m PR o
m PR
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K& (function)

Imf I'ITT/

LB ) TG B PR BRI

Aff: YxedomF, Vy,zeranF,
XFy A XFz —» y=2z

y
xﬁézﬁz

o o
AEEHE
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n e T REL
a ¥ FIEGH,.. fa,h,. BRR%.

mF(X)=y < <X,y>eF < xFy
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R 2L (partial function)

m AZ|BRIRERZF: domFcA A ranFcB

m i R EGCAE F:A-B, BRANFRIRTHL,

m AZ|B 24w R Z0d vA+—-B
A->B={F| F:A-B }

© Peking University



A->B SP(AXB)

© Peking University



{511

m %1: ix A={a,b}, B={1,2}, 3KAHB.
m f#: |A|=2,|B|=2,|AxB|=4,|P(AxB)|=24=16.
fo=0, fi={<a,1>%}, f,={<a,2>},
f;={<b,1>}, f,={<b,2>},
fe={<a,1>,<b,1>}, f;={<a,1>,<b,2>},
f.={<a,2>,<b,1>},fs={<a,2>,<b,2>}.
AbB = {f, ,f, 5 ,f5,f, ,Fc,fe,f5 ,fs}. #
m JEREN: {<a,1>,<a,2>}, {<b,1>,<b,2>},
{<a,1>,<a,2>,<b,1>},...

© Peking University



4= PR (total function)

m £pRZ: domF=A

m EREGCE F:A-B

m AZ|BR 214 R EC )YyBAEKLA—B
BA=A>B={F|F:A>B}




KT BA
m BA = A->B = {F|IF:A>B}
= {F|F2AZ2IBR2 R4}
o BEEH: |BA| = |BIIA.
m A=0, BA={J}
A+JHB=0/}, BA=A—>B=0,
AB={J}.

Ik UE

© Peking University



(s

1k pR 2 (proper partial function)

N—

m EmeA%: domFcA,

n EREENCIEF: A B,

m AZ|B R B AR R 2] VA B
A»B = { F| F:AbB }




1 (%82)

m F1(%2): i A={a,b}, B={1,2}, 3RKAHB.

m 7 fi=0, f;={<a, 1>}, f,={<a,2>},
f;={<b,1>3%}, f,={<b,2>},
fe={<a,1>,<b,1>}, f;={<a,1>,<b,2>},
f-={<a,2>,<b,1>},fs={<a,2>,<b,2>}.
ApB={f,, f;, 5, f3, f 3. #

© Peking University
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miifH: FeA B = FedomF—B
FeA-bB = FedomF—-B

m AHB = A->B U A$HB

m LR IR AR BHY 4 pR 2L

© Peking University
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A

—

Mt

m ¥ F:A-B,

m HLE
i

(injection): Fi&&L iR
‘(surjection): ranF=B

m XU

‘(bijection): FELAZF.4 X 25T,

INRA—— W (1-1 mapping).

\ HALH X P

© Peking University

12



512

m %2: wA,={a,b}, B,={1,2,3%},
A,={a,b,c}, B,={1,2},
As={a,b,c}, B;={1,2,3},

KA;—B{,A,—B,, A —>BsH ) HLET, i
5, XU

© Peking University
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2 (A7 (1))

- WIJZ (1) A1={alb}l Bl={11213}l
m i (1) Aj—By RIS, o0, B 6

fi={<a,1>,<
f,={<a,l1>,<
f;={<a,2>,<
f,={<a,2>,<
fe={<a,3>,<
fe={<a,3>,<

D,2> 7},
0,3>},
0,1>},
0,3>},
0,1>},

D,2>}.

© Peking University
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12 (2))

m 12: (2) A,={a,b,c}, B,={1,2},
m i (2) A,—>B, R IC T, JoXUS, i HT 6

fi={<a,1>,<
f,.={<a,l1>,<
f;={<a,2>,<
f,={<a,1>,<
fe={<a,2>,<
fe={<a,2>,<

D,1>,<c,2>7,
n,2>,<C,1>},
n,1>,<c,1>},
D,2>,<C,2>},
n,1>,<c,2>},

n,2>,<Cc,1>}.

© Peking University
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12 (i (3))

n §12: (3) Ay={a,b,c}, B;={1,2,3},
m 7 (3) A, B, U6 :

f,={<a,1>,<
f,={<a,l1>,<
fz={<a,2>,<
f,={<a,2>,<
fe={<a,3>,<
fe={<a,3>,<

D,2>,<C,3>},
n,3>,<C,2>},
n,1>,<c,3>},
h,3>,<C,1>7},
n,1>,<c,2>},

n,2>,<C,1>}. #

© Peking University
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LU L S RO X

m & |A|=n, |B|=m, HA->BHHEZDHYS,
i U ?

m N<mif, A->B-~

H TGRS, RUR, BN RO

m(m-1)...(m-n+1)

E N=mfF

T, A—>BF

E N>mbE

T, A—>BF

XUy N

G B DU, TSRO
T

i< 11

© Peking University 17



5113

m A, BRAEZSAH 555, MR T 41 ek 14 i
1. f:A—>B, g:A—>AxB, VacA,

g(a)=<a,f(a)>
2. f:AxB—>A, V<a,b>cAxB,
f(<a,b>)=a
3. f:AxB—>BxA, V<a,b>eAxB,
f(<a,b>)=<b,a>

© Peking University
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{513 (i)

1. f:A—>B,g:A—>AxB, VaeA, g(a)=<a,f(a)>
m 5| B> 11, g2 A, ARwHT, AE0U
m Y| B| =18, g2 B, T, XU
2. f:AxB—>A, V<a,b>eAxB, f(<a,b>)=a
m 5| B> 11, FAEEL, 2T, AR 0UN
m Y| B|=10F, 2 BT, i, O
3. f:AxB—>BxA,v<a,b>ecAxB,
f(<a,b>)=<b,a>

m 2 HL A U

© Peking University
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% (image), i % (preimage)

m ¥ f:A>B, AcA, BcB
n A F 2
f(A") = {y|xeAry=f(x)} c B
m f(A) = ranf
m B'H)JE R A2
f-1(B) = {x|lyeB'Af(x)=y} c A

© Peking University 20



R, R R (HH)

m ffl: f:R->R, f(x)=x2.
A1=[OI+OO)IA2=[113)I A3=R
I)_I\IJ: f(A1)=[OI+OO)I f(A2)=[119)I f(A3)=[Ol+oo)l

Bl=(1l4)l BZ = [0,1], B3=R

)R“Jt f_l(Bl)=('2/'1) U (112)1 f-l(BZ)=[_1I1]I
f1(B;)=R

© Peking University 21



EF3.1

m uif: CoDAH, CNCHIAE S TR,

Cl,ngC,lj_“J
1. f(UC) = U{F(A)|AeCt

2. f(nC) = ~{f(A)|AcC

3. f(C;-C,) = f(Cy)-f(C,).
m UEH R e B2 O A B Gk

© Peking University

22



Al Ji s 4 s s T

s EF2.9 WR,SAB, AL, 420,
(1) RIAUB]=R[A]JURI[B];
(2) R[U 4] =U{R[A]|Ac 1} ;
(3) RIANB]cR[A]NR[B];
(4) RLNA] cN{R[A]|Ae 1} ;
(5) R[A]-R[B] < R[A-B];
(6) (R°S)[A]=R[S[AIL.

© Peking University
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EHI3.2

m %f:C>D, D,,D,cD, ©/eDIEZ T4

1l

1. f 1(ud) = U{f 1(D)|Ded}
2. f 1(nd) = n{f 1(D)|Ded}

3. f -1(D1'

m iFAA: A

D,) = f1(Dy)-f (D,).
1Al 2 AR AT E BE3. 1.

© Peking University
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R ZNESR

m R L

f:A—>B, 3beB, VxeA, f(x)=b
_REEE &

At A—A, 14(X)=X
m RROE AL

1aE—{0,1}, xa(X)=1XeA

Mo C ACERT, ya =& iH4T

© Peking University
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5 R R SR S8 RAHSSHIBE

L R 2L i AB, <A<, >, <B,<g>1h/T 45
LRI VX, yeA, X <, Y = f(X) < f(y)
m B VX, YeA, X <,y = f(y) <5 f(X),
AR fEHR A<

mE R fiA—A/R, f(a)=[alz, RANA LS
fr ok &

m A G ESEIR R e B

© Peking University
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= SRR (25451))

s 7: A={a,b,c,d,ef}, A/R={{a,b},{c,d,e} {f}},
a]=[b]={a,b}, [c]=[d]=[e]={c,d,e}, [f]=1{f],
-:A—>A/R, F(x)=[X].

-(a)={a,b}, F(b)={a,b}, F( c)={c,d,e},
-(d)={c,d,e}, F(e)={c,d,e}, F(f)={f}. #

et -
1ol

© Peking University 27




.\iE,

= )iué&. 1F1E

m E

Bz A

GH(EE): i, Bt

SRR (U A I R )
I A, AT, 1T

51
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PR ES  (composite)

m EH3.3: % g:A-B, f:B>C, I
fOg: A—C, fOg(x)=f(g(x)).
u lIEHH
n FOgREE(RIFOgHE)
m dom fOg = A
m ran fOg < C, fOg(x)=f(g(x))

© Peking University
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iR

SHE3.3(1UE)

miEH: (1) FOg@ %Y, BIfOgrt BB 1.

vxefOg, %#3z,,z,eran(fOqg), N
X(fOg)z,Ax(fOQg)z,

<3Y1(Y1€BAXGY 1AY1Z1) ATy, (Y€ BAXGY,AYLfZ,)

<3y13Y,(Y1€BAY,€BAXGY1AXGY2AY1fZ1AY,(Z,)

—=3Y(YeBAy1=Y2=YAY1fZ1AY,f2Z;,)

—Z1=2Z5

[T

© Peking University 30



EF3.3(FIASE)

m ik (2) dom(fOg) = A.

& Rdom(fOg)cA, TiEAcdom(fOg),
VX, XeA

= Jly(yeBaxgy)

= Jly31z(yeBAazeCAxgyayfz)
= 31z2(zeCAx(fOQg)z)

= Xxedom(fOg).

© Peking University
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EF3.3(FIASE)

miEH: (3) fOg(x)=f(g(x)).

H(1)(2)5%fOg:A—C,

VX, XeA

= 31z2(zeCarz=fOg(x))

< A1z3ly(zeCayeBAy=g(x)az=f(y))
< A1z(zeCrz=f(g(x)))

FrIxHTEx €A, A,fOg(x)=f(g(x)).

© Peking University

32



EH3.4

m £33.4: i g:A-B, f:B—>C, fOg:A-C, I

(1) f,g AT, W fOgt & i 4.

(2) f,g¥ v, W fOgth 2 HA.

(3) f,gxUs, W fOgthZXU. #
e LY
X y Z

© Peking University



EF3.4(E)

m iEHT: (1) f,g¥ s, W fFO gt £
f. vz,zeC

= 3y(yeBaz=f(y))

- Jyax(yeBaz=f(y)axeAry=g(x))

= AyAX(yeBaxeArz=f(g(x))=fOg(x))

= IX(xeArz=fOg(x))

Fr LLFO g (X)) A2 3 4 #

© Peking University
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[T

3.4 (UFH%E)

m i (2) f.g¥ Ny, W fOgHL 2 B,
3z,zeC, 1F1EX{,X,eA 15

X1(fOg)z A x,(fOQg)z

= 3Y13Y2(Y1€BAY,eBAYfZAX19Y1AY,fZ AX50Y5)

= Y1TY2 AX =X

= X=Xy

ATLAFO g(x) 2 H44f

FH(1),(2) Bk B RAE(3) B 1E R #

e

© Peking University 35



EH3.5

—
— 1 B

m EFE3.5: % g:A—>B, f:B>C, N
(1) =FOguimidy, MIf=imi.
(2) HFOgIE, Mg i
(3) =FOGIRUR, Mg Hi, f2lm .

#
m O AT
g LTI

© Peking University 36




3. 5(UkE)

miE (1) FOg 2T, M2 i it
vz,zeC

= Ix(xeAr xX(fOQg)z)

— Jyax(xeA A yeran(g)cB Axgyayfz)

= JyIX(XeAryeB Ay=g(x) A z=f(y))

= Jy(yeBaz=f(y))

Fir AT A2 1385 5 #

© Peking University 37



EF3.5(F A SE)

m il (2) FOgt 2. g Byt
1LYy eran(g)cB, fE1EX,X,eA

X19Y AX,9Y

— Jz(zeran(f)cC Ayfz AX;gyAX>gY)

— 3z(zeC AX{(fOg)za X,(fOg)z)

= X{=X5

FiT LAQ A2 L5 #

© Peking University
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EH3.6

—
— 1 B

m cH3.6: % f:A—-B, | f=fOl, =I1;Of.
#

A f g
TR
TTLITILEL] IS
A A B B

© Peking University
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EH 3.7 ()

A

m ©Hi3.7: &% f:R>R, g:R>R, Hf gix<
e R R, MfO gt & i E.

milRH: x<y = g(x)<g(y)
=f(g(x))=<f(g(y)). #

© Peking University
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EH3.8

=l

m TH3.8: HANE

NS

A LUNERE < ANEARRK. #
m {18 WRAZILRAR, M

RANME < RUNHEIRK. #

© Peking University

41



TEH 3.8

A LUABRE < ANERRT

H 1Ly eranA, f71E£ X, X,edomA, #1715
(XllY)EA A (XZIY)eA

& (Y, XA A (Y, Xp) A

=i

FrbL, A AR H)

FALAIE <

© Peking University 42



% (inverse function)

m S EFE3.9: % f:AB, H XU,
f-1:BoA, HW WS, #

m S RE T ASBIRXUS, NIFL :B—>ARK
AFHI R

© Peking University 43



APERYES

BRI BRAY

m |A|l=m, |[B|=n,
A—-BHFLENS < n=m
m |A|=w, |B|=w, BcA, A>BR[ 1T, 4
f: NoN-{0,1,23}, f(n)=n+3

TUTE R

o o
T

= [0,1](0,

E NxN—>N ?

O
2

1) ? R—(0,1) ?

© Peking University
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-
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-
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-

Qo Qe Qe Qe Qe

-

siilsileiligilciitghioliig il

-

) ) )
/ / /
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FriE L P SRR B i

1}

VneNAnz0, Ja,BeN, BAFEE, H15

f: 1= 20x1, 2=
6=21x3,..

n=2%p
2018 1B 2031 L)
., 100=22x25, ...

Sn=23-1,1] b3

F3in20 1) &1

AB=2j+1, BN

vneN, n=2i(2j+1)-1, i,jeN, HE/RMHE—,

© Peking University
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HiE1: f:NxN—>N

m fiNxN—N, f-1:N->NxN,
V<Ii,j>eNxN,

f(<i,j>)=2'(2j+1)-1,
f-1(n)=f -1(2(2j+1)-1)=<i,j>.

m #7: f(<0,0>)=0, f(<0,1>)=2,
f(<1,0>)=1,...

f-1(5)=<1,1>, f 1(101)=<1,25>,
f -1(200)=<0,100>,...

© Peking University
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A )

J71:2 : Cantorgmhd—Xt f 2615

""" 142+3+...+(m+n)+(m+1)

_____ =(m+n)(m+n+1)/2+(m+1)

XF L B AR BN

(m+n)(m+n+1)/2+m

@7, S g g g g e g e g e g
CEne oo e e e e e
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J1E2: f:NxN—N

m f:NxN—>N, f-1:No>NxN, v<m,n>eNxN,
f(<m,n>)=(Mm+n)(mM+n+1)/2+m,

m >R f1(r)=<?,?>=<m,n>.

r=(m+n)(m+n+1)/2+m=t(t+1)/2+m, t=m+n,

O<mc<t, K& Kt, fEfFr>t(t+1)/2.

t2+t-2r<0, t:‘%(\/1+78- , m=r-t(t+1)/2, n=t-m.

m f5: f-1(0)=<0,0>, f "1(1)=<0,1>,

f-1(2)=<1,0>, f 1(3)=<0,2>, ...

© Peking University
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FE A
m ixf:A—>B, g:B-oA

m LV gAY < gOf=l,,

m L gRfiAY < fOg=l;,

A fr A—B XU, FIRE I 22107, Mo R Aq 1

© Peking University 50



S (5]

9 f

B A B

N HR I U

(L) o
N

A B A
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EH3.10

m £33.10: & f:A—>B, HA=Z, N
(1) f FAELY < f 23R4,
(2) f FELAY < f 2,
(3) f ALY, A < f 22X

o f FESRATHS, #

© Peking University



EF3.10(GEH)

m FH: f FEAEY o f 28T
F=: WKL, gOf=1,, 125, Bl DA Bt
e B, R f: Ao ranfiE SUR Y, Bt UL i 2R
3.9,f1 tranf: ranf->AZ XU 1, /-7EacA, Mi&gin T .
g(y)={ f1(y), y eranf
a, y € B- ranf
Mg:B—>ANFRI—AN L1, [EEXEA,

gOf(x)=g(f(x))=F*(f(x))=x

© Peking University 53



3. 10(ukEH%E)

m iR f EEAY < f 2,

|
7

iF=: BhRfAY, FOh=Ig, T, BT LA i
iFe: PR B, N IA—E 2 R E, H—E

7 TE SCECABHT IR R MiEh i BoALnT

™ o

ERyeB,f1({y})={x|f(x)=y}+(h T2
Xoef1({y}),2h(y)=X,,
Mh:B>AANHI—MAY, {TEYeB,
fOh(y)=f(h(y))=f(xq)=Yy

© Peking University
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N

m W

m PRER, W BRER, 4 PR, Bl BRI 2
m M

m ELIF, s, OUR

m 1140
m 25

m 5K

m SRR

m U
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TR

m P63: 3, 19, 20
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