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HNELEMBSAIFIRE, than:

c flx)=x2+1

+ f(x) =sinx + cos 2x

UEE, XERHELRIRT x 5y HEMXR, AN KRIIEERES H R
TEX,



D TN Q) LhnExE

SIFE—1AZBHNITXR, & dom(f) = A HEXNFTIE x € dom(f), FFEE—H
y € ran(f) 13 (x,y) € f, WK f 2 A Bl B B9RZL (8REY), i2/Ef: A — B, xfy #
ey =f(x), FRy A f7E x BE,

51 2.
1. f1 ={(x1,Y1), (x2,Y2), (x3,y1)} @—TEREL

2- f2 = {(leyl)v (X2792)7 (X3791)7 (X17y2)} Z;%_ﬁ\@éio

#NFE BE
1. PREXNZTREBE/FEN, BN x o] LUIB@EA— n TTA.,
2. W& dom(f) c A, WFR 2 A E| B 98B %L (Partial Function),
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B ERTTH, —PMRETUER—TNES, REAPMNREES T LUIMERNESIES,
ENX 3 [EREESE].
SFGERH, WF=GoFCGAGCF, BIEF=G URINE:

1. dom(F) = dom(G)
2. Vx € dom(F), F(x) = G(x)

5 4.
1. RE f(x) =x — 1 7 f(x) = 2= 2RE%EH,

x+1
2. RE f(x) = sin(§ — 2x) 5HR%0 g(x) = cos 2x 2HEFN,

B
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- G SHEFA =B, AL CA, W fA) ={f(x)|x e A} TRA A, 7E f TBIE,
- BEREG SREf:A B, By CB, M 1(B)={x|xecAAf(x) e B} ¥A B, &

f FTHTERE,
- HEES B 2 BA RRATEM A B B (IREES.
51 5.

/&\ A= {17273},8 = {(1, b}a f= {(]—7 a)a (2a a)(?’)b)}a A= {1,2}3 B :{Cl}, )H\U

1. fE A, FYEA f(A,) ={a}.
2. f £ By FNREREN f1(B;) =1{1,2).
3. BA ={fo,...f7}, XB fy ~f; £F A B B IAREHY 8 NEREL,
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- BERE ’f:A—-B, IRFEceBEBYMAENxc A, &5 f(x) =c, B

f(A) ={c}, IR f EFEREL,

- [EFHE &5 A LRESXR 1A #RFIESHE, BXNTEEN xec A, #F

- HIEREL @ A BESR, WT A CA, EX A LHVRHERE xar H:

1, xeA’
Xar(x) =
0, x¢gA’
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- nIicE: BVERE A" - ATRA A £ n TEE,
o f(x,y) =x+vy, f(x,y,z) =x+y - zEXT A LW mEEN=Tiz&E.
- BRERE 2 (A,<A),(B,<g) B~ NMREFE, f:A =B
o MRNFAEEMN x,yc A, B x<aAy=f(x) < fly), W f 2EFBIEREL
o MBXNFERN x,yec A, BB x<ay=f(x) <g fly), WK 2 IERIEEBIZERE
U] B X BRIEE IR bR AR A BRI IR PR 2
« 2K FREfIA = CBRRA—INZHR,
il € F:R - RE Fla) = (fo(x) =x+a), FEILUER: F:a— [x — al:
o F(1)=f,(x)=x+1
o F(2)(3)=12(3)=3+2=5
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FEEIRHENEN L, HINEKT dom(f) = A, BIE—D A DHTREEHE—H— DN RE
B, TARMNBEXETI—LREEIMERR,

EX 6 [E259 (Injective/One-to-one)].
2f:A =B, URNTFEEN x,ycA, #Ef(x)=~fy) =x=y, WK f2EH,

EX 7 [i#%57 (Surjective/Onto)].
Qf:A-B, MIRNTEEN Y eB, HFExc AFSEf(x) =y, WIRfEHI,

EX 8 [XX& (Bijective/One-to-one correspondence)].
L f:A— B, IR f2RFEHS, WK f WS NETEEIRA——IRE,
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51 9.
IEHIMT, FOIRMEE NP, Ha. W,

1. f1:R=R, fi(x) =x2

2. fo:ZT - R, fa(x) =Inx.
3. f3: R = Z, f3(x) = [x].

4 fy iR =R, fg(x) = 2x + 1.

% 10.
1. f) AREE, BARHE.
2. f, REH, BRARHN.
3. f; 2SS, BRAR2ERE,
4 £y BT,




p —L5F ()

51 11.
BIRETIIES A M BAE—TREf:A— B, &5
1. A={1,2,3}, B={a,b,c}.
2. A=2({1,2,3}), B={0,1}{1:2:3}
3. A=Z,B=N.
4 A=(-3%,%),B=R

2x+1, x>0
x<0.
f = tan

f XS,

Shanghai Normal University

bt k%



X

HNEsyizE

B ,L.é mk%

s/ Shanghai Normal University

HER PRI R, REBNEJUER TEHTESSEEE, BREEEGEE,

€2 13
BLEMMNREf:A—-BFg:B—C, W:
1. HES fog B2HRH.
2. fog(x) = g(f(x)).

ESM B

oLIER, BTHIMIXANENANEAES, FFURINEE:

fog(x) =g(f(x))

BENPLEZREES, WRHMEGHEAREERN: fog(x) =

[RHHNES]
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iEBA.

1. FAISEIUEDR f o g @1 REL.
o Wx €A, FfEyeBst f(x) =y HTF g BRE, M\MFEEze Cst. gly) =z, AL
(x,z) € fog, Bl dom(fog)=A.
o RIRTFE x € Ast. (x,y1), (x,y2) € fog, MTFTE 21, z, € Bst.
(x,21), (x,22) € £, (z1,Y1), (22,Y2) € g, FRREBIEN 21 =25, M Y1 =Yz, Bl fog 2K
.
2. WERM x € A, EH1E (x,f(x)) € f, (f(x),g(f(x))) € g, M (x,g(f(x))) € fog, BN
fog(x) = g(f(x)).
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el

TIE 14 [ERETAIE].
BER A B, U HEXRHHENSE f 20,

IEBA.
() iR REA, MNTFESN Y B, BEExc Ast 1 (y) =x, B f(x) =y,
M f ik, f ERENEEA0, S
(X179)7 (XQJ?U ef= (yvxl)v (anQ) S fil

M £ A2 RE. FELE f W5,
-+ (©)FEIE ! B9ESIHEB.

Vx EBIYy e Af(y) =x=f(x) =y = x € dom(f!) = dom(f!) =B

BiE 1 2R, & (x,y1), (x,y2) € 1, W (y1,%), (y2,x) € f, My =yo, BI
1 2R,
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EX 15 [REEE].
JFTTF—NE f: A = B, EANIFREY 1 AREREL

5 16.

L f(x)=x+2, gx) =x> #ER — R BIRE, WHEMNE:

- FHIRBREDN 1 (x) =x—2.

- g AEWG, AR FERREL
« fog(x) =g(f(x)) =x?>+4x+4
© gof(x) =f(g(x)) =x>+2
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EE17.
TR F:A—-B, g:B—>C, N:

1. &5 g #ERE, W fog BEREH.

&£ g BRHE, N fog tLRHE.

& fH g #HEX, W fog BEXWE,
f=folg=1Ipo0f

ETEXNG, WE fof =14, flof=Is.

o~ W N
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P RS STRRAEEIMER

IEER.

1. ARIZRTFETE x1,x0 € Ast. fog(xi) =foglxs), W g(f(x1)) = g(f(x)), HTF g 2L,
M f(x1) = f(x2), BT f 2R, A x; =xo, B fog 225,

2. X¥vxeC, FEyeBst gly) =x, BF f 2%, NMFEzc Ast f(z) =y, N
mfog(z) =x, BIfog2iHET,

3. HERAMRTSEE,

4. FIE f=folg.

(xyefexy efAlyy)elp e (x,y)efolp
5. RﬁE fof™ 1= Ia.

(x,y) € fof 1 & Jz(x,z) e fA(z,y) e f L & (z,x),(z,y) ef L ex=y < (x,y) € Ia
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EX 18
S ABERNES, WREGFE—IE f:A—-B, WIRAE5BEHE, iIC/EA~B, &
A B AEE, NiclE A #B.

o

o— |- ———----o
o— |- ———----o
o— |- ———----o
o— |- ———----o
o— |- ———----o

I

ERAFBXABEERME. NIRM. £EME, NMEE—INSNXA,
21
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5 19.

N~ Z.

1.

22



p FHESHFTF (1)

{5l 20.
2. N~NxN.

- f:NXxN—=N

f((mn)) _ (m+n+;)(m+n] +m

H#ie 21.
N~ Q.

23
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FHRESHIEF (1)

51 22.
3. (0,1)=1[0,1] =[a,b] =R, XE a,beR

« [0,1] = [a,b] 2EEM, EE £:00,1] = [a,b], f(x) = a+ (b —a)x BIT],
- (0,1) ~RtE2ERH, EZ tan uéﬂz, ZB f:(0,1) - R, f(x) = tan(Z52Lm) BT,
=REFHAIFIRE [0,1] ~ (0,1). &E

i x=0
f:00,11 = (0,1), fx) ={ L5, x=1 neN
X, otherwise

f 2T IETRREL

24
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EHRIMR

MR E—TRENMER.

EIE 23.
NTHERHES A, #8 {0, 11 = Z(A).

EREBRE, ANFEEARNESS A 2 {0,1} IRHEEFS.
IEEA. 93 22(A) — {0, ) BOREUINT: f(A') =xar, KB xa 2 A’ BUFEREL

fREH, HA #AA", WEExec A st.x¢ A", N f(A)(x) =1, f(A”)(x) =0.
f 2w, JTERN ge{0, 4, €B={xecAlgx)=1}, MfB)=xs=g.

25
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EIE 24 [Cantor,1873].
N#R

UEBA. RIRfF7E N B R 89X £, BD f sJRASRAA0T:
f(O) = b1.(1116112(113 .
f(l) = bg.a21a22a32 e

f(2) = b3.(131(132(133 e

XERIZRE—DLLHERTIREIRGVNL, MFAIE ST EEISLEL x = 0.c1cac3 -+ B

Ci 7 Qi

HEX, AMFEETn e NES f(n) =x, X5 FEWHFFE, B NLR OEdH0

AOIEBRE] LS H 22 (A) # A X AR EXS BT A,

26
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HERTEE, HNTLISE N R OXNAE, BEWLFENTUEBE R IENEX, A
MO EEES9RNE?
EX 25.

4 A,B 2ERNES,

- WRFEAZ BREEE, WHRBMAFT A, IE/fEFA<B, EBAMLBETFTA,
MREE A £ B.

- NMBEFEEAZBHNEFRIHE A £B, WIRBEMETFA, iIL/EA<B, &B
REMBF A, WiClEA £B

27
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151l 26.
1. N<R, N<R

2.A<A, ALA.
3 MR AEBFE, MA<B.

5|12 27.

BB MBT A ZENE AMEDNBHFEB FH.

N~ 1

D) L bmiakE

Ngmns’  Shanghai Normal University

28
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TEIE 28 [Schroder-Bernstein EIE].
MERA<BHEB=<A, MA=B.

IEER. BIRTEE A B B B985 f, B B A B985 g, BIAENES Ci
Co =A —ran(g), Cit1 = g(f(Cy))

Ci
EEITEE: hix) = {f(") CC M hx) B A B B BIET,
g t(x) otherwise

A Cy Cy Cy

NANTNON N T

B:
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BIVEEAE n e NERINTHES {0,1,2,...,n— 1}, EEZRI0BREFMESHITS
18, HNTUR—REXESHEL.

EX 29 ES=g-%4)
NTFES A, B, HEHSHIA card(A), card(B) R, HE:
card(A) = card(B) & A ~ B
KB,

- EESASETBEREnFE, W A EHICF card(A) =n.
- BREES N BIEHUCHE X,.
- SIHES R IEHGCE X1

30
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AR E EEHIRN,
EX 30.
< ABAEE, WEIIE:

1. card(A) < card(B) & A <X B.
2. card(A) < card(B) < card(A) < card(B) Acard(A) # card(B).

- BIPBEHANEDTBRYNESTRFERES, XXEHNBFESEL.
- THRESHNEN R, X, ... ELSEEL,

REFEL X ERNEL? F4E, i 2(R) (9EH,

31
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HARRE R TS - 5.

EX 31.
S ANREES, & card(A) < Xy, WK A RoHEHETINES.

O ENE IR

B Bk, oIENRBRME—RR, HNTLURMEESIZEE, BIE—FiRE
HE I,

TEX 32 [EMENX].
ABOHELENY A~ NHE A BERE

32
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- N,Z,Q 2o,

- R 2ATHN,

- HABEOUHA, WAUB, AxB 2.,

- IEANITHENFKIBR T,

- WTFERNESES A, ANEE 2(A) 2RTHH.

IRE 33 [ELESERIZ (Continuum Hypothesis,CH)].
AEFE—DES AHBE No < card(A) < 280(X,).

X FIEEFRIR

« X2 Hilbert 1289 23 MA@ P H9E—NalRR,

- BRIELBILE, EINENAEBUERES T, BEAEIIIEEXNE, BARIIBEEEN,
(ZFC ¥ CH, ZFC ¥ —CH)

33
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RIRLGH TEX LR, HEEEH—MERFRERIX L ?

< BMARDEE, KX LI,

< BAZNSLEL, FMTE =TGR RIR A,

WA —EEAIN, KERIREBI.

- MARD—MZEAL, ARE-_TEEANEERE—TEEAIINRIREI.
- BA—MER, FIEESSMBASER,

THENLEIREN?
FREEEERNRHENNEND, EXFE RS TR N EIIAS:

1. XA AR AR T SRR 0T ?
2. INRERIAREMRR, MRETEMNHEN, LWMEFIHEN, BEERR?

35
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SCpR EH BRI T R T LA AR

T

Input : x
.

XEFE—PMEFRLIR EBRIE—

D) LSk kF
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Program P

5 Output:y

ot TRARERE, Bl

- 2Lp={(x,y)ly B xBARER P TENBE), EFIHREBRIER (x,y) € Lp?

36
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. True

(z,y) » (z,y) € Lp?

False

< FNTLUH—HE (x,y) BB w, RIREFERERN A,

- R2Lp 2 A LN ENES, Lp FA—MEE (language).
- —NERLPR EEEAATIE: we Lp, BIXFESEEEEKIRA (recongnize)?

HENBEIRATAES?

37



P HENIIHMR-HTEERE (1)

HNBREE—THENLS,

El: Intel 4004-F—XEESH

©) Lt 4wt x%

Shanghai Normal University

38
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P HHENIIHMR-TERE (1)

SRPIHENRIFEERY, BHFRNSE—EHREITERE L1918,

- Bl (Automata)
- BER# (Turing Machine)

Ny

- AEE (A-Calculus)

R
EIRMNBEEHFZIC BRT 1936 FiREN—IPBANTETAMRUEFEE
M, EEHKOEX—FHERE,

t0/o]o|ofo]zlz]B]o]o;

(9

HIRBBEERNOERAT, REINREFN BT EN LS ETRRFE I LA
ERANLIEN T,

39
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AR LUE X I B0

EX 34 [BIREIRBIES (Turing Recognizable)].
NF—MES L, IRFE—SERNNEERZES, BINTAERN we L, EIRVEEH
i 1(True), NFR L 2ERTIRBIH,

EX 35 [BIRTT¥IEIES (Turing Decidable)l.
NF—MES L, IRFE—SERNEHEZES, BINTAERNwe L, EIRVEEH
t 1(True), HFENTEAT w ¢ L, BRHEEENFELE 0(False), MR L 2ERTHE
89,

AV HE RV T HE B REFRE T 1 E 2 (computable function),
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AT HEEFRE, RIRFERE 0,1, #)

={0"n > 0} REERTRH, LEERTHEN,
L={xx 2EXE} SERTNRAH, B2ERTHERN,
L = {x#y#zlz = x +y} REER TR, CLRERITHEN.

EEFNENNDR, FAFEERATHEN. EERERATRBIINES?

Yes!

41



bt k%

Shanghai Normal University

_REGINEIA

EIE 36.

& Halttm ={(M,w) | BR¥ M EBA w LEEEH). Halttm 2 ATHER,
X EHLITA (Halting Problem) BIFUA
IEBR. BRIRFEE—TERN H, #15 H 88¥E Haltrm, BIFAIAE:

1, WRMBERERA w L&
H(M,w) =
0, MR M BEEBA w EAREN

HARE—BFHIERHL D.

42
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iEEA. 2. D B9MISINT, BRISEBMA—TERN (M)(3A1B (M) RERERH M 69—
PEBFR):

1. BT H(M, (M), BIAR HIZTERN M ERAANEES (M) HRESENL.
2. BH HM, (M) BITHERNER, BIWR H(M, (M) =1, WaiT—MEER, k2,

W1,
BD:
D(MY) — 1, MR M EBA (M) _ERZH
TEE, MR MEBA (M) LEN
BEZKNE:

(DY) — 1, R D FEHA (D) _EAREHL
FLEIR, MR D fEHA (D) LEM

43
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HMNBRENLGNE—TXMER, NTHERE, € co BRBEATER,

(M) (Mz)  (My) (M) (D)
My 1 00 1 00 1
M, 00 1 1 1 00
M3 1 1 00 1 1
My 00 1 1 o0 1
D 00 00 1 1 ?

- BEREPHIE 1175 j FUBTERSR M EBA (M;) @&, B H(M;, (M;)) B9%)
.,
- R D EE@E, VX MIBEEENZE 1 B2 oo 18?7
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FXL L, AoUHENOBTES T oI HENER, than:

- Arm ={M,w) | BIRV M 8EER w).

© Erm ={(M) | IR M EEHEZZE €},

- L={M | MXTFEEN n AT ATE n2 + 100n + 92 I REHER).
- (FBRIEEE 10108 ZBEHEESERER?

AR EREBREAHTEERATHEN, EEIMIEEERIRBIE, ATA? TJLUEE
MEHER!

BRBERANTIRFIENESR? Yes!

REIE 37.
Arv RERTIIRAIN,

45
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#HZEZBR, BMIXNTIHERINTICHEETERIX—REE, BNMRBE— MR, 1
BRNSAZER?

- i, EFHENSASKERNOHERNER? XENTRIEBHZEER. AT
BZHIES.

No!

FEZF-ERIEA (Church — Turing thesis)
I EREMEE RN ERE, HER, FAUPETIINTERSERN IS,

EF-ARICEFFHA], dHEX—MILIr LRI THEREY, BERH(1RE
VEXSLMERTITE. EFHENTIHTESESE, RFE I IIHEOHSHMITUT .

46
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Y[} = |

Bk GNE= YN

o HEHIEN,

o BES. WG, W,

o REHNEEMREL,
- EEHNEH

o FHBHD.

o EEBHHR.

o DJHESATHE
- I EMIESEN

o HEEEHSHEEE,

o AEJHIEDA,
o EF-ERICHE

o ERTNRAIMSERTHEM.

PR LR

Shanghai Normal University
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