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—. RFXR

5| {51:
SLE PR KRTF"RA
e FTESANTES LEXM“FE

HEREF TS —TKR/NIRT. ..

/||I||

1. RFEXR

EX 3.8.1. & R 2T ES A LXK, R A 2

(1) BRK (Ve X,z < x),

(2) X (Vz,y e X,z S yAy <z —>T=1)

(3) HRiH (Va,y,2 € X SyAy 2z =z < z2), WAKME R & A LKA RR. BRI K
<. BOFRAAUEE (X, <)



—. ﬁl‘%%%\

1. fRFEXRHR

EX 3.8.1. W R ZAFZTHEET A EHKRR, R A R

(1) BRI (Vz € X,z < x),

(2) X (Vz,y e X,z SyAy=<zxz—>x=10)

(3) fLi ) (Va,y,2 € Xz SyAy Xz -z < 2), BFE R 2 A EMRFRR. BHILH
<. BANFPRARUUEE (X, <)

FE—10-F, MERBERTR—T...

SIS

R ELIR. ..

4




—. [RFEXR

—

= E’JWA*,%'E/A 1B —FILEE
Z\Iiﬁﬂ*ﬁﬁ

1. fmFXZR: B, TR, 1215 E’J?é?%

WNRaZEbFBRZE, bEIcHIBRE 243 c—EBIBHEE

E’Jﬁ (i'aﬁ'$ 73 Eﬁ)

g R ELIR. .

2. BN AE



—. [RFEXR

—

1. fmFXZR: B, TR, 1215 E’J?é?%

vl

R AR BIHEE

EFENM T TREARE—FILHEE

WNRaZEbFBRZE, bEIcHIBRE 243 c—EBIBHEE

g R ELIR. .

2. BN AE
o EiEXARETHAENEIL




—. [RFEXR

14

ZXZ- - Bk

. 1 %
RaZIbBBHEE, bEcHIDHE %B/Aaﬁﬂc—mﬁ R \

2. BV AE
o KIEXAE
RFXZR) MRS <Ly, BAEXETEYR MR, Z
LSS

e (BT
a=EXT

)

u

g R ELIR. .

SENEESENISEZE




—. [RFEXR

1 B=2XZ--BHK 1 =
NRaZbFBIEE, bRcHBDIEE %B’Aaﬁﬂc—mﬁ WBIEE

g R ELIR. .

2. A E
o RiIEXZRERRFAENBIA

o IBEIXFRR) NMREENX <y, BAIEXEEVNTA, Z
S EEX T IARET K
o (RERJFEARIIEIR) WRY - v,y — 7, Biax — z8938

)




—. [RFEXR

1. mFRR: BR, XK, (RIENXR.

—

XFFIRES 1

2. A E
o RiIEXZRERRFAENBIA

o IBEIXFRR) NMREENX <y, BAIEXEEVNTA, Z
S EEX T IARET K
o (RERJFEARIIEIR) WRY - v,y — 7, Biax — z8938

)




—. [RFEXR

1. mFRAR BR, 3R, (ZERKAR.

2. Hasse|®

o RIEXZREIFRHIFAENBIA

o IBEIXFRR) NMREENX <y, BAIEXEEVNTA, Z
S EEX IRk

o (REFEFRMEL) WMNEX - v,y = z, Bi4x — zA9D

&R, AaIE(DAG) ERAAX R
TEBENRZAE—TFRNKRR — (TARK? TARN?

N

p -

10
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—. RFXA

oz (&FHF) Al

4 EBRNERE T
= B () BY5E N D, Bk ICD. RfiTRRE f(2) £ T L7
DRI FER K EB Ve LA (D<K f(2)=K]. i F
oY= ’-_tﬁ-(EE'Fﬁ) ENACk: .
J T&, Wﬁﬁﬁﬁ f(x)%ﬁ_t
= RFR A% fx ZEIJ:%R;

—;-) [\Zw ;:] . L ‘ J(x) {J‘ £y
P Y 2 (‘@’;g)ﬂ"/f\’fg f-:irm

\U/ ’]ﬂ‘[\)’\(o) "\/)\YLMrl" |ne S

=ANE, &/IME, E(F)ER)F

12



—. RFXR

3. TR 7T, T

EX 3.8.2 (IRFFERIMATT, R/PIT). & C X x X 2 X EHWFP. K a e X:
o MEVre X~(z<a), AT a A X FILKIT.
o MA Ve e X—(a=<z), BAF a I X FIK/DIT.

EIE 3.8.1. HRWFE—ESH W/ IT.

i.FEIE

Z:IEII_;\IE

FER?

285 IM—1, [9)[0), B4 2. Z:TE, M—
T EE/\RY, |'=T.||ET.|AjJE7§|ZEE'] TiTt=E
—TESRIE.

Admitted.
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—. RFXR

3. TR 7T, T

EX 3.8.2 (IMFERIEATT, H/hjt). & XC X x X & X ERF. % a e X:
o MEVre X~(z<a), AT a A X FILKIT.
o MR Vre X—(a=<z), AW a A X HItK/PIT.

WARTTHNNTT A B EFE B

b L — . / -
LEANSEE EERARTXRR ﬂ?ﬁ@g Sify L 1 5 2

= =
Z:ZEIE\T&E

BRAEETH—EN-T. FER L e

< O
B NRIREZEET—REEXTR

BiE, Bz RMEFEM, BE—IERR B/ B/
NERY!

14



—. RFXA

3. TR 7T, T

EX 3.8.2 (IRFEMMATT, k/hit). & C X x X & X EWRF. % a € X:
e MAVre X—(z<a), WAFK a I X FILKIT.
o MA Ve e X—(a=<z), BAF a I X FIK/DIT.

I 3.8.2 (HhAITotk/hoME—tE). WPE (X, X) WRAFAFERAICEE &/, A —E & ME

. BRRAAER D AREBATC o,y IB2ARTEE X, BERFREANANITCR: c JyAy 2z, R
ol PP R AR ) BOFRYE, SLEIRE] 2 = y. IS BT )& O

IERAth 2 — N ER it s UEiA

15



—. RFXR

4. LRSS TR

FRAFFREX -

- RARE

= AY.

e KK

’/ SH) LA RIS

(;4?




—. RFXA

4. LRSS TR

EX 3.8.4 (EAETR). & (X,x) 2WFE, T Y CX, R

IS GNEON
dJre XVyeYy<z /
SHY 4 5 &
WA xhY B EF. R, W /
<] x 45 K
dJre XVyeYzr =<y
| S
WAz AY W FHR. ==
5. LIRS MASR o « e

EX 3.8.5 (#/p_LF (least upper bound)). & (X, X)) B2WTFE, XNTYCX,zexz2Y I
EFRNTYRFELER o, A <22, WK =2 Y Km/p LS.

EX 3.8.6 (KX FFt (greatest upper bound)). & (X, X)) Z#WTFE, XNT Y C X, z€cz 2Y
KRS, T Y WA AR o, 58 o 2z, Wik 2 2 Y K&K T

17



AFRIRIZRUELAIERR

L] =
7/ \ A<

EH:IIZ:@?, I_.I%E/J/u\éﬁgzk E

ITEE REREIRFTMBEY “AT”.
o BB EUHILERFIE!

JAMES STEWART

EIGHTH EDITION |

JFHE T, @l

IR BIR, LIRS MBI

8.1 ArcLength

FIGURE 1

(Z9 Visual 8.1 shows an animation
of Figure 2.

FIGURE 2

What do we mean by the length of a curve? We might think of fitting a piece of string to
the curve in Figure 1 and then measuring the string against a ruler. But that might be dif-
ficult to do with much accuracy if we have a complicated curve. We need a precise defini-
tion for the length of an arc of a curve, in the same spirit as the definitions we developed
for the concepts of area and volume.

If the curve is a polygon, we can easily find its length; we just add the lengths of the line
segments that form the polygon. (We can use the distance formula to find the distance
between the endpoints of each segment.) We are going to define the length of a general
curve by first approximating it by a polygon and then taking a limit as the number of seg-
ments of the polygon is increased. This process is familiar for the case of a circle, where
the circumference is the limit of lengths of inscribed polygons (see Figure 2).

Now suppose that a curve C is defined by the equation y = f(x), where f is continuous
and a < x < b. We obtain a polygonal approximation to C by dividing the interval [a, b]
into n subintervals with endpoints xo, X1, . . . , X, and equal width Ax. If y; = f(x;), then
the point P;(x;, y;) lies on C and the polygon with vertices Py, Pi, ..., P,, illustrated
in Figure 3, is an approximation to C.
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—. RFXA

5. FiAFRS TR

EX 3.8.5 (/LS (least upper bound)). & (X, X)) B2WTFE, XNTYCX,zecxz2Y 1
EFXNTY WA LR o, 76 o <2, Wi z 2 Y W&HE/D LR

EX 3.8.6 (KX FFt (greatest upper bound)). & (X, X)) 2WTFE, XNT Y C X, z€cz 2 Y
IR, XT Y I E R o, 50 o <z, MKz 2 Y KEKTH.

~

MRIEENR T =T E/NLFRMHZAK TR, IBAFFR
(X, < )HI—Pi&(lattice).

* LatticeZNEth B smBRIE ...

A three-dimensional lattice filled with two molecules A and B, here shown as black and white spheres.

20



—. RFXR

6. " TENRFEXR
EMX 3.8.8 (E#G/NT

(Strictly less than)). a < b ##E€ XK a <bAa #b.

7. RERETENOIMY: a, bELa > b, B4b > a.

ENX 3.8.9. # (X,=x) BIRFE, 5T a,be X, ﬁu;‘ﬁ(a V b)«(bv a) AR AT EE. B, 5
FRAANT] L.

B LB ZRBa ] A2
B —3% B!

21



7. fRxzE

FRAR

ST E=AIRTEEE: (1) ENX: a, bE

FE/a> b, 3

=/.b > a.

ENX 3.8.10 (B%). & B 2WTE (4, %) W—/T48, ik B P4 TR, U B 4
B— ;R B FARMRAN TR BAR L, N B M — 8.

AT PILETT R R Y
“it” ZBNBEEXA T
W — T mF R R!

22




—. RFXR

7. R ST R=AYRTECIE: (2) 15

ENX 3.8.10 (B%). & B 2WTE (4, %) W—/T48, ik B P4 TR, U B 4
B— ;R B FARMRAN TR BAR L, N B M — 8.

BIVERIRBIETYDNETH RARMES
5): AR AL AN T ARASH S A0S

in any finite partially ordered set, the
largest antichain has the same size
as the smallest chain decomposition| {a#

Robert Palmer Dilworth
1914-1953

23



—. RFXA

7. FESITRNALEE: (2) &
EIE 3.8.3 (Dilworth’s Theorem). S Z2H RMMFE, & S KIXENE®EZ N RES k TJC
2=, W S AT RN A k ANTCER AR . W25 R BRI R/ =5/ Mo if b e ) 4%

“ \ﬁ We can prove it by induction!

Robert Palmer Dilworth
1914-1953

24



—. RFXA

7. R ST R=AYRTECIE: (2) 15

EIE 3.8.3 (Dilworth’s Theorem). S 2HMRHKIRIFE, & S KIGENMEZ N RES £ DT
=, W S ATRARIGT A k AR EAMEAZREE. W2 m K RBERIR/DN =8/ Mo g aE R 2%

We can prove it by induction!

o k=1, A S B

o BB HMFETICRERNEERD N REFT S RTTENEUNT k, W S /TR AANEE k-1
B EE.

o 45 BE S THS k ATEMBKRE {0100, ,ac}. L C = {a;}, C =
Robert Palmer DI|WQTU172U UGy, BEH o RBETHE— C,, HEELEEA o TH (FNS RETEA
1014-1953  HREN kTR . RATRERES CUa (TRl k (B C). BT S RATR

., R R, EEERTE SR

25



MERIZREE: ST E B AlRDiliworth’s EIE, TR
=/4...

HlEm- E %j;ﬁ"" EHRTIE: 2022-08-10 22:08:22 % TayEEaE
RANF ()R F5815 .

2R, B-RRNBREALFAFFI.

TRIEFTREERMAR—RTK, LAZEMNE, BERZERE_N., GEMAERE
TO

"m

R SHORERTAT ARG, | 5% Diworth EiE
BREZSRENERTSEN T4

a = EE"] WRAEEBT R RFEDBEE, ZEEBHE: NTEERRRERFSE, HREAKR
" HPTRNABLF TR0 PENGE. WEEBNXNEEATE, EWHMS:
SRR B R A S %k TR NFEREREFE, HEKSPTRONE ST RS TR
N h E o
EERRENATT. —

ZEBEIXOE LRI BAIERERL: BRI HA LA FRIINED T, FTFIINEK

EAFFIIRE, BFIDEAEFFINEDNE, FTRIINEKTEFFIIK
E.

NEZEFMNF R LEFFFI,

SRA/NORZEN TRARRIER, StiiarT
X FRBHFSRTH
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FiEREFXAMNEFXA

1. =B RFEXRR

EX 3.8.11 (“HMTFRR). & <C X x X & X ERZJuRAR, WEHL < W FHI&MH,

AT < B X ERIRFRAR.

(1) < &R HR (irreflexive) [): Vz.~(z < 2);

/\i) < ZIEXNFR (asymmetric) ): Vz,y € X.z <y = —(y = z);

) < sef%ih (transitive) H: Vz,y,z € Xz <yAy <z >z < 2.

sE_KuIDAA1, 3H#E, AEAT A
{ERfE, ST LK.

2. EFKA

EX 3.8.12. & R RIFZFHES A LHRR, AR A2
(1) xR (Vz e X,z < z);
(2) MNFRE (Vz,ye X,z SyAy <z — 2 ="1y);
(3) fFEEW) (Vr,y,z€e Xx SyAy=<2— 1z =2),

(4) EREME (connex): Vz,y € X.x <yAy <.

27
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L EA

o||7: RZ vs KE
l
MEIE T — N L EE AL E B

BRE: AF “—3 27

L nitar |

PR ERRVE R E: A — add(a,b)

A

- BF

|
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L EA

1. RE & XiE/{EE/FEiE

ENX 3.7.1 (Function). f € A x B is a function from A to B if

Vae A J'be B. (a,b)

domf
A

f

€ f.

Bz&Codf

anf

29




. BRERA

PRIZ: TE M 3i/{E 18/ 18

EX 3.7.1 (Function). f C A x B is a function from A to B if

3.2 A =EE (a,b) € [.
« A : EXH(domain) B%Codf

o X (define)ZEA LREES (1, set)
o f:REM
. ENES: EE(F—ERR— 1 BHES, —EREE—MITE). N f
o —MB5i%: {yly = f(z),z € A}.
o BRBRIREM4? BEiFi(codomain, BI&"co-"SR—i2), $TEHAY. m‘
o B FFIFRA! FIRSIX/B?
o HIESEETRT?
o B f(x)=xz+1,z€(2,3),5% f:(2,3) — (3,4). ’.
o ML: fz) = 2 B f: R — THE.
o AEKEmEM, R R.

Nt 42CodomainM A2 EE? SHPEIC EViZEFE T ..
T2 (EFEHZEANT)D

https://shzaiz.github.io/lecture/SHMathA/3LN.htm

30
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:. Zlé&?é?

PRIZN: XE M 32k /1B 35/ B sk
1 __'U. EHE/J-LI:II:I

Vae A.,NaeA.dbe B.(a,b)ef,d!b € B.,Vb,b’e B.(a,b) efA(a,b)Ef = b=D>".

domf
A

B&=Codf
anf

f

31




— L R R

2. —LEEH/ERIHIF

D 1E8F

PR 2R

» [BEFRIT

e 7
oy:

L\-I-

1

\LL|y
/c\'l

id (stands for |dent|ty)

L:\/_\E1/E L/{lz Z; L

=
€AY 1, (F&a, a*1=2a;

FEg+0, EF=a, a+0=a;

Def1.

'8

FHREYL, ;
VxeX. Iyx) =x.

32




L kA
2. —LEH/H ARG F

BB AMEZE, WM AT SRIREL? (Weierstrass)

Weierstrass it T —NbabiESE, AbAb AT 511 R K.

fl(z) = Z a" cos(b"mx),

n=_0

H, 0 <a <1, bis a positive odd integer, ab > 1+ .

33



L EA

2. — L H/EAIFIF
2 E&5 FHIFTBERNREK R

EX 3.7.2 (YX). The set of all functions from X to Y:

Y*={f|f: X =Y}
Bl 1 |X| =z, |Y| =y, Y| = V.
Example &4
e VY. Y? = {0}
« 0" = {0}
e VX £0.0X=0

e 2% ={0,1}* 2 P(X) <$$§£ﬁ

34



— L R R

2. — L H/EAIFIF
@ NFEEEETE RENBIR X

EI2 3.7.1. There is no set consisting of all functions.

#E#. Suppose by contradiction that A is the set of all functions. For every set X, there exists

a function Iy, : {X} = {X}.

U dom(/y) would be the universe that does not exist!
l\’ cA

E 2B HMRusselllZie—1£A9Z< AlM. ..

35



L EA

3. REMA FHREXR
(1) FMEERIE — P ERERIESE

EIE 3.7.2 (A ALY, LB (The Principle of Functional Extensionality)). f, ¢ are functions:

~,

[ =g <= dom(f) = dom(g) A (V;z: € dom(f). f(z) = .‘1("’"))

A\ [ \ YW 4
AN
(2) K3
EI 3.7.3 (Intersection of Functions).

A={z|ze ANCA f(z) = g(z)}

fng={(zy)|zeAy= f(z)=g(x)}
EIE 3.7.4 (Union of Functions).

fUg: (AUC) = (BUD) <= Vz e dom(f)Ndom(g). f(z) = g(x)

36



— L R R

3. REMA FHREXR

2Bl UL

f:Q = R, f(z) =< a

g . Pset(R)

EXgZA) =

MBAfN g =

RBATH

r;r 1, o €27
l, z € 3Z

\2, otherwise

— 7
min(A N N),
—_ 1,

D. (RFRE)

37
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L EA

4. 43TREREN R AR (-jectivity)
(1) 259, w5y, e

EX 3.7.3 (Injective (one-to-one; 1-1) FLI bR %),

f:A—>B f:A—B

Vay,a; € A. ay # az = f(a1) # f(az)

38



L EA

4. 43TREREN R AR (-jectivity)
(1) 259, w5y, e

EX 3.7.3 (Injective (one-to-one; 1-1) FLI bR %),

f:A—>B f:A—B

Vay,a; € A. ay # az = f(a1) # f(az)




L EA

4. $5TRERZNR A (Hjectivity)
(1) 57, sy, &

_ i'Eﬁ: val,az < A .f(al) =f(a2) —> Cll — Cl2
HERAZ: da,a, € A. a; # a, A fla)) = f(a,)




. BRERA

4. 5FTRER £k 2 (-jectivity)
(1) 57, %57, WY

EX 3.7.4 (Surjective (onto) W% pf %),

[:A—= DB f:A—»DB

ran(f) = B

41



. BRERA

4. 5FTRER £k 2 (-jectivity)
(1) 57, %57, WY

EX 3.7.4 (Surjective (onto) W% pf %),

[:A—= DB f:A—»DB

ran(f) = B




L EA

4. $5TRERZNR A (Hjectivity)
(1) 259, im5y, e

EAR%E: Vb€ B. (Ja€ A. fla) = b)
EBREHS: b€ B. (Va € A. fla) # b)




L EA

4. $5TRERZNR A (Hjectivity)
(1) 259, w5y, W5

EX 3.7.5 (Bijective (one-to-one correspondence) XU ——Xf ).

f:A-B f:A«—B

44



— L R R

4. 5FTREREN K R (-jectivity)
(2) Cantor’s EIE: — P E ST ERPset Z B RN FEim Y

EI2 3.7.5 (Cantor Theorem). If f: A — 24, then f is not onto.

N\

ABEIFRVIERR 2 RN Az =N

al f(a)
1(2(3(4(5]---
1l1]olol1]...
ololololo]...
1lofol1]o]-.
1l1l1]ol1]--
ol1/o[1]0]-.

e lon s N -
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L EA

4. 5FTREREN K R (-jectivity)
(2) Cantor’s EIE: — SRS ERIPset Z B N FEHSY

EI2 3.7.5 (Cantor Theorem). If f: A — 24, then f is not onto.

#E . Let A be the set and let f : A — 24. To show that f is not onto, we must find
B € 24(i.e.B C A) for which there is no a € A with no f(a) = B. In other words, B is a set
that f “misses™ To this end, let

B=z¢c Alz ¢ f(x)

We claim there is no a € A with f(a) = B. Suppose, for the sake of contradiction, there is an

a € A such that f(a) = B, we pounder: Is a € B?

o if a € B, then, since B = f(a), we have a € f(a). So by the definition of B , a ¢ f(a).
that is @ ¢ B. Contradiction!

e« Ifa¢ B = f(a), then by the definition of B, a € B. Contradiction!

To sum up, it can’t be onto. CJ

46



. exanples

— L R R

5. TEARANIEER

XER D MR R = “E’JWEE?—\K%T
16 B1TERIH XS+ E M.
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SENERG

1. FRBlE (BEE(F2020) Sa1Lll.
1

2. FARAF (TENLaEKEE202
P
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QQ: 2095728218
Email: micoael@qgqg.com

(224) gwzhang@cug.edu.cn
g

49


mailto:micoael@qq.com
mailto:gwzhang@cug.edu.cn

