CP #LI A4 385 i T ¥ 2 A9 ik .

(1) A>~(B—~C),"DVA,B=D—C,

(2) A>(B>C),(CND)—>E,7"F—>(DA"E)=>A—>(B—~>F).

10. IEBIFAIA 2K EA.

(1) (A—=B) >((A—>(B—=(C)) >(A—(C)).

(2) (A—>B) >((A—>"B) —>"A),

11, §EB R Z0 4B A BrE . 2R A 00 5 1 0, D) 82 0 A7 8 OB ol RO 2
ik s Q0 R AR 25 F B I A 2 WIAS 5 500408 25 0 5 4 Ok 2 B2 30T DO HLBSCHE 454 2 A5 2, B DAL
AT B HOECE 5

12, INRIIE S J 00, Y3k Lt — S BaT . s/ X /NRE . IR R A AL
U] Rk AR R R A TIRZRE & e DX EE. " DNRTT T EEMN
WL M “EERAE EXHEN S, R EERA R EERAREH IEE AN
Al l2E 2 " NERRBIRA TS EIEMEL A

AT

1. A EXER

HE ) B 1 AR (R ) M AR A, e B 1, A 0. ANEE
A N R D e i A 11 ) 3 E DA N (v g A 5 j),g;ns,'"ﬁ“’rﬁ;—f‘dﬁi D1 Pos Ps RN,
43 5 G

2. EHEEKER

1ok 2 oo ia W Ig 9 4, HEANE L ALV,

(1) =p=pp WEE, “p 1 HHMY p Ko

(2) pAg=pq=pqTmp HHqg. pNgh 1 5HALY p Flq RIEFH 1.

(3) pVag=ptqEmpdiq., pVaqg oY HALY p Flg [EH o,

(D) pDg Fm p Fllqg. p Fg RBERIE R 1T“”, p©Og K 0 G HALY p Flg WA
H 1 R A o,

(5) p>q Zm 4 p. W q”. p>qg H 0 HHALY p 1 HAF g Ho.

(6) prqgFm p BHA Y g pog 1 B HALE p il g BEATIF.

(7)) prag=:"(pAg.



(8) pyvg=:"(pVq.

(9) /)_ﬂ"(]:: T (p>q).

3. AEARREEESR

1 3 B R A k5t R B A B R O A 1 A B T R 4 58
T, AR EERE. O FEE o ALV Do ALy [ SR S5 M 1 BT

¢ — A B T S AR PR 3 T N e A R, TN A M Sy TR
fb, BRI —F I, AR LRI 45—, 4k TS A 0 T A R T A
I F/ING B S0 B s AR FE s 05 A A AR 5 4 SO T D O 4 B R
%K.

o 3B B 0 A B SRR IS B 22 . SR RE MRS 2 RS 1L I B
i, YRICHEBBZEREELEEN. & 0 AT TTIAIEA L0 BSR4 2.

RIS

b=

7K H

ﬂiﬁ/@ﬁ{*ﬁﬁ

ﬁﬂﬁﬁ{
VI SEEN

4, BEFENGIELR

WIS A E e R TN ZE W — MR, HEM P amE AL A fMB,
A=B R EAL A AR IR T A 1 B (1912 485 BUE #RAH 1A,

EAFHEA RS EGZRERE P ARLE S, Feal 20k .

(1) ADB= " (A<DB).

(2) A>B=AVB.

(3) A>B=(A—~>B) A (B~>A).

HFAEEC R FMOC R, 0T LU 5y 2k 17 S8 (8 0 5, 4% ol o 55 (8 3 i vl
LA S A T 4 R

PR A R HE R, T AEXHE . % A B BRAaEAR .S A=B. A" =B,

5. A ARAER

H TS ECREFMOCR. WEBIEHFEM I HAKIT. oyl 200 1 202 1
AR R R MEIE X (ERRE D, EREXLEHHAEMEAX MR, 7
A=A VA,V VA =D Hd A (1<<i<n) & i Ay J8UAF oo ol H 5 2 4l ) & Bt )
RAVAV VA, AmEARXA MITBEER; A=A ANA, A ANA, (n=>1), Hp
A Clstison) & i o sl H 5 0 20 L AT G, RR Ay A Ay A A A, Ry i il 2 X
A & BGE

HRAE A 23 3 v B A o 878 0 18 0 AU 7 Bl am A 3 . A FE Tl
A IR a AR oG 7 A A A SN BT AR S B RO A B ENTEGELL A FE
T A H A S TT 7 AR R A T A e KI5 B AR 5 AR A 1 A B
FURERA A S EEEEMEE R E R e AN mEA, tHEMEAANE
.
6. BERESHNRET &Y
HEEMEARHIE. 1 TEHEEM 2 TEREZEMNNEIL A (- ALV 2R
. 116 -



SEE M (v ) (A A VR L R EESE A Y.
7. tnRIZ R HETE
W H,,Hy,-.H, flC Zard A% H .Hy oo s H, 28 H 0[5 C 288 5, W FR
h Hy.Hy .o H, 310 C B9#ERIE A& A 400.idh Hy . Hy o+ H,~>C. H,.H,,,H,>>
CHRESFMFEH, NH, N+ NH,—~C kB, B HHANH, A ANH,=C.
IO B H B SRR O AR 2 A 2
AV B, "A=BWiR=Eit).
A —> B, A=>BUBF HEHD.
A —> B, B> AR,
A—>B.,B—>(C=>A > CUET =Et).
AV B.A— C,B— C>C(_XEH#EHD.
TESEATHERLS . R T L 2WE . 2 - MIEE Tk — BAIEM 5 Z [ #17.
Wy B O — eI R RE AR AR, A, A AR R (A4 A R B R E P O L . (D) RGIE
ey (2)CP M CERAFIE B AR D .
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F48 BRI 2BHE

JE iy 1 2 oy 0 AUE 5 11 SR A S TR AT O i A 1) PN AR S A B HL R G R AT
e, 7852 bR B 4E b AU o B0 B T HORE AR 1Y ] 40 55 24 1 95 4% BLEE (Socrates) — BEig.

KHTHE : A N BB S .

N (E7 PPN S A PN

4598 . B LL L ks P A AR Y.

3 A HE B ) AT RCPEAE oy 8 AR v JC R ] PR A b T ) A i R AR S I A, AT L3 i T
DPaqsr R IR pag=r TE 782§ 2 JCRICHE PE.

ZJr DA H B R 4 B AS B R DA Y L A0 TG 7 Tk B A R ) Tn) B, 2 R R TR R
IR PR TE 25 4 R I8 3 5C R U7 i . X GE 2 1E 6] 2 e AR AT ) N A X e g v
KA (B Ga SR AR,

A ATV Y U 1) 32 B PR O — B 2 4

A 1 1632 8 1 N7 e R ) BCHE T T B, B A [ Y By LA A — i 1 B B RE AL [
INF s 352 T 5 o A AT e ) 20 B RE U )2 S R 3 R 0 07 SR Dok AT LUK B S R
P (PROgramming in LOGic, PROLOG) 8% LISP i& 5 , 3 I E AL LSz 3, an#l 2%
NBLR )R, O 2 JF & i — SRR S T R R 550

4.1 AK U R

4.1.1 &

N 4 i ) A T i R

(1) 5 R

(2) 3 KF 2;

(3) ik =&k

(4) Fr M AN#EE .

PR 5.3 AT 205K = DL R NS i R A 0l 25 R R B BR R AR ) 2 R4
PR A (Gindividual) B2 AR 7ER 4. AR el LU BRI 5.3 2 sk =, dL el LA
pokit LI (| N

FoRFRE I BARRNMATR N AN EE B (constant) S asbocyeeraa; obyser s EFon, 0
fEOH AT a: 3,6: 2, WAL E 3 &R ROF 1Y R AT 5 Rom , ane3” 27 ik
U ORI E SRR M ANMEZE IT (variable) S xaya et s x sy ezt /IR,

FETF I ARl S8 2 RIS L R O8 A8 (domain of individuals) 518
18 Cuniverse) s 1 D Fox, — Mg D AEZS . AR A 138 CO R C2) i, n] LUFE 58 SR80 1
BOBUEG A DU ERE G e nT DU SR 5 5 ERI NS () FT(4) ] LLAS A R 55
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NETA NALR ) 5 A R DU A shi 4l 5 & 25 182 MRS D Ja . i B i AR 22
JUAE T 245 9 AR B rh T EHOT R,

AT DUOEA RES TS TTRES. AT R LA X R prd s e
Y A TR TR B S AN R RS PO & B A AR R L B R R R AR, 2
it DAL 25 0 S3AE  A PAR J 2 PR D AR AR 22 [ i 8 I AT 35 A i A MR L 3k i sl 7 42 B IR
WO IRIE B R BRI A AC

4.1.2 18

(1) e BER (D e S22 A7 (D e REIER R R R — R A
JT s (2) P eee RO oo 70 AR A AR 2Z 18] 119 O 3R FRATTHE 2 A AP o A B A 1R 22 ] G &R
Y 1] B k18 38 (predicate).

TR — AR BT TE TR R A 1 JTIE I KR o AR Z1E] 26 R W IE TR FR A e T 1),
— ARG FE. N P.Q.R .- F&RnIE W A TAER W » JTiF i, b T #2986 K H oo % F
i 2 m ok AR KR n JE R E—FE G P (2 s e s ) Frn. B P(2) s o R ERL,
S(x): x B¥%H.D(x): x ZEWHN.G(x,y): 2>y, R(x,y,2): xilixl v flz 55,

T UL A2 X F e JGiE IR T =047 n=0.n JUIH A R R am 8UE & 1.0 i
A8 TT. X AR AL E 1Y H Y AL Ay A2 48 B E 1 19 2 48 1Y R ).

X 0 JGIHE P (xysxz 000 52,) (021 YRR TG &y s ap 500 s, BUE RSP OCE S
PAE— AL W G y): x>y, Bk T @ 1Y pR 2, RO 5 #8 eR 31 (propositional
function). 8K , i 5 bR LA J2 iy .

AT PR B PCaysag st s VAT LR IR N P 22000 1,

TR AEMNAREANARRA X Bl M THHM T AARLZRG”, ZAEMAANLN
WA ER D PH B RE—AWEEA D) x RERG; ZELARTHE. FEHANRA
P(x): a2 —AAD(2) : 2 AZE P PR S HFHEIFIR . A AT H A7
AP Bt k.

4.1.3 £id

1. ERNHTE

X BB P (o) o S M AR D M B RS N M T o i —
B A A B 6 P o) B A B 73— o S B A B T . 3 00 0 3%
AWF . SRR MAAEREL WD P EE s A P BIEEARBERE.D P 7
o A7 P (o) B S SR BOE B BT e T

R s B B R AR 1Y 1R B O =8 (quantifier) % H I E 1A A . €8 =18 V (universal
quantifier) fIFFFER| 1A I (existential quantifier). £ FRF#E V A Y FAEEZ7. 287 0r
A7 AT D17 AR RR DAY T e SRR ST AR B — A
FOARBAW KA AEME— B T ).

AL R AL AOSAS R BEAT A X T R #EAT B TR O — B il 162 4.

2. ElRMEM

TS R A B A TR AR AT B SRR Y S - RN E T I Y, Yy e
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dos Jyse JHUENTEREAKSTY 5 Ve, 35 Ja, Vo 8 Je BE— NI, &6 )5 i i R 1
MMERZTTHR MBS T, Flan,

VaP(x): fEEICE « HEFER P,

JaP () AFEILE « HAEMEE P

VaVyG(z.y): M TAEEITER « My HEAXRG;

Vo dyGla.y): MFAEEILER 2. ALK v.x Ay ARFEG;

Ao VyGla,y): FFHETLE o W TAEEITE yv.a fly ARRG;

2 AVG(xay) : FFIETLR « fly HRAG.

R i ek B A AR R SO AR HEAT 1B A A B — P A, A U] AS S L
VaG(z . D FRARM TR TR o MTR y. 2 My AXRG.H TR v il IEBEEIREN
M VaG () — 5 y A K ek 5L

3. BRSAEE

iR A AR AR ST AT R, BT 4G R D 3 OCHE B[R] A Ay &R Y A R, n
Ve 3yG (o) il Glaay) s 2=y JWEHREES N, Ve IvG (o ) R H /A
SREL BB 8, MR BE S 2D, Yo 3yG(ay y) Foom 1A Fe /NI R B, 2 LA A

o] I AR D=N,P(2): x BRI .G(x.y): 2>y, LB E/PRTF 2P,
il e 22 o A 4 .

Hif I 2 22 6 B L Atk D O BROA A AR B X T 45 SRR DL X R AR GA U
NEERE

(1) YaP()ERAEE DPILR « EAMER P. VaP(o) 2, D TEEITE « 48
HAMRT P A& i, 75 0] e fi i il

(2) P(x)Em DHLER « BAMWR P. P(x) 2 ar i k4L

(3) JxP()WiE 2L/ D h— D 2 AR P, 2T 20— AR A 4 .
JaP() 2. & D RO DR EAYER PO Byl 75 02 .

(D P@OERD TR R BAERP. PLOBETE « BAER P, P(o) 2,
HEMMEHITE o E. B, P(o B F2P () B H JxP () EARERH Pla) A.

4, BEWRMEES . ARELEBHETR

G P o EANSD () o EEFEW, WA i NS R R T LR R N
Vo (P () —>D(2)) X B Vo AP B S HE R P (o) —>D ) s H AP R B o & 29
5 TE.

A% Q) o A B R (o) o TR W A L SR A BT AT LR RN
Jr(R(2) NQCx)), iX I Jx MER el B EELE A R (o) A Q) , it B I LI « & 20 )
5 TE.

] Vo 5% o 09E B80S BE {0 B AR b Ve 5% o (9 4E B3 8042 38 (scope) , FE B P4 11
MAEAETE « BV R E TT (bound variable). 77 & i J5 A 155, W45 5 HL i 19 #6732 T HE B
B AE Vo (P () —>D ()W P(a)—>D(a)J& Vo WREEEL IR ML) = AR 0 5% A
F& 5, D0 5 5 1a] A 2B 58 4r S REE. 40 JaP (o) Joe MEEEE P () o PO T + 22 AR
L FFANE R A Vo yG ) Ay BFEEUE G (2. ) T Vo B9 ERIRIE FyG (o ).

AN Z AT R 4 ) 1A R o B | ZE T (free variable). fU0 VaG(a, y) R v EASZ
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Vo MR X G(r.y) Y y & H i AEJT.

HH O 3o (R(a) AQ(a)) 5 JaR () A Q) AR Z 4b.

5. ART L5 BEHET TR KA (rename)

XPTE AL 2 AN S e NS AT BT LA Vy (P(y)—>D(y)) 58 V2 (P (2)—>
D)), X ] L 2 FAE G 4. TRl T AR H AR SO 4 - W VaG (oo ) P G y) 1L
IR v AT LAY 2 vwur S5 SR AN BEROR o, 0 H S ST T Z R A T, W 3R
() NQUOHE Qo) W B MY « ] LAY, v . = 5.

5 5 U 5 A 2 S LAY J Fode — f_ﬂy)dy.

ZITLAE A, — e R 1l R — R R e AR A IR SO A Y s e T S
(TRA =R AT A= WO b=

FE AR TAKRLNE, DFETHAERPELYRTARMEGIES T LA RA
B AGHATH(HRIAWMANREL . EUARELRET; OQF A B T T 4IHRARF
— A5 B HATAANR T A RE AR L L.

4.1.4 KA

DS (o1 My et 1 R A SN U R - SIS i | M= N V7 O ) A T R N = R Pk R I
PR 8538 (function).

WA D A N EA . () 2 EN FED FECRID F D) 1 LR
.2 D =R, f(z.y)=2"+ W f 2D ECEND* 3] D) 2 7T eR 4L

|

L X Tamdi 3 Z 25 92 3 AR KL

2. Y WITEEBUE S 7 FISZBUE S R L 158 o R T A B B0 A B0 P Y i ).

3. & T A BT i R A R R B A L IR B pR R O TS 4 0 R Ok

(1) /PMBET AL

(2) 5 =R ZEZE,

(3) —3 =AHE.

(4) K5 F a5 LBk,

(5) FfFA A HEUE SR

(6) LS HUEH AL

(7) dE B2 I 2008 4FE Wiz 2,

(8) A~ N HZL 8B o B 1.

4, HEG.y): o % vy Hb o e M REChBE E 2R FE AR E S,y IrfE K
3o Ay A FF B T B R AR A R Y B A A o ) R

(1) YedyE(x,y); (2) YaVyE(x,y);
(3) dxrdyE(x.y); (4) dxVyE(x.y);
(5) VYydxE(x,v); (6) YyVaE(x,vy);
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(7) dydxE(x.y); (8) dyVxE(x.y).

5. 41 4R T o 45 X & ) B A AR R ST R 9 R L
(1) Yx(P(x)V IyR(y))—>Q(x).

(2) Vrdy(P(x.y) NQ(y.2)) ANdxP(x.y).

(3) Va(P(2) ANFxQ(a)) V (Ve P(2)—>Q(2)).

(4) Ve Vy(R(x,y) VL(z,y)) ANdxS(x,y).

6. X FJxP(x) A TxrQ()H T2 Q) AR G + 4.

7. X Yr(P(r. ) ANIvQa .y P H AT y 4.

4.2 2 i A S e

4.2.1 BiAAIR

BIRAA R (predicate formula) &R 2 [a] w22 X —FE 2k H ) J& 338 15 52 ).l o 6] -+
g5 iR A Y i X

L MEESEAE n.n TERP Mn MEENEK Lo, PG 0t BB TA

~n3

n MMEBA 1 oty 000t 3G ¢, (T<Ti<Tp) W] LB ASRCR & AR 8 7T, e mT DL T pR
1) e 7R I AN R B R AR JT L X B ¢, (1 <Si<on) FROM T (term)

A n=0, Pty sty s ot,) FRPDEE & 1.0 8L oe.

il p: 3> 2:0(0): 2 BHEEMN:G(xoy): 2=y 1 () vy): x LER viE(.y):
a=y F X p.O)Gxay)  ICF(2) s y) s ECas y) A JE 18 10 24 .

2. ZEARBAAR. M A RBAANX

Ha: /DX W) : 2 BTN ONREAZETA"RART W (a), "W ()2l 2A K.

H P(a): o ZZEL 0 - P &g w4,

3. HAMB RIBRAARX.MWA«BRIBAAX . Hd » 22 TBHKLE R

PIQGa): a BEAME R x JELE N R(x) ANQ(a) ,Q(ax) >R () F JE 1 16 A 2.

PL B : o WA .G s o & N B(a) DG il A,

4. HABBALAKX. .M VA, IxA BIBRAAR

. Q) : & A MELR(2) : 2 ZFH M F2(R() AQ(x)) s Y (Qa) >R ()%
e i) 2y 2

G,y 2=y, W AyGay) N Vo AyGCar, y) S5 218 1 2 5.

5. ARXERALEMN 1. ~ 4. BENHFSEE2NENERLR

WA, 7 Vao(R(2)—>Q(2)) . Va Vy(P(x.y) ANQCy.2)) N FaP(y.o) & 1H 3.

PR AT AR S S B — AR R E R B E IR S UE AT S B s R A R 1R A L
FAECH HPRLE 1 i BRI A2 DG 1 1) 28 2, iy DA A A 3OS 0 1) 8 2

A E A AR T A RN A (closed) 22X 75 I FR 4 FF Copen) 23 3.

4.2.2 wmaElHFsSL

55 iy il 2 R A R A AR A R AT TR TR R R R R - B T A S B
e 122



SR ZRE T8 ).

75V 1) 32 48 ol ey AT AR B IR T A A R T A AR R asbses s ans
by sciseee 7 s FLUR W0 RE 7E 20 28 A PR3k b D7 3% 58 09 07 8 18 0], 5 1) 3 2 4 14 08 1) 19 1R T
P H R B0 5 1) s P U A R 1) 5 die S 08 0 4R L I A ) 8 B 45 LA 5 4.

115 1) i ol A AT S AL R AR B AN A 2 — X FE 2 b T i R T AR AR L
B T B A B SR rh R B OCE B,

LA ) 5

(6] 4-11 TEig 28D T2 ard a5 5 1.

(1) /NPhE A BRI B 27 5N T RE DR AR

(2) K5 F G & W E .

B (D Ma: MhF(o): o BRBEMECEE A« 18N TR EE, W R 4 B85 5 1k
H Fla) VA,

(2) b K55.000): o ZAEEZMN,S() o BEE 0, W R REAT 5162 O ASWh).

(6] 4-21 Aeif a2 8 ok T 5 dr i 155 1.

(1) TG A BB S

(2) AU 40EH B

A R : 223 8L.Q): x4 HAL N

(1) Yo(Q(x)>R(x)).

(2) da(R(x) ANQ(x)).

FE OEGMA SRR — TR E X, (D REFFIA V2 (Q(x) A
R(x)):(2) REEHA T A I (R(2) Q). REF A X V2o (Q(a) ANR(2)) Fo
2 (R()>QaN) AT ENL AL FREAHNKRFAWURLT.

(6] 4-3) AEiH 28 T Ok T 9 arE 15 5 1.

(1) BAANEAHC L.

(2) AR AR

i (D AP x BN HG): oA AW EL W FE 68510 h

V2(P(x) > H(x))
(2) I N(x): 2 ZHREZ(20) o 285 W R Ay LA 51k N
dx(Z(x) AN " N(x))

(6] 4-4Y AEiF 28 b OB T 5 i a5 51k,

(1) BA—1 BREORT5% TEE HREL

(2) FRIEME— 15 2R %K.

B () AN : 2 ZARE.G(xoy): =y, W RAFBLT 51N

T d (N A Vy(NGy) = G(x.y))
(2) HHE() : x 2 %P2 » BRREEI(x.y): o=y MG ap BAF5 100
dx(E(x) A P(2) A Yy(E(y) A P(y) > I(x,y)))
(6 4-5) (eI 2 8 b ¥y 2l WS SR A B — & 177 5 1k
B MHP): a8, L(o): 2 B E(x,y): x=vy.R(x,y,2): z @i o Fly, W] Ay
. 123 »



LIE SRS S|
VaVy(P(x) AN P(y) AN "E(x,y) = d2(L(z) N R(x,y,2)
A Vw(L(w) A R(z,y,w) > E(z,w))))

(5 4-61 feif i 25 b i T3 e AT 5 1.

OPREE T FNIES @

(2) FFAERTA 1Y 28 BOER A 2 (AL

(D AEERT 4 BB EW DGR MM E AN AHEDHFE. 1+1 = 2).

i H P 22U EW@.: » ZBEE.O): x AN .Gx.y): 2>y, Fla): x>
by f(xyy)=xty. I(x,y): 2=y, 0,

(1) 7 Ja(P(x) ANVYy(P(y) A 7 I (xay)>G(aay))).

(2) 7 Va(P(x)—> " E(x)).

(3) Va(F(x) NE(x)—>dydz(0(y) ANO(zx) AP(y) NP(2) AN(x, f(y.2)))).

(6] 4-71 1eif 258 b o T 8 e @ AT 5 1L

() RAESSGHEAAFRA.

(2) AT AT 9l 1) L5 &R 52 2 B 471 25

(D M) o BB .S(2) o G RGBSk h

V2 (S(x) = M(x))
() MH) : x5, T o 2R W () 2 323 B4 W R ar 8T -5 16k
VYa(HC) N T(x) > W(x))

AR MO SHLRA R, Bl e Es 4-T(DF B TR EZ R “FHF

#—FFTA RYBRERATAGETE, BREHTREA AR RELATAT,

2] 4.2

1. e i) 2 8 b 77540 T 51 i i
(1) /NZEA R 2,
(2) NNEBSALHE iR,
(3) AR R R E F i 4
(4) FLREFRAZE N AWM.
(5) AL 8B AF 78 A= #0E BHIF A
(6) AT 5 5 KA J& M B0 2 A7 8.
(7) B —A A AR A A7 2 0T
(8) A MR Ap AN E RG] A b ).
(9) Wk NBA K01 4 4 e 0 K=
(10) AN TR A8 L DT 2 B 4728
2. fEiH a2 B RS0 4 L
(1) B4 AN#f 2L 2 HaZ#m.
(2) 474 A GZTH 4 A
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(3) AL NEHFELE.

3. TEVHaE 5 A5 510 T 4 4 .

(1) FSRECHS 2 5L

(2) BEEHR A AL

(3) A1 BV HA TR H AR EL

(4) A A HECR 285

(5) H SRBERE A HEOE B AR BEAS I A AR B 2 B A AL
4o BB A ARBECH B A AL B A 7RI 1R B P AT S AR T 8 i R
(1) BT A AT I AN ABAS 500 A8 7

(2) B4 NS B R0 H AT G2 a0 5 A 7.

(3) FFAEREAS AR AW A AT 2.

(1) HEANARERETT.

5. TEVHIE B h A5 5 10 T 5 iy L

(D Jir 54484 f4.

(2) fi4esh 4.

(3) HEGYA .

6. FEIHE AL T 8,

(D) &%,

(2) ALK

(3) AL,

7. ABCE RS BT A N G AR 162 3 A S AR T 51 A
(1) A2 A ol Ay i) 2 HE I Y.

(2) A B NER A i fER.

(3) FFAEREA2F AR A ITAE A,

(4) 45 2z S BRI 1)

8. TEIHE AL T8,

(1) R A AR AR,

(2) HHARERN NEE KA.

(3) EANAAHAMAE THE ERHEAS,

(1) HENANB A NIRKA.

9. fEiH a2 5 AF S 1k 3 A L

(1) F b & fa s p.

(2) A %RT A 5 g,

(3) FEAEITA T 0 b 5 fa A5 e

(4) WA AT RFE P 2.

RO i 7= R e e o oA B o (0 I (BN B S S i = o



4.3 2 S R B R

4.3.1 BiRAAXHOMERE

VA 1) 20 Y BUE (1 B8 0 B 37 3oF L a0 A 174 il B sl A, B 28 (L %A R A 5 UK
L B S W S L . E S R A AN ) Y S 9 ] o X R A T R 22 A B D R R
(interpretation) I f F 1 5 # 4Lk, 45 GiE R AR Vo (P() A FyQ(f(xvy)va)) Nr AT
Wi H.

(D) 552 A8 D.

A D ATRLUEARES AT LU ERES. AT R D={1.2}.

(2) X9 e 24 2o i A 22 Do AR TR H LA

FEIB AR V(P A FyQF(xsy)ea)) NrHyr BT AE T, A B r=1.

(3) XTI A 2 R R A R T B AR E AR D T R,

WA A R RO a0 BERRE D AL S B F R o D nE 200
TAXFWNAMRZETS 2. B VITE D AL HX B 3547 B A 5 B AL 45 %€ D

C4) XF Tl i 2 b A e ) SR DB A eR L

TEIER A Ve (P AIvQ(f(asy)sa)) Nrih, £ 32—~ 2 Jeekial. ol LUK £ it BN
WFWD EW 2 oek%l.

[, =2, f1.2)=1, [f2,1)=1, f2,2)=2,

m.ﬁflziffﬂif(lg’l) ’f(11,2) ’f(21,1) sf(ZZ’Z)ﬁéiﬁ’%it.

(5) X FiE R A X d AR R B A D i AL

FEEA AR Ve (P(2) A 3yQ(f(xay)ea)) Ar i P2 1 JCiEW.Q 2 2 JuiF Al X iF
Al AT T A PR T X

O HWIBIEE XA PERAIP () : 2 BER B QMBENQ(x.y): 2>>y.

@ @ﬁ%ﬁﬁ@%&mﬁxgpg)f?) ;Q(loql) !Q(IO,ZJ ’Q(Z‘l,l) ’Q(ZO,Z)_

3 AR ) 1 AR R T XD L @ AR Y.

WA A AT AR 1 R AR IS — D . AR Z AT FF 2 —F . 4.1 W AE
HEDNERE D E X T VP (o) M 2P (o) B, SEr B D NARES: D= 1{d,.
dysoorod, ) IHICEFHM M EEERRNEEREEEN.

VaxP(x) = P(dy) N P(dy) N+ A P(d,)
Jd 2P (x) = P(d,) V P(dy) V=V P(d,,)

ST A
V(PN I yQ(f(xay)ea)) Nr= Va(P(2OAN JvQ(f(x.yv).2)) N1
=Y (P(2)ONIyQ(f(x,y),2)) = Vaed yQ(f(x,v),2)
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=V 2(Q(f(x. 1.2 VQ(f(£,2),2))
=(QUf(1,1D.2)VQUf(1,2),2)) N(QUf(2,1).2)VQ(f(2,2),2))
=(Q(2.2) VQ(1.2)) A (Q(1.,2) VQ(2,2))
=(OVOAVO =0
A — 7.
[ 4-8Y =K T2 W1~ 18 im) 2 2.
(1) Vae(A(x) V B(x));
(2) YxA(x)V VaB(a).
EREMRE T D=2, A : v BB B(o): o EFHCT A,
B () AT TF.Voe(A() V B(x)) Fm“ AT 3 5 52 (8 5l 57 50 2 E. 4 .
(2) TEMTERfRRE T T s Ve A(o) TR “ AT BB BUS M B R am B, VaB(2) R “ AT B3
KO0 BB, T2 VoA ) V Ve B 1E T i B 1 F B,

4.3.2 BiRAXAEE

[FEX 4-11 FEALI iR BT H0 JaiB i 2 Ao A B RSB A (valid).

T U A )22 A b R T B — A 2 U AR L.

(51 4-91 AEWIE A X VoA ~A ) KE,

E ATEAE MR D ERE I BT VaA ) FE LR FHCL, WX FAT & d€ D,
AW, FRAWHNI.

(5] 4-10] UEHIE A Ve A () V VaB(a) > Yo (A() V B(x)) K H.

i AR E DA D Em iR 1. B E VoA (o) V V2B (o) 75 % B IR 1,
VoA VBB 1, X Ve (A VBGE)OYE L, A VAV VaB(a) > Vo (A(x)
V B(x)) 7k K.

(5 4-111 EWEHEAL e VyA (e y) > Vy J2A (. y) K E,

iE AEESENEE D FAMRE [ RE o VyA (oo ) TEIZAFER FH 1. WAATE d, €
D XFAEE dED A Aldy ,d) Rl 1, LA Vy 2 A, )N 1.

Xb T i U2 R P AR K B i Gp>g) A prq I HE R AL ALB X2
WA AR IC p g TSR IE 1R AR . (A—>B) AA—B B HE X—H 2 BN,

[EEX 4-21 Z /DA — P B H 8 1 1998 18 A XK 8 7T il B R (satisfactable
formula) , 75 AR R A 7] 35 2 20 80F 15 kR (contradiction) . BEAFAE B 1 B B X AT
FEHCO 9 i R 1Y 3 1] 28 Rk O B =X 248 #2 3K (contingency).

1936 4 a7 (Church) #1E 2R (Turing) 43 80 7 W 1 . rh PR 6] 2 XA A BR AP
WA S 5 i B Calg i AR T8 1a) 24 38 TT 7 A PR 26 9 e

2] B 4.3

L WAERIE D= {a.b.ciiH 2T 501 a2 2 i) A ).
(1) VaP(a) N d2Q(x).
(2) Va(P(x)—=dyQ(y)).
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(3) VxdyR(x.vy).
(4) dyVxR(x,v).
2. X3 LA B A A R
MMAEEL D=1{1.2].

Ak, 4 b

NS P

(D f(2)

@]«ﬂf: 2 * 1 .

- P(1.,1) P(1,2) P(2,1) P(2.2)
Lﬁlﬂ ID: 1 . 1 . 0 ) O .

o3 AR R B IE ) 2 2U7E A R R R Y B

(1) P(f(a).a) NPCF(b) D).

(2) Ay VaP(y,2).

(3) Y dy(P(f(x), f(y))>P(x,y)).

3. SREFIBANE AR, FEREMB 1. D=2.A): x ZHEEL B « T
EN

(1) dx(A(x) ANB(a)).

(2) dxA(x) A daB(a).

40 BRI D=2, XTI R N 2 BIEEE.P(2): 2 2EBE(x.y):
x=y,L(x.y): o<y .D(x.y): |y, B R RS XA BT o B .

(1) Va(P(x)—>3dy(P(x) NL(x,y) ND(x,y))).

(2) Ya(P(x) > Vy(P(y) ANL(y,x)—> " D(y.,2))).

(3) Va(N(x)>dyd=(P(y) AP(z) AN "E(y,2) AND(y,2) AND(z,2))).

(4) da(P(x) AN VYy(P(WATE(x.y)>L(y.x)).

ST 1| E s e O N RS RGNS W VR S %

(1) Yo dy(P(f(x,y).a)>P(x.y)).

(2) dxQ(g(x)) N VyP(x,y).

6. 43 &Ll R 0 1 2 2CH O 1Y £ RE

(1) VxA(x.2)—~>dyVrA(x.y).

(2) (daP(x)—>dyQ(y)) A dyQ(y)—> dxP(x).

7. WEBB IR A X Ao (A(2) VB(2) > JzA) V FxB(a) 7k K.

8. WEM] R e A AUk A

(1) VxA(x)—> dxA(2).

(2) YaVyA(x.y)—> Vo dyAlx.y).

(3) Yo dyA(a,y)—> doedyA(a,y).

9. WM EE, D= {a.b} FEMH Ve (A(x)>B(x))<>( dxA(x) > YxB(x)) R 0 1§ FE.

10, Z5 LU R IR A O 1 Hy 0 1k,

(1) dxA(x) > VzA(2).

(2) Va7 A(x,2) NVrIdyA(x,y) NV VyVz(A(x,yv) NA(y,2)—>A(x,2)).
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1. 25 LU R IR A0 1T 0 9 R,
(1) dxA()—~>AW).

(2) YaVy(A(x,y)—>A(y.2)).

12, Z LR IEI A0 1R 0 By,
(1) Va(A(a)—= dy(B(y) ANC(x.y))).

(2) YaVy(A(x,y)—>="7A(y,2)).

4.4 ZHEFEFIME AKX

4.4.1 BRIAREENENX

WA md@ N FEEE 2K A

[EX 4-3] &% A.BEEAAR. A A M B AT BT A BCEER AR, W R A FI
B /LB EEN . idh A=B.

B A=B B AZEFMEEHANXA-B KE,

R A 2 A ) FEUAE D) 15 B — B a2 b ) XL 0 X T AR T p,
g p>q= " pVq.HRI p> (7 pV@KE TN FIEW AL A MB.A(A>B)<~
(7AVB).i#tiiA A>B="AVB. BiXx# 70, v LIS ER 215 ZEPHEHL. S0
3.4 TEH 3-5 AERE 3-6 5 3.7 1 3-24.

4.4.2 EXZEER

T 10 A5 A G ) S R 1 19 5 b AR SR L

1. BiAFEHR

(1) " VxA(x)=dxr " Ala).

(2) 7 dxA(x)=VYxr 7 A(a).

POEM A Vo 5 do A B F #0955 E .

(6 4-12Y 26150 _ER S (D L (2 G

B 4 DREVWITARFANMNES A o 4 KA B, W3 B0 ] 24 4 K H
k EIRVEM T A RS RKBA K B OIFAEA R4 Rk EiIREN T BALFE =4 K
BCA K LR,

2, BEREENKUSEEY K

B B ANE A AR 2 A

(1) Ya(A(x) ANB)=VYxA(x) N B.

(2) Yae(A() V B)=VYxA(x) V B.

(3) dx(A(x) AB)= JdxA(x) AB.

(4) dx(A(x)VB)= dxA(x) VB.

HAEERHME A EHBZEIT o BHPAETHHBZEIC 2 H A M B &R 68 &
FoAtl A A2 T,

BRI, 7550 Yo BEBLN A Go) A B 4738 Yo AR A Co) o I 72 21 B4 30 11 1
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REIOCAE T i AT 30 B0 A2 3 B R I R R T

A DL S M X FE AR BN B R E A AR TT o TR Ve B Ja X B #AEAER.

(DFIEM : X FARE A A D Fry iR I, € Ve (ACx) A B) 53T 55
dED. A NBE.,.TEAWHMBE NE. YA F BEE.. NI YA AB A.
St e s IR AT

A BY T A ] 1 B B R 4 A SEESL Bl D R PE BT A R E S A s o
K EBRT LB NI,

[0 4-131 UEH] oI 5 a0k 5 a4 G 4 A E Hh B AE Al ZETT «.

(1) Va(A(x)—>B)=dxA(x)—>B.

(2) Ya(B—>A(x))=B—>VYxA(x).

(3) dx(A(x)—>B)= YxA(x)—>B.

(4) dx(B—>A(x))=B—> dzA(x).

E HIED AN a4,

Va(A(x) > B)=Va(7A) VB =Yx"A(x) V B
= "7d2A(x)VB=3dxA(x) > B
Va(B>A)=Y2("BVAW() = "BV V2rA) =B—> VYVxA(x)

3. BRASEE

(1) Va(A(x) NB(x)) = VxA()AVaB(a).

(2) dx(A(x) VB(a))=dzA(x)V dxB(a).

HRTE, YA AR Ve (A V B(e)F# YA V YaeB(2) . Bl N4 D=Z.
ACe): o JEHEL B - o SRR W Ve (A () V BGao)) 78 B il B R BCEL, 1 Ve A (o) V
VB (o) 15 b fi B B,

FlRE, 3%V AR H 32 (ACx) AB(2)# J2A() A JxBo)  HlF [ L.

(D AEM : AR B E MR D ERREE 145 Va(A() ABGOTERRE T I TR d€
D.A(d) N BB ZETT ACD F BG) #820 H T2 VoA () & VaB () 9 E L T LL VA (o) A
VB BUE, FdHe 45 VoA A YaBCGoOZEf@RE T N RIREA Ya(AG) ABG)) A E.

(2) RS

FHEREFXCAEDO M2 R HIE . S D={2BF¥) A :x 2IEK.B(2):
x =B,

4. WE=T

(1) YaVyA(x.y)=VyVxA(x.y).

(2) dxdyA(x,y)=dydzA(x.y).

B (DR SRS, .l D FfaRm—SeHAUAMMNES A ERR o 5 F
v X (DA 7247 P & SORAAFR . F5 AR IR T, Vo JyA(x, ) F= Jy VaA(a, y).

[ 4-14) (FEH V2 Vy(A(x)—>B(y))= dxA(x)>VYyB(y).

iE Ve Vy(A(x)—>B(y)) =V Vy( 7 A(x) V B(y))

=Vx(Vy( 7A@ VB()) =V (2 A(x) V YyB(y))
=VYxr7A(x)V VyB(y)= " dxA(x) V YVyB(y)
= daeA(x) > VyB(y).
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B T U ) R L % B 3 4 e 07 R R
2] 3 4.4

1. WEH] T2 S5 {E =

(1) 7 VxA(x)=dx 7 A(a).

(2) 7 daA(x)=VYr " A(a).

2. WEHI ALK B TR ER AR 2.

(1) Va(A(x)VB)=VxA(x) VB,

(2) dx(A(x) AB)= 3xA(x) AB.

(3) dx(A(x)VB)= dxA(x) VB.

3. W BHATAMZEIT e B T3 E

(1) dx(A(x)—>B)= VYxA(x)—>B.

(2) dx(B—~A(x))=B—> dzA(x).

4, IEM L J2 (A V B(2) = JxA) V JaB(a).
5. MM A Jo (A >B(a)) = YaA(x)—> JxB(a).
6. UEH T 2] S5 {H =X,

(1) VaVy(A(x) VB(y))=VxA(x)V VyB(y).

(2) dxdy(A(x) AB(y))=dxA(x) A dyB(y).

(3) drdy(A(x)—>B(y))=VYzrA(x)—> JyB(y).

7. fEiE RN, T ) &R ) A NP g Rk 7 g EE .
(1) Jda(A() VB(x))«> dxA(2) V dJxB(2).,

(2) 7 dxA(x) AN VaB(x)< Va( 7 A(x) AB(x)).

(3) dx(A(x)>B(a)) <> (VrA(x)—> dxB(x)).

(4) dxrdy(A(x)—>B(y) <> (VYxA(x)—>dyB(y)).

8. AT EHAR AW A

(1) dx(A(x)—>B(x)) = VzA(z)—> dxB(x).

(2) dax(A(x)>VaB(x))=VYxA(x)—>VxB(x).

4.5 2R FTERNE X

SV B 5 B T AR T L.

N E A I o 1 7= W £ 3 17 = W 0 e N 17 R = W < B 2 1 ] G SR P = 3 V= R T RN
B Skolem 22, 17 A5 H — A4~ 15 1) 23 2k B (O 76 A B A Py nl e 19 35 2 4518
4.5.1 BREAXWIRERXHNENX

[EX 4-4] HABIBHAXHEA=Q Q- Quu, (++B)(n=0) . HH Q AV
a3 . B oA E &, W QuaiQuay - Qua, (++B++) 2y A ] B 3R 38 I (prenex normal

form).
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LU A 3 ) 2 2R T R R B T A e T R i . AR RS BRI
A= VYaP(x) > Q(x . y) AR A BT, B 8RS Vo fEERTI . HE WEEEE P(a).

M on=0ff, Bl A s WA R A .

PR EE A A 5 AT U FE .

4.5.2 BRAXMAREANITE

RO R DR,
(1) FEEELITAFEE -, ALV EgiE AL
DAl Ry E R AT AT A9 1 1) 2 3 SR b B HBER — 0 AV SR A I & 1)
(2) i FAE P9 A~ 5708 2 0ORF 75 5 B &5 1al 1E B .
O 7 VzA(x) = Jx 7 A2).
@ 7 JxA) =Vr 7 A2).
(3) A5 E =0 i A 6 1) £% 39 dgc i i 02 B0 T 280 4 B 0.
[ 4-15] R VzA() A YaBG) MRTHRTE .
fiE VxA(x) NVxB(x)=VYx(A(x) NB(x))
(%) 4-16] =K VxA(x)—> JxB) T AT .
8 YxA(x)—>JxB(x)= 7 V2A(x) V J2B(2)
=dx"A()V daB(x)=da( 7 A(x) V B(x))
[ 4-17] R 32AG) A JaBGo) RETHRE .
i JxA() A JxB(x)= FxA(x) A TyB(y)
= Jx(A(x) A dyB(y))=dxdy(A(x) ANB(y))
H#ER JxA ) A JaB o) 1Y B #3025 A 556 20 R T, 3R I 2044 09 2 75 5t w1 LA A
AT S AHZE R F A S b ) iR R T RE b .
(%) 4-18Y K JoF(y.a) > YyGOy) T FE .
B dxF(y.2)>VYyG(y)= " JxF(y.2) V VyG(y)
=VYa F(y, o)V YyG(y) =Y (" F(y.,x)V VyG(y))
=V (= F(t,2)V VyG(y) T AHAETT vy i 4%)
=VaVy( 7 Flt.2)VG(y)),

2] @ 4.5

1. Fr T 20 ) 2 2R A5 2 B v =L
(1) B>VxA(x).

(2) YxA(x)—>B.

(3) Yx(A(x)—>B).

(4) Ya(A(x)—>dyB(y)).

(5) A(x)—B.
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2. K FHE 2 XA R L.

(1) Va(A(x)—> dyB(a,y)).

(2) da( 7 dyP(x.y)>(J2Q(x)—>R(x))).

(3) 7 (VzA(x)>dyVzB(y.2)).

(4) dxA(x)V JxB(x)—> Jdx(A(x) V B(x)).

3. KT HiE I 2 XA AT R L

(1) (7 dxA) V VyB(y)) A (A(x)—=> V2C(2)).

(2) Ya(A(x)>(dzB(z)—>dyC(x.y))).

(3) Va(VydzA(x,y.2)> 2 Vu(B(x,2) VC(x,u,2))).
(4) VaVy(d2zA(x.y.2) N JuB(x.uw)—> JovB(y.v)),

4.6 L A

4.6.1 ZiEZERK

W HysHy oo H, f1C 28 A Hy Hy woee s H,=C I8 U 78 3.7 1.

PR H  Hy oo H,=>C WRREFRMIEH, ANH, N+ NH,—>C J&KH.

A5G, AR A 2 AR v A 22 R 25 T K AT D A T ) B R Y 2 B 2R L T o A A v
A p>q.p=q. M p—>¢) N\ p—>q KE X TiHAE LA F B, (A>B) NA—>B K E, M\l A
A—>B,A=B.

Hk Al LiAg 5 R G Ry — 282 5 20 =X

(6] 4-19)1 HEH] Vo A()=A).

E B9 403 90 4-9 L VaA() —~AG) K H.

(6] 4-20] EWH J2VyA ()= Vy JeA(a,y).

iE EAEANER D E MBI B E Jo YyA (o y) FEFERE T F B, W77 7
d €D XM TAEE dE€ED. A Aldy - d)WH, T2 Vy J2A (x. y) FERMFRE T FHCHE, AT
da VyA(x,y)=> VydzA(x,v).

[ 4-211 GEW Ty VoA, y) AJE Vo FyA e, y) A 5L,

. W D=R,A(x.y): 2>y+3. 0 Vr IvA(x, y) KR TALE L . B
TESEE v i 2>y 37, B EaE M Iy VoA (. y) TR FEELE v W FAEE L 2
WA 2>y +37,. BB, Tl Ve 3vA (2, y) = Ty Ve A (. y) AR £, H
dy Vo Alx, ) AHE Vo IyvA e ) A L2518,

4.6.2 EARHEIEHN

i el 7% B o ) JE A S R T DAAR Oy st o) ) S R 2 L. S0 B 3.7
VB A P R S A G % 4 4 T
[EE 4-11 502 58 40 T
(1) VxA(x)V VaB(x)=VYx(A(x) V B(x)).
(2) da(A(x) ANB(a))= daA(xe) N dxB(x).
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iE HAE2) ., (D EEZA.

EESEMNMEE D Er B I B 3o (ACe) NBCo) EMMF T FHCE, W 477
d, €D Aldy) NB(dy) HE XB] A(dy) Fl B(d,) i E 1 JxA () K JxB () 1E fi#
BT FHCHE . () FIE.

[ RE R FXHEAE (DR /M . 2 D= (2B . A(x): x ZIBH.B(2):
x Bk EE.

(51 4-22Y GFEIR ol SO 32T 412548

(1) " VYA => Ve A,

(2) dx(A(x)—>B(x))= dxA(x)—> JxB(x).

B (D) HN VA = T2 A TR T A ABEHEHR Yo 7 A (), i,
WA, D=7, A(x): = BEE. W YaA (o) 2B, i — VoA () & B4 8, i
Vo 7 ACe) BRI EBEAARMET, e B, Hikgit - VoA => Ve T A A
J 57

(2) AL B 2 AW D= (1.2}, == = = = =

BONHE, TR Ix(A()>B(x) BEHAB . AL N A B 32A(2) N H . H J=B(x) B
BB Lh e ACe) = B E E R BRI 8 2) A a7,

4.6.3 BRIZENBAEERS

BB ARIEH ARG A EZHNHRERREN —FET. MRS T R
1) L ) i) s U R 2 U A R R 2 UL 4, 2 1 IS R A SR R S B 2 B 5 R AR HE BRI I
HamsE B 4-1 vh B B 2 R S DL RO IR 4 AN 5 8 R G I i A HE B R )

FEAT LA S 5 33t 19 7 0 LA 4.

1. £# =178 2 (Universal quantifier Specification.US) #{ Il

(1) VzA(x),

(2) ACe) o ¢ AR S0 AT 0.

2. =& A 7= & (Universal quantifier Generalization.,UG) ¥ |

(1) ACe) CHHr ¢ A RS0 AR A 0.

(2) VxA(x),

3. TF7£ =178 % (Existential quantifier Specification, ES) #{ 1|

(1) dzA(x).

(2) ACe) v ¢ A3 B AN o A i S50 E R ).

FE wdAWEE A ZRFc 5B TEARX A LA 4-27,

4. TFFE =187 & (Existential quantifier Generalization.EG) 33 1|

(1) ACe) CHA e AR IR LA )

(2) dxA(x).

(5] 4-23Y  GEW]IRAR P — Boie 4 1 0 A7 Rk

WE A os: BEHIE.P(2): 2 BN.D(x): v 2ZAEH

Y 2(P(zx) > D(x)),P(s)=>D(s)

Al A BA) B(2)

XEFHEN AC2) >
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(1) P(s) P

(2) Yao(P(x)—>D(x)) P
(3) P(s)—=D(s) us2)
(4) D(s) T3]

(5] 4-24) FIAE EAEW] LT HERE .
ValF(x) > G(x)). d2F(x) = 3 aG ()

iE

(1) daF(x) P

(2) F(e) ES(D)
(3) Va(F(x)—>G(x)) P

(4) Fle)—>G(e) US(3)
(5) G(e) T2) (1
(6) daG(x) EG(5)

FE OO 5G) (DA REEEBE. ()P F(OPH c LEAMR, (D) P Flo)—
G)P#) ¢ KEREZT AR, ILIA (2) P BRI ¢, 32 T uAey. 12 it k3 R A7,
bt G 0 PR B 1R 1) e 4 iR AR b Ak B R — R T R A & EL B A 2
i
[ 4-25) HA9E EH DL 42
23 2(Fa) A Hx) YV 2 (G(x) > H(x))=> VY 2(G(x) > " F(a))

iE

(1) 7 Jx(F(x) NH(x)) P

(2) Ya(~F(x)V 7" H(x)) T(DHE
(3) "F(e)V " H(o) us2)
(4) H(e)> " F(e) THE
(5) Ya(G(x)—>H(x)) P

(6) G(c)>H((c) US((5)
(7) GCe)—>=7F(e) T4 61
(8) Ya(G(ax)—= " F(x)) uGam)

(6] 4-26) L MEE D v A NH SRS A 102 B rh 77540 9 & ar ik, IF
G AR DL e . R KOS B A Y, B B dy H SRR ATk RS AR
4 1) A A B AR R R 27 22 BT LAAE AR 35 M 3R A5 i slcgll a1 R B9 N

B 2Q): x Z2HEM.HG): x ZHEEMN.S): 2 BRE.C(2): 2 Z2F 4k
TN N F ()« e S flb 2 i 2 A9 N 0

Vr(S(2)>Q(x)), V2 (Q(x) N H(x)—>C(2)), dx(S(x) N H(x))
= Jx(C(x) VF(x))

(1) da(Sx) ANH(x)) P

(2) SCe) NH() ES(D
(3) S(e) T(2)1
(4) H(e) T2)1



(5) Ya(S(x)—>Q(x))

(6) S(e)>Qe)

(7) Q)

(8) Qle) NH(e)

(9) Va(Qlx) NH(x)—C(a))
(10) Q(e) NH(e)—~>C(e)

(11) Cle)

(12) C(e) V F(e)

(13) da(C(x) VF(x))

P
US(5)
T3 (6)1
T (D]
P

US(9)
T8 (10)1
TDI
EG(12)

DT o T ) 1 HE B T B R R A IR L AR & L B AT DG SR

[ 4-27Y 45 1 F 504 B A 558 b ) 5851

(1) VY dy(z=y)
(2) dy(c=>y)
(3) c=>d

(1) Yala==d)
(5) dyVx(x=y)

B O AR ¢ EAREPAEEA A LR B A AT, il (2) H R A R

P
US(D)
ES(2)
UG(3)
EG(4)

i) Jy BFABERIF ES KU, e mp G . (O a0 d 5 o YR,
B0 T EWH., Ve IvA(x.y) > Iy Ve A(x, ) A ERKER.

1. JFH V2 A(x)= dxA(x).

2. WEH 32 VyA(r,y)= o AyA (. y).

4.6

3. WEH V2A () V VxB(x)= V2 (A(x) V B(x)).
4, JEB dxA(x) > VaB(a)= Vr(A(x)—>B(x)).
5. AW R FE I A 2R Rk B g5 i
(1) Va(A(x) VB())—>VxA(x) V VaB(x).
(2) dxA(x) A JxB(x)—> dx(A(x) AN B(x)),

6. UERA SR BT A 4.

(1) dx(~A(x)>B(x)) > VaC(x)=> Vx(B(x)—~>C(x)).
(2) dx(A(x)>VyB(x,y))= " VydxB(x,y) > VxA(x).

7. MG T A BE YRR .

V2 (F(z) >G(x)), ¥V 2(R(x) > "G(x))=>Y 2 (R(x) > " F(a1)).
8. M3 FHEREMIIFEH . V2 (S(2) AW (). JxY(x)=Fx(S(x) ANY ().

9. f HH BGIEYE A 3G T 51 ER A UE A -

VYV 2(A(x) > "B(x) . Yx(B(x) V C(x)), " VaC(x)= VA ()

10. i CP B . 44 3% T 2 9 B A GE B

J2E(2) > Vo (Q(ax)>F(x)), dJ2S(x)—> J2Q(x)
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= Jx(E(x) ANS(x))—>dxF(x)

11, GEWF F0 4 3R AY A 0t B A A VRO 52800, SR Se o IVROR #0800, P D) RS S 5 5 02

12, M3E T HVHEBEAVIER] . B SR BCAR 2 B8, BT A A A S AN B
T LA B SR B 2 A BEEL . O BAFAE BEAS A2 A AR B 2 350 A1 B %L

13, A28 1A 2 5 h AT 2 A T 9 aiv i, I IR 3 2 I DL B ) A S

Fif A8 A R AL YA B LA S YA

14, 7E18 1 258 rp A7 546 F %) A i, JF A 3 0k B DAT #3809 A 250k -

BRI FASITUERE A RS,

15, B AR A N ) 55 72181 2 38 A7 540 T 20 i i, T T A 3 325 1k W
DA B A R

B A B B Ay A B IR B L B A B Ay i N A AR S OR AR A S R AR A B AR
s i DA AT et A R .

16. 1E7H 18 2 8 rh £ 5 AL T 2 A i, I P 3 25300 B DA e 28 0 A7 20k

F LR ENE. SHAENAEZRA K PIAHBWAS TR EEAR,
P AR A 2 N R A

A B 4

1. MK IBiE 2R EiE

Xof JE i 8 N AR 4 R B L2 G R AT VTR S I B A X S v SR S
BEMICER. AN EX RAR AR AR A /Y S AR A A3

FER M EPE DL AR Z 8] 5 R BT FR A IE AL X F n(a=1) J0iB 1A PP (2 o240 s
T, J2 i R PR

WA 2 PR VAR FE R 3 . ka3 VA TR a2 a7 i
S MR 7 M S 2 5 = T i R = S - S | R 2 R S B R N 9
Vo 8 3o WA 08 5 10 30 IR Yo 80 3o B4 T 3l 2 a3l 9 18 S 1R 8 T e B 24
AR TC. AN SZAT AR 5 17 29 K A2 ST AR H R JT.

PR Z TB) 1) bR B R 0 A e A,

5 FE AR B IR 0 BE L BB X A A SRR ST AT A AR T,

2. BAAXRGmENFSL.

ot FH V8 18 i A 5 A0 A5 2 19 & SR8 19 3k S0 28 ) A 20, ZEOR RE AR 7R 1 1) 2
b e AT S A, B

1 Rl aaraE A SR E RO abicsriabisers o 1R CDEIHAT
PR A 7).

5520 B SOHAE AR 4 8 A R I I 3 A I A O ) R ) R O ) Y a8 B
Ul 5 it 1)

534 B E ek .

4 b AR B A ) R B 4 AT S K.
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3. BRAXHMREREE

i ) 2 SR RS T

(1) 45 A8 D.

(2) RT3 1] 28 b A i R 728 SO 98 R HL(EL

(3) X TE I 2 A A w1 S H [ 22 o RO 1 RS D PRy ER.

() XTI A X py R iR R R D E ek L.

(5) X} Tl A P s R S DB i ).

SRR AR SL EM R T EAA.

TEAT AR i B T 420 B3 18] A SRR ok A G, B R B H Sy 1 1
P 1A) 23 UFR S m] i 2 20 A5 DU AR S AN ] 3 2 AU slor i stk R, BRAF7E I 1 A9 i . AT
FEIRC O 10 fif B 1) 18 1) 24 2R Ay v 2l 4 4K =

4. BEZFEMNIBERAAKX

B ABRIFERAR A=B ZE A H B 1EAT 7% BT 09 BUE #AH [

ICAE 10 A HEA IS ) 2 2R E 0 R 02 T i M B E A SR (=

(1) Va(A(x) ANB(2))=VxA(x) A VxB(x).

(2) dx(A() VB(x)) = dxA(x) V daB(x).

5. BRAXBAIRER

WA RBIIAR K A=QriQur - Qur, (B (n=0), 1 Q, 9 Vil 3. B A&
T 1] L T AR QlJﬁQzIz'"Qn-l"n('"B”')j‘J A AT

LRI FE AR 1) o AT ARE AR, PRI T .
10 BEBBEAWEAAHES o AV EE AR
g2 IR P SR 20K 5 i B A5 1 A1 B AR
(1) 7" VzA(x)=dx 7 A(2).
(2) 7 daA()=VYxr 7 Alx).
553 T BEATE 1] 2 05 ORI A B 3] B 3] di Ay i, 00 B A T e 44 4 1
6. BiRZEPHEE
S SROBE X A A 5 1 14 1) 32 B e LA SSME AT A T IR .
B T )2 4R 2R
(1) YaA(@) V VaB(a)=> Ya(A(x) V B(a)).
(2) dx(A() AB(x))= dxA(x) AN daB(x).
4 A5 AR A G IR R A B
L. US I Ak el 25 H0).
(1) VxA(x).
(2) ACe) CHerp e AR s T B A0
1. UG: AFritia =,
(D Aleo) G e AR AR EAA.
(2) VaA(x).
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. ES HW . 77 7r & 65 25 5000

(1) dxA(a).

(2) ACe) CHir ¢ A da o B A48, o e HCmi i 500 R i),
V. EG B . £77E & ] 7 Az HL)

(1) Ale) CHrr ¢ AR B A4

(2) dxA(a2).
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£S58E RNAEHM

FET KA A KRS 1Y — BN 25 DL AR WL JL R AR AR A b, & — b AR O ik ¢
ST R AR R,

B MR ARICEL . B2 & R4 (abstract algebra) oL 14X # (modern algebra) » A
JE R EACEG WA R SRR BT 19 2w 2 T 20 40 30 AR AR 3 A L 40 AR
2% N. H. Abel [ BE:EHEZ E. Galois . 9 E %2~ % A. De Morgan #ll G. Boole %5 A\ #B i
A TT

B TE h — Moo & AU ECT A5 S8 S B s |, UL R s 550 2
— B 25 7 T 5T ) B A R Y P I

RS TF B OUR 7 Pl 2 8 ZAE AT, B JL 553 5 e 2R A AR 6 R RUECH
AR SR b ITENLRGE AR SR AR . A RN A AR R AR AT 3R AT
B RSB TE r r AnOE AE. R AR ES b ] i ik 2 R s A R 1 i SR B R Y
WitiE S a B Al

TEASZE YA 09 T 2R | B MR AT A B B L T 0 A2 o) 0 4 <A QR A e ik A 4 2 Y L A% R
A RARBOEARE A TS eI EA S SR BUR S s EUEE S5 A 3L
PE SR A ¥ T EEAE . R B sk TR IE k7 8 TR R R
a0 S AE T gk RE N R AR A .

5.1 REE R ST

5.1.1 RKREEHBEX

“RECORSERRALE RN, BN B  ABOTFE LR ARECECSE. e iR
Kord e X

[EX 511 HARESES. A fos k=D A EAREEMDE® . ES
AFERHE FREBGEE f1.foa s fo IRV B H (algebra structure) S X £ & ¢ (algebra
system) o, ] FRACEL Calgebra) AE N (AL £ fosers fi) AR HIEE f1u forree s fo BB T
Al faE it b A.

X FAREESHTCAL frs foueees [ PIPRAR . EZLLT JLAT

(1) A#= .

(2) fisfesrs k=D A FIREHKDEE (ZWHE 1% 1.3 99).

(3) IBHE £ foaes fo FEACEES Y P2 H T 1. SEPR B ACEEE A (AL £ foarers f)
E—A(k+1) T4l

(4) B8 f, B8 n, (1<<i<<k) 0] LLHI A Al 0] LA [,

. 111 O .



(51 5-11 56Uk R 9055 B2 b iz S5 AR 8 s 1.

(1) LBAESG R ST B INEBERE+": (R, +).

(2) THEAS R LTIB ML s 8+ ML FLzH 7 (R, +, ).

D) FEAEXWEEPXOXTEANIF UBR £40Z N"BHMESNEHE
(PO UL N,

R RIE USSR E ARE 5 Bk ().

[E X 5-2] (Asfiefroe sfk)%fﬁﬁéﬁJr@’E ARH B&%/\Hsmu(lﬁisﬁ s fasc !fk)%'z
BRABE. TR TR EWM.

FEF 5-1 . (DA P AR &5 H 2 R BEE . O o X 2ARES
(PO, U N RARMREEE: 77 X BERES. WP, U, N7 2R
Zh .

5.1.2 AMmERENRHEEHN. FERRRR

I T A 24 T A A B AR S A

[EX5-3] #x2dE=EaS b2 oEs®E A «~ W2 a8, XM TEE 2.y,
€S H(x*y) *xz=x% (y*2) F(S, * )& B (semigroup).

BARVEBES R ETH EREER" « "E—1E#F R, <.

TR T LR 5T A o B AR .

(6] 52 &% 2 B TIOFRAIRNE S O FEEER B 2 TP oA RS 5BE A i 1 47
RS ERER AT PR RSB GE N A S S EA 2 B REARNES . H
FMER R = bEE s,

BT a=s15 5, €37 B=Utyt, EZ" AT a°f=s150  suly byt AREGTAE: (2 ,°)
SR

Yhn L3 LTRSS AL G S 00T H L% E Y 5% as 3 e o fy i — A B
(S0,

W o=s5 5 €S SRR o KN LAg K ol =k SBR[l =k Bl =s W] |apl =
k+s.

[EX 5-4) & x RETESM BN 2 0BG %47 « R4S HRHM X F «f 4
T e BIXfFALE cEM A v % e=e * =2, MFR (M, * ,e) NI F H (monoid) , Hi ¥ £ 7T
e JE—PIFE AT RIMITER,

(6] 5-3) AE6]5-3 . (2" .o, DRSS MEST, )RR,

FE

(1) ECE 0P A SR AREBE. RESHPURIEFTHTARE—A 040 25
B T e A RARKGEA 2 AR . B AR T AR A R S

(2) (2" )R FBE (S, DARFE.CMNAEABBARRAGKILEN. ERAHZXH, —
MRIFHLZFTRAABRAFTHAMAOALZL. S - DAIAOALBE(A I AL
EH) A RREA A0 LEFR.

RN RER I « 2B RS G E. TLUE L IGRK a WIEE TR o (n N IEEED
mr.
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a" =ax*xa* - *aln =2)
FTE AF e EERFTF o AEZTAEALEBRNERLRTALL. AT EHRES
PN
R b4 fkia RSB o T RHES R LM wkiE it —atal o fa—na.

RS TFEEH mFfon, HTFEGLER.

() a” *a"=a""";

(2) (@a™)"=a™.

AAhxEHA2S EOHMAEBHL.TAN T a€ S, H a"€Sn H EFEH).

FH b AR P4 21 B TR S 3 7 A T o 14 4 Q3 K T R R R A B e N i L Y
AR A BRAEATE . $F L AUAT 55 2 Ik 28 0 B 5 &t — 28 HIRY 4508, B XY
THAWESE AR RGN, /TR TAREFS NS TIE EEZWN
FRRACEES W A e 1 T LS

(6 5-41 B(S. x ) EARERE WS, « )P AAERF IR,

i Wa€ S BARYTALEIERE n, Ao €S, FH SRARER . I LI AL
PG ORI i > )48 o' =a’.

L p=i— =0, BB ad=a* *ad, Bla’=a® *a A a*=a® *a®(Yg=j).

Ko p=1 AR EER R SR kp =g, HH LIETIE A o =a x o™, N HZZEIE
kA

a® = a? * g? = g * (a® * a?) = a® % g = o+ = ¥ x 4",

L b=a" W b b=0b, 00 b LA RPHECS, %) 175 TT.
5.1.3 FRHE

TSRS W — s FH A 7 3 A AR 7~ AR B8 EL A 1 e I 2 D g e

[EX 551 WA, fisfoors f)RAVEE N, TASTA L (S fr1s foors [ U
ZER L FR A (AL fis foeeee s i) B F R B (subalgebra) s il JE M (S, f14 fooers fi) S<(A,
Sisfesemes fo). FERSRIE HAFI FEIFR S J2 A M FAEL e S<A.

— M, R S R A MR HERAE SKT A hizg® £, foses fo EEHH
Zil N

[ 5-51 1E6]5-1(2)h HZ, +. )R, +. < YT NERES 2 X T
s B Ak s SR B Y.

(6] 5-6] HABE 1.3 WRAD R, (Zs, o, 1M H, Hp z,—= (0, 1. 2, 3,
4,5, 6, 7}, o B 8 YR, BL S=10.2.4}, XA S KT BE o FEEMH M. (HH K
1 €SB S GF Zo P il 0 JLis FEARE T, T LA S AN JE Z 1 %L

5.1.4 RELHHESSRE

Iy T WS CeR 0O AT DASHE PN UR S5 A 22 W] 1) 56 AR
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N T BHETT A e gn R i E X

[EX 5-6] BL(A.f1.fonr s f)TI(Bagyogyooe s ) RREE . £ 5 g0 AT M
1932 F TR (1<<i<<hk) , MIFR X PR H 2 B K B A,

A A O A P AR S A R A 0 E S B B ) SRR M i 2 O 4
HE ST

[EX 5-7Y WAL fi o foss [ RI(Bgrsgs o sge) 2 A R TIAGRELZE W 5 AP 1 o
A>B H o R¥EEABZE BIXT n, Tia® [ Mg, (Isi<k), fA

o(filasaysreaa, D) = gi(@la) s@lay) oo, ) Vay,apee,z, €A

BISE CFE A H) ds 5 e S 45 F e B B (FE B FP) s 5 WIFR @ (AL fis foreess f) BB,
g1:82 g ) MR ZSBRE . FRAf L o s fOFI(BL gy s gy s g B #& (homomorphism).

T 1 R [ 25 e 5 [R]85 0 DX S K 2R L 2 0T e )5

(6 5-7] X FAREEZ, +, OMZ,,+,.. < H)HBEBEZWH1-17),% ¢. 2
Z,,,,S('J‘ﬂ:ﬂ‘ﬁ.TEZ.@(.T)ZI(IHOC] m). UWEH . @%(Z, +., e R(Z, . o) B E] A

W N TEE v.v€Z2,.H N

olx+y) = (x+ 3y)(modm) = x(mod m) +,y(mod m) = ¢(z) +,0(y)
ol + y) = (xy)(mod m) = x(mod m) +,y(mod m) = ¢(x) =,0(y)

Filh o (2, +. « DBNZ, .+« R A WL,

(6] 5-81 EW]. LS .- D5 N+, ORFE.

E %o 3 > N FEE €3 o) = x| W FEE v.yES A

plaey) =|laey =zt y|=¢la)+oly)

Ho)=X=0.0h ¢ (I, . DF(N, +, OBMFRABE, FE2CE ,-,05
(N, +, O,

) 25— OT TR T k. T b BRUL ] T W58 AR &5 4 () 285 e S iy b B4

[EE 5-11 B o BAVEET W AL Sy fowee s fO BB grago oo g MO RS B U
(@A) s g1s82s s 8 ) TE(Bogiagas s g) B FAUEL R (@A) v gy v ga v oor o ge) A [A] A Y
¢ I B 1R,

iE BR.o(AXTEE g1.g20 g HM . FREA o(A)<B.

SER 5-1 UL RIS AR IE (AL frs foaeees f) LE RIS B T A4 52 . PR T L Sd i %) 45 1)
B R S B AR B I L I L IFAR CAL £y fo s eee s S BIPE IR, T 1Y 6] o] RASE — 25
i Dy A [ 25 2 an e xR AC R &5 R R AT A 2 110 ® 51

(5] 5-91 RESKIE.REE(Z, ) 5B, x) & H » | E | | =&
e R 7 LTS B= (. BB LIS X 5 | ||
B EX . Z>BUWTF,
_-||"A9 T>0
gD(T)Z ﬁ.» T<O
5‘5» =0
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MNP 2. yEZA ola » y)=o(x) x o(y)  H I AV (2, - ) F (B, x)[A]E.

e 5-9 1, o(2) = B R 8 ES BRBZFMRIEE 2 ERITRT.

EL TR B P[RS i AR &5 4y 2 0] W BB A7 78 221 [R) &S R 55F L 35 A 2% 00 DA 56 .

T A A — e A AR A RS L (R O (R A 1 E L

[EX 5-8] % o BB A F 1 foo s fOFIBagy g s g MR S BEG

(D #F @ I FR @ A frsfoue s fOFI(Bagiago e o) 1 BB ZRBR ST

(2) % @ ST FR @ FCAL frs oo fOFEIB, g1 ge e g 17 B A B ET.

(3) 75 @ ARE AR @ FCA, frsfosrers fOFI(By gy s gaser g B HI R, FRAC K
ZERJCA L frs foses [ 5 (Bagrags st »g) BH# (isomorphism) , it N

(Asfisfoserofi) = (Bogisgesr s 81)

H1ZE 3 5-8 F . A R e g A OB 0 A A it b2 58 4 R [R) Y I AS [m] (9 A 4R 45 v i)
TR Al EA N H EW B 5 Wl AR 2 WK A 15

[ 5-101 BAREEE AL <) FI(B, +) 433l ansk 5-2 Mk 5-3 FizR.

£ 52 ® 53
* a b + 1 A
a a b 1 1 &
b b a & & 1

REGEAE, (A, *)=(B,+).
[EX 591 & GDIE'%{JQMéﬁ*@(A’fl o 2 ’”'*.f.k)i;-IJ(A’fl s fos "’sf'k)ii”‘llﬁl;f.‘ﬁ(-’r"@)lyiﬂﬂ‘s
Iﬂl‘lf"‘j{ @ I%(A 9_f.1 9f2 s"’sfzz)lil'{] E E?&(*ﬁ)ﬁ*ﬁ#

|

1o 4 AU R 15
2. MTHERS-4 HE R E L B L HYia TS A ARRES K L R A Y 7 BB
G X7 (7).

x 54

+ . x M | ] max min

Z
N

{alo=x<10}

{z| x5}

(2x|xE€EZ)

3. (S, # ) REFH.a €SS L EF T,
Vo,.yE S,xey=a*axy
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WEHT: (S, o) R

4 W (Z, 5 o DS AT,

5. A1l g 2R B S A L

6. W o AL—" 2 oI BABETH (A, =) BB, =) BY [F] A B 0

(1) 77 * 75 A ] 384, W 75 @A) ] 22 4.

(2) # %A A PAETE O, M AE g(A) AT ¢(0).

7OAEM . IESEES RTRTIHIEER « i UEET (RY . < ) HSEEES R G
T hE i 5+ Pk i AR S5k (R, )[R 4.

8. EFLHESL R XTRLZH « il R, O HERBES RXT
Ik ia B+ Pl i AR A M (R ) R IS 2 S fH 47

9. BAREE I (AL ) FI(B. ) T2 B A2 2 JUHY . 1E A X B E o3l G2 A
T A TAEEM (210y1) s (224 y2) EAXB,

(s vi)ACxgsyvy) = () ¥ x29y1 ° yp)

HEH . CAX B, A SBAREES W R (AL = ) FI(B, <) i i R EL.

5.2 BEAYE SCR PR

— TR UL F T A RAR A, 78 1826 4 24 2 R %% % Niels Henrik Abel
(1802—182DUEM T —M— IR Z LA L apa” +aya™™ ' + -+ a,m1xt+a,=00a, 70,
n=>5) AN A GEAR 2SR i, SE i e T GE 200 24 A9 MERT , JF 35 T 0F 23 68 AR 5ok f7 09 Jr
T 11 R F 45 1) RUE 5% 24 AP 1) 02 K Gauss A BE BH A7 I 0 20 110 o 22 38 S 7R 20 A vp i i
27 HFERE Abel M5 H55EF 1829 4F 4 H 6 H , = K5 iR B 1Y M1 AR K 25 5 22 i

J& % th B E 0 % Evarisfe Galois(1811—1832) 4k 4% Abel [ T 4E . % [EWF &L 7 #2 7] L),
RECR . B & A B EEEN Galois HIR Y B B 4G 5 0 B S5 AR 45 11 1 g AR =K A
TR &AM, SCREPIIR AP 0 #% Cauchy F1 Fourier 38 2%, 1l Poisson®5¢ 4 A GE 7, Galois
W UK IR BTG SR BRI T 1832 4 5 A 31 H ok 3| i B , FE 4 1 ROKF 45 A4 T b iy I .
i B+ Galois WF5E TAE 348 0] DLUEBH H 22 6 HT 300 4F Euclid i K35 2000 4F 14 B A (5
B R oy A B DU R L AAT A P AT R AT 25 =550 AEIE n ihTE A5 S 7 CRAE—S0 7
(A LR Sk B 57 7 IR BRI 2 A% A4k 18] S T CGRAE IE 77 I8 Hm B8 24250 1 1R 9 i
H o SEHEBEO A TRER. E. Galois 8B LAY KA BARE ML 2125 40 F /5 A B A
PR A 2 L DF 2 th T Al A R B AR I W U7 i A A A R n i AR, RIS .

FEAZ AR Y R A — AP AR S b, o0 50 O 22 AR U8 45 8 % JL 2% B0 0 25 F o B
T, R BT S Z mFEATRY . B E AR Tk, SRS AR B A Rl
SRR gy . X AIE AL T NG BB E ML L £ EZ, H O E LA B
B AT . [RVIHRE AE 20 5 T P i 2 5 i L 0 Al i A o) R (580 i £ 50k e 4 i
A IZ A TR

AR X X P A QR S A R AT BN VEER A 18, 38 i X & i, n RAYIA 28— R RA 25
SRR ity =W
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5.2.1 EMBAXES

M — T EZEE GO FHERENZES G ECEGE TS « 7 B i 1Y iz F v .

[EX5-10] #%GREFES. 7RG B2 TREGEHE 4T3 3 A A5 mlar, W
(G, « PR N B (group).

(1) * WREEEE: Vo.y,2€G.(x e y) s z=x+ (y*2).

(2) GRT - HHRATLEFEILHN e: YV2EG.x »e=e* =21,

) GHPEH—ANTREGHPHALIC: V2€G, a7 ' €Gr s a7 =271 » 2=,

EANPESS 135 1.3 WU s BT 5 ] IR I8 75 ZE R e, R vl LU 5 T « 5 3o,
HEPES « 7 RH AP E ] LLEAE“ T (product 3¢ multiplication). [F B}, 7E {58 #f
i, af LA Wiz BAT S HIRATA TR XA ML B By — B A A s e 0 iz B AT S i, ] LA
¥ (G, it h G.

R RE, SES R CTFHMINEZSE M mRHA (R, +). 0 R X TR REEH -
AREFERCHE BD(R, < D AZEREL BN 0ERH 0 X THRIEZFEEAWIT, BIAFTE v € R
JEOsx=x+0=1.

(51 5-11] 300E. 4F 0 928U G R—{(0) TR IR « 2 50 LAY

B HAER— (0)XT « BEHK.: Va.yeER— {0}, H 2+ yER— {0].

R— {0} LR sRiLIZR - WL

(D 256108 Vroy.2€R—1{0} (e y) s 2=x+ (y*2).

() R— {0} ETF « AHAIC 1 VZER— {0,z e 1=1+ x=1x.

(3) R— {0} g~ ATEH rER — {076 R— (0} AT =o' € R— {0}

Ft, (R—{0}, «)ERE.
[ﬁ“ 5']2) i)% G:{(’vﬂsb,f'}s;H\:J:ﬂ:]“ * ”if_{%:mj:i 5-5,@%3@&((;, . )%ﬂ;ﬁvf;ﬁjﬂ
Klein PYJC#E.

x 55
e a b ¢
e e a b ¢
a a e c b
b b ¢ e a
c ¢ b a e

[EX 5-11) B (G. « ) BB Gl =n<<co,MFR (G, « ) K n b B R E (finite
group) ; £y G ZLIRES W (G, « )FR N T PR B (infinite group).

S ER b PSS 9 T S R AR TR T A R Y 1

[5)5-13] %A =R—1{0,1}. £ A L& 6 MMGmTF. F{EE €A,

F() =20 fola) = % Fala) — 1 —
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fm-):%, o) =21 iy = T
—x T xr—1

B G={f1sfosfssfuisfsofo) MEH G RTMG (REOME GZH - HMHEG. ).
iE HICIUEW G XTFESEH EB A0, MRS E A5 e L
(fie () = f;(filx))s .5 =1.,2,3,4,5,6,
B GCRTEGBR -MizFERNE 5-6 .

x 56
h fe fs S Is I
fi h fe /3 fs Is I
fe Iz fi fs fe VE /s
/s /3 /4 S fe /s I
Js 14 /s S fs h I
/5 /s I e h Ia 13
fs Is fs 1 13 1z i
Fan B R Cfoe f) ()= fy (fo ()=, (%) :1_%::(;1 = £ (o)LL foe fy=

Is o Hiag UL,

% 5-6 H.G XTHEGizB M.

(1) B EHBE R A .

(2) HRS-6H.GRFREREGEH WA £ BN fiofi=Fficfi=fii=1,2.3,
4.5.6.

(3) MR S-6H foofu=foofs=f1FTLL fs' = fo B fot = f. FRMHATER /170 = f1s
fil=fosfa = fasfo = fo. WELRR .G PR ITTEAEG PAVA T,

WG JETE. BAR (Gl o) St 6 A FRTE.

[EX 5-12)] & (G, - ) B, ZHEHE « 220, K G, - ) h Xk
(commutative group) ok B /R B (Abel group).

X5 HGAE LB 5-11 R 5-12 BT 01 R, 4] 5-13 23R U1 /R B,

(G, < )EM e BHPE TR TR «€Gan€EZ,

0
a = e;

n
/'-—__J‘

\‘—_-_-\ B e
a" =avasrea (n NIEEED;

a" =alea e eat (n NIAEKD.
H5E SCHN X TR n o o= (a™ ") 7.
TR a 215 a"=e M /NEREE L ol 78,
L Rt E XOov R MER T HA AR LN G A RATER. ol LLE X 0K
i s R B T AR 3 T T DAUE A RO
W B BN T I E R AT s AR . WAERE(Z, HHh 7 37 = 3,37 =
e 147 -




3+3=6.3""=3""1+3""=(—3)+(—3)=—6 7.

WG, )M BT a €G3 G PRAICREN o MAEBETT % KRG, <N
flEEIR &% (cycle group).

oSk, (2, .+, 0% m BrigH R, (2, +) 2 TTPRIG R,

M REMYRE SR & A 400 e B9 RE. 768 F i i B 004 L4 e it , S8l 2 F) F B
L BT R A Eion”.

[E 5-2] W (G, « ) JEHE U« 2 LA

iE XMNFIEEab,c€EG HFarb=ac,HWhHaCGAHY L' EG, TREAa "+ (a-
D=a ' (a) HMG " va) b= 2a) s cie*b=ec. T b=c. X, « WRELE
WA [RIEATIE, - R A AR

5.2.2 FE

— OB, FRF L EOR M REZE /N7 X B 0 W 58 0T DL 52 R 1) — SE M Jo
[EX 5131 B(G, HRM.TFHEG, ¥ H RTHG s FA Rt WER(H, «)
& (G, )T (subgroup) LI (H, » )=<(G, =), A il H<G.
WG E XS IE(Z, +) < (R, ),
M TAEBH (G, » ) i e HHBBAITT. W (e} F1 G #Z G T HE RN G L7
[ 5-3] WG, < )ERE,TFHCG M HG 24 ALY F 5 &4 8T
() Voe,vEH.Fx+yEH.H
(2) Ya€H M = 7£G iyt~ € H.
iE EMERIR. R e RS RS S R IEN] G YA gt e € H BRI W],
HA HAEE U EaEH, H@) A« "€H, H(DH,a+»a'=e€ H,
(51 5-14] (G, » )RS ZGOFERITA S G hoo Rl 22 e iy on R A 45 . B
Z(G)={z|2€GC. VaE€EG:x *a=a+* z} W Z(GO<G.Fx Z(G)H G L.
iE HTFWFAEEEGCH e sa=ase . JFLUH e€CZ(G)F .
(D) Vo, ve€Z(G) . HEAMFIEE acCEGCHr ca=asx,yra=a*y,. T
(rey)ea=ax(yea)=axs(asy)=(rea)ey=(arax)sy=a-+(x=-y,
FTLLAEH x» yvEZ(G).
() VreZ(G) MM TFIEEaeGHa " »a=xa "I 27 ca=a 27",
it '€ Z(G).
HE B 5-3 1, Z(G)=<G.
n PIER] Lagrange BI2 . 77 G A BRHE. H<G. W | H| | [G].
FEMY [R]85 (R A8 B T B LT e e Z ) 1 5C &R B R IS RE ) — M 207 1k

5.2.3 BEHIRERES

FELT 5. 19— MR A b a) i [) 5 i 5 CanF
[EX 5-14) (G, . * YRGB WURAFAE ¢:GL—>Gy H oo IR 3725, B T1E
B2 €G A oo * 1) =¢(x) 2g(a) MR ¢ BTG, * ) BITE(G, . =) 1Y 7] &
B FRIE (G, # ) HHE(G, o) [, 2 o B EAUR R o HHEECG, %) BIHE(G, . ) Y [F]
PSR s FRHE (Gyy * ) HHECG, s ORI GE NGy * )Gy 0.
o 148



(6] 5-151 B (RY ., - ) FIESEES L TEWRLZEM B (R, ) 2TEES
KT RO Ik as B s B UER . BR(RT . - ) BF(R, ) [A.

iE 4 o:RT>Rip()=lnx,. VER", XFILE 2.0, ERT AN

elxy v xp) = In (1xy) = Inay +In a2y = (o) +¢(a) .

FRLL @ 2B (RT, O FIRE(R, HORYFEZEBU. H(RT, - )5 R, )R,

A 2 A [ ) A TR 1) 4515

[%]5-16] EH.AF 0 SE8AE S R X TRBLZFE B RAIRE (R, ) GRHMES
R JCT Ik i S kg s i fF (R ) R [l 4.

iE RBEMRT . )R, ), WAL RIS ¢, X B ¢(1)=0.

BWo(—D=a. M a0.1 (1) =¢((—1) » (=1 =¢(—1)+¢(—1)=a+a=2a=0,
TiEa=0FJE.

2] @ 5.2

1. %A RLx JE R RZECIEN LT o (24 55 R IE R ] F £ 54
92 is B R (R[], +).

2. A M, (R)RRICE N B FTA n B J5 BB 45 L 30 0 ML, (RO G T 58 B 19 Jm
R EMERE M, (R), ), 3F 35 M, (R) KL FHBEWREZE « ERMYREEH
(M, (R), <) AHEF RLTE.

3. WZ,=10,1.2,.m—1} .+, Bm LEH, -, 2 m FEsH.

(1) IEW . (2, +,0 &7

(2) 2R, — SO R (2, — {0}, o) AR IEHER (2, — {0}, )RR £ E
M.

4, WEHELSZ LEXL ~i2FHWT .

Ve,yv&E Z,a*xy=ax+vy—2.

WERA . (Z, = )& By Dl R B,

5. WS BAEEIEESES.CENAS 3 S WA AUARMES N G LT E
B B R

6. W(G, YRR EXTAEE 2€GHA 2=, Hrh e HG PRHAALTT, M (G, » )2
Bi] U1 IR T

7. A X WRE PXOXTESHXHREZEDHE R PXD.O).

8. WEM . FE(G, « ) U AN OCHE LI — R HILE.

9, W(G, * DA H |G| BMEEN G P UAFHETRE rF e WiBr s c=e. HP e N
G Ay T,

10, (G, « D EAMRERE . « BHEWENE LA NG, ).

11. G={f] f:R>R, Ja.bER.aF0. f(x)=axr+b}) .G | iz a9 & 4 e ]

(1) (G,o) =Rt

() W H={flfEC. f(x)=x+b} N HZG.

(3) # K={flfEG.f(x)=ax} M K<G.
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12 G={(x.y) | x.yER.2Z0} I FTALE (2, .y ) EG Al (ay 0 y,) €EGIE X
(z1sv1) * Cagave) = (1azsx21 + 320
s
(1) (G, + AT DR EE.
(2) & H={(1.y) |yER}. N HG.
13. % ¢: R>R" ,o(o)=e"  AEM : @ 72 (R, ) F (R« )Y [A] 28BS,

5.3 % M1 W

A — D ot USSR A P otiz RS 1L BRI e T RL
Bh 2 0 2 7 2 7% BEAE (9 WIF 52 oA 1 22 .

5.3.1 ZRHIENX

[E X 5-15) (R, -+, « ) EFWAD Zocia TSt . 77

(1) (R, ) & Dl /R .

(2) (R, * )& 1.

(3) « X+ n] 4.
WIFR(R,+, « ) AEFR (ring).

R T JFAE R R S — Rl s - FR N L R - BR N Fe k [R] i R R i
12 RIS GO = BR DL RT—FE L BR 8 3 A3 v — AN S B A i s e vk

TS U UL A

[0 5-171 %5 5 56 0k 5C F 80y ik f e ik i 55, F 9 R s fy 2 36

(1) (Z. +. « ) CEHI).

(2) (R, +. ).

(5] 5-18Y % R J&FTAH n B8 BUE B Ry 5B 4 ) R X5 B 1) hn ik 4z 58 -+ FHAR BF
HIEEZER - WA RN SEREIR.

& (1) (R, )R DLRBE. Hmk L o BEHFE 0 AL EITHR ACR XTIy i oo
S H AU — AL

(2) (R, * )Rt

(3) MG ® « MhnEEE e, B F(EE A.B.CER H

A« (B+C) =A+B+A.C
(B+C)+A=B-A+C-A

(R, + .« ) JE3E.

[515-19] 5E.Z,={0,1.2..n— 1} X TH n INEIE T+, B0 FIEBH - AL
WP n RS ZEIR.

(5] 5-20] A EUES R LI CT « MZTA4l i ES A Rl ] W RL2 X+
20 L s B MmN Rz B« M, PO R i &S IR,

5.3.2 JL4FTRAEGIRN

A 2 LRI IR 9 2R,
+ 150 -



[EX 5-16] % (R. +. « )R %

(1) R eikiz® « nlag4, MR (R, +, « ) Z& R HIR.

(2) RYPMREEE « AL KRR+, « ) EELIF. HEELTIEH 1.

(3) XFALE 270, yA0 BJH 2« yZ0, MFR(R, +. « YEXZBEFIR, H 0 2N
FILOME £ 70).

(4) (R, +, «)EHFZ LEFENT A MFR(R, +, + ) EEIR(integral domain).

(5) (R, +, * VEFZLHAHATE a(a#0 HaER) X T HRLiZEH AW IT, W F
(R, +. ) NERIF,

KT 2ol B 2 W0 H W2 25 5 1) 0 T RZ N1 304 LT B 9.

@O W EITREINE LT,

@ XTI (L, +, o) KNI AR 270, y7Z0 G = » v70. T LA
MR (Z, +., ) EEEHTIF.

@ 5 2F0,yF0 H s y=0,F » fly BEXZWDOEF. SHZEHRTFHAFRANEEE
FIR. 0. X TR 6 FIAREIR(Zs. oy »0)  HEILHN 0. BIR 240,3740,H2 «3=0,FF L)
2 M3 BERT.HIIR(Zs .+ . o) B FHFIR,

[ 5-211 XFF m =188 m F#EEH(Z,, +, ) B LEFHN TR R ESFEEm N

iE (R m AR EECNIFEEE B A IC L, R =m, X B k70,070,
ko d =070k k€L, HFEHNTF 5Lty ) ELFEHRNTHTIE.

(=)t m HEB TR RJAEL, A5 k70,170, kl(modm) #0, T2 k =070, A
W(Z, .+, -,,,>%;T:i5ﬁl¥1»fi.

WPEE L AE m=1 0, {0}, +, « YWREILERHTIH.

REGEAUE (L, +. « ) J E.gwwxze%\ﬂ A 4 —
TCEBRER e A HLIEE A, Ixﬁ(qualermon)Tﬁﬁﬁiﬁxﬁlﬂléﬁé}%nﬁzéﬁ&%

[ 5-22) % i, j, k23S HE ), kK ZAPFRZMES-7 Fin. K atbite
+dk HPITTE HP a, by oo d JESEE A MUK £ 57
HMWES N R AN TAEE ay thiteaj+dik€ER M

a, thyiteoitd,k€RHEH ks -+ H : ; ; 1:
H- Rl 237

(ar +briterj - dik) + Cay + bai - c2j + dok) j k ! '

—(ay +an) + by +b)i+ (ey +e)j+ (dy +do)k k j i !

HEWReEss « i@, %% 5-7 199
EiHE S T [E 2R
(ay +hi+caj+dik) « Caz +bi+ )+ do k)
= (ayas — b1by —cico —didy) + (aby +ashy + e1dy —dica )1+
(aycs +azey +body —bydy)j+ Caydy, +asdy, +byc; — by )k
MR, +, ) ZBRIF.
E EHBIER, +, « )R M FALE 07FatbitcjtdkE€RH P ITH



1
a® + bt 4 E +d2(
FrLL(R, +, ) BRI HF RS R LT HRLBE « An] 32k,

5.3.3 BHENX

[EX 5171 % (F.+, « )R & F—{0}, « )ZFDLREE PR (F, +, « )i
(field).

R SCHIE X F (R, +, « YA | Fl =2,

(%) 5-23] 4609F: (R, -+, o ) JEBL MEEEOR(Z, +, « DA LB

B OHEAR A, )R HR—{0), « )EFTUUREE, T AR, + ., « ) 25,

BAR (L4 o D HZ 00+, AR HR Z R 1T Al—1 AP HRITRE LT
Fe ik iz B AL 7 T H A T,

SEBR b E UL 3 RO A B O A BB (Q. . e ) VSRR, . o) BB
(C, +. ).

(6 5-24) % F={atb6/3|a.b€Q} W F TR ML + AU FEAIL « #4kER.

i AGRIE(F, . « ) EH. X TFAEE 0#a+bV3EF. % a—b370, M 1/(a+
b3)=a/(a*—30*) —bJ3/(a> —30*) EF i a—b3=0,M a=b/370, X0 1/(a+
bA3)=\3/60€ F. TJ at+b370 ¥ WG ML (F— {0}, « ) BT DL RBE, JE i (F.+, «)
pics

HF R, +, « DI, ] 5-23 o] i — 25k B T .

(6] 5-25Y EW . S 3R (H 3 R A — g 2 bk,

iE XFEF, . ) BATESLAZHA. XN TR 0A . yEF A 2« y=0.HN
T TR e (e )= 0.l y=0,5 yFO FEHK(F, 4, « Y RELTEHT
. R LIE(F, +, o ) SR HE IR,

WAR(Z. 4 ) SR AR BE.

T uEd .

[EE 5-4] Br=2 194 BRI,

iE B(F, 4+, ) RAEMRER, R EH(F— {0}, « )RR X FERE a € F— (0},
L aF={a « x|xEF) {4 ik e 5t

fr F>aF.f(x) =a+x,Yxr €F

(1) & fla))=f(x) Mlaexri=ax, T a0, T& 21 =2, T VL fIEHH],

(2) XFAEE yCaF A 2CF i y=a « 2. T f(o) =y B £ &5

WAy FAMRA «F CF, Ll F=aF. H T 1€ F=aF , b HFEbEF i a - b=1,T &
bt a KTz W MWIT.

WCF 4, o ) &b,

5.3.4 AHRIE

BBR1F (linite lield) F A Galois 5,47 g 1~ ICE W Galois il i GF(g).
« 152 .

(a+bi+cj+dk)™" = a—bi—cj—dk)



FENS R iR o R I R TR St S ST | s Tt O DI B IR 1| B 0 /NG 72 K SF (LR 3e SR N
R 255 2 U (] i 2R 4% A 4R ] Celliptic curve eryptography).

(6 5-26] 403 : 3 (Zs . +5 . o) B3R (Zg o+ 0 o) AR

B PN (Zg, o o) RATHIR VT HAE (Zs — {0}, «) ZREMI AL 1 F 1 g 11,
293=1.4 s4=1, TR TRKZERKEA 1 '=1.27"=3.37"=2,4""=14,

X FH(Zs s tss 26) FHH 23=0.2 3 BEETF ILA(Zs» 6. o) AEBEIR, I 1M
AN B

Al LLIER .

[E3 5-5] H(Z,. T, o0 2 HACY m 22K EL

iE (=) Hm AEZERFEE 1<k l<<m {8 m=kF . XK 0£L,IEZ, HE +,[=
0.k F1L ZHFHTF  SCH(Z, s+, <) =B JE.

(S m XN TIHEE 0F2€Z, . Max 5m ER.INGFERE p.q 153 px+
gm=1,3X B} (pax+qgm)(modm)=1.F i p(modm) +,.x=1.HIt + K FFikiz FH oo
A plmod m) €Z,.

TR AS IIE B b 25 LA O T AT BRI 2508, Se g s RS S R Y E L

[ 5-18) & (F, .+ . O)FE,. D, O)EW .35 ¢. F,>F, H o 40 5IFF5 k00
iz B EzR

olx, +x2) = ola) D ¢lay)

ol » x3) = o) Oepla,)
MFR @ R (Fys+, ) EI(F,, D, O)WNBRSBRE. 75 ¢ &0 H ¢ 230 7 A w5, 0k
o N(F,,+., «O)F(F,, &, O)WIEEABRE . R (F, .+, «)5F,, ©. ©)F#H.Id
H(F, 4, « )=(F,, D, ©).

[EE 561 TIHL5IEMAL:

(1) B(F,+ .« ) JEH PR WA TR R A p FIERE R 0 (75 [ F|=p

(2) X FAEE R p MIEBE 0 AFAE pm 100 E B9 A BRI

(3) JTEAEOH [R ) A7 BRI [F] #4119

2] 3 5.3

| RSB A 7 6T RN+ TR IE B - f R,
2.&R=Hﬂ2)amwdeqdwR%?%%%M%+ﬂﬁ%i%'W&%.
C

3. W R={a+b3a.bEZ) W R KT H I+ R 4R - A,
4. W R EXMH(—co,+oo) B IAT &2 R B M ES N TAEE f.g€RE X
(F+ () = fa)+g(@).(feg)(x) = flgla)). YV € (—oo, +0o0)
AT (R .+ o) 2 5 HEAS I EE.
5. WX BEASPXORXWREGEY . PCXDOETESWNHREZEDHES AT
iz N (PX) D, N).
6. WEW] . (R[x], +. < )EHEIRE A BRI,



7. UEBA . ek iz B AT A e Y R A R R A

8. W R={a+bila.b6€Q} M R ZTHMME+MEMRE - WIRF . ZHERANS
Hir #4038,

9. W R=ZXZ. 5 X R Lk +iz B MR « izBF .
T AEE (v v))ER (20 5y,) ER,

(x1oy1) +Crgaye) = (o a9 + v2)
(xyov1) » Crzaye) = (g o a2491 ¢ y)

WE: (R, 4.« 2R JRINZRH I A F K £

10. W(R, +, )T ALHMHF . 2 ER ZERETL. N THEErER.z e r=r 2. %
Rlz]={f() | fx)=ast+ax++ax"a;ER,i=0,1,+n—1,nEN}, M Rz KT £
i+ e ik o MR AR (R ]+, « )NER R EBIXTF x B9— T S TER.

11. (R, +, )N, HZRMNFEEZHE - WEFFE WM TIEEER Ha .
r=x PR, +, <) EMMMRIK U,

(D) A TAEE R B 1+ +=0.

(2) 7 IR ¥R J& 38 1 246

(3) #IRI=>2. (R, +. « ) RZEIR,

12. (R, +, < VERA=RRE XA LNz 00 R0 ik 58 /B X T1E
B FeCA () (@=f)+g() (f+ @)(@)=f(2) » g(x) Y ER IEM . (A, +, +)
e

13. (R, +. < )EFTL1IMH N FIEE +.vERE X

r@y=ax+y+1l. 20y=xey+ta+ty

HEHT

(1) (R, D, O) T LI,

(2) & o) =x— 1, ¢ BIR(R, +, < PR, B, O) M [F H B,

14, 359F . S EOR (R, +, <) L Hp R={a+bila.b€Q).

15. ME—A 3B (F,+. « YT %,

16, W(C. +, Y EEHIH. L ¢. C>C.plat+bD)=a—bi. i ¥ =—1,0 ¢ J&
(C, +, OB H [RGB

5.4 5 ARICE

18 JE Dedekind 7E 1935 4R 0 58 324 26 B H BAL I 2 1L 9 B0 — b 22 A9 AR RS 4.
W& IE S TH R AL T AR PR SO BEe BE A A T LN 2 WA A B R

A R ARBOR S B F George Boole 18 1847 4E 77 45 16 % 1% 48 F 4 1 0 33k 47 F 90 1) 4
S R AR Z 807 KR & E. V. Hungtington FIE. H. Stone % i R ACEGH AT T — Mg (L B
I8 1E 1938 4 C. E. Shannon % #1Y A Symbolic Analysis of Relay and Switching Circuits
W3 A AU T2 BRI R 8 1 S50, [ b LS A s- AT A gl e 28 A2 4R
BT 23 B AT AR S5 [R] R 31 vh AR A B B N AR D T RAIL B R R OB
B A R AU
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AT A% {ﬁﬁtﬁﬁﬂitél/\/}ﬁﬂ%ﬂﬁ%’r‘% o M0 A A JR AR A Sy — Fof 5 B 1) A% T LA
PHg. A AT R AURCAR R 15 P 25 R T AT TS e B R W AR A .

5.4.1 TBEIE X FE R

WL, <O MmTFE, <2 L EMRTF. —MRE L oo R b ah A LT o A3 A
— SEATAE. Bl anng Wy an el 5-1 Fros P4 {c.0) JC B S, la.d ) JG P S

[EX 5-19)] % (L.<ORRFE.A L PIEEWDITREBGAE LA LLZ T A
FRCL <248 (lattice). i T J7 i, X HF B9 A& AT PR 4 8 FF 48,

HR A 2 SO P 5-2 R 5-3 B s iR AR AR R AR

1 1

1 1 b
a
a ¢
d a d a

c

c b ¢ b 0 0

(b)

F 5-1 H 52 H 5-3

i 5-3Ca) B R W E 5-3(h) FiRFRoN I8,

[615-27] GEW. (P(X). SEtE ., b PCXOEES X ik,

iE BA.(PXO,SORMWMTFE. XN TFIEEABEPX),MEGHITRRAKY, A
sup {A.B}=AUB€E€P(X),inf {A,B}=ANBEPX),JFLL(P(X), )24,

WA 5-4Ca) ~ P 5-4 () FiR AR X=1{a}.{a.b}+{a.b.c) B (P(X) . S 5 7.

{a,b} {a,b,c}
{a, b} ‘b‘ (b, ct
Q
(a) (b) (c)

A 54

Kl A A B B I REMMES 7 CTRTER ST MK (72, 9).

(5] 5-28] HEW]: (D,. DS, b D, 20 R%n M ERBERMES. | Z2H W

iE WRARL(D,. DR 5. RO R E SO Y TR 2. vED, A

sup {x.y) =LCM(z,y)=[x.y]1€D,s inf {x.y} =GCD(x.y) = (x.y) € D,. T,
(D, ) 2A%.

nE 5-5 B s & n = 8, 6, 30 BERS (D, . )9 RG HTE.

(5] 5-291 % F i & A= U(WFE) A MG = 23 UH Y2 58 20 5 0 & .
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-
NN
</

(a) (b) (c)

(F.=)7EH,

e R (F. =)0 e 2. i B 4 9k R =K i X TR A.BEF.

(1) B FA=>AVB.B>AVB. T2 AVB E{A.BIW LA I A=>C.B=>C.If 4
AV B=C,rll sup {A,B}=AVBCF.,

(2) B ANB=AAANB=B, T2 ANANBZ{A.BI TR AL C=A.C=B.M4
C=A NB,rll inf {A.B}=A NBEF.

HI (D A2 HD, (F =) 24K,

WL, <) & X FAEE 2oy E L {a .y I BT sup (2 y) €ELAFEH (2, y) T
Boinf {x.y) € L AFAE X sup {x, v Al inf {x, v ib B ME— 00, B o] DLsE SOk sk B
Wz E T HSR P s A -

[ X 5-20] #(L.<O)2M N TAEE vove Ll U FsR EmREES+7/
KTHWFAZE "N

x+y = sup {x.y) (1)
xey=inl {x.y} (2)
@l AER (P (XD O X THEE A.BEPXOA
A+B—=AUB., A+B=ANB
e 6-3 HAHE (F. =) W T{EE A.BEF A
A4+B=AV B, A-B=AARB

WAR A (L, <O PR EfiAEHE " AR A sE - "2 L LR EERE.

o pt 7R B A EE AT D EE RSN EE 2 E T B byt .7
JEoR T s, Al LR R Lz R, i E Ik,

XA FRIEHR ECOBR2HE NS +CoOS5EHEIEHMNZERT VA ARR
— SRR S T 5 S e i A KA SR s AT S — 2 i 5 By a2 L i
AT 9 A2 EAATIRE . AT,

M LAt << LA T R<<F A7 B 48 2 L 5-20 5 H.

[EE 5-7) W, <K M FILE . vEL A

(D) a<xty.y<xty;

(2) o * y=<a,a * y=<y.

N T TR A A PE I SE A FE AR X B B AR B R AR Y A T —.

WL, <) EHK, = < WHXR. W y=c0r<sy. BR. (L. =) K. (L,<H Y
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(L.=2) Wi o . 72 8 TEE . vEL A
suplx.y; = inl {zx.vy}, inf {z.y} = suplzx.y’
) (L= (L) (L)

(L=
G L RXRT<faERRICEGEN LWL, 2)ER/NICEEHN 0 & L RF<TfFER/IT
RONML. 2 fAHKILE L.

[E X 5-211 X FARER A% (L, <) A il R B4R M5 e b i (D <<ty =
2+ BH e 5 (3 « BN+ (WO 15 (51 B 0 Fr 4 3 1 i UKy J5L i 8 1 34 18
p il

WA N E B

[ 5-8) M TAL B T4 (L, <O 1 LA AL, X iy AL R O L.

Bl AEERS- 7T i a<a+y A e = s y. Mz y<z. th y<z+y A5 y=
ey Bl e y=y,

TEAG PE T A AR 22 #6527 T i BEAYIE B b iR S B A= B AL
DSl N S A 1 S s i o o DG

[ 5-9) N(L,<)EME I FAEE x1vazsyioy: €L AT vy H o<y, W 2, +
o=yt oy, H a1 ¢ 225y, * ys.

E AREEHS-TH i<yt M yvo<y +y JHORFEMN <<y, H o<y, LT
S 1% 1% PR A

n<yw+t+y H <yt
TR ity Bl ea B BT 210t By o ) 1Y BB ARE B A << EF7H 2+
2 y1 T ys.

[FERATAE 2y ¢ 20y * V5.

HEEE o<y Hao<y, W o, +2, <y, +y, WG EEE 2, =y, H 0=
R L e o= R VA | RS S O = [ o VAN 1| I S o VA I VA

SEHL5-9 PR PEBIAR AR IR, A (L. <OP. W FAEE €Ll Tata=
sup lasat=a K ax + a=inl {z.x) =2 U INEZE + DL ki fkikiz® - HAH
E .

WL <)X TFIEE €L Hatao=a fox s x=ax.

TR E R 6-5 EAS I SFAEME SR,

[EH# 5-10] % (L,<O) B XF{E r.v.2€L H:

(1) T r+y=y+tz.xs y=y* x;

(2) &EEMHE (v+y)+z=a+(y+2) (xey) e z=x°(y*2);

(3) R -+ (x s y)=x.20° (xty)=a.

e (1) @A,

(2) HT a<<at(y+2),y=ytz<zrt(yt). TRERrry=z+(y+z). XHEN <
yteat(yt),Hlt(aty) teat(yt2).

FRE R 2+ (y ) <(a+y) t=z Fill(aty) Fz=z+(y+=2).

FIFAX SR E (x e y) s 2=x+ (v * 2).

) HHa=x Hax s y=a .l at(xe p=a. MBER =tz ), W2+ (x

y)=uox.



FIAXMEEHEE « « (e +y) =2,

EFE e K BA A 2 Juia@ i 2 Bk D (2O MG WARKESH L, +. +)
FROAG  BXRE A SRS FRO A BURE. T LLUE WA 7 % 1A KORS A< 153 4 7).

P27 25 0 1 e o o O P e S 2 P 95 4 v i) B S

[EX 5-22]1 V(L ,<<) MLy, <) B AFTE @0 Li—> Ly X THEE 2102, € Ly o 4
o1 xs A o) pCay) R @ M (L, <) B (L, <) 1R FF R 5T

{8 FF WS mT DLk — 20 HE ) 3 — M 6 R R E% &,

[0 5-30] % (S.<0) A& B EWE 5-3(b iR, % ¢: S>P(S).

olx) =y | y€ L.y<<ux}

W @ FE4% (S, <) FAK (P(S) , &) AR 7 Wl 5

iE AR o WE LA ¢(1)=S,¢(a)=1{0,a},¢(b)={0,b.c} 0(c)=1{0,c},0(0)=
(00 AR Y 2oy o o(a) Solay) JIT L o HHE (S, <D FHE (P(S) , ) B L B4

5.4.2 HBEEHR

A7 2B A% AT 2 o T

(6 5-311 2GRS (L, <O gAY e ikz 5 « "Hkg ks |\ -+ "M A — 2
Al 4.

R RS- 3P A Na b+e)=a*1=a.MMia*b)+(a*c)=0+0=0,lLa
(bto)7F(a s b)+(a o) BIGHFREIZR " « "XHEHINEZ R + AR 20

FFE.HTFatbec)=at+0=a.Ma+b)» (atec)=11=1.Lhat+ (b c)F
(atb) + Cato)s RIS IINEZ 30+ XM R i aa 55« WA AT 4 IE.

[E X 5-231 % (L,<) @&, Ak zE" « "X ks 09 ik iz 80 4 8l 73 Be (A%
Bk is B XS ) e vk as B o TRl B LR (L <) 4y BR 4% (distributive lattice).

(6] 5-32 EA. (P(X) ., &) &AL,

iE T (PO, SOFRIARE (PO, U, D THEE A.B.CEP(X),
BRH

ANMBUCO =ANBUAUANOO

T LA CP (XD s &) 24 AL

FE L (F.2>) WS H F 2 A6 U AXARMNES =AU R A2 8 %
I

H 8] 5-30 M1 Bl AT A% A 2 2 FCA . SEBR b T A AS U AN 5 J3 B A& G A0 88 R T A A A
ANAEH EE AR SR BORS 18] . 2 SR T O A

[EH 5-111 (D /hT 5 DImE I R 7 B,

(2) AF B 527 B As.

[EE5-12] W(L,<ORB. ML Z2HRHENTEEZFRMFENTEE 2. y.2€ L. H
aty=a+z Mo« y=z -z A LIEH y==2.

5.4.3 HIME

— R UL A LA —E AR R AR TT S BT, B0, S8R R R TR/ TETRAS
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JVE LA A% (R, <0,

[EX 5-24] % (L,<)2M .4 L AHERKITRD R/t R WKL, <) h B RE
(bounded lattice).

P A E . BRI ERARICERICH 1. 8/hocRich o, 4l E UM 75/ A&
(L, <O HMEE x€L, B 0=x<1.#MA 2+1=1l,x* 1=z, 2+0=2,2+0=0, TZH
A L RTF“ e "isBHEREELICL, L XF+isB8HE k4G o.

[ 5-331 GEW]. XHMESEES X, (P(X), S)2A .

iE BT, XEPX) . HMFIEEACPXOBAE T AKX, BTLL(P(X), &)
Kotk X, H/hoeh D W (P(X) , S A%,

WK AL A RS A A%

[EX 5-25) (L, +, )V EHE R aC L EFEIEL S a+b=1Ha-b=0U
FR b H a %M IT (complement).

WAR ARG T T A b a WAIT. M a o B94bIT: 0 5 1 H AR T, (HX T4
FAE AR TR A F T, [R B — A0 R 1 b A 4 M —. 1

[ 5-34) xF T niE 5-6 im o4& . iHie 54~ JC K (19 #h e,

B 051 H NG a RN ICH d. b AN ICATEAE. c (RN IE N e. d
HIANTTH a Fle. e AT N ¢ Rl d.

[EX 5-26] &(L.+, O)RAERE. A LPEDICREA T, WM, d
FRCL .+, « ) B & (lattice complemented).

(6] 5-351 IEW: XHMEEHES X, (PX). S =4 Hh k. i

iE PFAPOX), S A FA% N TR E AE P(X) X —AE P(XD,
HTFAUX-AD=X HANX—-AD =T, A€ PXOHHT, FHLP(X), D) EH
KK

[FIFE, (F =)t A #b g Ho F IR & U A U B 8 G =0 A 2 W] 59 2 48 2

[ 5-131 FE5rBCAS . #5 — D JC R AFAE AR oG, W %R 0 2 0 — 1.

W WL, <O A A a€E L0 Fle JEa B9%NT. I

at+b=1,a+b=0
atc=1l,a+sc=20

FREatb=atc.a*b=a-+c, M4 BTER A b=c.

HRAE 5 B 513 H1L 7EA #hor Fe ks h B ST R AR A ME— 19 b JT. 1E B Ch a0tk L 7E A RR
BeAg th ] DLUE L — A on R W bz 7%; CTLVEEH B L o UG . B AR A A o B AE
0=1,1=0 A F(FE +EL EH +—u.

TR E B SEAA AD S BC A 1Y EE A L

[EHE 5-14) & (L.<O) R ELA& . W De Morgan 7 FPXf THEE . vEL A -

(1) a+y=x *v;

(2) 2« y=7+7.

e (1) BT

2] C

0
5-6

(xt+y)+(xey)=(x+y) +x) (a+y)+
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=@+ +y s (a+ G+ )
=4y e+ =1+1=1,
JF H.

(24 e (Toy) =(x e (Te3)+(ye(Tey)
=((zex) e )+ (T (yey)
=0y +(x+0 =0+0=0,

fillet+y=21 5.
(2) BT LAY IEH.

5.4.4 HRAH

[EEX 5-27) TENE =2 AR (B, <) N R E(Boolean algebra) i #
RI&.
WP 5-7 Fr s 2 I v 4 5 25 ik Z 18] i A B OG &R

B’ 5-7

21 ATCE WA F o Bk 20 R AE B AL E T . —EAE o RARRBCE IR AT & WL TR
IRACE 2 B AL 2 .

W AR AR A A R AR R R AR A PNk T R — R H BN TT 0, — R H R
7C 1. 4R 0= 1.

H AT A S A FEAT B A KRB <) P T DUE X 3 R B2 8. X FAEE o
vE B,

(1) AR+ x+y=sup {x.y}.

(2) /K" «7: o« y=inl {z,y}.

(3) R = [HIT.

(6 5-361 1| X | =1, 0EM (P(X), &) BARRELFR(P(X) . ©) WEAREL

iE T (POX) . SO BEEA#ME SZT B AR [ X =1 1 (POX) S A /- AL

XA AR B MRRAMMNES 4 X THE KRR SR A KRS FRH
KEREHL

(%] 5-371 W (F.=)2m /KR8 Hh F 25 A LHMNES . =24
] B AL R PR (F . =) IBEREL
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e (F =) BER A AME SO B . 1 0.1€ FL T RLCE =) J2 A /R AUEL

AL, G ZITA 8 A XA ES WG, =) aBRE. 4 H 2005 md
ABTE prspasers pu WPTA A2 ALK SRS U CH =) A RARE i | H | =27,

Hi 5] 5-36 FF] 5-37 %0, 48 G ACKOHE 30 ACBCAR 2 A /R AUE I B ATA 5€ 4 LY

[EHE 5-15) & (B, <)M /R AREG X FAERE +. v,z € B.

R (B <O 4% T LA

(1) x=<<x+y=sup {2y} yxty=sup {x:y/,

x e y=inf {x.y}<x.x* y=inl {x.y}<y;

(2) X fHy )i B8 57 5

3) ®REHE MNTHEE .oy CL. 45 o<y H 2o <y, W z, +2,<y, +y, H
T Ty Y

(4) BEE str=z.2x=x;

(5) T ++y=ytzr.xey=y-*x;

(6) & (rty)tz=xrty+t2).(xey)ez=x(y*=2);

(7)) MW 2+ y)=x,2° (xty)=ux;

(8) a<ySrty=ySxr+ y=ux;

KA (B <) A2 57 BeAs BT LUA

(9) HEE 2 (yta)=(ry+t(rez), at(ys2)=(rt+y) e (r+2);

(1) FHaty=xtzHaxy=xz. 0 y=z2;

KR (B <) 2 H #M& T LA

(11) 0=<xr=<1;

(12) L4t BXKT" - "BHRAFELIL 1. BRET B8R A ME LT 05

KR (B <) 2 A #h I3 Bk , BT LUK

(13) B##E ata=1l.,a*a=0;

(1) &R o=

(15) De Morgan #  ++y=1 * y.xr* y=7r+y;

(16) x<<y=Sx* y=0=Sx +y=1.

PLR 2 A ZR AR 4 1 M Jo

(1) B ct+y=ytaz.xsy=y-* .

(2) ML 2 (yvF2)=(z e+ (xe2). 2ty 2)=(r+y) + (x+2).

(3) L 2 +H0=x,2 1=2x.

(1) H atr=1,2+7=0.

IERD A E. V. Hungtington K53 2 L34 (1) .(2) L) MO MRS (B, 4.+ .7,
0. DFR KA /- ACEG Horh [ Bl =20 7 A - ACE 3R PR g SCAR T AR ).

WKL X R M PXD), ST RAARARE. (F,=) W2 TR /RAUE Hrp
F 2SN ARA B EG . =2 A ) i 2 58 210 0 G &,

ZIX|=n=1 0[P | =2",(P(X), S)2H WA RICEL.

P A AR R A 1 € SCE LT — AR B &S H R K, F i 4 A R 6 R R 3 (finite
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Boolean algebra) ) &5 ¥4 52 #.
[EH#5-16] (M. H. Stone)#(B.+, « 7,0, D247 A /KL MAFEA RES X
B, . 70 DEESEPXO . UL NG XD R
P 307 8 2 BEAT LR A HE IS
Eit1 (ETEAMRARRE B+, « .70, DATGEANECHK 20 HAF » HIFEEBEL
Hig2 EFMEXT 2" PR MA R RARBCGEME— 1, Horp oy IE S5

2] @ 5.4

& 5-8 Tz B9 e 3 1 B9 O 1 SR A2 A e s A A
TERT . (27, D@t Hrh 27 R B 5, | 2 B ER C R,
W Z ETFTEBER "R AL, <O HPh<EHNDNTFETEAR.
WL DR TR vy €L A(r e y) s 2=z (y+2).
WL <) N FEE royEL H s (xty)=a.
WL, <R N TFIEE 2.y 2€EL A v yH (e 2)<x e+ (y+2).
7oL B FAT R a0 € L35 a<<b Ha7b. Wil K a<<b. 1% a<<b, % I={x
2 € Liassa<<bp T, <0 2245,
8. UEM]: TR AN FC S
9. WEH] . (F,=>) Rk, b F 2T 4304 Nd i 8 6 . = 224 1) 2 58 21
10, WEHA . T E4E 2 A BoAs.
1L B (R, <O R IAR, Hp<UR08E R B/ TETRA,
12, ER B R A A RS AT A A (I 5-9 Frr).

1 1 1
d
g ; b
¢ o
C
a c
d
0 0
(b)

|
e
a
b
0
(b) (a)
B 58 B 5-9

Ty Ul = W o =

2

(a)

13, iEB: TRANEARTET 3 B8E AR A FME.
L4, GEH]: (F =) 2 A Mg Hi F 2T G A XAmEE . =228 a0
15. ¥ n RIEEE.A D, R n MITAHIEFE AR ES . X FEBRLR]”. AW
(D, . )RS HFME A7
16. TEMM/RRE(B.+, « .70, DP A TAEE 2. yvE B, ik .
(1) a+(x » y)=ax+y.
« 162 -



() x(xt+y)=zx°y.

D) (xey)+(xrsy)=ux,

(4) (xt+y+=z) s (x+y)=x+y.

17, BBt s o o0 DI ATRIREL R T AERE 2002 B LR F 914 58
(1) (1T e«a)+0-y).

(2) (x+2)tz+y+y) 2.

(3) xtytax-qy.

D (reyedt(reye)t(rey-=2).

A D g

1. REEH

A LR 3 e i 2 e UL R RV 2 B, — 1S A LA EryE Az
B fosfoer s i =DM RBES I CAL fos oo f). X THREE MRS, — 2
SR rh Y i 5 B A B 1 I

W A EE S B 2 sufUBUs | 7 + WA S/ WS, » )i, 1« 23k
FHEAEM EWN 2 eRBUZR &+ RS GHRHA M XT « T L7C e WM (M, * o) L2

TACE— M L ok i AR S /N s AU A A, — B Y 77 2 2 AR 4l H 1R
R ELA 0 M o 24 0 T A R0 1 o

i B T w5 o] LUhie e i Z i G & AR S i R &8 5 R . X2 ihie (R
R g A Y 77 1.

T AR AL Y 5E ST AUBORMU B S M 1Y ] 25 55 TR R o B A 3 P 0 S 510 8 S

2. BHEXKMER

W GEEFES, - G B2 otREUE . (G, <) ZRFLAE 2 T3 3 4 &1,

(1) R ARE: Va.y.2€G. (roy) s z=a (y*2);

() GRF - ARANILGEFICHN e: Ya€EGir s e=e* v=ua;

() GTE—ANTTREG PTHAYIC: Va€G, 327 '€Ga a7 =271 » x=e,

flan, (R, +), (R—{0}, « )R

iz A AT A2 A A e A A0 e Bl DL JRHE, AR B DUJRHE R BN L 6, Bl A = {1, 2, 3}
R BB RN ES S, R T E G IZHE - R (S, . ).

WG, )RR A a € GERG PR ITRE) N a BRABEBOTR . MFRG, <O
TAIHE. EEMPRIEIAE . (Z,, +.0 02 m BRI, (2, +) J2 CERTEIRE.

B(G, O RB.OFHCG A HRT G M FM R PR (H, » ) 2(G. - TR,
i H<G.

FOREARTEE SC, PP DURTE R FRFE ML R S S REFA , 048 & G ZATIREE,
H<G.W[H[[G].

3. InFOE

BE(R. 4+, « YEEWA 2 s BB 2
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(1) (R, ) S D1 R JE.

(2) (R, « )17,

(3) « XF+n] 4.

WIFR (R 4+, » ) SEFR,

B, (Z.+. ). (Ro+, o)y (Zy o+, o )RR

BORFERINE L. BT & AW O H IR IR BR P M.

BECE, 4, « DRI, (F—{0}, « )& Abel BEFR(F, 4+, « OS5, HlAIR, +, <),
(Zys+, = )T p HEHO.

A B  JLAS 2518 1T

(1) B (F,+ .« ) 2AH MR M AALERE p AUEREE n (15 Fl=p".

(2) X FARTEZE p FUIEEEE 0 ATAE pm A ICE 1A R 8L

(3) JCERAEOH [ A PR IEE R R .

TR AP A0 E L, IR A BRI ik 3 AN EhiE.

4. BEHRRE

WL, <O )P4 . 27 L R AS ST R AR L A DL SCT 5 50, WIRR (L, <) 245
& (L=< rh i as B e (DM, ()25 5 M, () Ml .

BECL <) A8 i iz A B AT 43 BE L W FRAS (L. <) Mo BL A

WL+, )RR E LA ICE e EL i bEL G atb=1Ha+b=0.0
FRCL .+ o ) A EME.

TCENE=2 A RIS (B, <OFR AR BInP(X),©) . (RO, (F. =) &
R ACEL

WL <) A A LA W De Morgan 7 BIX TAEE . yEL A

(1) I—Fy:;' ; (2)x » y:;—i—;.

Stone &I ¥ (B, +. « v 0. DA RA KK MAFFEABRES X BB+, « .0,
DHESREPCOWUNT.O, XM, #fm

(D AL EARA R B, +, « L0 DMITEANECHN 2 Hdh ol 1IE 58

(2) TEMMESCT 2" DICE A R RACECZME— 1, Horh o 148 %K.

BORFEARAE 10 L. BHARAS 10 12 S0 as S0 M . 4R 2 BOAS A A As A R AR 80
S, PRAEAS A3 FCAK A AME A R AUER A ORI, 1E A A R AR R ACELAY Stone E BE
(o
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FoE B ®

e BB e A2 En 8022 L. Euler i F 1736 4F 5 i & 57 B 7B RY fif b 1 AF ) i 42
Ak 0] .

1936 4F-£4) 4 F1Y Deneskonig M T 5 — A Bl 16 77 i 19 % #7632 9 8] 95 F 19 G. R.
Kirchhoff . # [# 1Y) A. Cayley Al W. R. Hamilton LA} &9 M. E. C. Jordan 5 AR AS H i
FEA 4 19 T AE.

e B A 1] 1) O ZR ] ] 320 HE R L RO TS IR NS T 9 SR A (e s B
MRS N HSEAER iz  EC A B EIENE S v 2y Wiy b B ET
(I P SN o RN b = 1 L Ao g B R S 1 B o d o = ) I e o RO € TR 1 I R4
FEREALAE ROE R R R G o R G S AR LA RORE 2 4 5 T TR AR 1 E R
i1 A,

SEFR b BE E AR TR ) E-R 18], Internet, WWW FlL 2 0 25 55 42 2% W 25 1F 5%
HRE BN BB A B B R THRE LA R AR 2882 1 45 3 B B kAT i e .

6.1 PERYIEACHE 2

6.1.1 EHEX

A Je W £ (Koningsberg) 3k A 37 Fi) %6 1) 35 55 4% 7K (Pregel) 1] B, 0] v P A~ 5 5 24 > Ik
TR T 4 3555 &30t 7 FERFE R A 6-1Ca) A %, RS . S 75 n R — S i
KT T RENE BN R W ARG SO E TR K L 3K g S AT AS 15 H AR 1Y) (]
LY L. Euler JEiX Y « K 4 377 20 5 ] 4 A (T 1 24 DAL BLC.D R
N P L T7 2Z ) AT — S B A B I A O 1 P A Az (R — 4537 an ] 6-1(b) fiT 7,
T2 RAT B — > ] 3 2 B ] g PR A

C
bﬁ bd b2
4 by 2
b, b
b,
D
(a) (b)

ﬂ;jiﬁ’ﬁ 5) &*EJT 95'}%]]% U1 2+ Uz 2 U3 27Uy »Us sTZfIIZl‘Eﬂ H{Jﬂﬁmﬂé?ﬁﬁﬂlﬂ 6-2 F}I:ZT_\- vfﬂx:q:' €]
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Fem v, AT RLRFE o) se, 367 o, ATLLE A vsve, o v WTLLE B B v 0o 7 v, AT LI
s %

FH T Y 2 ] A RAAS S

[E X 6-1] B G(graph) F % i W0 F B 4- 4108,

(1) WEES V. HAPRITE o KT A (vertex 5 node).

(2) A E,Frhioc E R b if(edge).

HEEE GILhG=V,E).

T VLN .

@ 5 5 0] AP 82 T 84S A, 8 FH — > 580 8035 0 s 3R s o (BLAE S5 B 1 v s
AT LUHE 78 (DB ZEIE S A7 S O 1 T A DATE X S5 5 1) 55 i sl N # S LR E AR
ol H R A PRACE A QnE 6-3 o J&— > BRI Y DU 3 [ 28 (Bayesian networks).

° Season
Sprinkler °

Uy €y o
95 3
Us
€3
e, e,
€3
Us
Y Slippery
€]
F  6-2 K 6-3

@ i R HFem, FEE 6-1(h) iy im by 2 8A 7 AR T EA. 7T LLACE A 2k
LB RS BT AN B R S LA RS IXEF A FIB BRoNi b, 138 & (endvertices) .
FEARBORIE I W32 b, fiE N AB.BA(ABYE{B, A}, £RAMNES(AB)={B. A}
MM TR LIAHE,, 2 EE . SlENESH AR, /EE 6-2 L0 e A 77 ), PR
KA BN Care)  HGE 8 GIVE) R v, s RS G R vy o A i 55040 5 v, Fl g o 7E
TR AT A XS Cup svs ) BY (vy 50y ) R I

JIT A i8I G R i ﬂ’]lylf’”}Ji‘Eﬁl(graph 5% undirected graph) . T 1 #f S 7] i1 1)
K Fr 0 B @ B (digraph 8% directed graph). &
118 AT BEA Jom i 35 A 1k iR 4 1 A
BHEGE B G=(VL.E)'h il V fILE ¥IA R,

@ Pl B ¥ FNASAE P . 5 B A L TR AT
THE I E B Sy 867 B S 5 T H 5 iy e AR
A A TG G

Aan TR EH A B A o 15

m ZHE RN (ny o m) B. WE 6-14(a) (a) (b)
Bl 6-4(b) BTz 09 & 43 B J& 3 Br o m) R 4 By A B 6-4
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Im] ]
HEE G=V ,E)d fr V=T E NZE (empty graph) ,idt T, 45 V= IH E= T
FEI K A BB (discrete graph) s n Br & E o] id 9 N, AL — 05 45 10 Z B FR O = LB (trivial

graph).
BE  ERiEILERTE.
6.1.2 4B

[EX 6-2) HG=V.E)ZE. X TIEE u.ve V2 N AT w B9 85 o 4730, R
u +e 4B B v (adjacent to) I FE « Fl v 12 4B B (adjacent).

TETCI B A w Flo SRR W v 1w ’@.%@Mﬁﬂ{l AR EAmE . H
w Al v SRAEARETS H v Fll e AR BIANAEE 6- 4. 5 S v, 58 v BEHYE v 5
vy ANEREE. I AR S W P A . R R 6-4Ca) P w5 vy BB H v Y
vy P Bvs 5 vy AR EE 6-4(b) v, 5 o 2B, v 5o, 2ALLEN,
2<i< 4.

TEA I E G= (V. ED T 45 w SB4E 3] o, AR w J2 v FIERIT R v & v WF4TER.

FEL I E G= (V. ED)H PRI e ey AL S WFRIR e, F1 e, REDEE.

6.1.3 XBf

[EX 6-31 & G=V.E)EE.e€E.e WP 5038 w Fl o FKD e 57758 w VLK
e 558 v 2K BERAY (incident).

AR AT 35— 2% i 1 O R P A 1 . SR MK [R] P T 0 il BR Al BOER . T ] FR IR
(loop) . JCHK 1 5 AH 7] 55 26 55t A0 Rl 930 FK O 28 B 3B (multiple edges) 807173, Hal 44
FR oM ¥ B (multiplicity).

FE 64O AET R v AP A o) Ml e, s ENTRZEN oy Ml e HEZHM. 1
B 6-4(b) P HET S oy B TAHK e;vey e, B2 HENH ey Fleg ARZHEN

6.1.4 BHEHE

1. ERE
[EX 6-41 W G=V.E)EE.AHGHREAR Y EZEDL K G EEEE (simple
graph).

AR B p, R 6-3 SRR i E 6-5 R B R
(Petersen, 1831—1910) B, & & — 47 & FR R PE D0 &1 B 16— Fh 4RI B
(snark graph) .5 23 2 W0 H L.
2. EEXEE
[EX 6-5] & G=((V,.E)En B odcim B2 G AR il S
Hgrn— 1A i 8835, R G A n Br 522 7 @ B (Complete Graph) it B 6-5
M K,.
5 6-6(a)~ &l 6-6(c) flrns3 Al Ks . K, Fl Ks.
¥ on Brog 2 Jem B K, AR —A 75 10 45 30 A7 AR o B FEEE.
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(a) (b) ()
E  6-6

W G=V,E)2& n il oA mE, & G P EEY SRS Hayn — 1 A 4B 4, W FR
GHhnbrEeBEBE. B8 .2 Br5Eef B K, BRSPS S0 2 A BB, Hol 2 al
XF i Ay

FHAEW on Brse 2 E K, BHECH n(h—1)/2.

3. A

[EX 6-6] & G=(V,.E)&n BriEficmE, h Gy A5 sl G il
K, 5 B A 30 0 i 04 [ FR  G b B (complementary graph) . ic h G.

anlEl 6-7Ca) FIEL 6-7 (b)) Bir /s B9 B I0 0 #h B AT R T 52 42 P T 5 Y.

1 1
2 5 2 5
3 4 3 4
(a) (b)
A 6-7
BRTATE T S u Mo 5 u Mo £G PAHE N « Mo 765G DA # uflo
16 G FAR4E W w il o 75 G P ARA$E.
2] 8 oe6.1

1. fFE6-8 . 1.2.3.4,5,6 Fon 6 AN, B 5 2 8] 19 T [m) #0227 07 X6 1 1) 19 A4~
NN & 6-8 Fron i) & X2ft 4 e i{EZE 6 AT A |
3 A NAHE AR S B AN IR A 25180 9

2. fE— 10 [4ERF2 b BG A AR TR EZ M, 2
IV 12 A0 4] 4 7.2 ) AL 11 P A 700 2

3. E—WHCUHES T 2245 Bk T A B0 B i N Bny B A
I 12 A0 i g 7 PRI R 9 AR i)ty — A o ik — gy B 2 4 fe] Ak 3
We.? SN 22 UK Bk AR A fa ik B 2

4. X FAEE ne=2 A N2 B 0 WS A A [ A BOiy I A, itk 25 sk ] R i) ] A

6

3 4
& 6-8
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A2 ne] e 577

5. GRA3IHEBE—THITA 3 PAZKIFHA 3 HOIHAAATHE . T 5 A
1% 2 A B I KR B A RS PN R B BA K I BFTK. ALK 3 P AR T
TAR, TRIE & A B — R M0 A K AT 15 AT e 25 K 09 B A 2 A a3 e ST i
1 () R ey P A 7R

6. (it 3AT () /) B AN Bk — 40 32 0F 4 — SR R — 2R S MUY ) — 5 B R R 25 AR R
AN BRE R R CER I —Fd Wl th T B MEE, Y ARG REN S EEZE. 8
o HE T R 25 M ) A

7. (SriBEIEED A 3 AR ALB.Coar il %€ 8 Jr .5 Jrkn 3 i ik A Wi 220 1
T 7E AT A B T LAY S BLF BR il P 43 L i ek At R 45 ] A R

8. WEBH . ARM] n B o & K, Wil n(n—1) /2.

9. X T n YA TCHE G A& BN m AT E G WANE G

10, 2% H AT 218 3] 44 57 T 710 ) 1~

FE LRI b L 18] 6- 1 Ch) Y P v — A5 19 2 Rt 2 18 6- 1 Cad 9 AL DO 3l 6 H 2K 19

MR ECH.
EAEERG=V.E)h , 68— e CEEBELF 2 NS uCV eV, FH u=-v.M
R e 5505 v WRHERIRECH 25 47 w0, WFR e 58 v W RBEIRECH 1. Hille€ E 5

T eV RKE TR e 578 V 1 RERECH 0.

(EX 6-7) BEG=(V.E)RENE o€V FR5S A o IR BT A 200 R e il
N v BB (degree) .18 N deg (v).

fEE 6-9Ca) H ,deg(v) =2.deg(wy) =5, deg(vy ) = 3. IR & &) HI5H , 5 S 4419 —4~ H ¥
%: ZJE- 5 €y

[EX 6-81 W G=(V,E)EHME,v€V, ‘

Uy Uy
FRUL v A SS9 8 B 19 a5 o 19 H B (out- e
degree) it W od(w) . Bh v A MM A% H K “
T v BN E Cin-degree), i2 N id (v), #F v & v,
od(v) +id(w) J T 45 v ) EH, ik R deg(0). P
B 6-9(b)d 5 & v vvssvs Fl v, BY H BE
SR 3.1, 1.2  ABEAY I 2.2,2,1, T H i @) ()

B 5.3.3. 3. fE A [m) B v R AR A 1 Ak B 6-9
—4 A IHF 2 K.

TR EE L. Euler 6 1736 46501 A0 16 058 — B8 35 0™ 38 - B 1
— KN TR R TR —E.

[EE 6-11 1AL (nem) B G=(V.EDW, HHIF A W S ERZME THE m 1
2 {7, B

e 169



E deg(v) = 2m

veV
IR TFE— RN D) deg(v) BHERE & 2 B, 4518 BT
vEV

i bk E PR B 15
it AR E . EECH A O AR AR
KD deg(v) = 2m. i O deg(x) = > deglov) + > deg(w), fif LA

veV vEV deg () {53 deg(v) 74 ¥
D7 degCo) by fEK . 33 i B KA A B0 T A B R

deg(v) /& 47 #t

HE 2l 6-1 S AR AR 25 5 HUH AR ATAT — IR 25 b el A48 T OBz Fd o (8 8O
Hig 7 &8k T AN L.

TEAE A E T WA

[EE 6-2) (AT A 1w B, A 1 sl iy H S 2 55 1 A Z f.

TEAEEE G= (V. ED i BEECH 0 1919 sSSP A IRAL & (isolated vertex) , JEECH 1 /Y79 55
Fi oA B3 & (pendant vertex).

(51 6-11 LW X FALE n(e=2) 1 ARV A A A AR [FAS B0 I A

iE R B R NE T S B AR ITACS BACY X R R, TRERE -
n G RICE B G 3N G R AR R RE N 0.1.2, - sn—1 Hr—~,

MG PRI AN, TR S ERATREN L2, n— LT WA TR
WA P B[R]

G A IGL G X R SRR BB 0.1,2, - on—2. [ REH TIA 2 AT
Ao R I DA Y P ROR [].

o E R m G R SR B WIFR G Ol k-IE W B (k-regular graph).
El 6-10Ca) FIE 6-10(b) &P 3- 1EM(6,9) £,

(a) (b)
F  6-10

[ 6-2) & LMEEGE—13-1EM o) B H 2n—3=m.,2K n flm 552/

R miEFEMA 3an=2m. W H . 2n—3=m. 0] TG H n==6.m=29. iX £ 019 & ]
& 6-10 flr 7.

[E X 6-9] &ﬁ-%ﬁf’@](.}z(V,E)EP,:FzT\AfC';>:TEandeg(v>ﬁJrﬂGﬂ@f‘zkrg,m;):

min deg(0) N G RMDME. FEAWME G=(V.E)H ., FR AT (G) = max od (v) A ] &
GHEXHE.s™ () = min od(v) HE G WER/IMNHE A (G) =max id(w A M E G &
ANE.O (G)=min idCo) HE G HRIMNNE.
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FEE 6-9() . AG) =5.0(G)=2. £ 6-9(b)H ,A(G)=5.8(G) =3. ¥ FIE M KA
ACG)=8(G).

XTIRE G=(V.,E).V="{1, 055+ sv, }  Ff deg(v,) sdeg(v,) s+ ydeg(v,) N G I E
B, B, e R 6-9C) M E M ERIFFIA 2, 5, 3. 0 TA L i mT L SCHE Y 3
A BE 731

(6] 6-31 & A7 AE—Toin &, P50 43 3K

(1) 7,5, 4, 2,2, 1.

(2) 4,4, 3,3, 2. 2.

B (D BT 7, 50 40 2, 20 1 LA EC B0 4 B AR BB

o B HEE  A T REAE 1 — A SO S0 7, 5. 4, 2, 2, 1. //§§i§§
(2) AHFES) 4, 4, 3, 3, 2. 2 1, A B B0 88 1T LLAS 8] —

A 6-11 F SR BUFFIN 4. 4. 3. 3. 2. 2. \\FQB//

B XMNTHENARBIFI d, dy s od, s FFE—T T E e
LT D BT IR oy vdy e od, B9 FET S AL 202 B 61l

2] B 6.2

1. iEM . XFAEE o Bl G A AG) <<n—1.

2. LME GAH 6 KRB EH—A 3RS BN ML HABN 2 B LR G B %L

3. TEWA .

(1) 3-1E [ i) By a2 Ry 1 5

2) A ni N, ﬁ’i\k‘f’f"ﬁ 3ARA ] n SR %L

4. B E G W7 m LA B0 Jom B AR CE G oY A B L LAl E R e e KA
] AR O 3 2R . GE P . AT R 5 B IR19 JUr A5 0 05000 1 BE S O FN A T A BE ST 7 AL

5. 1 Gt (nam) LW EL N 6(G)<2m/n<<A(G).

6. AAALE—TCm B H LT 550 5k

(1) 5. 4. 4,3, 3. 2, 2.

(2) 4, 4, 3,3, 2,2, 2, 2.

7. W EBUF S K 3. 2. 2. 1 YT A PE AR AR A — A

8. WK GA 10 43,3 BEA 4 B 845 2 A g W s g/ T 3.0 6 270
/ﬁ?”*/h”j W7 FEI T IS OLT R G M BEBUT A K AG) Rl /NE 6(G).

CGEM . fFE—A T E G, HERUF IR G HIRBUT I divdo s o d, IIFRE SR

n

1 2 E d; = 0(mod 2).

i=1

6.3 1K Pliyis FERIE M 2

6.3.1 FH&E

af DL 3 — A B ) P 2 o 2R DR R B A e TR DL R DR A SRy B Ak A
[EX 6-10] HEG=V.E)MH=W.F)ER.ZWCV HFCE MWK HZEG NF
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B (subgraph). & H=(W.F) & G=(V.EDIWTEH W=V.WfK H &G HERFHE
(spanning subgraph).

(61 6-4] RN 6-12 iR spA 1 E G HTA T .

B G MITA bR B Tk B 6-12 ) ~ & 6-12(d) . H P E 6-12(c) Ml
El6-12(d)J& G L.

WL A4 TR G= (VL E)py B 7 X Gl B 4 Rz B3O anr

() GIW] WOV, MW RHSEs, UMmsayE T W M aahihEass
W& LB B W S H B F B (induced subgraph by W) .id b GLW .

K 6-13(b) 2 G HAT EHES W="{v, .0, 03 ) T H B FA.

4 B Ae
e L] L] /
B Be
G
(a) (b) () (@G (b) G [v,,v,,14] (¢) G —{v, U503}
B 6-12 B 6-13

(2) G=W #WWoV. S TEGIV-WIHEHN G—W. 2GR ERTAW FHTH
A (R 2 d5 4 5 W orh Sy GOCIBE TR . BE R G— (v g G—w.

K 6-13Cc) s ME G B3 GESG W="{0v v, .0} T35 19T .

(3) GLF] #® FSE.WPLF %S, UL F gy A s s 4E a0 e+ &,
vl F 5 HE)FBE (induced subgraph by F).iE h GLF .

6-14() K G hilES W= {a.b,c} T T HIFHE.

@) G () G [a,b.c] (¢) G —{a,b,c}

E 614

(1) G=F & FEE WM G H &3 F piir A a8 w4 i1 B h G —

El 6-14()EME G LI F={a.boci TG NGEFIMNERTFE G—1{a.b.c).

W G=(V,E) & n By Jom &, W G g & R a a
G=K,—E.

BAN AT LA G= (V,E) [ 3Eal 22 b, o
Hm Vo SRRy SR 27 UL R B AR
HE GHU. Gl HiC G {uo) (8 G+ {(u, ) DN G 4 e d €
uv( G+ (u.v)). (@) G (b) G+be

[ 6-15Ch) & 6-15C) Bt be 155 1 . B 615

. 172 -
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6.3.2 EMEE

V] 119 12 Bt a ok — S8 A B AR L 77 A B Y [BLL I TR A L 7R A SE B TR Y aE
B HEATER R —A B R AT 1.

A0 A 2 ) 51 18 b Lo 2 Y B A [ 22 ) i) — S s B FRATTAE B AL 45 e L2 I
AL CHk[ 16, 17,

[EX 6-111 &G, =V, .EDM G, =V, E) EMA T (ol A [a]) ]

(D WAERF Cunion G, UG, = (V. E) JHif E=E, UE, H V=V, UV,.

(2) BAEMNRECcap) G, NG, =(V,E) , Hif E=E NE, HV=V,NV,.

(3) AR ZE (difference) Gy — G, = (V,E) , i E=E,—E, H V=V,.

(4) HAEIRF(ring sum) G, DG, = (V,E) , Hrh E=E,DE, H V=V, UV,.

BE EnEMzREmrERAa MLy © 5E5MIF A E G XA FRE) 2H
A A A A A 6] 2

6.3.3 E R

BT P F R BT . A AT RE S 2 I b B R R AN (A Y B AR BT ) — A B X i [
F4 1) (] 7.

[EX 6-12) % G, =V, . EDH G, =V, Ep) R TCI0 (8 A4 1) B & AFAE— D W ¢
V=V, 8N FAEE v, 0€ Vi suv€ Ey (8 (u,v) €EED Y HALY () ¢p(v) € E, (8 (¢(u),
o(v) € E,) Hih W EEARRE L WFRE G 5 G, B# (isomorphism) . it A G, =G..

HE XHLG =G, MREBEFFERE G, 5 G, W 155385 WAFAF—— X0, HARFEY
SO OCHOE R HEH WL .G =G, S5 HoA — AN B 1 F 81 A A 4 a] LLAE Oy )
—E

(1) a9 s &

(2) & K .

WBAALVER 6-12 th () 5 (b Z R M. T (& 6-16 (a) F1E 6-16 (b)) A9 A~ K] 2 [H]
Y.

Ee-17 M AREREBEP.FANOPEGCEH K TR Kes P& A
K; TA.

O w A DK

(a) G, (b) G, ()G (b) K55
& 6-16 K 6-17

Xb T A AT 1] ][] A4 ) ) B R T O A O 1] Y — Bk, R ARG 3 AT i
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(@) G, (b) G, () Gy

Tz o *

Gy

E 6-18imH G =G,. 1 G, 5 G; AR .HN G, PFH—
A EMARR 200 G, &’A.
BE GBS 4APAE R LEF.
BAREI R X R EFMXRAE
(L ARME XM TAEEE G A G=C.
(2) WM #G=G, 0 G,=G,.
(3) i B Gi=G, H G,=G, | G, =G,.
2015 47, Z N K2 Babai #2445 T 7248 22301 X B (8] &= 2% BE PN 0 22 G 1 TR [ A B k.
G AT BB A A P ) B P (Ulam) 55 4857
B (Ulam) 5588 (1929) % G, #1 G, ZMAFRILEE .G M1 aES V= (v,
U Gy T EES Vo= {w sws w5 W AR i=1.2, o0, HG — v, =

E  6-18

TTW; e mll (}1 E(;g .

L5 P A AR S PR R PSR IR e TR AR — ok M B9 — & A RS ok

T8 R AR L (350 0 RE R B 930 0 — B e de L5 L 45 R B MR AR ) L 0] 7 5K iR
il G

2] B 6.3

Ky 1A ARz 1 E

] LT A AS 6] 4 14 (5, 3) 17 B G () ] Rz JL b A

WEH . 76 Ko T A AR AR FEY A 34 BA 3 40
WEH s n(1<<n<<3) B AS [R) 44 1) ff B0 1] ST 20 4.

BT 6-19Ca) FIE 6-19Ch) B/~ TC 1] 1K AS [6] 4.

7
N

(a) (b)
& 6-19

Ul o= W Do —

6. UL 6-20 1 4 A4~ [a) B 9% A [5) 4

DR

(d)
E  6-20
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7. BRI E G 5HANE G FELURR G o B AhE.

(1) 2 m HPrA ASEF RS By B R EL

(2) # G J&n Br BAMEL W K, (930500 551

(3) % GAEnm=2) B A AN WIAFAE IE R R £ 45 n =4k s n=1k+1.
(4) ZTAFAE 6 B F b E 2

8. WHL n=3 B & Hi i (Ulam) 55 48,

6.4 % 5 Al B%

TEE G= (VL E)rh 2 %5 JB N — 5 st 5 1 4y — 2830 i 2 76 20 3 5 — S35 5 19 7]
1% AR A L B S B ) R DR K

6.4.1 &

[EX6-13] HEE-TEG=V.E)P. G Ry 5hscBHmmmys L.
Upe1 V1 €Uz Vi1 €0 e v, A vy Bl v, — k& (walk, way) , Hitf Xt F i=1.2,,0, v, J&
e; AR RL sv; i es MYZE AL

TEM vy B v, BEL 2 voeyvieavs s vimyev; v, Have FROA BB 55, v, FROM B AU 0,
LR )f 23 8L RN BB HE BE (length of walk) ol Bk #1 (hop number) ., 55 5 b, 50d — 5
Moo BRI v Bl o BV EEA 0 BY % . FR O T L BE.

B AEE 6-21 ()™ vesmesvresvses vy FE— M v B vy KB 4 W TEE 6-21(b
vy e7 01 €10z e503 = — R M vy F vy JL/QS‘E)LJ 3 1B, ) e,
HEIERRM I, A 1] P B A0 10 O 1) '

A [a] [ v B B 0T B R A 1) B e
FEA G R A 00T T DU B L. “ &
Uy €1V, €Uz " Uiy €;0; v, 1ML Ly vovyvs oo v e, o,
Vi Uiteruy B Ly epepeere e & e
{iEﬁFF'sﬁWﬁFfl’ w’Hl’Ju‘f% — R A A
IR R R B4R (path) . — P T A F A 11 @) (®)
A BT Corail) . 621

AR BRI AH R A —E R AR, N
TEE 6-21(a) H vzezvrervn JE— KM vy B v, BYHLIE (H A ZBEEE.

W W THGERAG 2R REIBMAAEEL LM ERN, ZHARFRE,EHR
B2 E; CRETRAAREL,EA(TR 2R ALEE To9RTE

£ n B E G= V. E)P ST 8L v BN 97— A1 8 o 1) — %fﬂ% ALY A A E
() EB AR A0 ;e e0; B o, (R E R F ), — HBIBCH T sl HEZ O IE . T o B B AT B 42
MEE<a—1.TEFE—FMN v 3 v, —FRKE<—1 1R

[EX 6-14 TEE G=(V.EDHP BRI w 2795 45 o W EBE DK E R w 3o 1Y BB
B (distance) siE N d (usv). 50 8 w B v B () A AEAE WFR w 2] v B Ry oo, FR
maxd (u,v) HE G ﬂ{JEé(dlameler) BN diam(G).

u, vV



AR FAEEN S w.vEV H d(usv) =0,
6.4.2 [E%

[EX 6-15) G G=(V.E)HPLER L. veeyviesvs vy ev; e, (1==1) 581 H o,
5245 o MR A 3 PR A B B Ccircuit). #1 A 8 & @19 ] 5% 5 8 8] B [B] 8§ (simple circuit) o
H3EE (closed trail), PR S 8 & — Wb HA0 1 'J—'Tﬁﬂ'/i\_ﬁgﬂ"]ﬁfﬁ@%ﬁﬁy‘]ﬁﬂ:(cycle).

TEE 6-22(a) H1,1346527 J& G 19— 2% f B0 o] 5, 3 a
E%ﬁ?ﬁ%mmwwm%Gm—@Jme%ﬂﬁ%Eb N
157 E 5] g T T B [ B AN 00 2 .

P13 vp i) LA T P 22 3L A T B DURE 27 v i B R R
T IR ORFR A R R B S E0 E IR (oop) IR ae—2 o
TLHR AR, BT (cycle) 2. () (b)

K] 1) — I XA 1 6-22Ch) R o A n A1 A A P AR B 622
Jn BB LK Co. fEn—1 Br i Co I ERICE — 415
MM Z 5 Coo MRS SR X R EIRCh n R E 12 W,

HE SCHT K 0 MBS AFR M i, BAR WA o Bl o AT B — K EE 1 i AL

AU, 7E n BB G= (V) EFFE N v B vy 19— 5 Tj B [ i WA A — 25 A o
EIJ o kxén m%l

T E BEAR A . HAE W] AR B T K B AR R T

[E 6-3) fELIE G=V.E)F . FEE €V A deg (0) =20 G hTF7EHE .

iE AW G EFREE G PER - FRKMUEREL: vworvv, BT LERKE
B 5 v SREMNTEMTEL L o 2<i<<D5 v, ZB4E M) vyvy vz vivo S G FIY—

3 5 ,

2] 8 6.4

1. 7EE 6-23Ca) FE 6-23Ch) 43 R 1 — F 6055 T A7 30 i 33
2. XFEeinE K,.

(1) G204 K7

(2) WEELDYEAZ DA

) ALEMAAE T R ZE A 20 R

3. fEEl 6-24 P SR AW F 1.

(D) A #&iz;

(2) T3 Bk ;

(3) FEE.

4, 7EE 6-25 sk

(1) vy B v, KR 1,2,3 195 5550 2 Hf L 9

(2) vy B o KEESFHIN 1.2,3 Y [0] g3 1) 2 BR 4L 2

(3) B 6-25 BN 3 Mk Z 5% Hipfh 2050
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(&)

(a) (b) D E F
A 6-23 A 6-24 & 625

5. AL G BT B A A 2 ) A A — 2 W GO AT B A B K L A AE A
T L
6. WG ER A MEH £=max{87(G).6~ (G}, W] G PFHERKEE DN b HYFLT.
TR AE— DB B TEEE G PG TR R A w Flo
od(u) % od(w)
8. HEHME G=(V.E)P AL H 0€V IAJE id(w) =20 G h ELEHMANA
ELEER

6.5 KAYZEmPE

P i 2 T 2 — B 5 o DA 0 0 B SR 35 BTG 0. T 3g
Ti i e

[EX 6-161 (EALATIE G= (V.E) . 27 N 81w 3 o 27— 5. WFR o AT 3R
v (accessible),

T o 8o BAFE—FKEN O M. FHHEE TS vliko A 5.

Fe i8I 1w P A %

6.5.1 ZTRERERM

[EX 6-171 ¥ G= (V. E) [ &L A TAEE w0 €V Bl ik, MFR G 2 & & B

(connected graph).

AR 6-26Ca) 3% L i 1] 6-26 (h) S 2 30 .
C F
A De
B E
(a) (b)
& 6-26
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M B — AN AT o SR L R o B o FREREE S 0 WKL B o BUEFTIR o 1.

Sebr B AR RN E G=(V,E P A .

[EX 6-18)] & G=(V.E)RELmME.G PR RKHERFEMRNGCHWEBS X
(connected component) . ¥ G %@ 5 ZEGE N w (G).

M SCHL. B G P FEB A SR 3 &M (DEBESZZEGCHTR: ()R TFRAR
S K s (D FEZ A E b H s & G AT B sl ol SSER A

& 6-26Ca) P EAL — A~ &8 5 32, K 6-26 (b) T EA 3 A~ i 40 3, e 3 &
GLA.B.Cl.GLDJ#1 GLE.F .

— WKL .

[EHE 6-41 W G=(V,E)ZEE, N G Rk &2 ALY w(G) =1,

5EH 6-4 M Al . Jom B G AEZE Y HAVY w (G) =2,

(6] 6-51 & G=(V.E) &I & 4 G AEE . N G & G %,

E W u Mo BG THAEEPA T .

(D 25 u o 76 G POREREE, T ARG #M I  5E SCH  u fil o 78 G 4R, T2 u T3k o,

(2) #u Mo fEG hARHE W w Mo BEEEIG BFE—ADEETLC, . BT G A S,
w(G) =2, ¥ C, /G T —AEMA A C, PN & w. WA G Hu Flw 7£G RS
FBEHoMw EG PASE. TE u Mlw f£G PAEH v Flw G DA N wvwe 2
G M uFl v i —5H, T2 u 1Tk v.

H1 CDFNC2) 1L G 2 3% i .

(5] 6-6] 1% G=(V,E)&n B fiim . & 4 TAEEMN G AP S w Mo A
deg (u) +deg (v)=n—1,0 G &% &,

E AR G AEE, W G Z2/0f WA 3 Co M Co 3 HT 80 5k
ny Fflng. B tnesn. 78 C, PHUCT A wAF Co PO 5 v, XA w Al £ G HAFLE H
deg Ca)=Smy —1 K deg (v)<<n, — 1, T4

deg (w) tdeg () < (ny — D+, — 1) <=n—2<n—1

H5E MrE.

FTE O AEBHEF MR P2 F A I k.

T PR A9 25 T I B I e R R kL T A i R AR A Y.

[EHE 6-51 W G=(V,E) & &, 0l

(1) L3 G P EER PRI C EiY—55il e BRI EG—e EiH.

(2) EWELHCH 111 sl o 13 E G —o 4.

iE (EAAEZ2D.

6.5.2 ZEEEBEBENSEBESHEEE

Xof G [ 7 A PR, G G R RS TR L A AR MEES T A A

1. REEEREi@EE (G

[EX 6-19] % G=(V.E)RZEBBLRMEHWCV, %M G T MBR W 84 15 58 s
B 1 A E B 1B T B WOR AT R AR AR L AR WSk G S B (cut-
set of vertices).
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SRR AT E LT E }}JTD’]‘%E.E' R G AR 1 B BT E L S E SR
G R, &R E W= JFR v N G 8 A Ceut point) 8] & &A%Y (articulation
point),

HESCR, T By s BN O, I 6-27Ca) Ry {a. b Al (e d ) B Gy B9 5B 57
K 6-27(b)H . A T B /&G, RIE| AL

(a) G, (b) G,

[E X 6-20] % G=(V.E)Z2#E#E LM E K min {[W]: WZGHEFIE NGHR
% IE B (vertex-connectivity) , R FRIZEBE . IC N «(G).

HR A A2 S, — AN 38 T 1] [l G 2 5l AT G AN s 1 B [ 0T 8 2 i fe b
T B T T BRSSO RS R 0, i S A I D K, 1) A i-F-iEL-e_K(K )y=n—1.

TEE 6-27Ca) th & Gy i S R 2, 76K 6-27(b) & Gy (1Y 6532 0 15 0 1.

IR «(G) = 2 WE RN 2- 3% M o B % 18 B (biconnected graph). i € — > Jo 1] ¥
S A % O BT B T S BUE TE ) R Y s e s R AS e L 3D om MR 2R I AE %
WEEh 2 W AE M A R G  — A ul R AR R S ol e R TAE.

2, MEIESHEEEL(G)

[EX 6-21] HGC=(V.E)REEELHEH FCE. 4.})\ G M BR F oY R A 3 B A #)
F) F LA 3% 38 5O FLIEL i bR F 94T BB AR ARl AR F o G A8 B & (cut-set of
edges).

TS G AN s R LB I L i RSN G i BIE. B RIE F={e).
NIFR e 23 G 1188 S (bridge).

TR 6-27Ca) s {er sy ez ) o Gy BHFNEE TR 6-27(b)th e 22 G, BYHIH (BH).

[EX 6-22] % G=V.E)RZ#E@ALME. .FK min {|Fl; FEGWAKE NG HA
% 18 & (edge-connectivity) . it N A(G).

FR A A S, — A~ 338 TC 1] [l G 0 3 5l P R A G AN 32 3 1l ML T T 2 2 i) i 20
321 ECH .

fEE 6-27Ca) G 1 WK 3. EE 6-27() & G, BIEE N 1.

o B HL Whllney /['j: 1932 425 1 OC F o3 3% B 30 3% 3 M e /N BB 22 (R 1)
BRI — N 4hie.

[EE 6-6] W G=(V.E)ZHEHLME .M £(G)<<A(G)<H(G).

iE (D SEIEAG))<8(G). B T AT E — A1 S QBRI i 4 F5 45 J5 B8 A % L iy LA
A MGG,
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(2) FHIE c(G)=A(G). M AG) =0 1 1 B LG58 WM. PG =2, T 2.7 G
T B & S B 1 A (GO 4k S5 75 30 A% FE1AS 32 3, 17 N B e b i) ACG) — 1 ZRahi il H A — 5%
By wo. X FMERT ACG) —1 898 — 280 FRBE I — AR T o B o (1 3 o5, 25 1 330 2 g 115K
FAmF 2= AMIER 17 AG) — 1 Kl A R R AN E L 6 (G)<A(G) — 1<XA(G). X
A5 A0 B U T o SE AT BEET F B o R o A — A i a5, T A5 30 1Y P AN B O Y
Je 1L I k(G <A (G T LA k(GY<A(G) Jf 7.

6.5.3 BHRIBEKEBMN

JG Im) B A 3 3 5 AN 34 G 8 B B0 A ) A A 2 bl R k. A ) Y i Sy R
ik 3 R TE 43 e

1. S&i%EiE E

[E X 6-23]1 ¥ G=(V.E)2AmE LN TIEE u.v€V,u flo HE AL, MR G N 3R
% 18 B (strongly connected digraph).

HH5E S ML ] 6-28 Ca) JIr 7m o — 4~ 9 3% 30 [ R 20 e 1 B It e 32 T €]

A i

(a) 58 1% 18 4 (b) ) (c) 91EIEE
F  6-28

(&2 6-7] m(;—(v EYSE n By (n=2) A B0 G #8350 %5 ALY G hfifE— 4%

[l & Jd i B A s

iE (:»’)DL(:[I"J IJ_:.I/LJ Ui sT s s Vet s Uy T G AETRIEE &G TPAE AT 'EJHEIE—[
K FAE o B vy B vy e v Bl v, 00, Bl o) AELERE DR AT AE — 2% [l 530 0 BT A 19 A

(<=) I 8k,

[EX 6-241 & G=(V,E)ZA [ & .G 1 KM o 8 5 F RN G )58 ZEB 5 X
(strongly connected component), 4

1
5 SCT L BT 620 FEAR AT 4 A 38 346 i 4 32 . 43 3] °
£ G[1.2,3].G[4].G[5]F G[6].
Y o | i :

[EIE 6-8) HG=V.E)EAME.N G WAL=
W 25 0 €V EALF HAU T G B9 — A>3 2 3 43 32 . A 6-29
W XTI E V. AWIRGC WAL v HHEE
FEAE RS s A AW GIW T G W — P 3RiEM 40 32 H v T GIW .
W o TP ASE A 5R W 4 S ¢ A G, L TR R ¢ R C, R S ER B
A % TR B — A R E TR LS.
2, B@mEEE
[EX 6-25] HG=V,E)RZAAMAE NFIEE .oV, w 138 v 308 Mo ik o
WP G Jy B 18] % 1@ B (unilateral connected digraph).
52 S5 A 6-28(h) [ 7 A& — 4~ B i) 3% 18 (7]
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5EM 6-7 —FF, T ik E B0 E A ) Y B e i 8 4y SO AR TR .

[EE 691 WG=V.E)REAME,N G HmEEY ALY G A — &, Bt

i ()R X TAEE WSV B — D W R W G fE G h 3| Wb AR
AERA BT E BRI . N W =V EAE v €W B H 4 Vb A B TR
W=V—{o G 0. €EW B HREV—{v ) TAAK XHE—ETF L 8T HI—FMN
o1 B vy sy Blug oo, Bl o, — K H P V] =2 (HIX KA —E 0.

BRE FIRA AR A A W= suy s oo sty g S AR ST AT R AR 1Y L X
i k=3, MR IRE W — {w ) (E AR BSE  FRADATAE W — {w )R — DT 5L AGTRN w3
HORT A gy v A MNRVE 0y 3w 2B A B, B WES W B G, 55— 7,
T w BIEAT S wp o v BB ITLL v 8 oy EHBEW wp 3wy sy s v A
T wn B w, WA we B o, WA R, S5CH G & % K.

(=) k.

[EX 6-261 ¥ G=(V.E)EA .G i R 5 6] %l 5 K PR G 1) 8 e & 18 4
% (unilateral connected component).

H S SCHT, B 6-29 7R A5 WA B 1) 7638 43 52, 43 9 2 G[1,2,3.4,51,G[5,6].

FE O AABRBGHTEEV TRETGCHRBENEGER G ZP.

3. BEEE

[EX 6-27] & G=(V,.E)ZEH K # G A% EI 0 a) & — >0 1) 74 58 &L W R A
W E G 55 E B B (weakly connected digraph) . @ FRA 1 & G % .

H A SO 1L ANl 6-28 (o) T 7 A& — 4> 55 3% il [,

AR L 5 i G R B e) 34 G [R] LB () 34 G R 59 0% i 1] (B R R R A BT (2 0 A
P 6-28 ).

Ba T e g X.

[EX 6-28] & G—=(V.E)RARE,G KNS ERTEENG MEBEESX

(weakly connected component).

2] @ 6.5

1. W G=(V,E) &% i@ It &,

(D) 4 G EERIAE R C W —4il e 53] WEG—e iEi.

(2) BWIEHCH 1B 8 o 58I E G —o 48,

2. WG REn=2) BB m E .4 0(G)=n/2. W] G 2 % 8 .

3. WGEMmum)WPEH n=3 8 m>Co, N G A

4. X TEBEBELNE G= (V. E) 45 G AR 2L WAL 3 A1 S wso.wEV Al
fH{u.vl €E H{vsw) €EE{H{u.w) € E.

5. W G=(V,E)J& i H ik o1 & .6(G) =k =1,

(D) 4 G PR RN 0, (=0,

(2) XMTAEER G T EAKPEEIREN vovr v sG— v sv1 s 000 s vy P 38 ]
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(3) Z i B, X T G A B K L . (2) &5 18 A AT

6. IEB: EME G P EZHMATERRP B2—1NEMER, R HEMHKE
47

7. o mR S n B SE AT ) K, Y s O A R R 0%

8. WG REn Al B B A n=>28(G) W G FEAE— K E /N 20(6) I B{ A2,

9. WG aEn=2)Br LI KL 3 0(G)=(nthk—1)/2(1< 3
E<n—1) 0] k(G) =k ! *>

10, 1% G 42 Gaam) i) BR% 50 TG [m] & D) ACG) <<2m/n.

11. SR 6-30 Fros WA 8 & G ) Br A s i im 4y 3280,
[F1] 54 308 43 S0 55 % 38 43 3.

12. &% G=(V,E) &4 F A M E L HXFEERITEW C
V.GHEEEW.ZESAEV—WRHZEDEZNFRARE GMAEREZDNE GER.
LA 1 B G ok B &R G ML EWE R DR 1

4
A 6-30

6.6 PR

R — A P T Y ok 2 e B o PR O 2. D 1B T T LA B AL BRI L RO T
1 Bl T 52 35 A B BEAS BIF7T P (9 A SRR I L A b 20 o P B o 3 e

A T B A A LA R DAY 3 b R R R B — SRR A5 IR AN I B 2 A0 K 1R Y R
7 1] F) RS

6.6.1 ERISNIZEER

55— P L 3R AP R B R s 1 R P AR B AT SRR R,
[EX 6291 & G=V.E)ER. TEERCHT V="_0v0 50,0 GHEFELE

F¥ (adjacency matrix)A(G) = (ay Yo PICE a2 v; P v, MBEG.j=1.2..n).
TEE 6-31Ca) A 6-31(b) . 8] Gy 1 Gy 1 B4 56 P 3 501 2

02 1 0 0 2 0 0

] 2 0 0 1 | 00 0 1
AG) = . AGy) =

1 0 1 1 1 01 0

01 1 0 00 1 0

AR T (o] BT 1 @8 12 R A O X AR R P L — A P15 LA R R e e — — X R

Ty * U, (2 » T,

() G (b) G,
E 6-31
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M — ARG QB R0 e 28 2 15 R R AT s A BE B LU 1] [ G R Bl ACG) R 700K
ZHRE e AT o I G=1,2, -, 3 jIITRZMAE ) AW v, WABEG=1,

2o n).

ML 40543 40 T 28 A 5 o, 8 o, KT £ (01 B S

[ 6-10] %A ZEG WEBIEFEE. WA =D MG OIEEITTE o T o, 3
o KHE 1 O BRRORCE.

G Ra WrEL A TR Y = 1 B

[ 11 BERST . AL G B TR 2 o AT T 00 — 3 gy

ags Tl af Pay "RanMo, Blo, KERMI—1THMNv Blo, KERN1T WK HG=I1,

2y an) s BT 0 = Za” Doeqy v Flo, KR MBS REH.
= E%—%tlﬁl%u’n‘a‘i’, A Ay kS 2 AR R 69— FFIERR 5k v,

T
(5] 6-7) fELE 6-32 FiRmA WK G, vs 3
(1) R v, 3 o KR 1,2,3,4 I9FEEH 2D 5%
(2) GHPKER 3 MEILE Z/05%7 Hpfs 20502 g v, v,
(3) G =W % 3 5] 7 B 6-32
B OEHIE G AR AT A LAY LA
001 0 1 0] 0 0 0 0 2]
00 0 0 1 1 01 0 0
A=10 1 0 1 0. A2’=A+«A=1[0 0 0 0 2],
00 0 0 1 1 01 0 0
1 01 0 0 0o 2 0 2 0]
2 0 2 0 0] 0 4 0 4 0]
02 0 2 0 0 0 0 0 4
A=A« A=1|2 0 2 0 0. A'=A*«A=1]0 4 0 4 0].
02 0 2 0 0 0 0 0 4
00 0 0 4] 4 0 4 0 0]

(1)H\U2§UU5£<X}J1234['3%}’7]”'%1 0.0, 4 %%.

(2) HF A PRTAICRZHN 20, 0T LL G IR 3 M3 A 20 Z&. i XA E
JLEZMN 12, 8O0 12 4008 [ K.

(3) MALA® A A JLIA G R ITER AN 0 BIEN . U G P AR Z W5 s 22 8]
IR BEAFTERS P DL G 2 i A

6.6.2 ERITIL4EPE

B B R 2 E AT B A SR R IR SR AR
[ER 6'30] T&(I:(VHIL)EIEIa '.J—??\%%_'—F‘v V_{“Uls'UZs' 9'Un al)_I\IJ G lfl’J—J' ﬁ
BE (accessible matrix)P(G) = ( p; Vo TICEK p,; A0 T HEHL
19 U; E[ﬂi‘vj L
Py = 0, ,H,;‘fﬂ_{ . 15]21125'”9??
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] 6-7 v &Y ] 35 50 B R

P(G) =

— e e
I T T =
—_— e
T
T T —

1 1
75 o th B AR A GO 3 H[ k3 P(G) . — M EER AN B L2 Warshall B
AL AR IR AT TR R R 1 R PG TP EX AR B OCER 2N 1,3 E h THAE
R A AR H B T EL
S Ty M B nT TR PR A T 1 o e 1 IR

6.6.3 BEBIXEERK

55 — P Y M s
1. ZTEE
[EX 6-311 & G=V,.E)EEmE. TaESHAESHCH T V="_v 0,0,
E={e; epsrrve, b W G 19X BEEE BE (incidence matrix) M(G) = (my; ) m T ICE my; AT 8
v, 53l e; OCHRICEL.
(5] 6-81 SRiliaNIEl 6-33Ca) Pt s v I 1] 18] Gy 149 SRR
2 0 0 1 0

DRIBRE P B 2 Y 2 P v 9 a5 30 22 ) Y R HBR G 3R

e e e s o 1 0 0
B G, MRIRHE R M(Gy) = )
01 1 0 1

0 0 1

0 1
R T 17 2 IR [ T 45 3] [ ) — e I, an s S Y R R B AE 2 i R SRR
A=E
2. AEE
[EX 6-32] HG=(V,E)ELHK (loop WA ME. THESHMBESHTH S
V={vsvse 0,0 E=1{e;ses0 e}, W G 1 3 B4 PFE (incidence matrix) M (G) =
(75 Vs PICE my N
1, v, N e; 4 S A,
my = 19— 1s v He; WA, i = 1,2, 355 = 1.2, .m.
0, v He; AREK
(% 6-91 SKitian[E 6-33(h) flr s A [l |8l G, 1Y MR A .

e
U, L T,
e
ey 3 e
v 7
4 e 3
(b) G,
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—1 0 0o —1 0
1 1 1 0 0
0 —1 —1 0 —1
0 0 0 1 1
B A Hofh i B e 7 o T B s 2 B BB R B L B AR R B 55 . 25 J8 SCk 16 ~19 ], |1
M 2R R B A 1 S [ A R R s s ] DL e v AR P i T R ) S A B e o e
A RIBETT , th T 08 PR, AR A5 AN 90 S S8 N A gk — 20 ie . T 2 LA ¢ [B11E SOk,

ﬁ Gy ﬂ’]i"é]ﬁé%ﬁlﬁ'k}) M(G,) =

2] B 6.6

1. Ar905E Han & 6-34 Ca) FEl 6-34 (b)) T 75 19 4B 45 48 (4 11 A] 34 %6 [
2. & 6-35 iR —AA I G

(1) SR vg 3 v, KER 4 WS A L2057 IFNE P H] 2 H k.
(2) GHKER 3 MEEA 20K Kb 2% RN

'U3 '03
U, Uy -~ Uy
S5
s (7 >
1

(a) Gl (b) G}_ Ivl UZ
B 6-34 B 6-35

(3) G J2Mp 25 7% 3l ] 2

3. TELNE 6-36 s fF W G .

(D) HRE G RSB IEHR A,

(2) G oy ] v, RN 4 BB 2054 JFR 3R 400 R k.
(3) GHo, Bl vy RIEN 3 M MEEA 2 /D5 IFE 1 LR k.

€] b
Z"l Uz IUl 2
Uy s U3 Uy es Ty
(@) G, (b) G,
E  6-36 E  6-37

(1) G HRER 4 Mg 20 5% Hhfg £2/0 %2 Wi
(5) G R E<4 MERIH Z /0500 Hfy Z /058 bl K2
(6) G &= WF 2534 3 [ 2

4. SR 6-37 FiR T B Gy B 18 B Gy 1 SRR B



5. HEE G=(V.E), P V="_0v,0,, 0, EXLGINEESR v 0,
iEBEy‘JD:(d:})HXn s,E\:EP dij:d (UasUj)9-‘:9j:1929"'9?'1- iItEHLHﬁH

& 6-38 flram Bl G I EE B HLE D (G). e
0 2 1 0
o _ 00 1 0| | “ s
6. CHIA MK G MR IZEHEIE RN A= 0 o0 11 G K’ 6-38
00 0 1

1 EIE.

7. BRI B G SCERAR R M = 1 A GO EDE.

oo o ==
S © O = =
o O = = O
o = = O O
o = O O =
S S = O =

6.7 WAL B RiEE AL

6.7.1 TRINE

7 LA SE B op FH R B ST B e BT A L A R I8 T N — S B B R 1 A i el Y
A X AL B (weighted graph). 2K 95 {716 321 WAL A

[EX 6-33] % G=(V.E)BALEE . & G 05— 5 LA 7 — 4~ dE 6 352 8, ] #x
G2 AL E.

& 6-39 Jir s 22 P A~ 1 AL ]

v 7 Uy
1 2
Y 2 5 3 Us
4 6
U, 1 Us
@ G, (b) G,

ENAE G=(V,E)v B 430 T r W JE 71 92 800R i 430 1 AL, &l DL i
1 Y Gl A iz o 04 B a) | BE L A8 TT DLE i R i
WA &) 6-39 119 4B 42 56 B4 47 50 Ky
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0O 2 5 3 0 0 O
O 1 4 0 0 0
002 007 0 o
) 1 0 2 7 5 0
O 0 0 1 3 5 0
. 4 2 0 0 1 O
i 07 0 0 3 2
00 00 0 1 7 '
0O 5 1 3 0 6
O 0 0 0 0 0 5
O 0 0 2 6 0
O 0 0 0 0 0 0
6.7.2 WmAEER
FENALE G= (V,E)J s N—A 0 5508 55 — 0 sl B9 8% b BT A i b iR Z FIRR S i

AR B N AEE 6-39Ca) T g vovsvs v v, BIRH 2-+34+145=11.

A5 52 o I o B 2 0 ) A 3 i D) g% 1) B 2D R ) L B R Db ) B R i () R
S R D N e e B TR e SR 56 A N OR3-S SR A § E o o/ o b - - X -3

2 ELITEILE E. W, Dijkstra T 1959 4E42 A9k — A &5 3 AT 215 A0
Hﬁeﬂﬁ% EIL B S N I BRE INE A BOR R a) Z 28 O O L o n  1E Y

RPN 18

w G=(V, E)xEll: n B WAL V=10, svp s s v, | wy TR 8 v, 3o, B9340 AL
(o j=1.2 0 n) 5 v B o, LA w,; =+ oo,

Hbr: K78 o 3 A AT 20 05 00 & i A%

Dijkstra Gl AW R HD B V R P80 P M T, P LR K AE W (8,00 T=
V—P BN a a5 8. X PR R v #E17 P AR5 1 (o) s /R W AT o B o B9 B R AR 1

A THETE oW T IS LCORRTE o B o — K ERRL
Dijkstra 8% .
(1) & P={v ) H v #IT PS5 1Co)=0,X T=V—PH P EHETT W5 1(v,)=

Wi s ] T 2535000 em
(2) e A T A5 11 sl S U /R 5 19 88 o #EA P
(3) E?‘H{T‘E—F@Jﬁﬁﬁﬁﬂﬁ T b5 AR S o, 19 T b5
min {/ (v; )+l (v;) + wy}
() FREIARQOMGOER.HEIP|=n.
[ 6-101 F|H Dijkstra 8 23R & 6-39 F M o, B H A B A 19 55 09 f 6 B A2
g LLEBIE L Dijkstra B PR K& 6-39(a) It FRANFE 6-1 . Hirp o, T 7

BN T/vs FBrn vs 18 o B vs WERFEE B IFH S o B3 AR,
® 61
) Vs U3 Uy Us Vg vy
1 0 2/ 5 3 oo oo oo
2 3/u oo 9 oo
3 4/ v, 8 9 oo
4 7/vs 9 oo
8/vs 14
6 13/ vs
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TR N oy B H A 4879 0500 g i B AR A ] 6-40 () i 7.
LLZEAGIE A 1L Dijkstra F SR E 6-39(b) i3 FE ANk 6-2 Fras.
*x 62

U, Uy Uy Vv, Vs Vg
1 0 1 /o 1 oo co oo
2 3/ v, 8 6 co
3 8 1/ o
4 7/vs 10
5 9/,

FOE N vy B LA N A ek B AR I 6-40(b) T .

v
2 v
1 2
Yy 2 3 Ug
'[1'3 1 Uj
(a) (b)

FE Dikstra HFxBRELSTALGOE LEASTAGHE,

T A2 Warshall k0t Warshall 254 R, W, Floyd (I 3% ) o 10 &
. B AR AT R A 2 TR i d B g AR L Al 2 LS [13 .

Warshall & i% .

(1) 2 W= (w; )= (wi).

(2) FIFH WOARVA T WD WD, eee )W Horbt WO — (wfj“ ) ’u‘;_k) :min{ u';k—l) S e

wif " el B o B o A R AU T vy v oo s ) IR ESAR AL,

G E W RN v, B v, 1950 B AR AL

5 508 BRAR A B 7 2 PR K B AR R L A — A o, N —A (IO A s B S — A
G 19 5 TR] Y e K B AR PR O R B B 42 (critical path).

2] B 6.7

1. AE— WA el BRAE A 0 7 XF il b B9 AL 28 FE PR ff dic b2

2. fEE 6-39Ca) " FI ] Dijkstra BiksRK M v, 31 H 4y 8705 85 00 B B A%

3. TEMRALE 6-41 v, B H Dijkstra 55RO w B o 0BT A 08 e S
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2/ 5 3 9 \9
a 8 ¢ 1 e 6 v 2 ;
N : i 1A
) 9 f 1 h
B 6-41
A b &

1. BRERES
K G=(V,E) EZH Mok VoS VvV ARES E. lE A R0 JGm
A 1] .
W G= (V. E)JEE LT w flo P4 RFE MY AT w Bl o B, ELAE G= V. E) . 5%
ey Fle, SBEERIR XM A HA A0S, B G=(V.E)JEE L e S5 A i 2 B,
T AR HILFAThmEZER SRR, il K, & G=(V.E)ZEaMEHRLmE.h GH
R AT 15 8 DL R R BR G OHh K, T VR N SR W PR G AR G
TR B Y 58 S, BB T 382 ] B0 114 S s ] 0 g 7 [T ARE AR
TR ER
W G=(V.E)ZTm K, 5 58 v SER P A h 8O 8 v MEE deg(v) . 1 AR —
~HAR 2
W G=(V,E)ZEAmEL L o HEAIEH N S o B od(uw) L v B S
WECE R 5 v AT id(v) sod(v) +id () JET 5 v IR deg(v).
BFEEE AT o) B G= (V. E) R LT 5 55 8 B S T80 m 19 2 5, B

E deg(v) = 2m,

veV

FRETAGH A ENE X, e iz HHE T EM, 1 IS 80 k- 1E B fe KE
ACG) /N 8(G) TR BUF 5 S5 HE A&

3. FE .BREZEMERN

B G=(V,E) AL E A R aety i B2 G i+ B, P4 FE e E W 4 Ffor L.
GIW].G=W.G[F],G—F. 1 &i 'ﬁGWHH’J?lﬁlE(: u’JéEﬂJZ?P%I.

WA M) Gy =G, IETHLWAWZIKE AR —

lﬂiﬁ?%%l’ﬂﬂ’amxvfnﬁ?ﬁ/\@ln”’mﬂﬁuaX,Tﬁf’%%}u@%%@ﬁiﬁ.

4. BE5ME%

HEE G=(VE)P N - il Z. e - EEB N -2 L.
L A &3 W 8ops g L A sl Bk W A E E B PR N B2 WA E B Y BEAR N
L.
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EE G= (V. EDH  FR A w B99 8 o BB DI R K w 31 v MEEE d (u.
v). & G 1 EAR diam((}):umm%)éd(u,‘v).

S 2 A R By BEFR A Il i, AN EE ST R [a] RN T R (e] e L. PR M E A —
YA S S 1 a5 38 AN FE A ) 1 B[] Bl B A

AR B AR VHGT VBEE  E AR R PR T R A

5. BMEE N

(1) EME G=(V.E) &%l F BT u.o €V B[k, LW E G 8Y%E #5357 &
G PR R 7 8 1 . BEML I 30 2844 a0 Wy s 1 2] ) o o

(2) @I E G SR« (GRS G R N 1 B T E I 200 50 19 15
B FETC I G R FE A (GO A G ORI i ol ok F LR T 2 i A i
AR H . TS (G RLIEEIE 2(G).

(3) GE G=(V.E)ifiElE TR w0 V,u Mo HERE, G R (0 22)
B A 1) ] G sl X HAV Y G AR — 2k Il i, Bl ik e 1 . A ) B GOl R i o
BT E AR G R EE . A RE GRS v eV M T HAULF G 1 — A~ %

4y T
A E G=(V,E)puEmE, 2N TEE u.veV M uifibo BiEM v iliku. A
W] & G B a0 Y HAY G PR — 4 Bl i G 5, A G A R Y B e i

TGS G5 ) 3% 58 ) 5.

A B G 55 % 8 E 8 A BN W 7w s& o m %l L AW GO R 55 %
EIFRR G 1) 55 12 3 47 32

FORAE A WA 0] BB 3% @ P, SR A ) B Y SR (R ) 55D 1 A

6. FE K %EFERR

WEC=V,E)EE, TEESHRT V=">0 v 0. W G HIEPIERFE A (G) = (ay ) uxn
HIEE a; & v, SR v, MK G =1,2,.n).

EIE O HAEEGMNAPERME. N A UZDHR G ONEIEER o I E v 3o, K
FER 0 B ECH .

AR AR MR B bR g, T T 8 P A OC I B

7. WA E R &G ERE

W G=(V.E)BAEERE & G WA %ih FARE 7 — A~ JE 52800 ) G 2 i AL AT

A5 TR R /I Y — 4% I A 2 i o B AR

TR B WORL & o 1 il f5 0 6 A2 HOR B0 6 A2 19 Dijkstra 5.
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B8 NEFHNE

P PE Je Ak B O G 1) — T B S A B0 T AR T I L2 A B WF 58 M52 B 1o HH v
AR A 2 B SO R R (R

7.1 B i K

7.1.1 B EHEXHEE

Wi B 2 1736 4F HAREAL 29 % R (Euler) BF 28 “ 1 5 0] 8507 B 2% R ) — b 8], 1 075
3 .

[EX 7-11 #G=V,E)EALEELG &A1 — U HAL— U Ry BR 4L 3 i
(Eulerian traiD B BRf7 B& , G P 22 53 Fr A 1 — I H AL — K AY ] 2% F7 4 BX F7 8] B& (Eulerian
circuit) « FFAE KK AL 0] i 1 1< B O BR LB (Eulerian graph) s @ Fro~ E A,

AR BRI (] #6 R U o AH R o ok — R AS JCS7. AL 7-1 Ca) BT 78 v 3 L7 AR B B
i AH AN TFAE B ] i

TR 7-1Ch) i 78 o 76 B BT w1 vy 04 01 03 02 05 U3 vs s 01 s B A BRI R

a

v
1 7
b c
2 L

Us

(a) (b)

7.1.2 BREEIR

[ 7-1] (REEE) X G eI FLEE T m EL, W G 2R N A2 &G 1
T RE OB
E (=) IR,
(Gt . m=1,0 G & (1, D) &L 258 o7 X 80U F om H’JL‘
G5 BLSE s 2 ECh m B T G AR L B B RS U BC R G R s
Mf’J>2 HERE 6-3 F1 G PAEFE—THE C. 55N G 3 C g ir G 15 38 — 1K KR
3 SR B R RO B B A g e A B — A i ) 3R MR T T
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FEAERRRL [ . T2 G EP@. [\ C A7 7E WCHE [ CAn P 7-2 Fir ) S e G 2 BRI,

O B0 2 T — A 3 38 1R 47 7 B 71 8 1
FEEL LA L (B LR R — 4% 30 BE G [ 2K S B N
BRI, BE AT E R AT, 0T B WA 7-2, SN
1921 4 Fleury 43t T — AR Wchz [l ety 8 107 RN

AR T BRI 2 LA DL F LA B

[EIE 7-2] & G259 EmE, W G R E
(70 B4 P2 G 1 10 A 0 A 25 F L Mo

(5 7-1] &G RG, & a2l K, (i=4)
BIPF A AR BT B TR E N G, f1 G, MR G, DG, 44 7% 58 45 37 2 R’k
SR

i W o G DG, PALE Y A R C 5 &0 R R 2 #AL o 75 G, Rl G, 1%
dy B d, B REL # v TEGL NG, BERCH d. W v 7EG DG, TIHIEECHN d,+d, —2d 1R
BB LD GG, 1814 38 41 32 2 BB,

RPE B 7-1 5 545 0 DL T B

[EE 7-3] & G &I KL G P A7E e BBk i e 2L 45 1 e G i RO A7 8K
1 8B 0 50K 2.

O Sl [ V2 )07 NS S [V @ VAL 7 S = e o ) O V| Bl 31 B2 L | I S e v N ST 12
A Ri L [ .

FRYEE B 7-3 0, “ L HF 0B TCAf . ASAFAE KRB L.

AR B — 2 ) 5 E H 7-3 A O, BTIE — A R RE— g
e MY S5 s & e PT DA A (AN RE TR 5 o AN 28wl vl K %] i 5

IR, XF 1 ] A LAF 52 2.

(IR 7-4) & G289 E W G A 7E BRI 1) 78 2 520 2 R 81 5k =2 —.

(1) G B A5 T HIL E.

(2) GHFE—DTTABERAELZ LA T HAELRELZ 1L, MR A T
SRR S T R

7.1.3 HEHRE R O3

— o7 i 328 53 A I Je 228 B WS 42 2 43 32kt ﬁ’k}:@@mﬁﬂsgkmﬁ@ﬂ‘ WA 2 ik AR o3 1 B —
FH RPN IXALHE R BT — R BB LR B (1B PR A

NP AR i T TC [ AT B A O ,'ﬁvH—IT*M\/J!i_lilHlﬁ)ﬁhfﬂfﬂiibi%?ﬁiﬁi#%
TEr 3l [v) RS B AT B A0 A5 58 W03 AT 55 P S A9 6 i . 32 — > AR 2 ORI [ v fe 1 s
22 30 I 3R d L IR (1 #6114 [ A,

i1 [E #3353 [6) & (Chinese postman problem) ik P E E S T RZE WA T 1962 4542
HOFOETE 2 0 1 A B AR SR A B A DB 505G, AR 1973 4F £ 7F F) 4K
%% Edmonds 1 Johnson X & 2 5 0] 845 11 T —F0 A7 20525 5 5 40 7 1995 4 £ R
WFFE T 2 Ml 356 51 v [ R 1% 0] 8 (A-Postman Chinese Postman Problem. A~-PCPP) . 2 UL 3
BRL17].
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D |

1, o 0 )0 2 DL 2R A i B L (s

(1) n Flon 192718 P AH [

(2) n Flm 5748 P AR B

2. WEW: n BT B K, SR E Y HAL Y n o ar L.
3. FIWranfE 7-3 s i EE e A — 4 .

(a) (b)
E® 73

4. NP 7-4 s 9 A 1R A% T B D S RE I i

5. QA 7-5 P AT AR (Petersen) [ 28 /BN 22 7 % i 74 RE )N BRCHE 1 2 e il 7%

5 L6 T 2 i D5 P ) — 300 1 25 7300 ol 0 75 R, g
KR ? 4

6. TEFE 7-3Ch) . 2 th— B R I T i (97 L (DR B A ‘
e B

7. e -6 FNRA I P 0T R 2 T 5 A e 5 B ‘
o] i 45 7 ¢ d

8. AN 77 WA S R B MR C . 7S

9. UEBA: W & GAEA WA 8w Rl o BEECH A B W TE
GYWounliko, IR GIEAME, EiRZ ST KT
10, I G=(V,E)R#EELME ., HA 2= B AT S5 L0E . 76 G hfF
fEkR R, EMNQE TGP A .
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50 6 33 8
F 19 G
€N\
30 1 20
Uy D 10 E
B 7-6 | 7-7

7.2 MR E IR

1859 4F % IR 22 K2 s % /R §il (William Rowan Hamilton,1805—1865) & B T —4~ &

Ut AR A — AR A IE 12 TR 20 AT B RS 5 B 20 AR, e A4
P& SR R AR R A2 IHE AR B B AR T A SRR BT P A

I SR RAS CHR B4R L AR IA L B A aA WU 2 | Bl k07 PR AR 70 I — > 8 i
K UIE 12 m R B IR AT BRI T AL 2t UL B [ B A L s RO A 5 .

XA AR Y A A LA 25 > a T A S M i E gy — A B R X P e R R AR LS H
DAL 1) BF ) 390 B80T — o BB 2 7 B ) e A

P33 A TR A 4t 1 1 b — Al S e % R R HUR R 3 A O b B LR 5 M
{H 1Y TSP(Traveling Salesman Problem).

T A5 0 E R E A G 3 M HER.

7.2.1 MERWMEREXES

[EX 7-2) W G=(V,E)REEE,.G P2t i 7 s — Ik HAL— R B B PR e &
REA B2 (Hamiltonian path) .G &G A 9 S — K HAL— WK (BRE S TEE —W)IM) 1B FR
MG %5 /R 11 [B] B& ( Hamiltonian cycle) (MR /R0 IA ol MG 22 /R B - 77 76 05 %5 7R 4 [0 2% 1Y) 4]
RN B8 % /R § B ( Hamiltonian graph) 8t R F#R 8 H &,

S SR S EH S S 2 [ % TT A5 3 R R AR L AN IR (A1 A A BRT {H R i ok — AN BT
TEFE 7-8 Ca) v Y [ A7 AR I 3 IR AR beaed o AHANTFAE W 955 /R 0[] 5

P&l 7-8(b) i 114 A 7E W % ZR W0 A1 B 01 vs v vg vp 01 » B A2 P 5 705 0 4.

AR BREBFBMAD.mAERABTBTATE, — KA AA LD REALS,H
HZ RV LRI R,

SR LTI 1) e 4 R ] 3 L A ] 2 K P R i % L RT3 O L
$i 3 fry J] et S e A ] A

[0 7-21 i 42 3 i JE e i 5 e e A A, 20n R B

fF BIE 12 mAE A LS B — T m Bl Gz BT AR — 550 % 2K Wi (e 2%,
B 7-9 Fron iy 1 2 20 e — T2 20, f2 )5 mB] 1, BT RL G 2 05 %5 25000, B I 5
{lie X A fige.

T — > P A A P 2 25 B A R R Y, BUBR B & — S T A I (] e 2 2K
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P A FE 22 25 S AEL 3 IO 1k ads B8 — B J7 34 aT LU 25l i ke ey 3 20 o 61 g4 4 1 1) 2T X
— PR R  — A NP ]

2
b ¢ K
e )
J ) “.ﬂ.
Y,
(a) (b) 8

B 7-8 B 7-9
I 5 531 A1 278 W 5 20 T ] 114 0 B 25 F R 5 2 1] 1) 52 93 2R AF
7.2.2 BERBMENMLERHE

[ 7-51 & G=(V.E)REWME/REI K, M FEEITEZWCV HH w(G—
WH=<|W].

iE RECHSEMN .G P AFTER % /R FEE C. WA w(G—W)==w(C—W)H= |W|.

[ 7-3Y 266308, @ B 7-5 9458 7E R S h A J& 78 40 1.

iR X T8 A% (Petersen) [, o] LLEG R & A J& 05 25 /R dl (2], 4o [&] 7-10 Jr 7= 150 BH 15 75
AR e B 7-5 i Esie.

FE DA 2R T TP IR 1 AT 2 A T o | o
R 3 AN % FAEAR I 2 A i 4 . -
S 7-10Ca) BT s MR 4 A 4L B & e
HARRH) 3 N 40 N 7-10Ch) iR s 45 o - .
B 5 5 0, T80 F 45 0 <S5, R R & 1 @ ®)
BEfF 3 5 /3% 4y 3. B 7-10

FFLL L 0 15 28 PR R SE B 75 (9486
R W 7

7.2.3 n /J\@Jﬁ@ﬁ’]ﬁﬁ%ﬁ:

1960 4F Ore 75 3| — 15 %5 75 il B 19 72 73 2= 1.

[E 7-6] (Ore. 1960) ¥ G=(V,E) & n(n=3) W il 5 JC 5] [, 25 % TAT B 1 A 4
R E w0 A

deg(u) + deg(v) =n

M G 2 58 /R 1 1

iiE (1) GAEEME (6.5 TR 6-6).

(2) £ G PR —FREBRKEBEL v v,—10, s B p<<n HRF L &K 055 o f
v, PR L



@ WE 7-11 FiR 5 o foo, 2B82. W F L & R G WEEMEHR LG T A 835
fEL L BN —&0 LK1 YR X458 T,

B 7-11

@ # o v, ABEE BTG o BT G0N o vy v AT R v
Vi, 10ttt AN T v, AT v Mo, AR, TR o, BEM T EREZAE —H —1
A H M deg(o) +deg(v,) <<k+(n—k)—1=n—1, 5C MM FIGE. A 7-12 fim, &
v, 1 (I==m<<k) 5 v, B3 HH v, 5 o, B4R L : U 1TtU 10,0 -9 LS
Ko LI 525 4B HES R TE ().

&/ 7-12

[ 7-4Y 2GR, EH 7-6 MR ZLZR.

B X TFAE 7-13 Fras ny B SRR 2R A B AT P AR S R R A
4,10 [ i BBk 6.

Ore [y FiRZEHHET™ T 1952 4F Dirac 45 5.

12 (Dirac. 1952) % (;:<V,E)%n(n>3)ﬁj’r"‘ﬁ$%|’wﬂ,f{

AL A v f deg(o) =n/2. 0] G J& W% /R 4]

KT EM 7-6 A LT 2 B,

[EE 7-7) W G=WV.E)Eun=3)mE, &5 FAEEN
AP wv A B 713

deg(u) 4+ deg(v) =n—1
G @T'{’f”“%‘fﬁ@ﬁiﬂﬁ%.
ECEEZR2D).

fj:ﬂ:.l:ﬂi 7-6 pYUE AT R e T A K B AR R T N 2R — A R T R Y
fifi .

(6] 7-51 & G=(V,E)s& n(n=3) FriZi Jom & el . G e A5 50 5 e 0T
5 J A5 380 A LA 2 37 aE Y

iE EGHPER-FRERKBEL : vivv,o1v, . T L 005 v Mo, SRHEEH
TRBEL EEEG— v, ).

BE G— {vy v, ) AN FEM L IFHE G— {0100, ) EPW’I“'%’ Mo A ows s EANTE G— v v, )
HORAT A, T G ZIEE A TE G PFETE— &M uy 1135w, M98 L7 X L' 8 v, 58 v,.
M43 05 o flo, ZB4EM W EHEL . TEIEG *{Ul U, TSR TE o AR up BY B IX SR
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—/I\X’J:Elp- mrljlfi G_{‘Ul sUp}i%ﬁ.
7.2.4 HRITHEE)EA

A n AW AP AT B A A B B A I B G BA WL E 238 A +o0) , — 18
e VB3 n A IBUE 07 SRS BT & AR U Ly n— 1 AN 30T H B4 3l i1 L B8 1 )
— UK e S B0 3 J . o] B B Dy AN ) 22 HE 28 5 AN IR 09 17 T B 2 A B A At i E 1Y
PP e e Xt S 8 BB 48 0] 3 ol R 1T B i@l B ( Traveling Salesman Problem, TSP).

KA TSP 2B AE — D WALE L 48— Z U /N 9 I 5 20t [m] B, 5 J& — > bh )
— ™ P12 A T2 e 9 2R T T B DRI 199 [ R S0 o TR P 2 — 4> = B B DL B 19 58 & el 1]
AF-TE WG %565 0[] B 2 G SR Y.

SKf# TSP, ] LAY BT A 1 e 35 K T[] g £ ke, 1 o A H A R/ S SR A s /N 1) i
O3 ] g B AT AEORE T A O A AL P G R AR A T A i OROR . SR B B HH [m] A 1Y 30 R i
A AR R AT BT AT LW 5T AL BB LR KR M R 2 R AR
T KR R A5 oR B RIS 4 5] R A 3 B0 ) — S RE T ik L 2 W SCRR[207].

2] 3 7.2

1. I/ 7-14 Fras . A RS & b 0 % 2R 1€ 2

Y

>

(a) (b)

FE 7-14

2. EW: i AL E G= (V. E)XFTE— 1105 o€V TS deg(o) =1, G A EIEH
IRt ]

3. M%7 % ] 34

(1) 1% 75 2% 1] A A2 43 J0 0t el e 2 158 I B oy

(2) AT LA sk i i {40 A5 AR Pl B Ay iy 5 2R W [l g 9 ST DL i R S U A LAY DB

(3) A5 HURB A I R A% A5 AR ) — 2L 3 (%) 2 05 301, BB (45 3L ui ok W 5 2 it 5] e 7

C4) M0 B3 98 A5 2% LA — 39 0 0 T 15 3] 174 R 5 2 s % JK it ] 2

4, 4y 50 R A4k 0 T 1) A

(1) B2 B Pl Szt ey %85 % i €]

(2) JERRBL B A 2 0 2% 2k it 1]

(3) AL P 2 0 2% o i el

(4) BEAS J2 BRI ] SOAS Sy %8 R i 4

5. — MU BCRT 5 AT T AR I — A TS AL I AR ICA T, B B — A T — I HLAY
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— W I [l B0 R & 7 B TR i R

6. & G=(V,E) & n(n=3) [y 5o ] [#].

(1) & GREm =C -2, 0 G & W55 /R ]

(2) 45 G B m=Cioy +1,G &8 — 8 05 % R0, U 2

7. A nnzO)O NCEEEWA NG ERINEE R n—2 AN WBAT AT LU i—4 18 L 4l
1B NI P 55 0 0k 3 i 1 R A2

8. M n=3 0, K, A 20 AR A i /R 0l 7 JFR Ko K K tha R 200 5
N [5) F W 255 R [

9. ULHAANE 7-15 JF 7 04 AN JE 0y 285 R i

10. GEBH AN 7-16 s (Y Pl AS 2 0 25 20 it 4]

11, R 7-17 Fim AL G i U /I (1 9 %% 2R 15 1] %

F 7-17

P B I B N Z — B 1847 4F Kirchholl 76 fiff P H 2 9] 2% i SR il Bk 57 77 e
LA A R Y, ] il A R SRR T AL PR B A SR L AL Cayley F 1857 4F#
FAR B A& RN ETT 1A HLAR“% b B[R] 20 e Fg A o AT e G 1) A 110 B V& R AT A 8.

LRI« B8 7E 25 A GUSUER AT FEZE T R e A2 THR LR .

AR 3 Sy T () A8 VA () B A Y5 000 1 I 1)

7.3.1 ETEWBEX
(7EX 7-3) A& A7 W Y 35 o () P B Ol 7 1a) 48 ‘

(tree).

TG 1] B A LS R B A n] RARR D B B A

T =D S CEm A ARDBFR N n By
(T Im] A 1) AR B AS AT B A AR D =S

il 7-18Ca) (I 7-18(b) FI[El 7-18 () fT /R 4 ~
WRAFGE N B Xm B X m R =B @ (b) (©)
o] 4. A 7-18
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7.3.2 ZEXER

1. TEMEERER

ER 1 a=DB LR BEA n—1 K.

iE X (EHECAHE Y =1 BEE B RN, B n=2 H n—1 Br K BHEA
n—2 5.

HAE X T n=2 M G, BT SMERI=Z1L TGP AGEHBE, hiEM 6-3 A
WAFAE— A 05 o HEEEOH 1.

IR G—{v). BT GEAEGHNEEFH deg(o) =1, T A G— {v) A 5 8 Y% @
ELE G— vl 2 n— L i EmMB . ERA n—2 Fil. HIL.GIGA n—1 F&il.

(6] 7-6] 1 G RE—M R HA 343 WAL 2 WAL HRE N A

(1) SR TC W A 245 45

(2) 1 P ARAS [ 0 06 2 13 BRI ) B

(D WGAH MR 1.0 G B S8 o 3+ 1=a+4. th T By 2k i
15,G 84 x+3 %&ib.

HiEFER A 3X3+1X2+axX1=2(x+3), Tl x=5. A GAH 9 P .

(2) PIRRAS AR 3 2 B IR ZSR T m R & 7-19 Frow.

A 7-19
MR 2 a2 LmMEDA 2 AR 1A 5.
iE PR 1 AEE SRR =2 B G B2AH 1T AE RN 1T L BOE G Y
A 1A AT A AT A B2, i D) deg(o) = 2(n— 1) + 1. i AL AEHE
1 AR FEHA D) deg(o) = 2(n— 1), XBRE—IFIH. WG ¢

2O0H 2N 1T AL :
(5 7-70 GEW . AFEHFE B TCm A G A mE 7- 2077,
iE ARAENER 1, W TCE RS A 3 L. iR T HU, 1
P A1 R R Z U 2 X3 =6, MR YERT 2, WUBr Lmp =D 2 4~ o

B 1 A (a) (b)
HGHBA 2AE R LAY AL ERFES N 2.2,1,1, AN B 7-20

B 7-20Ca) iy 1.
L GIEAE3IADERN WS ST R 31,1, 1, HEh E 7-20(b) Hr Y [&].
2, TEBE 6 M ENHBR
[ 7-8] LI TFXTIHM .m0 E G B 6 08
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(a) G2— BRI R

(b)) G AEZHEHm=n—1.

(¢) G#EMH m=n—1.

() G AEA RS In—Z&5ih e A2 — B —

(e) G B E ML E— 405 A&,

(D G W—X s A HAUH — Rz,

iE (a)=>(b) dPEm 1 BIG

(b= () i G ANZEM, W G A b k==2) A% 38 53 3 EATTER /2 R H 0800 5 ok
N1 smy st sy BTN s s sy RTEE 1T Ay =n, —1.0=1.2, k. T

m = Z m; = E (n; —1) = E n—k=n—k<n—1

CIay:Egr

(=) LIEH GAZTHEE X n HAH. Y n=10, 1% m=0, BARASEFHE. X
n=2 W@ (n— 11— 2) FEAEE. XN F G T m=n—1. ¥ 2 AU S B 7 E—
ANEEBCH 1A A o, X B IHREEE A G— (o) TEA B L 2R G R A .

GAE G —&H wo, th T GRE@E TG u [iko. TREE GHuo PETERE.
21 Gtwo 54 2 LI G254 B LA AT EE.

(D)=(e) #7 G A&l WAFAE 2 DATIEM A w Mo B9 G PRI — %3 wo A
2 AR AR — &b R W G oA R

(e)=(D WEBEER.G B Z A KR AH 2 4.0 G gLt
il 5% B o ) — SRS LG AT E E L T

(D= BT G- SZEA - FBE, TR2GEEME. & G A - - -
) 2 A5 S A A P 2% B A

AR 2 5 N b A s PR TG ) 44 1) B 224 o

7.3.3 HEmHKt

WK 7-21Ca) By o /0 T8 ) B AS 2 0 1l #6, (H o] DL A4S iy H AR Rl 7 P& 2 T [m) AL A
B 7-21(h) FE 7-21Ce) fif 7.

e e, e € €2
e €
ey &s € €y € ey €5
€7
@G (OFE © 71
F 721

[EX7-4) HG=(V.E) XK. 2 G WAERFE T Xm0 T G 15K

B} (spanning tree).
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P 7-21Ch) fIPE 7-21 Co) 1, — A T2 ) [ 08 2 IR AS — a2 ME —  {HUAS J2 AT 25 2 1) [T
FEFE A LR

[EE 7-9) &G ELME. W GAFEAE BRI EESME G L% E.

iE (=) B,

(SPHEKG EM 47 G, W G AESHEGC WAERN. & G P, e 7-7
L B B — AR — A A L Ak SR R — TR A N kL S A E Y
Al R — BT B Bl GO R

HEH 7-9 A LT,

it na=DWMiEMEEELA n—1 K.

G T DL G = 1) [ JC ) AR 2 i B8 e 20 139 37 3 1) ]

L6 7-8) ¥ G &M KM E T j2G T E— AWK .C 1EG T’ .0 C &=/
AR THERR T Fiy5%.

ERIE) % C A EARE LT ARB T hiysz. 0 C iy h B 7eEm T i
BWRE T EAaE, AnhE.

(5 7-91 & GREEHLME.TZG WEE —MERW.FJ2G WIEEb#EE N F
FLE 5T PR

IECRE)  HBFIEFASAHLERRK T h oy s, WM F AR s, g sn
T B & A A T 3 i A 5% Y L P .

7.3.4 Em/INERF

W G=(V.E) &1 AR 3% 8 JC 8] Bl A6 A 2 o] @ st ig v AMEZEAG 1 G iy —BRAE
B T L SR AR R 2% 3 B AL Z F R /).

[EX 7-5) &G 2&— A WA I%E 8 T &G YA iR 2% 571 09 AL 22 FIRR R 2 4 1
BEAAL . G B /I B9 A2 B FR 8 B 2 & AR (minimal spanning tree).

I 3 S A 28R A WAL i 38 T ] G o) PR B /N A RS 1 B 3

g1 &I R/K(Kruskal,1956) i) ik Pl 12

FeRE G m Zidl SRR R J"'JTT"H@'J erses s sl S8 NI BTN

(1) #EEEE —4ih e » HE ¢, /I\’r’]ﬂih‘%l, S

(2) % j=n—1, NU%I(ZE A ﬁﬂiufﬂ:ws).

(3) BEC LT e ey overuey JJEER e
J<j 1,5 (2).

Kruskal 193 B 2 19 HE A R AR . DLl AU/

EHE{()H 2€i, 977" 0€; 565 }/M‘@BZI%] /l}

SRR 525 33 (0 200K B B B /) N “Y s
TF R 2 L (AR ) n— | 4 ik 1. B TF o b - :
BRI eot] N o s o] N
[ 7-10)  {F H Kruskal 09 & & B, R &0 €3,2
B 7-22Ca) R 1 ALE G 1) B /7 A R
2 ¢ Kruskal [ 8 J8 ok a] 45 0 0 8% /N A i 4 @) G ® T
T RnE 7-22(b) fis. | 7-22
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k2 HHIM(Prim. 19578

B AR MR T sl R S MO L SGHR HA /N i 3 DA B2 1 5 — A4 SRR A
P S e — A HofE G— H ik il H th e 5 s B0 BN i K — 1~ 5
I OCER W BN A Ho G 80zl B B3 H 35 T G AT 1 5.

k3 HHAQ975) M0 %

REA AR 16 G TR HC AR, sz B i f KB — 453l BN 75 B b k.

2] @ 7.3

1. 43 5l mi T A AS TR 1 2 By G 1) 5 17 B G 1) 4

2. WG R—BREMBHA 24 4 B3 3 B A AR Ay .

(1) Rz TEm #2004 5.

(2) i H PR AR AN [] ) A 3 A b 3R R Y G ) B

3. WG R—MBIMB EA n, 0 BN =23 b AT AT 2RI S8

L
4. AEM . EETC I E G R T R R G M — R AR
5. W GRILMMH AGY =R G ZAEE R,
6. TERH . A P R B Y O e R — R R AR
7. WP 7-23Ca) FE 7-23Ch) A 0 WA L 433 1 T AS [R] A4 9 A R
8. R Kg W FA A ] 46 i) A= R R
9, R UNE 7-24 Fr s AL E G 1 dse/ N A BRI AL,
u 1 d 2 g
a 8 ¢ 1 e 6 v 2 ;
1N\ 7 S 4 > A
(a) G, (b) G, b 9 f 1 h
F 7-23 B 7-24

10. (1) UEMH : n B o1 B 0 B A 1 s B2 R 2(n— 1),

(2) Wedyody s od, en DIEEH(=2) 8 D d, = 2n—1), WAFLE LR H

i=1
TR N dyody s od

7.4 A7 B

fE 7.3 WANB IR T AR AT DREAT R A CA E ENTTE TR ALRA B B e )y
BT 5 rh R & 2R
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7.4.1 BHRWMPHENX

[(EX 7-61 — A AmE G=.E). A% EL I T5 a2 —BRIC R WHZA [ E
Fr oA B B (directed tree).

UNIEl 7-25 Fir 7 o2 A A 1) B 48]

FE— A AR R A 8 o BYURTEKOC EFR N v B F5 & (parent) , v G KRR N v 1Y
F 1 A (child). LR FAE— DT A E B (directed acycline graph, DAG) fr#10] DL E LA
PR LA M (wav) € ES R w /2 v B9 AT v S w 19715 A4

G 7-26 B A JCERA A B — SR DAG A A [ R HE R
W MY BOCHEES 2. BT S Bl oA m L BB AT BT R E .

S X9 A

(a) (b) (a) (b)
B’ 7-25 & 7-26

7.4.2 R

TEA R, 3 A AR B BB NS R R 2B R M A G R P, T R ORI R
BRIONERE TR {iﬂﬁ]¢€%¢mTﬁT{n B’JQH g =L,

[EX 7-7) —HE R EEAE— TR AR 0, i H AT A 1, WHZ A (k)
BB AR B (rooted tree).

TE MBHEFTAEAAHFPEFAAR, AABEALES L LL AL MM AR,

i 7-27 7 e P RR AR AR ) 45~ .

FERLREIT A O 10715 256K R Croon) i i "
0 YT SRR MR I Cleal) o 5 BEAR K 0 Y5 SRR 43 I
T RGEAERE D T E AR, 1

— B AR 1 RR e AE L T 5l 7, 3 Bl Y T )
#E T i 7-27 () fir ) SRR Cn il 7-27 (b) B @)
). 1E B CRE L ALE SCBR R AR R T ) R T LA E o 7-27
i 1.

R T AE AT LS B T A R BRI AR B sh gy s A i (u,0) €EEVFR v g2 v IR
T & (parent) s v i w [F T3 & Cchild). [Rl—AN A2 85004 F 5 5SFK b 5 38 %5 s (sibling). 7 5
I B 5E Cancestor) J2& MR 7 250 B9% 17 0 0 842 L 220 09 i A 3 29 55, N— A1 5 aT B
BT U AT Z N AR A2 S B K Coffspring 5¥ descendants).
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A LATE B DR Y 3 BT 20 A HACH — 45848, MOAR TS A 30 B8 A 0 s 19 B AR I
PR S B R (leveD . TR AR SES 0 B WA, H P afeons 1 2w, LIkE
e HXWEAER —-EZN WA ENERS RGP AMERZR. HMAIERMTG S E
(height) ol R & (depth).

TERRB rh e A B i 2B AR R iZ R R SN AR BE R B L IC N Es A N A Y T2 2K
Z M ZARM ) A BRI E C N L

[EX 78] HG=(V,E)E—HEM. eV, W&o LHAERRSHHTERN
G FRB (rooted subtree) . A LA FR A F 8 (subtree).

n] DLEE A an ] 7- 285 v i s i AR B B A L i R 3 A A Eﬁ?@ffﬁﬂ”‘]%g%?*ﬁﬁ*
T E (leveD B & XAEA B R 45 D A AR BN TSR SRS 12
PR 2 AT 8 DL 2.

e A

(a) 525 = 3 (b) M = 3 fif
El o 7-28 B 7-29

7.4.3 m X#H

TERRA T — 1 g G BE RT RLRR S 7T, SR T R PR O . AR A 45 kg v A R O
1 AH 25 5 55 R b a0 RORE TR AR TR RS 119 d5 O B PR 44 2 B UL
77 8.

1. m XBREENX

[E X 7-9] L{EG:(VsE)IEll:—"i‘%*E-{‘g‘Tsf{rIlean od(v) =m. WMF G & m X (m-ary

tree).

N 7-28 Fm R —AR 3 SR QA 7-27 (b) f s 2 — B U H B SRS P
- S I NUN 1115 S R 1 B s o b

Em X G EHZXFAEET S o B Hodw) =m 0. WFK G HEEm X&, T4 R
M ST e 2 ERAR R B9 58 42 e XCRYBR D IEE W m B, 595 0 it m R,

N 7-29Ca) P Je —#R 58 4 3O, A 7-29 (b) B 7R o2 — R IE U — SR,

2. m XHHHER

AR A O m SURE A JL AR 0T 3 8 1 o A B s 5 i i A e

MR m XWAF 2T EEZ R m (i2=0).

iE XEECRE. Y =0 RS 0 B AR A =1 S IR 12
TEREZ m VLV HENENY AR ES<n NN  BNTEEZm com =m.
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WA IEN e CR S ¢ E R AR A m (=0).

MR2 SENAm IMEZHM"™ —1)/Gn—1)(m=2)171 4.

iE R 1 A e .

PR3 A R R ORI & D Nlog,l .

iE YA R R AL TR JE L SR LR T UL AT AT m B LG om SURY
PR e BE S /N X T BE O b i e SORE L PR 1T <5 L TR h=log,L .

SR 4 R m R L R e A S R W On— D=1 1.

E A MV ENTEEm XA mt FZ o+ LA EF R =t +1—1. 11k
(m—Dt=[—1.

T A R R L AR I

RS XA R W 2 S 1

iIE WHERNINESA AN HER 2O EE v ZXWAE o+ y+
Moty Hl—1%3h. B8R TA W2 S8, B

xt2y=xt+y+i—1

T A y=1—1.

ER6 A RS T XRA 201 4T R

iE AP 4 g kT

MRT7 HREXWA NN E=T+2 b E RSN KIET AN

AR ERAE RCE
E RZE e XA R W BT 5 R =1 — 1. % ¢ AN, Y r=0,1 B A5 B
SR T

B R T3 3N s EUN T ¢ 058 4 R S50 LS. X SO RN B ¢ 1 e A
TR PR SRR 5T 4 T U AR AR I R | P R B A K L ST A 2K
SR E Dt U E, Lyt JARIEIHAREH Ev =1 +20 HE, =1, +26,. H TE=E +
E,4+l I=1+1L+G—DHt+=— 1.4k

E=L+2typ)+ U, +2t) =1, +1, + 20, +¢t,) +{
=L +L,+26—D+l=U +1, +G—1)+G—1)+!
=I+G—D+l=I1+t+U—1)=1+2¢

3. M m XRt

T e A e R

[EX 7-10] & G=(V.E)E M m XW.4 G Wit BT — 49k 7 5
BER G A m X H.

A LLKE AR P 2R Sy 5P R BRI e TR ) SR i A S SR 1) Jo

[EX7-111 & G=(V.E) & —m A m X, I 7 B R0 B AU 5108 w, .
wy o sty IO S BB w, BRI S B R (EPFE B R L(w,) (G=1.2,, 1), F§

i
DY, e Lw,) Hom X G IR IE R WG,
i=1

ALK m WG AR WG B m B G RS 7, 0ol {5 B+ 5 i iy
Hullman %5 #5 Bh 21 72



mE 7-30Ca) ~ Bl 7-30 () By i1 3 A = SR A 43 301 2y
TX245X242X244X2=236
TX34+5X3+2X14+4X2=146
TX1+5X2+2X3+4X3=235

2 7
[ ] 4 5
7 5 2 4
75 > i
() (b) (c)
& 7-30

A SR A T OB [A) R A i 2R e ) 5 ) R AT LA 3 S AR ) Bk, AR A
WAL LAHE S 81— iy et m SR

[EX 7-12)] & G=(V.E)& A = XR 5o B B 58 w, .
Wy o w0y s LE TR I BSOHH T LA B A 7 A I 0 A A ] %) — SRR v L A /D 18 IR B FR
& L Z X Bl ik 5k 2 5t

R & (Hulfman) 76 1952 A E e 45 (I — A SR e L = SOW i A 20 AR AR,
FEa8 2 1 1 R R b AR /N B R R HES s AN TN w0y v <o sy s 53 A A Ny
wisws sy 0 R XA LA E—1 BBk BB 50 w, +ws sws o oo
w, WA — SRS FEH oyt ws sty » ooe ooy /N BN HES L 24k 252 D1 25 3% B T 75
JT 3R A B A — U

[0 7-11] 1354 5 Ak, nl A 1, 2, 3, 4, 5 RS .

B XF 1. 2.3, 4. 5. AW R/ 1+2=3, 1§ 3, 3, 4. 5:7E TR H ¥ 51
WS 3+3=6, EHHEINIG M 4. 5. 6545
HE4+5=9, 156, 9;BIGHAE 6+9=15. °

12 3 4 5 " ‘,
33 4 5
S OBNONONO
o OO
15
TR 0 b K 2 7—31@?%. o 7-31
o I 8 B i Y IR R S L AR Y.
7.4.4 BFH®

FEARRE ef R ] — A3 f B9 T AT L9 2 AT e R P 19 L 31X 5 R RS K — 2 [
o A7 28 7 T T v g R Rl — AT s B BT AT L9 ORE — A e e Y i R R
FEAMUF XA P
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[EX 7-13] % G=(V.E) & —BARR, 53 7] — A 8 0 i A L7957 S8 — 1%
i, WER G b8 BBt (ordered tree).,

TEA PR R — A R R 28 A L3 PR O ZOW AR AR R — A S I A
TR = R A RS T SRR IR SRS AR — AR R
Femf s WA F R ARG HLE 1 585 T, AR Z 24K 8 B F #FR ¥ (ordered forest) , K
—BRA e A 5 — B T R R AR R — B TR AR A R 5.

(6 7-12] HAFHERFIEX @b /],

& (a—0)/|c AP MRRE 7-32) iR,

()
> ¢ R
ONOROINOION0

® 7-32

FTE AR T7-32(05B8 732 P EARKEMNAR B, 2EHA FHENZR
Rleg, HAR 7T-32(b) 782 cl/(a—b).
7.4.5 TAZYH

FZXAHFM BN IR EZAANIIL AN XA LT E R L
TG R SE PR B E T H A AL o BIFR O &2 L F AR JLF 302 5E 1 — U

1. EX
[EX 7-14) &% G=(V.E)&—MA P OB 25 % [/ — 15 82 (0 A L1 5000 2
—AEAE MR G O E AL Z B (positional - .

binary tree),

qnlEl 7-33 iR PR T SURE AR DN A R R E

LR A R, % (= R R AR B e ) ‘ ] \
B 733w 2w MZEL T WAER T35 4y ; v
v g w AT LT 1:3) W(b)

3 HEL i) 5 A3 SR R R 5 R i SO W 733

(binary tree) , & % X 43 2 JLF A L. ki A
LEFRAAFRZ 0. E 7-33OH . r (AEFHIEH s.tow FHETEL - 194 TR H
wsv FHWF B u WETFHE v u AMEESR FH.
2, HESHDE
07 L Z SUR 55 5% 2 B 285 DI AH DG I S b % 2 2 5. 3 25 MY T 28 B G 2R 19 2 L
[EX 7-15) ¥ f=aia: e, K E N n RS H TP o varas s sarazsra, 1 57
BIh B E R 1.2, on—1 BYBTER (prefix). % A= (B Lo oo B EMF S BALRM E A,
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LA TARE i) WA R 5B, BANHIE . WFR A NBIERAS (prefix code). #7 f,(i=1,2,++,
m) 0 58 1 PR R A Z B4R A5 (binary preflix code).,

R S B A T A A4 5 R 7 G B — BEOR IR G 5 I B S AN S Hg
REAG S, B E A  BRmT R M L A o = SO, o] DR S &2 LT BT AE bR e
O, MK A JLF T e bRic 1, DU R] L™ A i — % 465 i i 22 ] 4 5 A A 3 A A0 4 5 D %
A 2P A L HoE n R,

L6 7-131  Z3 50K & 7-34 Fr7s 59 8 A SR A5 3G — JCHT .

OB SO REAS A W A S H A LT TR kR O 0.5 HoAT L LR 14 3 A
J 1, WL 7-34 Ca) R 7-34 (b) FT 45 31 /9 0 HT 4045 53 91 A {00,01,10) #1{00,01 .11},

R TR IR RS KBS AT G b A A R T 2 g A B AT R Sk B 4 AL 1 A5 L S K R Y
T T AR L S A AUR B R A A R 2 B B 2R RN (e — A
B ) ) BT A R

(5 7-14) ¥ 7 D454 OB S ag g% 0. 2, 0.19. 0.18. 0.17. 0.15. 0.1, 0.01 #4

Hh R & it

R AR L ARUH R A TR S I R A5 B — AR BR S 2 an Rl 7-35 B, Hoek

S i B B R B R & 4w A% . (00,01.1000,1001.101.110,111 5.

L]
/\0.15 0.17 0.18

(a) (b) 0.1 001
& 7-34 B 7-35

IXREAS B A bR 2 G i i e Ay AR R A O 4L T E S SR AL
2X0,242X0,194+4x0.1+4X0.014+3X0.15+3X0.184+3X0.17 =2.72,
AL 1 10097 IR I BRI AT 5 1 2 2. 72 (5 272) 4
HE i BT
3. BHFTN
@A E AL — X Ff (traversing binary tree) g 3 Fp 7y (i & 7-36 d
JR)
(D BF# T RS> TR >4 T8 abdehic fg. ‘
(2) W . ZEFR—RY 8> TW . dbheiafeg. ®  7-36
3 JaFE N 2T WA TR L dhiebfgea.
4. AFGMEEM X R Z B R
H T 7 5r SO 235 K T 5L L PR ot 228 3 R A 1 AR e 0l 2 A e RS B g il o — SORE L O
PAAG P FR AR5 58 0 = SURS 2Z (8] 1) % 3 A b &
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AP B F 500 Z XX B Z e AR 45 758 5% 6 00 0 &t 57— — XA
(D FEFHuszoMEKFUEBF w 2o WWEILF.

(2) 75 F Pu 52 v B9RHF L WAE B b w2 o 94 JLF.

(5] 7-151 K1 7-37Ca) A 7 BR AR F 540 il 0 = XU B

R % A IRE A4S 3] 1) € A — SR B anfEl 7-37(b) .

| 7
2 3 Q 9 10
4 5 6 11 12 13
(a) (b)
FE 7-37
2] @ 7.4

1. GER . ZEARA , AR AR B4 B0 80 HAOUCA ME— ) — SR B& A2 (B . X ST 26 1Y
JZIF94).

2. A SRR 4 B AR AR S 5 B AR AR

3. fEHI A 7-28 HHARS T 1 319 A5

(1) AR A5,

(3) 4331 K.

(4) AL

(5) BT EMZ.

(6) HFA4>Y KUY 521 AL

(7) BT ST A

(8) B .

(9) F R H .

(10) FIr A7 F (RO #.

4. ANTEN 7-26 R A7 AR SR AR Y A i PRI 0 AR A SR A A TRl Al AR AR A A=
R T IE].

5. WM BmERN A m X EZEH " —1)/Gn—1) (m=2)45 4.

6. UEFLL T 458 .

(1) 58 4% Z A5 s A Bl 2 ar 8
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(2) n BrsE 2 Z X R E N (+1)/2;

(3) n B ot & SR A s logen L Hple RN TFS5 T o (i f B8

7. W GREA AR S R I IEN e SURE,

(D GEHEmt+141744.

(2) {=t(m—1)+1.

() I =h(im—1)+1.

8. & 13 Kk, 4 BImtR 2,3,5,7,11,13,17,19,23,29,31,37,41 [k F S,
I 48 1 S5 1 = U

9, HA R M FERFIEX 00— CoFos/vs)os Flatble—d)—e/f.

10. fE FEZHE 3 M5 PES T R R AT 2 MRS R AT #5E AT 465,
W) ) 3 5 60— OB, AR A 3L 0 ] 4 A o A I W R D) 338 1 3

(1) A,=1{0.,10,110,1111}.

(2) A,=1{1.,01,001,0000}.

(3) A;=1{1.11,101.001.0011}.

11, fEfEmh, A H % 0. 1, 2,0 3, 4.5, 6, 7T MBS 9 K 0: 30%.,
1: 20%, 2: 15%, 3: 1020+ 4: 10%, 5: 6%+ 6: 5%, 7: 4%. 95 — MM A0 S AL
250, A Pl B I BT R T RE D, AR BRI .

(1) i) LA S 1) 7 5% 2 4R

(2) GRS BCF 0 L Y R 20

(3) A iy bR b PR B 10 000 ANB, =D SR 2 /04 gk BUT

12, Kl 7-38 B B9 )7 AR F 330 il e 0 — SR B.

OROIO ()

FRIRF
[ 7-38

7.5 F m K

AT AL o) [,

Xk T A~ J 1w A1 T R PR i e AR B R 0 O A, R O A [ R A )
{ELA S0 52 o [ T 2SR AT ] i) A — 4~ T ] Pl 5 1 19 30 £ AR s A AN AT A2 1 A S22 E
Fie) L 6 A S L S ) A 2 S ) R AR 0 AL b v ) R

FRRAE B SE AT b B 1 A2 ST A B L 20 ) W AR (EL - T R [ REATS R R A [ R 5]
e B 701 W EERIAYS3 3 e I A R — A PR A S o R Y )
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-1 1 5 P15 € i) 0 0 A K.
7.5.1 THEHEXHE

(X 7-16] ¥ G & Im & 1T G fE — A1 b ] i (8 744 58 A% g A Y
AL ASHAZ  FR G ZRTFEE B (planar graph) s G/ #K G 4 FEE B (plane graph).

WG om0 e] A — A F i EoR G o SR E
{45 HAT B W 25 3 A A AR 19 m Ak A 22 3w i i 1
FROREmE G 1Y F N (planar embedding) 3¢ - 1 %2
7R BT T A TR s o [ A Y R O T
1 H A T T R
(@) G, (b) G, wnE 7-39 TR B Gy R Gy O F AL AR

| 7-39 G, W21 E G, 1 s A 5 1R s,
[ €t E I Al S R bR 1A

(1) K, & 7-40 fr7s.
(2) Ky, 4018 7-41 iR,

g %N

(a) K (b) G, (a) Ky 4 (b) G,
B 7-40 & 7-41

[EX 7-171 ¥ G - &L A7 G AR WA AT 8w Flo Z B 10—
S T A B G+ wo 52 AR i F sm'lfﬂ G A KT HE B (maximal planar graph)

WIR T e B Ky B— 2300 Ky — {e) B RSP L HI . 75 e 2 Ky 19— 553,

—{e} /f‘E*&j(—TF‘[Q]Fé—l.

[EX 7-18) % G 23k Bl A 7E G P AT 5 M BR — 4532 B 45 3100 B2 °F o &, 0 R
G N /NEFBEEBE (minimal nonplanar graph).

EoHE K F K, #f2 i EE . o,

[EX 7-191 ¥ Gl . i G 0w+ &l i =1
L 1 1) 3 38 X R R (B GO (Tace) o DR IET A7) 1] %R
i (3 5 (boundary). 2 ) .,
IR B A 0 2 G P 3 T B 0 T R I
. 7EE 7-39(bh) A 4 AN, & 7-42 Fis l;] iy

- R 2 AN gr g2 o vivevsvevgon RN
B — AN D+ vy vp 04 01 0 v w5 22N — 4T
ST B AT 1 B A AT A A T AR AR A FE R — T M Y PR .
SR — A 100 A AT DA RE AR A — 9K AR AR S 1 L im L 9K J FH O TR L Py
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A1 30 BY R X 5 ACRE A0 1A B — i A e — i
SF- o ] 414 79 7 o A 05 4 X A i A 8 3R Bt

7.5.2 BREAK

RRHLAE 1750 AR AF 5T 22 18 AR i) A BH . 22 10 A 9 181 8055 T 22 1804 199 b B0k 25 T s B0 2,
Je 2 e B 32 e Y- 1 P A e S G ORI B TR A R R R &R

[EE 7-10] (BRELAROATE o) EE V10 G IEE r=m—n+2.

iE R GRYEE - H. Y =1 0,6 BA KRR #0 G A SR By G &
WL LL G — BRI i B R Y 1 om=n—1, T2&AH r=m—n+2.

R r—1 ZW. HTF r=2.G P HEAEFRE C. % e 2 C EW—Kill, 58
G— ey BIR.G—lett— il - B NN G— (e} FETECH »— LR 1T 95 i A
r—1=(m—1)—n+2. DI r=m—n+2.

R AREAAXPCEATHEHALKRTIG, AR T-42 F =2 m—n+2=
5—7+2=0.

T Ry R AR E A A

IR U AT Goyon) (0] B 0 18T 18, =3, W] <30 — 6.

iE WGt e T T H =3, iR RRFLA .G A m—n+2. N G &
) B H o =3 AN I 2= A i 3 4% 30 8 B B — 2% 10 M A i A A A ECAE (R — A i e
PRI, T & 3Gn—n+2)/2<m . T L m<3n—6.

(5] 7-161 EW . K A&~ 1AL

iE R K 2 FmE. BN K 2 5B HY A8 =5, e 1, Hih %l
m=3n—6=3X5—6=9,1 m=10,FJ5.

KU TFHER 1 e A

Bit2 Em.m) WP EEVFEEG. 24 G A K, FEH n=3, 0 m=<2n—1.

(61 7-17 WEW] . K, o A& T A,

IE B Koo B K s 2R sfin=06 HAE K 7B H#ER2 0,
HiB o m<2n—4=2X6—4=8,1 m=9,FJF.

R E B 7-11 2 IR E B G

[EE 7-111 AT A7 fi 5 i S A7 A — P BEBUNT 5T 5 71 s

i ARG G=V,E) & ,m) %K H n=3. X FAEE 0€V A deg(v) =6, 014

D7 deg(v) = 6n (D
veV
WA de T2 B, H
D deg(v) = 2m << 2(3n— 6) (2)

vEV

(L5 TS IFE.
7.5.3 EFEhREXHTETETE

W22 B E F ERIE R I (K. Kuratowski, 1896—1980) T+ 1930 A 25 18 1 F & F 1 [#]
1) S B R
F A F R E L.
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[ X 7-20) 75 WA P12 [RI RS 9 . s 8 i 2 B2 38R A7 DL 430 Can il 7-43 o) [ 1G &
1) 44) , DR X 95 1> 5] [8) BE Chomeomorphism) .

(1) B & —5% vyvy PGNP 5 v [N 5 vy v, ZBEE.

(2) WER—DER 2 1WA v HTES o B4R 7B AP 85 vy v, ZHE— 5K,

[0 7-18Y EHA . PR M T FEGNE 7-44 i) G FRT K.

<=

(a) (b)
K 7-43 F  7-44

[ 7-12)(Kuratowski. 1930)  JC[u) & G & F i B Y R E AR G ERRT K Al
K s 1) 5.

FEHLFE R B B 38 09 Uk W 2 R RHE Y . v] 2 WA G SCHR 16 7], AR 48 A 46 R 30 55 8 78
AL A5 2R B A S i

PE PTG I B8 B2 Y T V- i T 09 78 B AR L AR AR SRS DR 1 S B ) T 1 BT A gL A
1966 4, Lempel, Euler fl Cederbaum 7y 3 #9“HE A A= 4 80387 AT DU IS¢ 0T 1 9 e A
EEAREEEE T+ EWR. R ENEEZ S ZEEEM BES fil DFS 211 £ &
WHRE AL & R EEA B Ak — D — 0 G B AT AN PR IR

7.5.4 FTHEHNEBE

X S 1T P 4 A T 5 AT LA 8 DAy X R £ T A A B B T

[EX 7-211 ¥ GEZTHE.GHXHBE (dual graph) G HEQTF -

(1) AE G 1T A HC— A f/E 2 G 5 Rl

(2) # G WA RA AL e IUAE G AR A P AT S Z i — & e L H
il e” 5 e HAE—WIMN 5 G WHMBARAL. & e G WM " WG WHH. E e G
HEL U e S G* B,

QUL 7-45 JIT /3% 69 R0 18 V] DA 725 o0 a5, B 2 300 o i ) 1)

E 7-45
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AR 22 SO AT 30T it PR Ay X 41 P 2 °F v P LRl 9. % G R e SF LA - A
0L G2 Gom) B LA 2 AT,

X F i E G, X ER G L X B G X EE GO G AR B X AR T i
Bl G.G* " nTRES G A[aH, anfkl 7-46 .

1 /A
/ \
/ \
1 Vo=
|
b--4
1 / A
\ li
\ /
Voo
[ NS
a c
G b) G* G*
E  7-46

2] @ 7.5

1. GEE . Ky Al K o #52 B/hAE - 1 A

2. W G It n(n=3) B BT B ik B

(1) G &% &,

(2) G M EA T = AE.

I m=<T30 WY BT K G, AR 1 v 45 deg(v) <4,

B GREED LAY SRR GG AN .

A BB 2 AR A . 245 2% B2 3 5 1 &,

WEW . fe/NEE 6(GH) =3 W i 3% 38 1 1 14 G i BUR T HEN 7.

A Grym) F1E E AT E D H =3 FBE MW m<k(h—2)/(k—2).

FE ) FlEE GHEE r=m—n+ (w(G)+ 1), Hi w(G) K G5

Co =1 Oy Ul = W

9, ATAT n(Z3) M A B0 B G AT 3 N EBUNTF ST 5 B A,
10, A3l B 7-47 Ca) 5 & 7-47 (b)) X .

(@ G, (b) G,

B 7-47

11, 5 i U B BIEESF 1 13 Gy =G, o H G =G5 ARar.
12, B ] 5l i 5 G T S8 n =6 HitBim =12,k G W% - LA Bl 554> i oy
i
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13. 45 F il G a9 X E G * R Y 78 245 0F.

L4, B E G AMAEE X Ky Ky, 0] G R AE B G * 52 BRI 2 05 5% R 1 5] 2
) s

15, WFmE GH r A, BmASmE A A0, ok - i K.

16. & n(n=3) B K& G 2RI FmEGEH: G X EEGT & 3-IEMEH G /1
W AN(GT ) =2,

17. % (n, m) E G J& fa] 5% @ 1 (A, ik e

(1) %5 n=3.0 G % -<<2n—A4.

(2) 75 G /N 0(G) =4, G P E/DIFAE 6 AT S EBU/NTF%T 5.

18. ¥ (n. m) B G & & ECh . H G Wi/hE 6 (G)=3.

(1) 5 r<<12. 0 G UAFHE—DFEZ 4 Fi1 B ) .

(2) 28 2 r=12. W (D) H 8538 AR 5T

7.6 P PRy

1852 4F , B [H 1 — i K2F A FoA% B HL(F. Guthrie) 78 45 — 5K Hb Bl 3 (i 2 BH, B4
oy P A M T AN R (R, 4 B 6 B T, 5 sk 2 3 A4 Y & 5E A8 (Four Color
Conjecture,4CC).

F. Guthrie #3X 4518 & UF T LAY £V De Morgan, — {7 M E WA L 008~ %. T
De Morgan A Hl3H % 0 o] #f 66 0] 25, 5 {5 K # F William Rowan Hamilton. 3 K J7 .
Hamilton {5 U AN T BEAR PR fife ok A% 114 [ 517

1879 fEfe gy x4 it Ao B, Kemple Z3 i1 TP AF R —MIEH 10 4£/5 P ]
Heawood 1§ i T Kemple jiF B i & A7 AF — 4> A 7] 52 AR 19 3 11 - 95 A Kemple 19 7 3 30F
B 7 (0 B D5 R (0 R 8.

TEHE TR AVIE 100 45 B, O T Xove PO 56 AL {2 3 1 &1 3e DA K BT i 26 e 1Y 2, B
W R S £ E RS, AE 1976 &, 2 [/ ) Kenneth Appel 1 Wolfgang Haken 5
John Koch &1E, 7 Kemple BALMY LA A5 B TR HILH T 1260 A~/ T 100 242
UGB B AW IE BT T DY s AL U B Y O SR T 2 KR T Kemple B A2 i8R EIF IS
RE BEAL AR UL AR B R R D RS AR DY (B B 1L 1999 4F AR I T —Se it He e 1Ot
B iz 17 B [a].

AP A UE A S22 2RI HES IR A R E R siZesuE . g6
I EALE AT RE A — H S8 2 Wir i A KA W RFEAEZ T

AN BN T i P oA 6 T R I A 2 AT TS T () PR Y RO L B (A5
A RNE.

7.6.1 THERMNEEBENX

[E X 7-221 % G & VB A GRS Tl b e FURR 2B oY it 3 AS [7] i 2

o DU FR X 12~ 1 %] %) T & 8 (face coloring) . 75 2 (2 (19 fic /0 F 5 PR b T & 8 21 (region

chromatic number).
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l 7-48Ca)  J& 7-48(b) FI & 7-48 (c) W 45 1 & ) 1 5 (o 807 ok 3. 3, 2.

@

() (b) (c)
E  7-48

BE RGBS —Fh T i B Y 1 & o %) 5 e S T 22 9
7.6.2 EMTAHAER

1. FEENTEER
[EEX 7-23] ¥ GRALELMEEX G AT AR bR 2 BB 5 H 3
ASTE] I B8, UL R X6 32 P8 1) 75 )R & B8 (vertex coloring) . fi F & €& (coloring) » I w5 21 (4 11 A%

TR ECRR N T S E AR, i E B (chromatic number) ,ig ki X(G).
] 7-48(a) ([ 7-48(b) FI[E 7-48 (o) & 915 2 & R 58 3, 2, 3.
)I[:klﬁj\i 7X(K,,):?’1.
S AL
[EE 7-13) & G EAFTARMAE. N LG =AG)+1.
iE (EEAEZ D).

Al AR 2K A5« B g 28 (Welch PowelD BIE X G 17 S & @ MR H X(GH 1Y
.

Welch Powell & 3.

(1) B G By 23 4% 8 BN KB /N W HE 3.

(2) S —Fp i aX] 58— L F 6 JF HA B AR R B @ sUBUY , X AN LR 4% 1) 4 —
A B b RRE B

(3) JHE A Xt i A5 QR EE (2) ST XL, HA A 0 S A a1k,

[ 7-191  FIH Welch Powell B X1 7-49 Frs
ME G & . v, Uy o,

(D B G By SR N KN/ HE S

Us +Us s U7 s U1 s Uy 3 Vg s Vg 3 Ug o s

() I —FEEN v 26 3F FE BT X5 o R4 "
eI AR R = =T R

() MHEZMBEAX v, HE,IF HIER v v v vs 00
WEFF 3 5 vy AW 8L v Fvg F EH R s,

(4) HE =M EaX) v, 0, HEW v v T S v ANEBEERT S v Flvs B I
5 R,

e 216
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HI AT X(GH =<3, AR L X(G) =3.

2. FHENTRER

ST LAY Y A A5 — M 1) Y S A A (R

(B9 1 B AY H2 , F i P A T A 0, mT DA 38 iy HOGH i P (o - T ) 19 7 o . T
A ERT.

[EE 7-141 ¥ G &SP m L W X(G) 5.

iE ATEG B SR HAN. Y =I5 B E58 WARL BEXT T o — 1 By a7 507 1 &1 2 18
J .

7.5 ER 7-11 H,G P AATE—D 18 v 113 deg(0)<<5. B & G—{v). hIHA B
A (G {v))=b.

e deg('v)<o U o B4R AR, AT X o A A

#r deg(0) =5,%25 o SFIEM T E TN N v vvesvssvsvs s ENTT B c1veavcsseys
cs. WL, Gt MEOH vy MITSHABRNE W, HGC— {0 PEEAN cpoe, FITR
A1 BE.

(1) 45 vy svg Z00NAE Wy BT S0 B A [R5 2 30 b ¥ o) B 78 3% 38 73 3 i 3 4,
cises R A G— {vt & 65X v 6 ey JRE G 15 .

(2) A visvs £ Wy BT FEW R —A &l or b W o B o fEAE—550% L. L |
)25 R E e, BN B L 53 vo, Fl ooy MRCIEESE C.EGHE T v, 8 v, HABE R R
oo Mo ABEFWEEW, FeHFRAWAER 5 Zh. Fik, #QF v HiE
WA KB ooy XTTE LA G—{(v) GG FX v FM . . 58 G HEA.

7.6.3 EEEMLE®R

[EX 7-241 % G ZAEE M E LA G &R E—FEa B AR 2 A R
FY 2, D) Bk X 12 (4] 1) 3B B B (edge coloring) , Jf iy 2 4 1% &2 /0 F 8RR b i & B # (edge-
chromatic number).

It P RS R R ENTAE AN . BEH B 7-48(a) ~ A 7-48(c) & K 1Y
A LI 6, 4, 6.

FRATX & 1Y 31 3 0 ] A i TR AT e Jia X5 47 48 € (Ramsey) BHE %5 U1 AH 5C (1) %
PR 240 T 0 1) () A 1 7 T B 0 T

$i 4 28 (o] @ (Ramsey problem) R —FEN L HFEH p A IAR S g AT A
INHL XA R D20 A

?ﬁiﬁlﬂﬁ*ﬂ’ﬂ%%lﬂf] R(p.q).

(41 7-20] EHH: fEE 6 AP A 3D ABIIARECA 3 4 AT A AR,

iE 6 AT IR IX 6 A AT B SE AT m] & Kg . 25 P DG 7R A Dz
P U AR I U 2T 2 P AN DA TR U A L ) 9 'ijﬁ'ftﬂ'JL_J:(%J:Eﬁ

X TAEER Ko M98 v B8 deg(o) =5.5 o RERMIAT 5 &, YL 8 A LR

52 S 20 = 5 R 9 S R R o v v
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FELLA. 45 3 5K vy v svpvs oy vs SELL AL MAFAELT (0 K XA A 3 AN 2y
V1 Up s U3 5 01 U3 e L A FEHE (0 K iX BIRE A 3 A A E AR, 4518 7.
FTE ELSAANAFP . LRLELRAR L. AEEX K, @5 FA AR e,
PEWSFAERBEECH T, TA,R(3.3)=6(F. P. Ramsey. 1930).
CAME R — L4 1T .
R(3.4) = 9, R(3,5) = 14, R(4,4) = 18(1955)
R(3.6) = 18(1964, 1966). R(3,7) = 23(1968)
R(3.8) = 28(1992). R(3,9) = 36(1982). R(4,5) = 25(1993)
#1993 AF R AT AL R A 45 5 R(4,5) =25 Ui, T B A F— A bs it 4L
1 ARR T A i tnl WL, i H B ZE 7 1928 4R 42 H 193K R(p,q) MOMERT . J2 X By Bl fi
FEHLRE 22 0 3 — W R Bk R, H A, il LY % T R(5,5). £ W htp://mathworld.
wolfram. com/RamseyNumber. html, [A8F, 0] DL F LT FE T4 153K 1 Ramsey %X,

2] # 7.6

L W G REANEHEEFmE L2 G a8y 2,0 G R .

2. WEW . X(K,) =n.

3. Ar PR AN E 7-50 R 4 E R A
0 500F 1 5 (VB

4. WG RERATBEELN X(G)=AG) +1.

5. WE G EAR LG =G 2D
G k(E—1)/2 %30.

6. WHE G=(V,E)IgT 5 H AR X(G) =k,
HAFAEE o€V H X(G—0)<<X(G) W] G 1 E/NES(G)=k—1.

7. B GETRIEL I G AT SRR WA S IR AR H 1% SR B A5 X 1 8 B
H A BEFE [ — i [8] %432, 18] [ G919 s 4 (0 S BR B SR A7 XGOS PR U242

8. HC, i ®BARE n—1 N WEM n—1 A=), 1 Comy WA E — T 535 Coy
A TS A X R BRI o YRE LI H W, IEH . W, (n =) LG BB
n—1.

9. WEMH . AR 9 DA A 3 A A A ER 4 A A A EAS IR,

(a) (b)
F 7-50

7.7 B LAC
FEVE AN B8 I U P 25 T B o L 88 0 B — P BT IR,
R 5 (5L 5 8 1] P AT 3
7.7.1 ZHE

[EX 7-25) & G=(V,E)ERHmE .27 vV ol R4 s v, MV, 55 1T
. 218



e CEFHEHE ucV, o€V, i e=uv="{u.v) . WFK G H ZEFBE (bipartite graph) .V,
JFH V, A BT RE.
TR SRR R = P s L an B 7-51 B s R R AR e AT A R A — i

Ut Uy Uy Us

(@) G (b) K3 4

E 7-51

AR SHEWAZATEENXN S AARE—W e EB 7-51()F, TRV, =
{01202 503,005} L Vo ={ w5007 0} LTIV, = {0y yv3 504505 505 L Vo ={vy 07,08 ).

WGV MV, BB H AN SR 35 VIR E RS Ve WA SRR
% . WFR G £ =B (complete biparute graph) . it N K,... i |V | =m. |V, | =n.

Se4 HRE K, O B IR E (star graph).

N T Y SE PR 2 1A BAG  P  A P A FE E R AE

[EHE 7-151 & G—= (V.E) JBr& =2 i 5 T m &L W G2 =8 E 8 w2 &0
& G AT 7R Il i 4 Ry (i 2

iE (=) R

B veVv,4

Vi=lulueVHduwv @B, V,=V-V,#J

LAETEN e € E, HOCHRMPIA T S AE R — A4 V. G=1,2) %, W G R ALK & B [al
B SRR E. T& .G IR AN a5 — N E Vi . —ANE VL Ll G R AR

T AT B B8 =2 0 ) B o A A7 A B R o A [0 B 1 5 A (8 %0, R O A 3370 1) A%
prop i

7.7.2 [LE

TAELHE BT 43 B | 45 F B XS 5 8 LA RN B 5 £ 46 n) JE, S P i DG B ) JAL,

[EX 7-26] & G—=(V,E)RFEHEITME. 4 TFMEE H M AL fof 15 4% 31 5 A A
A8, FR M G ) — B (matching) 5% 18 34 37 & (independent set of edges) .M W 4i 5531
B PAS19 AE M ORI BE . i1 80 2 19 DL IE FR A B K I BE (maximum matching) » Ho 9 i1 %4

PROECEEEL. P A 19 a5 AR 5 M by B OC B Y DL L R Ol 52 £ BT i a
(perfect matching).
e 7-52 iR iy Petersen & G W, {ab, fhaid} Fllab, fised, ¢ 4b b
hi) & G B —AVCE . {afobgchadisej) & G i K ILEL . DT fic ¥4 X
85, afsbgchdisej | Bk G HI5E E TR, SR
X PRI EE G= (V. E), 2 ZFWEV. 3 W L E A4 d ¢
TS EIAHALE ER W A G 1Y s 3 57 & (independent set of nodes). E  7-52



1 GLW I REZE2E R W G A (clique).

fEZHBE G=(V,E)h,V, MV, FEHTEE. AMHEGH—1RAIREH M| =
min{ [V [, Vo [} WFR M b G —/~58 & IL AL (complete matching). 24 [V, [ <[V, |, L FR
M MG —ANV, BV, B5E % TR

1935 4E Hall 25 1 7 H@ 0 B 2 W A7 76 58 & VUL A9 78 B 4 —— Ml S vk 4 1.

[GEI 7-16] (Hall, 1935) ¥ G=(V,E) 28K, V, M1V, 2HE I SE.G 7
NV, BV, WREFILRATELZERZRV, FIEE k=12, [V, DI EHEDLY
V, TR AT AR .

&) 4 M| (Hungarian) 5.3% (J. Edmonds, 1965) ] HHFR MV, BV, i5E &L, 2 U
A X3k 4.

F 4 Hall 22 B n] 15 F i (4 22 2.

[EE 7-17] & G=(V.E)2 K.V, MV, R EF T S E. BHHEE =1, N5
WF“t ZAF7 T

(D Vi A s 2 5CHK ¢« 2.

(2) V, MR SR EZ G ¢ 5l G AN VL BV, (158 % TL AL

E BV, HIEE RGe=1.2., [ViDANEEDS ke KRB B (2), X
NZEALV, hEy kA9 s 484, th Hall 2 2 EMIE.

AR RE BEES HYTAT B A BRG] AR AR S0 S VL Bl i) SR AR

[ 7-18]1 (Tutte) B G=(V.E) A% RILHM A EFZMAZEXN TIEEWEV WA
OG—WH<<|W |, Hrp O(G—W) R & &7 80415 o5 00 7% i 43 372 %80

2] @ 7.7

Lo FIRran & 7-53 Frs ot 5 o8 . 2t AR E L oR i A AR

(a) (b)

® 7-53

2. 43R 6 B avbyood e, fLHN o 2E GEHRMHE 0 S0 HIENKTEc 2
SR RNE T sd X DOE PG BEA i s e 22D il MAEE s £ 2 (ROE A DY BEF i, Ak sk 6 A
A B 1] WA 2 0] LA AR AE 1] — o (8] B A4 T8 A A BE AR B FL 58 iR 7

3. A 6 AL gk R B PN R BT 2 6 TR B ks B RO,
S TE AT R 5K E R AT R TS HL RIS T 5 T S I AT e o AT SC 5 2R 28 U] 2Ok
Py L5 B I R RE S A 5 0 2 AT 0 BRI 5 B S AT O A B () B AR A HE R
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FEA REAEAT A5 1 1IRA A ANZ A AN —T TR

4. ZEEIEEH L R A AR I E A — AR =1 HE R e R

5. BARGUILIFRT T IIRLA 7 A EM AR, O AR AL B0 AR T LAFT A g 3 TR,
B ATHE A O REFAT IR LRS54 S5, 2055 BUR ATV IRARA A 3 (i BUMRE AR 1. ] 55 7
RE A ZEHEIX 7 (BN AT 1 TR LTI A AR, (B I« &0

6. HEM] . BYECK T58 T 2 MR R0 o] (5] G o2 B I S HAL Y X (Gh =22,

7. WEH . TR R 2 H — 58 R ILL.

8. I Tutte EHUEW . 25 n BTIEI G 2k —1 M AY b IEE L H n Z2EGN G A7
1E 58 DL L.

A T g

1. BRrE

W G=V,E)ZEEE .G h &3 r A 31— I HAL— XA & PR A BB Pk . G rh &3t i
AT — I HAXL— UK 91 B B BICHE (9] 8% 47 76 B W] 86 1) PR A A [

BRALEIE % G i TT e ], ) GO L ] Y SR 52 G RE T B 1 R

o E R 53 iE) A o WA Y A S AT S SR R R KR (] R A )

AR S ERHLE AT G 3 A HE S AR b e B, PR HA LA 2598, T b B R
LIF

2. MR /R E

W G=(V,E)DZEEE,G W& I A7 53— I H AL — A B8 12 1 R i %5 K il B A2
G Pz ik A 15 s — K HAL — 3 (Bl 5 8 B — Ah) 1Y BB B S I %5 ) it [|] B L 77 76 PG % R
ot o] gt 1) LR A e 5 2% i ]

I (Ore, 1960) B G= (V. E) & n(n=3) B &) BLIC [w] &, 4457 0F TAE B A ASAHSB Y 4 s
v H

deg(u) + deg(v) = n,

M) G o2 Wiy % 71 it ]

FRAT & B (TSP) 71 34 WAL & 4%t — F B /N 1 15 % 2K it [m]

RS M KA LR 3 LS Ore BB, PR HABJLASZ51E 1 i il £ 1 1) 291,

3. ZTEH

AN A B Y % 38 TG [n) L FR A G () R

T TR TFILE G.o0B GH6 B4,

(a) G J&—BRTC .

(b GAEEBEH m=n—1.

(¢) GiEMH m=n—1.

(d) G AFZAEMENI—FKFlERE 4 A1 .

(e) G 2 0 {H M B AT 2 — 45300 S fi A 37 3l

(D G myE—X 5 A BAUAE — R,

W G=V,E) & m E T m WA+ B T o G AR, Jom B G A 7E A il
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R} FE 2 S 0 G O i

W G 2R WAL 238 T ) 8] .G P A /N B A B PR Ry e /N A R . 3R SR e /N A B
R 1 5 5 30T R Rl P

AR JC ) B 1Y 58 SCRTPE o . B A R R e /N A A O B s v B 3T R OR B oK
o f /N R

4. @

TA R E X ARE G=V,E), A% EH I B2 — 8 IC m 8, WA 19
B FR KA 1) )

— A R AR — AT AR o AR S AR 1, WA ) A R R AR AR
BOR BRI E S, T BRI A I 53 300 00 AW A Y A AR L R R S
KA.

AR m BRI m X, % G= (V. E)&—8 m XB 8 G E— R # E
HEE T — AN AR T B R G AR A e UK, B SR S5 08 — OB R 2 8 1k

X [a] — A S B T A LT 1 a5 R0 AE S S5 R ) AR R A

X Rl — A9 A B Br A LT s B 22 A 0 B A SO Ry i 67— SO

A m SR A P RERUE A XS, T A A L bR 2 gatd Gl Dy i X R
FRARF) 5B AL SRl 55

5. FEE

WG T M E LR G A —AF 10 L ] Bl AT B A% 7R R Y s AN A A L
FRGATFImE., WAEZENAEFmE.: (DK (2K, ;.

WGV mEE . G 430 0T ) 7% 30 X R h 1 GO

BRAL AT AEE ) B HE G WHE r=m—n+2.

EIE T A7 5 i P A AT A — A A5 B

4 Y- 1 ] S H T A CRBRRBL A 2, REAS B AU A HEIE I I AR e B, TR
J2E 437 6 I 3 5 < BRI SF- i R £ )

6. TEEMEER

LAt S v L P T A 68 B8O AT R TT 10 Y G CBO LG B B0 . T Rt
RE i UL AT SO P ZE (M BT, I R(3, 3) = 6.

FREE &G PTmEL N X(G)<b.

PWERBE (L&A PR p AN ¢ DA AL B AHE R
LAH RGp. A

7. ZEBE K H TR

LI G=(V,E)1 s BV al R4 A s Vi fV, X FAEE e € E,
A u €V, €V, 1T e=uv= {u., v} WFL G N _FHAE.

FIE WG RN =2 M EE T E LW G AR E ) R AR GO AT R
1 4 Ry fES

P A AL S A SRS ie e R K, e TR E AN RUAR VLG G 57 D |
e RUCHL DT EC AL 52 SEDUIE | s b vy 4 M1 58 & DU IC S5 A7 SCHE &,

o 222



FE8E HASIitH

FEATRGH | B2 WS- O 5T 3 JOV 2. 4145 TR T BRI 2 Ccounting) Bt 20 5030 2 — 2
FAFES O B2 BT R

Xt 45 8 B HON R 4 T S B SR H AR A PR I L TR R i T i e A )
Ak B R P T I RN R (B W OCHRT6 DL 4G 80 S U T B I 8 R sy i
R FCRIE 5 Dy S AT 38 #3022 SR 2200 47 b [ Q3 35 A I AR DI AT o o s 9 i f L
L) =B £ 05 G % 07 M B — AT VB — S LRI R 2 3 N ECE Z AR T 15,
HAHFFE 77 XA,

HREALR S Bk N — TR S TR B i S B0 AL . e X T o i S
WA S A0 JE R s (A S 2R S R B B Y. AR LA RO 1 2 AU AR 22 [R) R i 3ot
ez A EL LB IR G0 s A A S R B

AT F G G RO FE AT A T Oy ik AR T RO B HER) A e B
A PR I IH R RN A e NS SR G (B L TR S5 R DR R

8.1 HEEPEL HEAAL &S o Al P

8.1.1 it#mEi=E

THEURE BRIk e B AD e ik B e A TR 5T 1o BE .

fni& R 22 (addition principle)  #Z351F Ay A m MO EERCT L F0F A B o FA
[ e B T 5y e e JHAE Ay AT my FORTRIE R 2 7EIX £ A4 5 0F 2Z (R 3 AT S [ 1 28 BT 5
i X B A Z— R my T my + e my B[R] T 3L

B B —APEA my DFHE A me DL R YE LR R my +me [
o BRI T R R oy B T ARG 2 e 28T FEAR I SRR T A AR R A R A B
LK 8-1(a).

3 £ JR 32 (multiplication principle) 5 {F A, H my AR RO 0 F 4 A, A
my P[] Ty 2, e eee SH A E my B[R RO X R A FIRRKE AR momy -
my FpAS[a) e Uy =L

Bl ik N A B B H m, SR N B3 4,
C A m, R, IF 2 W8 % I 8, M
AGEIB BHEEMMNB B C A mom, Kk A

B PR B S ML A S e A N W

SR ITER A — A 0 i )y 3R AR T R

Bk A T TLEE §-1Ch) @ ®
AEFF RO TR 1 40254 B 53 25 b 3T fi £ A 81
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B .
8.1.2 HEF

1. n MTTER r-HE5
Mo AASFEI R TCE B - A R S 0 FHED L 52 n DT EB r-HE S (permutation) .
HAER A Eae h P, o P (n, ).
FEIn!=nn—1)3 <2« 1. BE n K, 0! 2REIK. Stirling 4531081 E LA
Xk
n! == «/ﬁ(%)n.
B n UK, —H AR ZEET 0.

n!

]im == 09

(2]

0 4 0 i3 22 88 F 695 K.

lim [n! — J2rn (HT ] =} oo,
[

F)H Fe i B T b 4548
[EE 8-1] X T{EE r<an.fH P —=nn—1)(n—r+1)=

B 0 IR EHR DB . Z5E Py =1.

2, n " TLER r-EHS

b ban NITEM RS EL AR, WER N n DA FE B TT R LI A R AR R
HEF B — A~ B, 502 DS IC E B B HE U Ceircular permutation) » X £ 1) HE 51 > 202 A

n!
(n—wr) 1"

QP BOP . r). E RS R S AL E A SC . fi | 4
Kl 8-2Ca) FTE 8-2(b) Hp 1) R HE F1) 2 A1 [] 4.
WAL b B HE S AT DL AR B 1234, 2341,3412 Fl 4 2 3 1
4123 DU HES). — e, — A4 o~ B HE 51 0T LA 81 - A
r-HE5) T2 3 2
op  Pr (a) (b)
r & 82

3. n N EER r-FTEHES

I T e S T 2R IA EE TR, RN 2 DARE TR P, Al HE B - T
FHEW P HED) S 0 D oCE M r- AT EHES (permutation with repetition) , X F¢ 1% HE 51 4~ %k
iR U, KU, r).

AP B AR - nD B HEDY e D OC R PRI — O R MR HEAE S — 1, A on
EHOT AL B HE S AR E R IR RS B WA n MBI X —
H#FTT L, AR » DI RS E. Bt AR P53 B A

Ur = n".
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4. BEETEZHEHY
[E}E 8'2] -&Al ,Ag ""?Ak %k /T\/T{Iﬁji,%,ImﬁA n; /i\Ai ﬁg(fZIQZQ'"vk?ﬁl—'—
ny et =n) B A= {ny « Apyng ¢« Apseeromg o Ay b X 0 DOCE W2 HERIA N

n!
nylnyleemy !

iE idXa MATEITREN SN ¥ A TEBEARMNITER AL
AZ e VAR (G=1.2, k) s THBH y+m+ o F+m=n TAFICE . LESHHADECHN n!.
BT DPARBITER ALLAL A IRHIIAD B 0! G=1.2, k) TR % n 1]
TR — D2 AT LIRS ny L np U oveemy ) D AR TR B 2 AR5, AR 0 3fe 725 [t 2 30
N e ny ! ny) coomV=nl M

!
N= 3‘?1!7?;”'”.&!.
8.1.3 4AE&
1. n ™" TEHNr-AE
Mo DAY TCZ B A R RO — HE 1N % R I i a0 N TR - A

(combination) . H-24H G~ 8id h C; ji( Jﬁ( (ns r).

B =N A A EUE S A R AR ER L E C %ﬂ[ )ﬁ%@dﬁ

T IAEAEY r=an B L.Co=0; InJHJffm: Co=1,Co0=1, HT—"1 r-HELI1F 3
r U A - HES AR BRI EE AT R a4

P, _na—1)-- n—r+1) n!
r| rl C(n—r) !

2. n MR -ATEAS

GRS e AR CZR L Al H S U - S OUER T AN SE T LB n A OCR I - AT
E 4 A (combination with repetition) , XFEI G- E0C K F, 5% F(n,y ).

[EXE 841 F.=Cli 1.

iE (Euler £ AW 2 DARITE AN 1.2, o0 AfHEIRHUY r TICE N e s
Conrnne, A oy ey, IEdi=cCrvdo=cr+ 1o vd,=c, +(r— 1), TEHI 5 I—
NG dysdysad,s BIR froo>dii=1.20or elcrscoomrae, VARG B dy v dy s o s
d, )RR I ——XF B FRUALA ciscose, NS E dyodo s od, WAEHERF. i
HEdyvdy s sd, T 1200 snant1loentG—DX ntr—1 PARBITEN r-4E5.
HAECH Cryra.

WHR ——stmgas ity AeMERsz —,

B IEW o0 DICEM - EHAS MRS AE TR 210 ta+ o o, = AR B EUR
AR, AT — s ATLGEY] 5 n D TC R - AT EH S AN TREZD IR,
W r=n HIXFERAL5 ECH Cro.

(5] 8-11 M AWEARZA—oem Tooh, Hooh oo Al—f oo ik i 6 5k i
kA Z DR BOT 7

[EIE 8-3] C,=




R RIS HUEN S AR TR P, ] M6 S IT F i AN I AY 6-)
HAS AN

Pl _ 10X9X8XTX6X5 _ 5,
6! 6X5X4X3X2X1 ‘

S G C, A RME S A T 1000 A4S, Tl 2% i = A9 55 R A G 1T
BoaUE M 8-3 ImPAUER] el IR R 41 & 19 & S T e A e i 7.

(D) XFRAX Co=Cr

(2) MR Co=C—, +C21.

6 6 e
F = G = Chy =

(3) RitfE 2 ::kC’Z Coi.

8.1.4 —IMRAEE

52 3 % YA OC 1 2 T iR 3 =
[E2 8- SN _ImMAXEHE) Wn NIEZEE. TR My, A

(x+ )" = ZC Ty,
E HHRN G+ "=ty () (ot ) S FALE r(0<r<<n) I 27y" "HEIEFE
r P ) PEE 2 n — r D (e y)PEE v FERFSRIA). TR oy 1 R BT
IR TE BB n A Ie R - SR C.
EFCHCRE S8 G R ZIX R RIS e R A

(1+2)" = DCra” = 1+ Cle + Ciax? + -+ Cla",

?=<Hdwzfyx=2+q+m+01
BE A » :m%ﬂﬁr—ﬂrﬁljfnr—éﬂAﬁlZ’éfHEM’Jﬁ{zE

2] 3 8.1

¥ AB.C.D X 4 DA A2 A 2 /D Bl [6] 1 43 21 05 1k 7
SKITPEECF AR 9 R 8 H 45 1 80 1 5 1 152 By -4k
Hon MARFITTE A Ay A BRI AL LA, NHSER 8 24007
59 5 LA s A B A 20 Fe
5. FEFIE b 15 A pi s HARE 3 sl B AAE R — 2R 4k b L3l i i 26 0 0] LUB S 2 /0 2%
AEEZ? LIS 3| 2 A f B A ) = I 2
6. WEW]: C=C, +C 7}

S ORI X Jy—

BN = R 82,
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8.2 H: kK PR &

H AT A TS0 3 Dt B R fe i D B A 2 2 T RS A S A S DL K — SE R AN A
i 23 3.

4 B eR 3 (generating {unction) X #5 A B e £, & 02 fff i 2 — 2 ZLoR B HED 4 & 1%k
[ — Fh BB TR AR SRR IH R — AP LA,

A A= ok of B0 e A5 ) R BE A AR R E A B AN e, = () Fi b — 106

T 1Y R ol i X _JE ﬂ’]%’:ﬂﬂﬁﬂ'lbfgfméﬁlﬁ(?’* o Ly 2y eee),

8.2.1 HAEITE LR EE

[EX 811 XTI avsaysva,, - HEEITE &£ K & E (ordinary generating
function) &

G(x) =ay +ayx+ o +ax" -+ - E
TE B SR b To g5 20 ek BT INRR Ay o 55000 202 5. I'H:J:Ear v A B B S

m&,muzaﬁrf APIE S

1, r=>0
Wn PTCRM - HENENa, . r=0, 1,2, . B Ha,—C,, r<an, HAGITE
Og ?’>ﬁ

A W BRI
14+ Clar+ Cix? + oo +Crgm

n

=+ =0+x)(1+2)(1+2).

Tk a, WU A AT RUE WEPR ﬂza,x et R EH

n

Dlaar = A+ )0+ (1+2) = (1+2)"
r=0

n

b L (L) (L) (U8 i AN+ AT B R o AT E P i g K
M1 RREH G P ARG i DICE R EHAGTPIERR TR i TR G=1, 2, -, ).
Wan PMIEN r-WEAS M N a, . r=0, 1, 2, . BIRH a,=Cipmr SFHHL a0 =
1. BFEAQA 2zt ) Qtat o)Attt e, HEIFA ) o7 RIETFHE—
MEZ At a b2t el am GE MRS (bt a2 bRy a2 e S8 0 NS H
e )P 2 YRGB e e g =27 VKB iy oy et m, =rem; =0, (=1,
o 227 o




2, v e EANE TR OB DRI o, = Crp oy ATIEDLL A

n

2 a,x’ = Adata? o0 +ata®+o)=0Fata> e
i, BRI o R ..

Ehr b, Q4o+ A+ttt F) e QFat22 O FIE A0 +at+25+-)
AfEREN 0 DICEFRIE L DR PR RASTEA S ARG ( ML E RN
G IR U RN S TP L RIT 2 R SRR G A
TEEMRT 3. (=1, 2, =+, n).

R ARG T LA 90 a0 A 20 S RO B eR AR D B AR I (2 -2t ) L D R R A
JUER AT 2 ka4 K.

[RIEF o AN i 8 5 8 3 v LUAHTE , BT A 0 2R Bl eR B0 — 1 IE U 080 | AT A 141
PANE 2 G &8N

X A5 B oA . AT LS S5 B T PR B B — AR AT L3 L B T AR S is
B2 W m SR M OGO . WEIT R SRR P 45 DL oR RO R SRR TT T AR B 1
A REEE A AR RECP AR N L. B R 3 A E A AU g g R G ESE A

(D) 1%:1+.r+x2+---.
e

(2) (1—4—1)’”_1—‘—7311—4—%12+"°+m(m_1).;;!(m_”+1)
SHO.
(3) =1+ x4 oo+ ozt oo,
21 3!
T 3 5 A 15 B An el A 2R S TRl ek B e R 2L TR L.
(%] 8-21 —H4erPf 5 DLk, 3w ek g 1 BT E 2 R4 AP 3 4
B, H Z Rk IOy 207
RO BRI TTEAE a, P Gr=0,1.2, ) LG 11504 BT R 5
G(x) =ay +a1x+a,x® +azx® + -
=(l4+x+224+27+ A +00+a+22 A+ a4 22408

" F e, (m H

=1+ 2x+ 32" + 42 +dxt +42° +32° + 227 +“‘"8)(1 = r) ’

SURTFAT 2 0 REET O BIOT R a0 T @ =5
i L a; =35.
FE BB ep L o ZA R 3 BRI DT UL AT G (o) = (1 H 22+ 2% 8 G =
A+ +2° 4 =0—2) 7%,
(5183 HA 2n NA.2n 4 B.2n > CORMWEANTTEEH 3n AR J7 4L
B O N FENTEG a, FhG=0,1,2,) 4L A 1504 Bl R 5L
G(x)=ay +arx+ a,x® +a;x® +

G® (0), Zi5HH GP (0) =210,
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- ) omng 17‘1_2n+l 3
— A bata’ fo =T

1—=x

= (11— + (—a»7

— (1 o 31_2n+l + 3‘1"'4"4_2 _Iﬁn+3)(1 + Z (_ 3)(_ /l)---(_k - 2) (_.T)k)
k=0 -

k1

— (] — 32t gt _Iﬁn+3>(1 + Z 34 k('kaz) k)
k=0

= (1— 322 4 324+ — 6“6>§](kﬂr
T, B 2 RECH Che — s(,,,,H.
8.2.2 HEFITTHEIEM EH
[E X 8-21 X THF ag.ars++a, - HHEFI T8 & A 2K £ (exponential generating

function) &

E(x) = ao +a1.r+a2 + +ar E J—'

S HEFI AL o, %-in'amx.

A LAUE W T A 2 B
[EHE 8-6] % A A, A, 2 DNARTTRE A n, ™A TTRG=1,2,k,n +
ny et =n) U"Him_ n AICE LR - AU AR A BON @, AR TR B eR R

ao+a1r+ag + —i—a,. —|—

—(1+x+i+---+ﬂ)( “"”) (1+x+ + - +ﬂ}
2' ?’11! ?’lz!

Hk'

SEhi b, LA ?ﬁ%‘(1+I+;—i+'"+‘i]iﬁﬁz/l‘JE%EsMEPH’J1K

AR i A ICE o TR i AT EI T — RS KT% AN JUE BT U K

HESooe T BRH § ATER T g WIS, S A5 0 A TE R Z B, K Gi— 1.

29 "sk).
Fe el ZT—/I\‘J—E?&W?'JLP@&"E}{ 2 Y. EZHS U AEHES T B0 AE Wil ok &b R

FJBTE%”IT‘T( T + )frﬂﬁﬁizﬁmﬁrufazyemzn@ﬂrﬁuwum&z.

[ %] 8-4] FH 0,1,2.3.4 HAECFE R A SO B AN B I o i B 1 k.1 B
2WE 3.2 A L L3 A R L4 A EOK.

o NGRSV R DS e S L I T VA G a8

WAL O (A3 2 A 2 E Y o 2B B0CR a, o IUHES 0 A il pR %L

2

J‘2 _1_3 ) .1‘3 .2‘5
E(T)—[g“‘ )(1+T)(1+T+2—]+§+"')[1+5—'+H+"')
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2 3
Z[‘Eﬂ“%)(l—l—r)el e —(e"—e ")
— Lz 21,3 ﬁ 2r
—[4 + 6 Jrlzj(e 1
(a2t 2t (Zx)"
~(FrE (2 H )

B, o R ECH

5
ﬁﬁ%%%ﬁ%%-mzmmW%=M&

F 7 R B 7S A b, 0 B8 VB — Yk il TR S A A A BT A B 5 AN ]
IS, inp 12134 AT 48 3] 121340, 121034, 121304, 120134 ,102134 , i 2 23Rk 18 7 F
A 140 X5=700.

[ 8-51 ¥ n Dl — A HE LD ] 3 B8 @0 HAT 500 6, 2R [ 4 5k
WA RS 0O H Z /MR L

fE X2 HES L R — AT - U R ER IR AR o, Bhr=0.1.2,-,
DU HE S T % A= 8 R R

- o Z° at 3
L(.T)(1+ﬁ+ﬂ+ ) .

Hop b — 455 Uk —Fl Bl (.
e:r_'_e—x 3
)

e 4 3e" +3e " +e ™
8

E(x) = (

=2 F I3 D (=D)L

n!

4 = 4 (333D (=3,

Lﬁ%ﬁﬁmﬁﬂL—L;réph,al
2. BA EERMAS  HERFILLER S — > R A £ A R A ik 7 =07
3. M n DARFMICE b A ifF EE MR - o0 BoREA JT F L BB EOK A £ /0 i
Jra?
4, A6 MNEFE L H P 34 1.2 4 2.1 4 3., R BE AL R A7 B A~ £
5. A n WNEREAHE A7, A A 8 i L R IR A, BE SR e AN, A
e 230 o

oo A A 2 A T A A PR AT HE S T A



LR
8.3 I X FZ

A — BETH R U] LU 55 3 4 57 MR i 8 5 SG ZR L AR o ST RO I A N2 i BLEO)
{19 Jim T S I 20T R LI R Y 5 3k S B bl i 015G AR SO b a4 5 AR I Al A i
% 590 Rl 1 BAE 5 Rl ) a2 R A o R A R R A BRI T e U RELAE,

I 28 U 0% 8 e DR T 00 n )l 2 AR B 22 1 5 ik 22— o 6 LA RO o SOvh AR 22 T 31 e £ 75
BT A AURE A A A 2 KOk Y AT AR SR N 4% b 2% F o 52 PR AT — SEAR BF L T X L 1
PR ZEH Al LU VA G Fok k. PRt 88 VA G 28 A A 7RISR X 38008 e B OC 2L

AR S (il PR An o 570 UE O AR L 4 R I OR R A SR R k. W R
W Bom SR PR U R s R RINE.

8.3.1 BHBHXRMEER

FATC LHGE AR — A~ (R A] DL H 25 59 H i i — - ] 2 sl i i — 2 (], 5082 8 A
[a] J5t , 338 U3 (recurrence) M B Ay i3 4.

FEHE a0 =1 B X TAE R IE 8 n, € X a, =na,— 31X SEBR 12 B 3fe ek B0y 3 15 8 L
s U B TR S MRS {aosar s van s P IUGE Loa, MTHR IS5 8 ILHT ) — 1 a
A X B a, = na,— BiE— O R, 3R b 077 B B T R Horp e =1 RN
UG AT S FEAE. S T e I IR, 0 20 25 % ) R Y D G AR A

TERI) agvar s vay s LR P B A BRI LL S AT AT I @, 5 T D — 200 SR 1 —
BLTG ) — N7 FEFR MR YA K & (recurrence relation) , B F7n a, 5 H{j i — 101 5l {ij fy — L& 1
) —B R, N TORMEIZIBIHOC R T a5 I — S8 55 1Pk O 4086 55 45 (initial condition).

XFEN agvar s va, s i B—E WA GRS KIS 0 R, EHIE o, 2Ea )—
ANFERT ZRIB L F Go A IR LR XE 1 8 i H ) 4 % R A H G R ok . FRATIR
TERR DGR ) 2T a, d n BIRAT IR 20, BUAR — 0 &0 T AR Ak 9 35X — A

T T R AR A LA (] A N UH DG FR Y A 45 5

[518-61 CXiEHE . Hanoi tower) 7y E B 18 — JE 4 i B . A5 3 4 B 9 S, I iff 4%
W —WEAH E-RNEAF LR RBVNE T 64 a8 A Ea2 s, it Ha
PR A L X 64 DR R S A — R E A L CWLE 8-3). Bahny M anF .

A B C

(1) — K RBEBH—1 &
(2) 44 HHeE 3 M5 A5 EAEILG
. 231



(3) ARV R BN L.

B A2 B RAVECE (A0 n="64) b, ZIE LT 288 S 1B SR F, IR 16 264 DL %
KA.

B WK RGN b =1,

YA n AR T E AR A g B o — 1 SN RS B 5y A — R E A
B b.n[ih BB b, K. A ERERRNEREHIC. B —K, BERKEAL
B Efyn—1 1M C, NTHERD) b, K.

AR Tk D A s H O R

h, = 2h,—, + 1.

(%] 8-7) (ZERABFEE %, Fibonacci sequence) 7F 1202 4F 5 K F| 42% % Fibonacci fff
FEIL A 1 BT ) B AR — XN MEREAS —. DR DA KRB A H N
— X MEAE S — B, LAJS L BRI R A g ) S ST 1 — 0T M A S — 1 B BT Y X/
RULFFERLAR R R V0. BRERTHA. B » M RTH F, . 2KR F, 90146 & 1F
VY SRS

& WG F=1.F,—1.

. 5 3 A BRF, =% n THRRF WX AH o

° * AR TRINEL S 2 N H KR T =4
x n—1 PMHRFEXNEE,— 5 n D H /N7 Xt
B=25 n—1 KBTI =5 n—2 T HIXE

Foop o W 8-4, Horpr st 55 e m KA+ 4, 250
RN NRTXT
T FR A in i RO BE A 5 G &R
F,=F_ +F,_,.
T2 . Fibonacci 83 (/] 12 WK 1,1.2.3.5.8.13,21.34,55.89,144.
8.3.2 FHRAMEBPXERXRMAE
1. #EV3i%
390 U OB SRy 3 4 1 R K X BRI S 0 S0, R TSR A S X HERIT I () — A Tl 2 2
T T3 e VA 45 20 ) 1R 2.
[ 8-8Y 7E hy=10 KABEIHICHR h,=2h, 1.
8 h, =2h,,+1=22h, , +1+1
=2%h, ,+2+1=22(2h, s+ 1) +2+1
=2%h, s +22+2+1

n

=27y 2 e 2224

—gnl fgnt .o +2+1—1 22—2 .
%ﬁz HF =1 H h=2h 1. F R hy =2k, 1 1=3=22—1. I hy=2h, | 1=
T=2 1. XK T L RAS BN A, =2 —1.
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I T A SR A L FRFR O 1 ARk Giteration method) . B 5 HIE EA R 550 2B E
ﬁTHIﬁME%“r’J 5z BT R AN A Y.
M on=064 W, he =2 —1=18 446 744 073 709 551 615. H B — K HFHH 1s. 475
5845 fZ4F, BB LT &I T ik iF B T A 4 #8088 s 7 CFT e i okt 2 AR A
MERY. AT I — AN R I R AR R O IR A 2 T .
2. EREBGE
AR T 25 B K s HE A e 0 R H 38 U OC 2R DA R € R B OB R R R

P R B B R AR I A A ek R ﬁ%ﬂ’ﬂ%%&ﬂﬂﬁlfﬁﬂ% -

[018-9 ZEWE AN ay—1oay—1 FoRMEAXER a) — > .

ﬁ H‘]jg{ylj A1 sdo s s, " ,+’] [{fﬂ l+ﬁ$ﬂil¥lj§ﬁ{
G(T) = a T +a2_r + cen +a,,.T" + ves

n—1

I'H:J: d, — Eakan—k! ?IEILI
k=1

n—1
G (x) =atx* + (ayas taza))x® + -+ (Eaka,,fk ):r” + .
k=1

=2" tazx® + o Faa" e = Ea,,.r" = G(x) — .

n=2

AT Gy () = 6, (o =L oy G =0, & % Gy (o BT B

1—4x
2

AR B (10 IR HBRIT A5 A
V14a = (1+I)% = 1+2 ¢ Do

2n—
n=1 2

Gl —1=

oo oo

B v1—dx =1— > —C" Lt HET GG = D) ?1—??;;3”",3& @ = Lo, o

n=1 n=1

Catalan 0.
(5] 8-101 FEwWIMHAM Do=1 F Rt HRERE D,=nD,—, +(—1)"(n=1).
& DO,D1,---,D,,,---,’f@iﬁﬁFﬂﬁﬁifil&%{
E(xr) =D, +Dyx+ D2 —I— —|—D —|—
KM D,=nD,_, +(—1"(n=1), T

n

2 3
E(@) —1=2(E@ — D43 — e+ (— D" o
21 31 7

(1—EG@) = 1— 2+ % — DT e =
21 3! nl

« 233 -



N o L‘?_i
E(J)—I_I—[l lJrz! 31

+-u+c—n"ﬁ4-~y1+x+~~+fﬂ+mu
T E oo B RMOR 1= 14— s (— 7 = B D, iR B BT

1 1 . 1 _
D, = (l—l—i—ﬁ—a—l—"‘—F(—l) ﬁ)n!.

3. BERRRE

XF T RECA NS T O R T DL JE R R 7 B VAR . Jr MR S O AT e

(1) W RBERMEFRIBIH LR

Wk N IEBE ARG AT aosar s sap 1 FLEEIHICR

Ay = Clln—y + Cotps T+ +cra,y (n=F) (1
FRoN k By E BB 1S FF X% 3 35 & (linear homogeneous recurrence relation of order k with
constant coefficient) s HiH ¢y y¢p v 00y HHEH. ¢, 70.

X F b Bra RECREFRGRB CR.E n T o, (IVSHEFTE £ T a,1sa2svan B
KiFB crvererver HEBGRT awr a2 san i RER A B oo s a1 an-2 5
Vap 1 F RN AN qa, Feran .+ taan i+ GBI MET n B £G) 0.

BHRKR F,=F,y T Fmp 0 B W RBEREF RSB H KR 0 a, = 3ai-) +a,— AFZK
Pa,=2a,-1 +3 EF R a,=a,-1 +n—Da,. EHRE.

ERraE ZBARMEFWEH LR a, = crdpmy T 2tpyey + o0 + a,— W EFE
(characteristic equation) & X &

A= AT — AR — e — o, = 0, (2)

s 0 9¢ R ARG LR T AT E — N FR O HA4F B (special solution) , F5 i — Mt
Fhd 2. 3 IH OC R — M fi e A 18 2002 B #% (general solution).

HF .70 HAAE—TRABIE . BR.a, =" Ba,=cran T coans+ -+ cra,—
P B A" = oA e oA HALE 2 =ad T ad T e o BE AR e
CoAF = — =0,

[EIB 8-7) HiLIREHR a, =cra,—, T cray—s+ -t cra,— =k MIFFIE T FE AF — A —
AT e — =0 H R AR AL s Az s e A, WL AN 0, = Cial + Caas + oo+ CiAj
EWGFAF ao sar s+ sap THE—HE H PO E W I C . Cy v, G

(518111 WA Fi=1,F=1 F.REEAKLR F,=F,-, +F,, (n==3),

B BHXRF,=F, +F, R E TR 22 —2—1=0. ARy

. I St ]
2 * 2 2 ’

m%ﬁ&&%ﬁm=&@+ﬁy+ap_ﬁy.m$E=Lﬂ=LﬁA%

A1

T LA
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[E3# 8-8) HFiHEHKXHR a,=cia,_1 +oapst+*Fcrany =k BIFFIE TR X —c AF !
— AT =, =0 A t PARBEIAR A, Ay s A HEET BN vy ary e ar, Gry oy oo
ro=k) JUWHARER a,=ay () +a, )+ +a, () i a; (n) = (Cyy +Cyn 0 +C, n" 1)
Ao i=1.2 ot B ERIG FRAF a0 san s oo vap—y ATME— 8 5E H H A B i A 77 58 3 2L
bR b GERR 8-8 HE)T T SE R 8-7.
(5] 8-12) MR ao=1a1=2.a, =7 F . 2RKfB 0% FR
Ap = Sap—y — Tay—y + 3ay—s (0= 3).
R HEHXR ¢ =5a,1 =T apr T3 a, s WRFAE TN 2° =54 +70—3=0, MR N
A=T(ZFER) A, =3, T4
a, = (C; +Con)1" +C,3" = C, +Con+C53".
BRI E 2AF ao=1a1 =20, =T LA 18
ap = C, +0C, +C33° =C, +C;, =1,
ay = C, +1C, +C33' = C, +C; +3C; = 2,
a; = C, +2C, +C;3° = C, +2C, +9C; =7,
T C,=0,C,=—1,C;=1, M
a, = 3" —n.
(2) F-ob REMAEF KB X R
Bk N IEBBLER G R aovar s vap FLERIHCEHR
a, = 1, +cotys + o+ cran, + () (n= (3)
RNk e RS MIESF RIE VT X & (linear non-homogencous recurrence relation of order
k with constant coefficient) , " ¢y vep vt vey NHEE o, 0, AEFF I FOFEXTF n AU PR
HOH. ()0,
T MAEFF IR f G A e — 1SR T, —MOE 00T A T ke B, (BT A
SH BB B SR W B AR I I T A B AR R M S U I O B OR
[EHE 89 kb M REEEMAEF W KR a, = cranr +ra,—s T T pa,— +
) =k A5 b, HXFRLRY £ BB RBCERMESFWEIH KR a, =ca,- Fezap +ooe
oty B FE R B, W a,=cra, 1 tera, s+ toa, o+ FOMEE RN a, =B, +b,. 4R
VUG 25 a0 van + oo s apey PTME—Tf 28 H P 1Y A 15 2 8 L
(6] 8-131 TEWIAH & AF an =2 F R 0 X R
Ay = an—y +3" (n=2),
B HNHNa,=a,1+3" Ll aprs=a,—2+3" sa,s=a,—3+3" sy ayn=a, +3°. %
13X 26 S S A 9 3910 AR N O B A
ay = a; +3*+3% 4+ 3",
T

=2+ = (5" D).

[ 8-14]) ﬁ?an:12+22+"'+(n—1) +nt.
i BiEEE.AHa =V +22++G—1D*" . FRa=a- +ta" . XE—1T—FH &R
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BRI EFREA LR, BT a, =02+ 122 bt =D+ u? B0 =00, =1,a, =
Ssaz=14.
HT a,=a,—, +n° i1 a,oy =a,—o + (n— 1% AR IOF B BT
a, = 2a,—1 — dy—s + 2n— 1.
AT a0 1 =2a, 2 —a,s +2(—1) — 1. FEAHBROf 5 B A5
d, = 30,1 — 3d,—» —a,—3 + 2.
BN @, =3a,—» —3a,—3 —a,— 2 FEAA O 58 215
a, = da,—y —6a,—s +4a,—3 + a,—s
XS A P B R B AE ST UCGE H G R, HARFE Ty B A —42° +-62° —4A+1=0, HAR
K A=1(HEAR) , T2
a, = (C;, +Con+Cyn® +C,n*)1" = C, +Con+ Cyn® +Con®.
010 55 AF a0 =0.a1 = 1,4, =5,a; =14 fLA TG
C, =20
C,+GC+C =1
2C, +4C, +8C, = 5
3C, +9C;, +27C, = 14

ﬂ:% (71209(jg:i9(73:i9(:1: 1

6 2 ?’ﬁfﬁﬁ

0 — %n_‘_%”z _}_%?f — %n(n—l—l)(Zn—{—l).
4. Hfth75i%
(518151 fEmG I £ —1 FoRIBIEE £o0—2f( % )+ 2= 130 -
2%k R IEHEHL.

B2 e =F2) =G, TREBHXREN

g(k) = 2g(k— 1)+ 241 —1

g(0) =1 '
FIH 8 3% A

gk) =2[2gCk —2) + 2872 —1] 421 —1
=2'g(k—2) 42X 2 —2—1
=2°g(k—3) +3 X271 =22 —2—1

k—1
=2tg (0) +R2¢ — D2
i=0

=28 L B2 — (28— 1)
— k2 1

1

—?nln n+1,
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Fi . A f‘(n)zénln n+1, 5 n=2*F J1FBEL.

2] B 8.3

Lo RN DR . L 1 a2 a8 L DEINAFRITEN a,
KA T a, BIRAG ZR1F LL B 3 G A&

2. WhH n MEA LA LA, FERFBA LA, A, R FEZE A A a, T2k 1%
T a, MPIEEAAFLL 08 H K &,

3. A n RSP NR R, B REE 1 AR B 2 AR SRR, de e il TR
e BECN a,. RIBKT a, WKL EGEIAX A,

4, HEHERFEHELR ao=0,a,=na,—, +n!l (n=1),

5. H HPOR R AR R a0 =2.a; =2a;-, +1(n=D).

. . . a,=da,—1 T2(n—1)
5. A A R 7 |

7. TEWHR A ao=1.a, =1 FORGIBIHER
(n—1Da, = n—2)a,—, +2a,_,.
8. TEWMIHHAM ao=0.a,=2,a,=10 F.KfFEHK R a, =6a,—1 — 1la,—» + 6a,—4
(n=3).
9. TEMEZAF ap=1.a,=0.a, =1.as =2 F RfFHIH L FR
Ay = Ap—1 + 3An—z + Dap—s3 +2a,—y (n=4).

10, FEWMH RN ao=1.a0 =2 F Rff#HIHE R

a, = Ta,—y — 10a,_», +4n* (n = 2).
11, fEJHERE 8-9  FEW ME &1 ao=1,a, =2 F SRR

a, = Ta,, —12a,_, +n2" (n=2).

12. fEWG R F(D) =c T . 2RifiEIH xR &R f(n)—Zf( n )Jr/m,,\q:‘b,f FH R H =
2ksk j‘]ll"‘.%%{.

A B &,

1. HHRE HINEAEE5 "M EE
LA o ik Do B 3 D B B RE AT AR AeT i AR . C A R B LR TR A T AR
/Z\\IQ:

A TR r-HEP A B
Pr=nn—1)(n—r+1) = 7|

(n—nr)!
n TIGE M r- B HES %K

op; — I,
r
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KN
n!
ny lny Leeemy 1

n NICE M - A KL

C;:P;_ﬁ(nfl)’“(n*?"—{—l)_ n!

rl r!  (n— !

n DICHE M r- ol HA G DAL

2. EREH
(1) 5( M?U do 96&1s"'qarq"'a;ﬁégﬂ%'t{‘ﬁ}_ﬁajﬁ%ﬁ

G(x) = a; tarx+ - +ax"+ E
.EEI

AR ) 2H 5 B e RO e — R ) A T R ) R Y
(2) %JT:&?'J g sy s """l e" a,\ﬂr§UL+M$m@ﬁ}J

2 r =
E(x) = a, +a1.r+az§—|+'“+arf—,+’“ =D a’s
. . r=10

HEPIA B a, TR B

EE X Ay A Ay %k /I\’f"lﬁjﬁ%:9fmﬁ n; /i\Ai ﬁ%(izlaza"'sksnl+nz+“'
Fue=n) TEX n PICETUEE r DIT R WHEIID B o, WA 8004 5 e ECh

2 r
ap Farrta; =+ fa, e
2! r!

x° a x’ o ’ o
— (et (e gy e (1 g e 2 ),

A ) FH HE 9 3 0 R eR S ke — A i) HE 3 TR ) e SRR

3. BAXER

AEBIHKX RN E L.

SR H R B SR I UA 3¢ R J7 15 3B 0H 3 2R R B0 VR AE T R R H A T

kB RBEEMEF VB H LR e, =ca,-1 Fesa T Foa,  FFIETT RN

A= A — AR — e — ¢, = 0,

FEEE FHiHBHXR a,—ca, toa— ot aa, =) WFFIE T A — 20—
AT e =g =0 t DA AL Ao A LU B s s G b o =
B JWHARE R an=ay () +a, )+ +a,(n) , Hid a; () = (C, +Cyn+----+C, 0" DA i =
1.2, st. BERIR S aosar s+ sap— o P ME—Hf a2 HHrp 0% i A 73 8 5 4K
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|Al 55 245 nR ¥F R M9
) tEFEE PRI E Gg K F2E
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A=B FE M5 RUS ¥%R5S mif
ACB A B BHETE RNS XFERY5S mA
P(X).2% X HR4E R—S *HEREsSsHE
(I] 2 To 9'"91',,) jﬁgﬂ E %%\ R H{]%f‘
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dom f A2 SR R-S HEaXAR
ranf {8 5%, R KEMREZHE
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YD) Y e £ B RAR s(R) of ik A 4
f! T S 30 R R S RS tH(R) 3% M 11
g f WA Fflg MES Y s
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G=(V.E) ] C‘E(:)‘JZ Cns P | n ATEEM A4
uv Xl D, n [ fT A IE R 8 O B S
Cus) s Zusv>> A )il [ ] KA PR AL
%] 1 e R =5 F L | Hi b pRET . HUEE pR BN
K, 58 4 G ) [ x(mod m) B om i5 5
G NE| ged(m ,n) KAHEE
deg(v) JE 8 lem(m ,n) RN B
od(v) H ¢ (n) BR % b1 24
do) N ?Zn=l{}o 1y 24 o s O@g{ 20 0 oom— 1 HLLHY
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PRV BZARS

i3z EX 3z EX
FE5 set 25 ol 55t identity function
JL % element Ba operation
AR universal set ESNET BE= closed operation.
A % divisor AW i Brpi=) algebraic operation
i divide il quotient
R prime F v remainder
L composite number 0oD's ciphertext
i A, 5 recurrence 4] key
T4 counting HOH R A e M A Hash function
T e H addition principle PAKY
e i o B multiplication principle NSk 4 common divisor
HE %) permutation B A HE B greatest common divisor
HE combination IAEEL common multiple
fi i fuzzy set T NS least common multiple
zs 4 empty set HE coprime
T4E subset e Euler function
BT proper subset Xt & P involutive property
n G ordered n-tuple BEIT idempotent element
R ILH Cartesian product WEE idempotent property
ik £ mapping i S commutative property
PRER function et Associative property
s fi transformation RN L TTE identity element
K AL R 2L ceiling function EE zero element
Hb e PR %L floor function Wi E invertible element
5 Sk domain H 21k cancellation property
{58 range gl E distributive property
1% image Wz Wi Pk absorptive property
% Inverse image il R A 1 De Morgan law
BB injection, one-to-one It union
i 5T surjection. onto i intersection
AL bijection. one-to-one b complement
correspondence = subtraction
g permutation o FR2E LA symmetric difference.
i PR LIS, invertible function ring sum
B ok R B—RrFHAN T first mathematical induction
EHRE composition function B H9E: second mathematical induction
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HEAEXAR
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X FRE
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£
SEf 2K
[HE S

GIE S
GIE=ES
N ESE S
T 5
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5 A d N E
BT

HE

i Kot
/Nt

inclusion-exclusion
principle

partition

block

covering

rough set
equivalent to
infinite set

finite set
cardinality, cardinal
number

countable set
uncountable set
n-ary relation
domain of relation
range of relation
graph of relation
matrix of relation
lonverse
composition

power of relation
restriction of relation
reflexive
irreflexive
symmetric
antisymmetric
transitive

reflexive closure
symmetric closure
transitive closure
equivalent relation
equivalent class
quotient set
compatible relation
compatible class
maximal compatible class
partial order

poset

linear order.total order
Hasse digram
chain

greatest element

least element

12 B K 45 7]
A
Rl
#r HL
5 5%
24 iR
i F
Ja F

farey
=~F

fil B2 5K

LR IR . i B

R[S

K H A 50
S SR

Al i A 3

AR
% Al =X
Hr i =X
& BGER
/NI
F AL
T K I
T HBGER

VI RE 5E 74 B 43 4R

I HE A7 2L

il

maximal element
minimal element

upper bound

lower bound

least upper bound
greatest lower bound
proposition, statement
truth

atom

compound statement
logical constant
proposition variable,
logical variable

logical connectives
negation, not
conjunction, and
disjunction, or
exclusive or. XOR
implication. if---then
antecedent

consequent
equivalence.if and only if
proposition formula
assignment,interpretation
truth table

tautology

contradiction
satisfactable

formula

logically equal

dual formula
disjunctive normal form
conjunctive normal form
minimal term

major disjunctive form
maximal term

major conjunctive form

complete group of connectives

valid argument form
antecedent, premise,
hypothesis
conclusion
individual
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EF S ES
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domain of individuals
predicate

existential quantifier
scope.domain of variables
bound variable

free variahle
function

predicate formula
valid

prenex normal form
universal quantifier
specification
universal quantifier
generalization
existential quantifier
specification
existential quantifier
generalization
algcbra structure
semigroup

monoid

subalgebra
homomorphism
isomorphism

group

finite group

infinite group
symmetric group
permutation group
commutative group.Abelian
group

element order

cyclic group
generator

subgroup

left coset

right coset

normal subgroup
quotient group
congruence relation
kernel

ring

integral domain

T

A

1§,

I, 1) 5
A PR 1Y . Galois %
T - 4%
TH&

a1 B A

A R AE

A #M 5
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&
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*hE
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BHEA
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TH
AT
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subring

ideal

field

characteristic

finite field

lattice

sublattice
distributive lattice
bounded lattice
lattice complemented
Boolean algebra
finite Boolean algebra
Boolean expression
Boolean function
graph

edge

edge, arc

graph, undirected graph
digraph. directed graph
empty graph

trivial graph

discrete graph
adjacent

incident

loop

multiple edges
simple graph
complete graph
Petersen graph
complcmcntary graph
degree

out-degree

in-degree

isolated vertex
pendant vertex
k-regular graph
subgraph

spanning subgraph
induced subgraph
walk. way

lcngth of walk,hop number
path

trail
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FEAR 7] fi
JEA R g R G
A 4
HAKIE RS

distance

diameter

circuit

cycle

closed trail
accessible
connected graph
connected component
cut-set of vertices
cut point
vertex-connectivity
cut-set of edges
bridge
edge-connectivity

strongly connected digraph

strongly connected component

unilateral connected digraph
unilateral connected
component

weakly connected digraph
wcakly connected component
adjacency matrix

accessible matrix

incidence matrix

weighted graph

Eulerian trail

Eulerian circuit

Eulerian graph

Chinese postman problem
Hamiltonian path
Hamiltonian cycle
Hamiltonian graph

traveling salesman problem

tree

branch

leaf

forest

spanning tree

chord

fundamental cycle
fundamental cycle set
fundamental cut set

fundamental cut set system

F /N A
A 1 B

AR

FH A
AR
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R
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minimal spanning tree
directed tree

parent

child

rooted tree

root

ancestor

offspring. descendants
level

height.depth

rooted subtree,subtree
m-ary tree

Huffman tree

ordered tree

ordered forest

positional binary tree
prefix code

planar graph

plane graph

maximal planar graph
minimal nonplanar graph
face

boundary
homeomorphism

dual graph

face coloring

region chromatic number
vertex coloring
chromatic number

edge coloring

edge chromatic number
Ramsey problem
bipartite graph

complete bipartite graph
matching .independent set
of edges

maximum matching
perfect matching
complete matching
circular permutation
permutation with repetition
combination with repetition
generating function
ordinary generating function
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exponential generating function
recurrence relation

initial condition

linear homogeneous recurrence
relation of order £ with

constant coefficient

FRAE 7 #2
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characteristic equation
special solution

general solution

linear non homogeneous
recurrence relation of order £

with constant coefficient



MR C MRBERRER

@ 1.1

1. (D {z|x2ER2*—52+6=0}=1{2,3]}.

(2) {222 EN}=1{0,2,4,6,%+,2x,}.

2. 35 WIRT A NEUEES M (—35, —7, —5, —1, 1.5, 7, 35}.Dys=1{1, 5, 7, 35}.

3. ORFE. CHERATE: (J)RHTETHUARMES. EREA -1 LEI;
HOVWHEA - EN D IS 5T RAFR.

4. (1) WAL, (2) AWAE. (3B, (4 BL.

5. A=1a.b; . B={a.b.{a.b}.c}.

6. (1) AW, (2) ARAE. (3) AT (4) AWM.

(D AD AT 2 AT, {a) by ehAdasbhdasetAbach s {asbaet ).

(3 {F, {{asbsch}).

10.

AXA = {(asa),(a:b),(bsa),(b,b)}.

AXB={(a,1),(a,2),(a,3),(b,1),(b,2),(b,3)}.

BXA=1{(1.a):(1:6):(2,a)+(2:6),(3sa):(3,b)}.

AXBXA={(a,1,a),(as1:b)sCas2.a)+(a 2,b):Cas3+a):(as3,b),

{hy15a) s (balub) o (by24a) +(b42.5) « (h.3.a) (b 3.5) ).

(AXB) XA ={((a.1)ea) s ((as1).b).((as2)sa).((as2).6).((as3).a),
(Cas3)s0) (b)) (b 1)) s ((he2) sa) » ((ba2) D),
((by3)ea) s ((H3) b)),

11. H A=, REEHH B=C; 3 AF I 0| B=C.

& 1.2

1. [1.5 =2.0—1=—1.1—1.5 =—1, 1.5 =1.[—1 ]=—1. [—1.5 J=—2.

2. (1) fREBYE, AR, £ AR, (2) f ARG, £ AR, 5 AU
(3) fOIEIRS, OGS, f AU, () f ARG, AR, £ AR (5) F R,
fATETGST o f AT AU

3. 2] fiN—>N.f(2)=2x.

5. & A={abich s fl=FB)=Ff()=a . BIXFALE 2 €A, f(2)=a. B fA>A
H AL M TAEE €A A D)= ()= fla)=a,HM fof=f. %5 f ik
WHAFAE W 2 45100 F AR AE.

7. B0 A={ab) B=11.2.3}.C={a.f:7:0} % fa)=1.f(0)=2,g(1)=a.g(2)=
Brg (=B MEBIRA (fo) (@ =g(fla)=g(D=a, (feg) (D) =g(f(b))=g(2)=p, T &
gof A B C ARG H g BN HY

L1 6,0,0. & m<<n, NAFLEW ST s 5 m=n, A B B WS4 S Gnyn) o« nl A0 4
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m=n s AFERGE 77 m<n. A 2| B BBRGHEA Croeom) 4035 mFPn AFTERU s 45 m =
n A BB RYRUNIEA m ) A,

13. f'=geh,g ' =hef h7 = fog.

14. A(2,3)=9,A(3,2)=29.

1.3

L kB E =" AR R,

2. 3'+3=12€¢ A.

3. 3%

4, (555)s.

5. 16(mod 3)=1,—16(mod 3)=2,0(mod 3)=0.

6. ged(36. 48)=2*xX3=12.lem(36, 48)=2" X 3* =144,

7. ged(14, 158)=2, 2=14X4+158 X (—3).
8. R 1-6: AW RAFEFMEHGELHME 1 2R ITR. LW Hh 1.2 1 3 #EA

X 1-7. W RS AW RN 1 RBAIITER 1 MioTh 1,2 13 #ORCA T,
15. pi(D)=1.p(2)=2,p,(3) =33, (1) =2,p,(2)=1,p,(3)=3;

P (1)=3.p:(2)=2.p;(3)=1;p,(1D=1.p,(2)=3.,p,(3)=2;
ps(1D=2,ps(2)=3,ps (3)=135ps (1) =3, ps(2) =1, p (3)=2.

I G RTBIBES “- "k C-1 frx.

F C1

P P2 ps por Ps Ps
P b y2 b3 b Ps Ps
Dz Dz D Ds Ds Ps P4
bs b3 bs 2 Ps b P
b b bs P P b2 Ps
Ps bs b4 Dz bs b P
pe Ds bs D4 b2 23! bs

(O hisERAA N TAIEE p.€GA pio(1D(2)(3)=(1)(2)(3) o p,=p: s ITLL (1),
(.-G RKTEEWG "R TTE.
MR R pr i =praps ' =posps ' =psobi ' =pasbs ' = PssPs ' = bs.
SIRE 1.4
1. (1) AUB={a.b,c.d.e.f.g}.
(2) BONC={f}.
(3) A—=D=1{a,b.c,g}.
(4) (ANB)—C={g}—C={g}—{a.c.f1=1g}.
(5) D={a.b,c,d.e.g}.
(6) BOC=(BUO) —(BNO)={asc dsesfrgl—{fi=lascrdsesglh.
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(1) ANBUO) ={asbsc.giNiascsdsesfogi={asc.g).

(8) (AUD)—C={a.bsc,gsfsh}—ibydse,gh)="{ac.[}.

(9) AUC={ab.c.f.g)=1{dse.h}.

(10) AUBUC="{a.bsc dse.f.g}.

5. BIHTH A={a by} s B=1{1,2} % f:A>B, f(a)=fb) =2, f(c)=1. B X={a
ch Y ={bsc}) XA £F(XD=1{1.2}, FQY)={1.2} . ] ]It FCXDNFY)={1.2} Hﬂﬁﬂxﬂw
=fUeH =01} A FIXNY)YFZ XD N Y.

7. (1) AREA7. (2) ARLSE. (3) 1ior.

8. (2) NN ACAUB,FT& P(AYSPAUB). [k, P(BYSPAUB), if L P(AY U
P(BYSP(AUB).

B A={a.b} ,B=1{bsc} T P(A={J . {a}.{bl.la.b}} H P(B)={J,{b}.{c},
{bsct ) I

P(A) U P(B) = {Z.{a}.{b}.{ctla.b) {b.c)s
X PCAYUPB)Y| =6. 11 AUB={a.b.c} ,rﬁu\PmUB)l:f:s.ﬁﬁﬂsﬁP(A)U
P(BY)#P(AUB).
10. (1) ANBNC=. (2) ACBUC (3) A—B=A—C,
13. Bl A={a},.B=C={b} M AUBDO=AUT=A. HF AUB=AUC, T
(AUB)@(AU(,):@,EMH:AU(BGBC)#(AUB)GB(AUC).
15, WA Ay A, 2SN
|ALUAZU---UA,,\:21\A,-|* > 1A NA;

1=Ci<lj<in

+ Z \A;QAJQAM—'"

1<i<lj<lk<in

_|_(_1)n+l | A1 ﬂAz ﬂ nAn |
1,1 1
16. ! (1—1!+—2!+---+(1) —n!).

17150 ) (=)
& 1.5
1. 15 DASE PR 7.
4, AW Bl A= {abierd} s A MR R o= Habs{bocod)}sm =
{atsidysibsch).
5. D) B n MTWEMESA R 2 R A A, B A PRS- ES 1R
Ay T HR n—1 4‘7??%%%’]%%%?‘?‘5%#4\7—5%&IE]#’I\H% Ay s oA RN
ﬂ?'ii TEA WM ag€A TRILF2.2 i 2" b i O =X AH S HEBR T A T R AR A
EPWﬁ Ar HEMETE. i S, 2)=2"""1—1.
(D) {ALLAAS R AR (2) {ALLAGASA R AR, (3) ALLAG AN
ﬁ'J’ﬁ}‘. () {Ar A A AR A B,
7. 54
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1@ 1.6
2, BEHLCO, DI XA — I8 F B lay say »orra, -0 ) FEAE & LT,
3. % f:[0.10>[a.b], f()=a+ (b—a)x.
4. MFEAHEES QT ={n/mIm.nEN.mZ0.m 5n HE}.% f:QF >NXN,
fn/m)= Cm.n)  FIFH N~NXN.
5. 1E R—Q Mk B n] ) F 4 {ag say s oora, s == 1 FFFI T Q 0 31 1] 44 25 XU
6. Bi%[Al=|PA) | WFFTE A 3] PCAWIUS f. 4 S={z|a& f() ) . FEREE yES.
S 2.1
2. 16 4.
3. R={(1.0),(2.1),(3,2).(4,3),(0,0).(2,1),(4,2)}.
4. IEBA 31 —12, —3/0,0]0,2[—2,—2|2. ANIEBA 4]6,0] —3.
13. (1) R=1{(2,2),(2,4),(2,6),(3,3),(3,6),(4,4),(5,5),(6,6)}.
(2) R=1{(1,0),(2,0),(2,1),(3,1),(3,2),(4,2),(4,3),(5,3),(5,4) }.
(3) R=1{(2,3),(2,5),(3.2),(3,4),(3,5),(4,3),(4,5),(5,.2),(5,3),(5,4).
(5,6), (6.5)}.
(4) R=1{(3,2),(4.2),(4,3).(5,2),(5,3).(6,2),(6,3),(6,5),(2,0),(3,0),(4,0),
(5,0),(6,0) 7.
14, (DD (DA AT B RE. (1) J& AR B Rk
15. (1) f ANREMI e L. (2) f BERIR R B AY—1> R %L
SRR 2.2
1. RUS=1{(0.3).(1,2).(2,1).(3,0),(0,1).(2.3)} , RNS={(1.2)},
R=AXA—R=1{(0,0),(0,1),(0,2),(1,0),(1,1),(1,3),(2,0),(2,2), (2.3),
(3,1),(3,2),(3,3)}.
R—S=1{(0,3),(2,1),(3,0)},S—R=1{(0,1).(2,3)},
RPS=(R—S)U(S—R)=1{(0,3),(2,1),(3,0),(0,1),(2,3)}.
3. R7'={(b.b),(c,b)s(ase)} ST ' ={(a.b),(asc).(dsc)s(csd) s
ReS={(bsa) - (b.d)},S°R={(dsa)} R*=R-R=1{(b.b),(bsc)s(h.a)},
S?=8S=1{(c,¢)s(dsa)+(dsd)} R°S*R=(R*S)*R= 7 ,S*R*= .
6. U, B A={a.b,c} B=1{1,2,3},C="{a,B,7} %
S={(a,D.(a:2),(b,2)}. T = {(a’s2),(a’s3)},R = {(1,0).(2,8.(3,a)}.
XA (SN T R=1{(a,2)}*R=1{(a.p)} i
SR = {(a,a),(a., b}, TR = {(a,a),(a,B)},
B S RNTR={(a+a).(a-P}LLSNTI R#Z=(S-R) N (T-R).
9, X m T4,

10. HFIAl=n. A FFiA AR RILG 27 A~ %R R R R, R BT,
11. U R" =R |JR' UR? = {(asa)(bsb).(c.c) o (dod)(b.c) (coa) . (ba)}.

12 NFHERAR={(x.V]y=2+1}={00,1),(1,2),(2.3) =} Jt S={(x.y) | x=
v+ 1 ={(1,0),(2,1),(3,2) ,+++} XA} ReS=1Iy,fHR IS ANZEN |15
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S 2.3
3. Ri={(a:0) s (bsc)sCase) bRy ={(asb) s (bsc)s(ase) s (bhya) (bib) s (asa)}
Ry={Ca.b) . (b.c) Cave) s (evb) (aya) (bob),(cyc) ).

4, (1) WA={a.b.c} A FIIRAR={(a.b).(b.c)}.
(2) WhBLVETE I RIIE .
5. (1) WA= {a.b.c} A FBIRRER=1{(a.b),(b,c),(c.a)}.
6. n*—n.
7. Wiar AT, lCA={a.bsc) A EIIRFRR="1(a a)(a:0),(b.b)}.
8. R BA H R SR B At s 1
9. DHA A RAE BRI

10, HX[=18,0 R={(X,X)} A XM S FREME B L[ X =2 i ,R A
A X FRPE.

11. R=1{(asa)+(hsa) s (ash) s (bac) ).

12. (1) H.(2) H.(3) H. (1) & 5) 4.

S 2.4

2. r(R)=RUIi={(a.a) (ab)s(bsa) s (bsc) s (cod) «(byb) o (cyc) o (dod) )

sS(R)=RUR '*={(asa)(ab) ,(bea)+(bec)(cod) s (c b)) (dye) )y

t(R)={(a.a),(ab),(b.a),(b,c),(cod)(byb)(ase) (bod),(a.d)}.

4. WIBLEAE OFERES. M TEE 2. y€ 2.5 oy, WFLEIEEH m 15
y=x+m,

7. W RICAXA,R,CAXA. T L.

(1) r(R,NRy)=r(R)Nr(R,).

(2) s(R; MRS s(R) Ns(Ry).

(3) t(R, MRS t(R) Ne(Ry).

9. (1) it A={a.b.c} \ R={(a.b) (b a)} W R A, i

r(R) = {(a,b)s(asa) (b)) (csc) | FIt(R) = {(a.b)s(bsa)s(asa) (b.b)}

ARG A RO

(2) Bl A={a.b.c} R={(a.b) (bic),(coa)} I R & RFFFRAY 1

S(R) = {(asb) s (hee) s (cva) v (baa) s (cub) s (ase) } Fl
t(R) = {(asb) s (b)) s (coa) s Case) s (baa) s (asa) s (bab) s (cve) s (cab)

A B RO AR

10. rt(R)={Ca.b),(b,c).(asc)s(a.a).(b.b).(c,c)}.

/2.5

5. (1) A |XI=<1.RZA FMHEM LR & X|=2.R 2 A RHIFRE (HAAE 5.

(2) R ZEA LIEN LA

6. BN A={a.b.c} B

R = {(a:0)s(bsad} U Tss S = {(bsc)sleab)) U Iys




XA RAIS EEAA LM KA.

7. BR/MUET R M LR N

sr(R) =] (RUR™' =1, URUR"D UM®RURD?U -

i=0

S. (2) A/R={{a.c}.{b.d}}.

12. 5 AMTARNFERCRDECH 15 .

13. 5 AR A/(RINROEMANES AR5 A/R FlA/R, 1928 XK1,

16. HER BA A REANGEE N S Z2EEGA FIFMLCAR.

S/ 2.6

I () HRP=HEMIAMKMEAERA 4 1, 254 {set, function, operation,

relation}, { operation, relation, logic, algebra, graph}, {set, operation, relation,

algebra} . {function. operation. relation. logic}.

2. (1) RUR_l UIA:{(19’1)9(’191)9(295)9(552)9(]-91)9(292)9(393)9(’194)9

(5,5)}.

(2) A LFRUR ULy AR RANZZEM 041, 4}, (2, 53 RI{3).
3. (2) H{A | i€ I} BESAMUSN.R=JA XA A LSEN LR .

el

5. (3) A={a.b; R=1(asa) . (b.D)}.
(DOFMBYA={a.b} U R=AXA N S={(a,a).(b,b)}.

(7)) A={absc)  HUR={(a-b). (b))} UI4 X S={(b.c).(c.t)} UI4.

2@ 2.7

1. A=1{1,2,3,4,6,12;,COV(A) = {(1,2), (1,3), (2,4), (2, 6), (3,6),

(“1112)5 (6912)}.

B.

2. COV(A) = {((a.b)(bye)s(asd) (dye) (coe) .

5. (LMY (BYA={a.b}) . R={(a.a):(b.b).(a.0)} . S={(a.a).(b,b),(bya)}.
(7)) A={ab.c} s R={(a,b)(a )t UIs . S={(bsa),(bye)} UlL.

8. (D BHE AMNEKRILEN a B/ ICENFALE MKRICEN a . W/hLE R d He.
(2) FHEb.eodi ) EFRN a. FRI d RN o, FHRH d.

1. (2) (F(N), )M KIt. (3) TR(F(N), S /. (4) sup{A, B}=AU

(5) inf{A, B}=ANB.

12. (A SOMW/hmh{x) H 2 S PEEITE; Rtk S—{z}, Hp+ AS

TEILE; WAHER/NDTE; HARKILE.

13. (2) (B*,R)AFAE i R Iu Y & B 55 2 I e 5 (B, <O A7 {E ik Kot M. it RotF € B?

1 — Iz F (o) =M, Vo€ ALK M g )34 (B <<) i e R,

.

IR 3.1

1. (1)(2)(4)(6)(T)Efm/ll, BN 1.

(3) AEar, H2A o fly MEBUEARE , T REmE e > v HAH.
(5) JEAmE . FAE N 0.

2. (1) p. T EUFIK.
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(2) p: K =B .q: =W MP4 & k.

(3) pa/NFREW  q: NP HEE

(4) p: BFEWREE N T BBIRE ¢ X7 IR B B ATH G PR,

(5) p: R EHINA CHLE PSR Cg: IR EHEYE CHLE EF /SRR K

(6) p: FAME],q: MK EFHEKNLEL.

(1) p: AR q: KT

(8) pa /gAY g NSRBI AU HEGE.

(9) p: RANWFY 2T g PREUAT If i 4.

(10) p: RE.q: FKE F{EIE.

31 3.2

L (1) = p: BMAEASZRREZ AHE %,

(2) “—2 2B 3 ZIER B EME N —2 AREBOFH 3 AR IEE.

(3) pV 7 p: B A IRECER 2 B BECE A 2 R AR B — R

2. pNq: S W RIA .

PV q: A RECE W] KA.

p—>q: WRAS XG4 KA .

pDq: SR B — KA.

p A g ATTHEA B K AR A F.

pVvq: RATRES K KA M.

p>q . ANALEES KA W] KA F.

3. 7 (p N FATARERE L E A3 Xk B,

4, 7 pN g

5. “RET AR 22 SR A IR b i AR R AR P A R OC AR L TR A 1R A RO Y g
iR 2 [H] )

6. Mp: 5 REFRFIR .q: 5SRTFM . GEIRT N peo(gAr) ER“SREF
WRE Y HAUCY S KA T HIFH S 20k 17,

S 3.3

(D) A p:a a8 q: b ZFE rooat b BWEGITLL p ANg—>r.

(2) % p: IEBE n<2 B .q: NEFTRE 2" +y ==2" GIEEEE . LA g—>p.

(3) %A p: RKTEFM..q: REBIE L pAg.

(4) % po MIHFEMSE g PR EEXT N A OCE 7 WA SE BT LA peg.

(5) % po XERA g RITHL R, pAg.

(6) % p: FARPNEX BT g RESMERLB 220 L) - p—>g.

(7) % p: AN EZR2E, FTLL p.

(8) %4 p: M AELHN NBA BERLHE .q: 2 AL p A —q.
(9) % p: b2 ST g MBS T-RE ARG T LL - p Ag.

(10) % p: W THIEHR T .q: WBIRMTFHLH—TF L pAqg.
3. (1) sk H = FH B E AL
(2) P, A EIE p=0,q=1,r=1F1 p=0,9=0,r=0.
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(3) RN EE p=0.9=0.r=0F p=1.9=1,r=0.

(4) PR MEZE p=1.q9=1.r=1,5=1F p=0,g=0,r=0,5=0.
4, (1) h B>A B 051 A=o0.

(2) FFHEAEFR S AU E B

(3) th B>~A B0 #Ely ~A—>—-BHLO0.

5. FIH AR 3R M AC A E B

6. (1) 1 A>BHLO HE} A—=B Ko,

(2) #ZH AV B) AN(A—>C) AN (B—~C)—C H 0 Al 15 7 ).

(3) A B0 #EH(A—>B) AN (A—> " B)=0.

(1) H"A—>BHL 05 H A=o0.

Sk 3.4

3. (D AL BA=p.B=pVq.C=p.

(2) R BLA=p.B=pNqg.C=p.

(3) War. Ay ~A= "B, - A=~ " B.FJ& A=B.

4, I EAE kT UE .

5. (D) W) HFE W, (2) HE R

6. (1) "A="(ANA=ALA.

(2) ANB="(7(AANB)="(A+YB)=(A4B)* (A} B).

(3) AVB="("AN "B)=("A)4A(~B)=A+A) +(B4*B).

7. (1) "A=""(AVA) =AY A.

(2) ANB="("AV "B)=("A)y (" B)=(AyA) ¥ (BYB).

(3) AVB="("(AVB)="(AvyB)=(AvB) vy (A{B).

8. (1).(2) HEA . (3), () k.

9. (D AAC=(AVA) ¥y (CyO).

(2) AVB=(Av B) v (AyB).

(3) "(ANBVO)H=(AYA) Y (BVvO) vy ((AvA) y(ByO).

(4) B.

10. (1) &R, 2) pER.

12. (pD*=(p APV TpN )= p©Oq.

S 3.5

L (D p NgCHrBECHNE HGE D .

(2) (= pV 2 P NPV EBHERD (2 p A Vp A~ @) (BT,
(3) pV ~ gV rWrBGE MG BGERD.

4D (pN " VrHTEGEED . (p VO ANC gV r) CEEGERD.

2. THERE LA

3. MHEA | ARSI e pi M 2 ANRGUIF IR N JE pos 3 por.
4. Bk p Fls ShnEIHLEFE.

5. (D (pAP NV (7 p APV (p N ) (EFTHGHERD . (p V) (EEGHGED kAL
(2) FFBAERXALE, DVO APV O ACpVO AN pV 7 (ESEGERD .
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K R
3) (pAgAPDIN PN 7gAPIOV PN gh ")V CopAghAedONVNCp N 2ghe)
(CEHTBEGERD .(p VgV ANpV gV A pV 2gVr) (EETHEZD . L.
(D) (pANgAPDINVCp A 7gN 2 r) (EFTEGERD .
(7pVgVrIANCpVqgV 7 ANCpV gV A
(pV gV r)NpV gV ) ANpVaV " r (FEHHFED iR,
6. E’:It:(ﬁj)\/q\/r)/\(ﬁp\/ gV AN(pV j(1\/iv")»':F"I'i:l:t.
7. FTHGEXE B AGADIN (pAgN "IV pAgAI NV Cop N ghe.
8. A=(p N "gANDONCpAghArO)NVCpAgh 7).
9. F=(p ANV GAD)=pAgArVp AN 7gAr V2 pAgAr) CEFTEGERD .
F=(2pNV 2gVr)A(2pVNgVr)AN(pV 7gVr)
ANpNgV 7 A(pVgVr (FEEEEERD.
10 F=C2p A 7gAPDINCopAgADON(p A 7ghN )NV pAgh ),
F=pVgVr) AN pV 7gVr)NCpVgV 1)
ANCapV gV " (EFIGERD.
SRk 3.6
3. MU= ALV R RETE & R B4 A 2R,
5. (1) MFHREHEBE R - o T A A A WMEE N 1 NrE JEE
IR A B B L
(2) FIH DO K perg=— (pDg).
(3) AL T 45 £ Bl
1@ 3.7
3. HHIE N p>q.q=p IR
10. (1) RFIEH A>B=>(A>(B>C))—>(A—>C).
(2) HFFUE A~B,A— " B= " A.
11. j)—’q\/r,';—’ﬁn[)/\s:hj
12 NREEBWNEEE: g>p Hagrry/NRIE#EN . p>qg Har
3] 4.1
1. Dy={1,2,3,4,5}.D,=N,D; =41
2. (1) D=27Z.Q(x) .x & HEL.
(2) D=R.Q(x) :x ;& A HE, Z(2) .0 SEBEL.
3. (1) a:/MEE W) a2 T AL
(2) a:9 = 0: M, [(x.y)ix & y. () :x BWLE.
(3) a:—3.Q(a) a0 JEA MEL
(4) a: K/ . L) o 50 L ER.
(5) Q) :x BEAME.R(x) :x B, PR 1E V.
(6) Q(a):x B HELR(2) s x SR AFAE H A 3.
(7)) a:db 5 H(x) ;o 220 2008 4F Bjz 2>
(8) E(x) o B EP A, kA1) V.



4. (1) Yo AyE(x,y): Bt ErA R T — e R LR,

(2) Ve VyE(x,y): Bt EFA F2=#RE e 1 A iR PLERTR.

(3) dxJyE(x.y): Bf AR RS T — i BPLIREE.

(1) AxVyE(x,y): B LA R 2=%AE 1A LR R,

(5) Vy3IxE(x,y): A MIHEPLREEERA [F] 27 k4.

(6) VyVaE(x.y): It EHLEREE 03 2e kg 1.

(7) Ay JxE(a,y) AL HE LRI A [F 2.

(8) dyVaE(x.y): AT EHLRER A [F 2=k,

5. (1) Vo MEEECH P () V JyR(y) s Ay BFEECH R (v, #£ P(ax) V JyR () Hri 4>
RAETE » RARZEITT.ROTH y BRAFREITT.Q) TN = /& A H7ZTT.

(2) Va iEEELH Ay (P(a, ) AQCy.2)), Ay WFEELH P (2, v) NQ(y,2), Jx 5L
NP (xoy). MMEETT 2 E P (2o y) ANQCy ) Fl P(x ) P I BN AR AT P(2ay) A
QUy )M ARAETT y HARETT .2 R AHZEIT. P(x. )Y vy 2 A H72ETT.

(3) F—UWH I Vo MEHECN P (o) A 32Q() s I MEFEN Q (o) IS W FL i
Vo BEECN P (o). AR TT » WG — I B A il 25T 00 A4 HY B D 29 372 e,

(4) Vo MEEBCN Yy (R(xr.y) VL zoy)) s Vy IIEERN R (v y) V L(2,y), Jo Y EESL
HSCroy) M R(ryy) VL2 )Rl SCoy v) PR IT 2+ BN AE J5, I B
R(x,y) V LGz, )RR ST y BN AHRAZIC, 0 = J& A 72, AR S ) h g4
RA25T v o A th 22 T,

6. dxP(x) A dxQ(x)= dxP(x) N FyQ(yv).

7. Va(P(xsy) N AyQ(x.y)) =V (P(x.0) A 3yQ(xv)).

1/ 4.2

1. (1) A a./N2=.S(x)x B¥E . T()x BEWLL 2 Sa) ANT(a).

(2) H P(x)x 2N M) JEEFR T LA Ve (P(2)—>M ().

(3) & S(2):x B RYAET(2) cx BEFRLEGE L A2(S) AT ().

(4) & T(x)ix ER E() cx BWZN LA Y2 (T () —~E(x)).

(5) M GGy e EFFEE R ) c FHFAA TR 7 Va (G () >R (a)).

(6) W Z(x) i B E ) o ELO) s FH T Va2 (Z() > (E(2) V O)).

(D H S mRFEAE T (@) ex FEEM A (s y) e By LA Ve 3y (S A
T(y)—=A(x.y)).

(8) & S(r) i ARFEE L) cx BRCGHEFE LA ) H L J2 (S A 7 L),

(9) % a: kW, 0. A P(x):x & NBA KRR ,M(2):x ad KA LL PGa) A
MbH).

(10) ¥ CC)ex B M) e BERW () cx FIIY. B cx EB.G() x 51,
ACxoy) :x THF v T L V2 Vy(CCao) AW () VB(x) AM(y) NACx . 3)>G(2)).

2. B E@):x BER. T cx BHOW.Y () s EFHFFEN WA 67850 94T 5108 .

(1) VYa(E() AT(x)).

(2) dxY(2).

(3) dx(Y () NE(x)).
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3. A Z(x)ix BEBLN (o) e B AR Q) - o JEA HLEL. W iy 45 i i3 73 51 45 5
&

(1) Ya(N(x)—>Z(x)).

(2) YVa(Z(2)—=Q(x)).

(3) dx(Z(x) N 7 N(x)).

(1) dx(Qx) A 2 Z(x)).

(5) Va(N(@)—=Q(z)) N Jx(Q(x) N " NN 2 Z(2)).

4. B W) ex BT .Cla) cx HNAE L B(a) cx B 0H A AT 4, W T 45 4 53 )
(RCRI VSR

(1) Ya(W(x)—=>7C(x)).

(2) Ya(B(x)VCla)).

(3) 7 VaClax).

(4) dx~"W(x).

5. A A :x EENWY.Ca) oS24 H () e AR W45 A f8 3 B4 546

(1) Va(C(x)—>H(x)).

(2) dx(A() ANC(2)).

(3) dax(A) AH ().

6. & B(a):x 5, F(2) a2 § M) a T, BT 454 B4y A5 540N -

(1) Ya(B(x)—=F(x)).

(2) Ya(M(x)—> 2 F(x)).

(3) Ya(M(x)—> " B(x)).

7. % S B E D) BEEN.Co) cx BIEMMN.H () 2 ZH ERNMT,
V) T 2 i et 3 0 A5 A

(1) Ya(S(x)—=>D(x)VC(x)),

(2) Ya(D(x)—>H(x)).

(3) " Vx(S(x)—>H(x)).
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