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B flm, MRRAEHNGEEFNRSAKRDEZR 02 THHEANF&, WA LERK
C(n) ¥ BY5 T EE TR

C(n) <2C([n27) +6O(n).
AN BREMSE C(n) =0(nlogn) , B HBHET L 00 RAF RO OT AR 45 . W L, A KRS
HBARNED Sy ene g — 480 09T ROYIE BHEAE T K ¥ 50 8% HI247 0(nlogn) K.

XA S IR T R0 T S B B S DR R, EEEME S BRY, BE A
RAETER IS, EITA RS RM A A NLE SN TR, X AHHSFROKIL
R ANEBEE WL ARG ERETEES, EARIEERA KBS REA TR MR
SR LN M PR AT MR, BRI HE A AR ARG AL B 4 0 foT (R 3IE B v R BB R A RO BB R A7
HHETTRYE? FRATA AT BIFh 7 o 0 3 A () .

G, TS R B L E O, S0 i DR 1 — FR B HLAL T, BEHLAL B R A T
SEFRAT T AL i PR AR I o T LLE W BT S LA R I 5 BT B 0 00 SR
2nln(n) +0(n), XL ILEHITHEOR Qnlogn) (EEHHRF)IF. X8, WERXTHE
) B DL i B

5 RR AT RERER IR IR A I HE PR, ISR - AT R AN, (B A BB
BER. n DRFTCREE M —F 5] DR TT R 0l FROOT A0 — . 1R R A e
A, fBE AT 2 5030 A TR ARBABLYCE ), XT3RS AN RE R AT, #hiE
B, AEBATHE PV B 0, AR BB MU R UOTHES. 3R, RS T AL
T AR R 5T B VS R Jy ok LR W BB 2 2nn(n) + O(n), BRI
Ak B R O T A M B L 36 B

BEALACS 2 53 A0 R0 S 1 T 04 0 B SR M7 — RRAR FTAR IR B K. 39S 6, 3 R R o,
i ALl bR HE P 0 53 T 5 LA A 1 9 2 RS A M SR S AR R L R — .

FAVE e AT RO TR e ok, R R R B SR R

EE2.11 BRAMAREHAF LT, F—REENNA TR R B9 ALK
ey, MAs FAEEORA, ML EHA &M LKA 2nlnn +0(n).

W By, ya, s v SHA x5, o, x, ARG, BREEAFHS. T

[35]
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i<j, L X —BEHUER, WRTER BTSRRIy, Ay, BEAT T OB, WX B
T B0 R4 LB SR X 1R

Y=3 XX,
(6] ERENDHL A .
E[X] = I«T[z Ex”]
-3 SEx.

B F X0 | RPEROLAE R, ELX, )% T X, 00 | joREE. BRI S i
ATy, My, MLBEOBE. BE, v My, BITHE, MEMS y, E 5, BEA Y = 1y,
Yiors s Yiws o) P BEHLBGEHE R AR A, RO IRy, (RE ) R A
EAEMBE A, 5, Ay, BBTER D TR R P, B ENE & M47 . K,
MR E ARG A P — A, T2y, My, BB ERRR T &, B
PR 2T .

B TRAT 6 3 HE AR M 85500 e et o HL I ST B LM IR, Bk RS — M Y b
BUY— AT R R A PR —TC R, Ey, Sy, RN YRR
FORER, B0 X B BRER, R/ i+ 1), FAER k= -i+1, 8

=§(n+1—k)%

=(t+n %) 2n-1)

»;—-

2
= (2n +2) Z
b
ERRNZBTNEMGORT, B8 THEOEFLR.
37] BRI H(n) = 3, 1k W H(n) =Inn +©(1), BEHRAA E[X] =2nlnn+0(n). W
=t

T, RATF BB A T MR ik W E TR B S — YR UM 3 9 T 5 o
TERHK T -5 IR 4 5 A R
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EE2.12 Mgk HAE Y, FRARTFINATE-ALEHALE P REAL

AL FRAT ST R 5] b 3 £ R ALR IR GG, AR 4 b e ik HE A ok AT BOR B 80 B 2RO 2nlnn +
0(n).

AERA EW S BEALIRE R R A LR AT . ARy, Ry, B, MEY y, Wy,

REREAFEAES VA EREE - BB TRIR TR SRS KA,
BRLAASE& Y R 5 — D AR AR A SR POk A Y AT, R A B
A ATREHESR ST RERY, VR A TR A R AN B R TT ARG, i, IR R HE
IESHTR T R, BEK RSB R e, 13 B B X IRIBE KA. ]

%3

BB R ST kTP, RO AR AT LBk, WX R B S,

E[X)%T x4

BT LE— DA 26 /NG FRE B LT, B SR T P ST 5T B P

WEE. R TAT 11000000 A7, BT 5 proof” i KRR £ /07

A B X FRECSBF, WL ELA(X) ] <f(E[X]), E[f(X)] =f(E[X])F

E[f(X))=f(E[X]).

X FERE k=1 8%, i E[X ] =E[X]"

FXHN—AB(n, 1/2)HHLEE, n=1, iE8 X HEBM0ERE 1/2.

TR A1 ST o B PR AR O AN TR 7, % X, R R T8, X, BB A4

BB, X RAARTF SABZA

(E[X|X, A% FF £

(BYE[X|X, =X, F &1

()E[X, | X=9]%F £

(d)xt(2, 12) )k, E[X, -X, | X =k] T L1

BEX AV B ILTRLAE R, Hoh X WBE N p, YHBEN 4

()X =Y M BERE

(b)E[max(X, ¥)|%F %47

(c)Pr(min(X, ¥) =k)RE/L7

(DE[X | X<Y]HTHA?

T LA % BLic AE JLAT B HL2E B Y 242 4 Xt A T ).

(a) Alice 1 Bob thiE /N, HBBMNIMA R A LILHEH k=1 MHFH Ik BER
WA BEBELERISLH, BREN 172, 3 BBA ZHMWE. 2010 4%
WM BABORE D 160 B BABA B £

(b) fB5E Alice Fil Bob FURL 1] 80 iy Pt 4k S AWM /F 4 F, HEHBATIMAE A &L
RIX BT, IRAMBATH B BB AR LA

Ca) BBLH — R ST b B0 T SE P, BT 0 L AR BT | ~k, BEIRAME X, A1

[38]
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Ld

10

X,, Elmax(X,, X,) 1% F£L7 E[min(X,, X,) | 5FEL7
(b)FIA (a) P iIHE, EH
E[max(X,,X,)] + E[min(X,,X,)] = E[X,] + E[X,]. (2.1)
(o) AR RENT AR, BBEXQ ONFa—FRT.
(a) IANEEIES, R f: B B BROEE, WA FEEM =, v, -, x, A,

Ay A, Z A=1, A
=

f(Z“) < 3. (2.2)

(D) FIARER(2.2) W, MRS B -EZME, B4 TFER R RS E Kb

NERX, &
E[f(X)] = f(E[X])

IEWGIH 2. 6.

B n SRAERE B, A7 LA ST BB, HEIE R TRXBIACR A n KR

ik, AT E S BR B E D7 WRHICT 2n HAEME, BRAARA KA B

B i AR B IR RO 2 D A BERNE] K IR 7

() BB T IR WIS, SR NEA 20 ARSI H—K. W5
ATEARCAL n X5, WO3F 1 FIMSE 2 2 —XF, %53 FIME% 4 X, %% —Hgg
FER -, ARG, B RS 2n R AT RS M, 15%)
FEALIG . FE49 BIR G200, 00 K 0B a R £

(b)H AL (o) RIS SHES BIF BN OL . LA hn MORFEIRESE, 432 n AN SMES 00 b KW
HEE, ATIHEGAES D0 — K%

TLAGT 535 4 4y 3R AT V0% — HOHE 0 20 oh B0 10 0 BB UMM 40 7. BT RS — M

TEBIE b U BE W AR X (057, FLop 4 UCH BOBE 1 M BLIE TR M Y,

Elp. WEBIXMTF n=k B, XN

Pr(X = n) = (Z'l‘)p (1 -py

S GXFRH R =R ).

X BUR GBS 1 BLIE TR S 0 LR p 09BE T, ELBISE b U BLIE M A 3R PR
WHRZ D7

BRRIBB—MET o K, BE—DRBEH X, X, -, X, 1 REELHH
FEEROMBRBTFH, W, WP X, X, X, HLET, BAFE—AS =K
IFREIRIE N 3 B8 (R X, WRIER, BAFE— S = KBS IFH 89K Y 4
i),

(@) R n AL 2 W9, SEWHCE R log,n + 1 I BIBHR 1 - o(1).

(b)IEBAXS FRGKM n, RIFLEKEE D H | logyn - 2log,log,n | 79 8 45 BEHE /N T 1/n.
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.20

.21

.22

. 2.

o

(37 BARPBFFI4rH | log,n - 2log,log,n | KAREH BRAO R ZE X4, FIHH A4 1K
HRE— B SEM X AR AR E R )
FEMZLE 2.3 5 b oy 8 0 S il #2. fBEEE 5 UK A R et 78 S AR 238 0 3 5 ot 2 S Y
HiA, FhgRAm M ELERp 2, UEEL-pH0. MR Y, XRH i RSHAAE
AU WE ELY ] X ARE p (1, BIABRKMMEHR?
R RGE R N A k. B N EERTUR S, SR AR H. R
A B — A BI0H BB, X050 H 557 45 A A TR 145 — 5 BT A 51 0 2 35 48 100
B, T ELA SR AE B A S B RS IR A R AT BT B A0 2 IR BRI R SR
FETEMOF L, EFEEAF S A ABE. Y840 5, Sbg
TERAFH S S8k ANIUH B, LEE 1k RN R M A, RO 2K
AT L ) 1.
BERATE BT 2. 18 iy AF b S o, (75458 & AT BRI, BB 12
BHBNTF R E. RN AE A 5
B, nl@ NPT e (1, nl-s[1, nlsk&mR, Kb )i fERH
R, 5w (1, )=, o] BB ESRE 7 (x) =x RIEMME R HEFI
HP ) B AL BRI — A HE B Y T A M A

Bay, o s ST, 2, o, g~ MHELIERY, S ATRALN 01 R EHED D
BB MUK 0, 0y, o, 0, BT, TR o, WE 20T BB T 8 200
B Lo, i | BB, SR 5T 20 0 1 B

E[3 la-il].
Ba, ap, o, o, K0 ARAKESIE RETH o, Mo, RELE, WRi<jfHa>a,

38 HEUF Bk S B 5 AP A AB B R UCIY ST RO Ik, T 51
I BRI AR — N HELIES), TR A AR EA nt RS
FER A W0 T AT 0 S I 49 8 9 2

H A AT AT LU AN BOE SR, R RS AN, A T P A
T, BN, WHAESHIVE. REWE AR SE IR, RS
AR, WMRRRAEAEORT L, WESHARcH, HFRE - RR RE
BT L, TR LY, SRR, HRH kBRI 445
AR n AR EIA BRI, 050 2P A HE T o 5 92 47 20 40 10 9 28 W .

RE PR TEM BT, FLB B — XA AN, RS RE ER &
(7 HRAL36.)

Xt ANABATIBACR. AT RMAK , (HR R, AR T L
PR AR kA AR PSRRI T, MBAR BRI, 3K ESARD, KR
RHBT. MBLRDWY, WXk A ATEE AT A, B kS ABE T
k+1 kL.
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#2¥

BERN™AET n/k MAREU, SH kAN (o BE¥ K BER), JFRIEIF R
®. B FHIAR, SCAZBHGEFY p.
(a) Xt k MAREHHA, KREBAENBEERL D7
(b)) FEMARHMERBA L D7
Ce) i a0 TR e R 69 & {4
() Gt —DARER, BHXEARE p H, &IFLREEN ARBILREF
&TEM?J‘?&TLM@ ~A BB (1, ][0, ) RANFHES. BEIHGi=
s ) R — AT, R BRI (), BAMBUE i SR 7 (i)
—HRARI, LS —KE, CRAMXANES. EERERAULAB. 4o
BEOBELHES b, SRR BOR B D7

HEEEH =1 LHME: Pr(X=x) =(6/m')x . T Y k2 =w'/6, FFLLX A

BAA. ERMER L

RGO R SRR, AL GRAROLAT T » LEWEE, RTHHF, 0
HUNERPFAET FIEMIBIEAL, IS4 RIS MTE, BB AM & T, WRERA
AT EMBOAL, RBHITTHKE SMBIGL 12 OB . GXR
—FIALT WA BRI A S HE WA R G R R B A E, W
A o IE 0 25 B MR SR T 12, )

FHER—AHBRATHORE AR B —UHERE TR | 78 WBHT, 4 F K
BERER T 2 JOUME. M, WORTENT k-1 WHESE F AR 1, HEATES k S
T2t RTCRATE. B PR A RE R | T, BLYER X B BAALE R, AR
A8 T 48 S K 0P A 8 0 0 W 460 490 1 08 B 0. SEIE X
FrE. BN 09 J B R AR A7
MR Xy, X,, - RHEHERFS), SH%K

> EL|x]]
WS, IE BB A R

[2 x] = }: ELX,).

TEYT 2.28 MR MW R, ﬁmﬁﬂﬁ%ﬁuﬁ’il WA ETT. S X, N R
MPRANEE. (WRESRETH—R#Y, XTLR ) #E E[X,], JREN
B SV UE O BT R R 0. M0 O SR SR R ST DT (546 2.29 ff
2439

X459 2.28 W BMFEELIOT. KB B SIBTH. RH BN 270 2 0170
R REEIR b RE IR A — K H B IE T, WS 2*/k HT. PR B %
D7 KT EXFEMWR, REEM S8

VAT B — AT BB, A n AR, RA A UL R0 BT B A . % 1R



BRENEFEHE i

Wi 5e A IH ST, AT 5, B s R A ), OF BLR A 76 5 5O R 9 15 L.
PR— e — MRS E , i FARA A MBI, M@ TR F R EE, RE
AETAERZA, B TAGXBNEE; BakERALEBENILS. BE R
FRARBHLYUCOF AT E RN, RMBTA n ) BT B UUT 25 B DL R .
FETEARE. Gk, Wik n DRUEE, BT X E SR
METHME A ERODE. EBm ANWER, HRRWE D ERO MG H,
SR H LR 5 T B m A R E A
(a) B E R TROVRH T RAF 09 BB S50, £, % i A RIS % 2 5 ik o BT I
FF. BE Pr(E), JFIEH

Pr(E) = % ¥ ,+1
et

(g 3 Lom, i
Plnn ~lam) < Pr(E) < ™ (In(n = 1) = In(m - 1)).
n n

C)IEHI Y m =n/e i, m(lnn = Inm)/n ik BV IKRL JF B804 265X A m i 47
Pr(E) =1/e.

[43]
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FEGFT-HRIIHERERR A, AR BB R BRI k. R
ST, R RN B R B LR R ST E RO ERE TR ATRN
WIRDRATRREXFMD L ERAER, IFWORENERMIL SRR ES T F—
TSI LT R A R IR A

3.1 BRAXFER

s R 0 T P Sk A4 SR 4 R R B A A 46 R, AR L 5T Ay Bt 49
R—FEATH
EEII[L/RAXFER] ERXRRAREAMEOENEF, F2HHH a>0,
Pr(X = a) < EX],
a
iEM xfae>0, id
/- {1 MEX = a,

0 Hith,
WE, BWHX=0,
<X 3.1
a
Bk R4 0-1 bR, E[1) =Pr(I=1) =Pr(X=a).
X (3. 1) KRR F
Pr(X = a) :r;(:]sr;[i]:m. L]
a a

Bian, {8 A DR AT KR G AR A S B TS n W8 B 3n/4 WKIE R
#.oig
X :{l o WA BERE Tt BLIE

0 Jif,
H&X = ixl FR n WHE B8 b i BLE BB E. N E[X,] = Pr(X, = 1) = 172, T

E(X] = Y E[X,) = n/2. h BRI RAER, 194 5]

E[X] _n2 _ 2

Pr(X = 3n/4) < In/d 3k S 3



# 5 8 £ 37

3.2 HMNEBRBMAEME

HFRA A E B B AT R R B AR Y, DURAT R RS R T B89 T R R AR
(W5 3.16). WRA X FRVUERSG 00 E S5 BT AA A, RIS R A T LS.

RFHHEROMNGEREHHER £ RKE WHORER-ILERKG e &g
Mo, FRATE SCHEDLAE B AYRE Q0

EX3 1 AL X kGER EX).

YRR (ELX ) WT R AR, EHEBEMRNREA. CA—REN R, BT
ISR R 7 £ MR £, WL, TP ERARAE S AL T BAHL BB T ) T B BT
Wy R A

EXN32 —AMMEEXSFERLH

Var[X] = E[(X - E[X])*] = E[X'] - (E[X])*.

MAEEX LA

o[ X] = /Var[X].
MM BHEMEEES BN, EOPTENRMELESHN. OF EXR—A8H, R
47
E[(X -E[X])] = E[X* —=2XE[X] + E[X])?]
= E[X*] -2E[XE[X]] + E[X]*
= E[X’] -2E[X]E[X] + E[X]*
= E[X'] - (E[X])™

ANSRBEALAE S X 2 5B RO R 1) IR A B 7 AR AE R 0. T — M, g
B HLE G X CARER 1/ B KE(X ), ABEE 1 - I/kBUR O, FBAERFEH (k1) (E[X]))?,
PR R NVE - TELX]. XSt A B T IE S IS . B9 55 B LA 0 B B 0T (0 S S
Ji R (BARAMER) LB/, T 24 T B U Y, 72 (BTl ) K.

FATH R RGH PP BRI S TS FOREAA. ARER, RSN T
PRI AR B BALE BN T 258 A7 - R R U 77 2 9 B4 .

EX 33 BAMMEE X o Y Rhh £H

Cov(X,Y) = E[(X -E[X])(Y-E[Y])].
EE32 HEEHIAMMEE XY, A
Var[X + Y] = Var[X] + Var[ ¥] +2Cov(X,Y).

iER
Var[X + Y] = E[(X + Y - E[X + Y])"]

= E[(X+Y-E[X] -E[¥])?]

= EL(X - E[X])" + (Y- E[Y])" +2(X - E[X]) (Y - E[¥])]

= E[(X - E[X])"] + E[(Y - E[Y])*] +2E[(X - E[X]) (Y - E[Y])]

= Var[X] + Var[ Y] +2Cov(X,Y). [ ]
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#5373, 14 F XA AT Uk BT B PR B HL S AL

MEEYLUE IR, WA (AR EAIEEMA T ESTENFATENN F
Hrite, MR X MY R MEIER, BAENMHFENO FEVRAEER, RIOTEHR
B O TF A S B AL AE B B I B e 45

EE33 WRXFVABIMRIHENEE, AL

E[X-Y] = E[X] - E[Y].
AR fE FRMAA D, 4 BOR X (AT O, JBGR Y (M BT A 4.
E[x-Y]=3 2(, N Pr((X =) N (Y=)))

:ZZ(;-;’)~Pr(Y=:)~P:(Y:1’)

S(Zirx =0 ) (Zioper=p
= E[X]-E[Y],
HPBAMET X5 Y MLt n
S M LEE AR, SERIOLE B A, WG R A B T R i, T
B (SR AN Bl AL fot SRR 10 20 T 11000 220 ) 3 R R b W ST, SR LK ot 2 A K .
KU A, YR Z MR TSI RET G, R BT, Y R Z U 05 Wk
BURE, BN L. X EY] =E[Z]) =172 MABWKBEREIMLM, Bay- Z %14
WALH Y, SR 0. BTLAER AT ELY - Z) =E[Y] - E[Z]. BUERZFme s, #i
BT AA: M TR ALY A Z SE R BE R SRR LR . R
BABHR - BOYLBEM. HBAEY - Z LIBES 12001, B E[Y - Z)#E[Y] - E[Z].
B34 PEXPYRBINEREE, F2
Cov(X,Y) =0

Var[ X + ¥| = Var[ X] + Var[ ¥].
iR
Cov(X,¥) = E[ (X = E[X])(Y - E[Y])]
= E[Y -E[X]] - E[Y-E[Y]]
= 0.
BOAERME TR, WX ALY B, B X -E[X]RY -E[Y]dy, W
BT RSEE 3.3, R - SRR, AT REREIUE R Z, A1
E[(Z-E[Z])] = E[Z] - E[E[Z]] = 0.
B¥ Cov(X, ¥) =0, F£fi14 Var[X +¥] = Var[ X] + Var[ Y]. []
BT, FATATLUHES 400 3. 4 A R EIEIE S AR MO N E RG2S TE
[V E-1L:N
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EEIS X, X, v, X, ARIGHMAEEF, Fa
VM[ ZX] - ﬁvar[x‘],
3.2.1 f): —mHMNERHAE
S¥CH n A p 89 "IBEHLAE R X A9 20T LAl 0 B X ) B -

E[X*] 2( )p(lfp)"”

= z G (=G D) +D)

Sl -)) - ,
=2;?n(f,>uj,| a-e *Zu-m!”““’)

S
- Dr 2 (e AR

(n nej
*””Zuﬁ" -»

=n(n - 1)p’ +np.
XA A A T AR, TR
Var[X] = E[X*] - (E[X])*
=n(n-1)p" +np-n’p
=np - np’
=np(1 - p).
55 PSS ERAHML A B2 2.2 Wh— A TBEHLAE B X TR R n A 10 5%
AR EA, HRRR W RADEED p. ZFENABHIRR ¥ A7 2
E[(Y-E[Y])'] =p(1 =p)* + (1 =p)(~p)* =p-p* = p(1 -p).
HHER 3.4, XIHEN np(1 -p).
3.3 MILEEXFER
FIFBHUE BB AT 2, FTLUE S AR 0 ) L K RS R B 3038 0 R MR
BE3G(UILTRA%ER] &t a>0, &
Pr(|X -E[X]| = a) sv%[:”.
iR HATEEE
Pr( |X - E[X]| = a) = Pr((X - E[X])? = d%)
B (X -E(X])" R GBpL A i, &ﬂ]"fu&ﬁﬁ@ﬁ’"l?&*%ﬁ:iﬂé
Pr((X - E[X])" = a*) < ELX= ELXD)T] = Yol
@
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TEAVLERFFRGH LR, 40T AEHLE 652800 B 60— B 7%
FORHALIE RS T H W H K SN R
#iL3.7 &>, A
1

Pr( | X-E[X] | =t-0[X]) v A Pr( | X-E[X]|=t- b[x])s[z(””)

ALY 1AL PBRE T BT | 33 V30T 00 E %5 7R %5 S48 06— R 51 m DR 50 B
B, BEIET 304 KEBBEOR. EACIES KL EBEG, X, =1, FW X, =0, 0
X = ZX FRn KRBT HAEGHIRIE AFHIRERRASR, ROTVETB YW
. E%&Eiﬂ!ﬁ%ﬂ( B—~0-1 BibL A&,

B[] = BIX] = 3
BT LA
VarlX,] = ELCX)*] = (BIX])* = 3 -+ = 1

Rl
2

BAERK X = Y X, H X, RMoLa, RETTURAE®E3.S Rty

Var[X] = Var[ le] = Y Var[x,] = .
HHUEERA GG

Pr(X = 3n/4)< Pr( | X - E[X] | = n/4)

_ Var[X]

(n/4)*

n/4
(n/4)*
4

n
BLERMATUBASEY 2. DIRTRAGRAHM 4/n, LR LR X AF nd HAF
3n/4 MBERF, Bk, hXSARHEATE X K F 3n/4 OMERSCER 1k 2/n. MEEKM 0, BIILT
RAFRGMT HDRARA SR B F TR
3.3.1 6l MFKMKETE
BRAVHE DI AT KRR 5 Y L5 KR % 50 F W5 S 1. el A2 m 3K 55 e ]

XM nH,, JP H, = 2 Vi =1lnn+0(1). Bt DR KR FRH

Pr(X = 2nH,) < %

ATHADRERAGER, ROTERHN X 7% FHKERLZ2.4.0 p X = Z’( H
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X, RBEH (n - i+ 1)/n BULTREHLE B, (XML F, BSOS i om0 ) R
HHTWCHERT - 1| SRR SRAE T SR, BTLL X, RIRLE.
Var[X] = Var| zx] = Y Varlx,
T AR AT TSR R T B AL R 0 2
WY RSECY p WILFIREHLE R ROEE 2.4 WA, E[X] =1/p. HitHEV],

TFHEERGEA K. RAVME, H0<x<t,
1

T-x
BEH, &
(1-,)' zu
=Z(i+l)x';
=
“zix)ﬁ Siti - 1)
=i(i+l)(i+2)z'.
AL h
ii’z‘:iz’x‘
=i(l+l)(i+2)z‘73i(i¢l)z‘4ix‘
e = S
[ S R
T (1-x)? 3(1—;;) (1 -x)
o xax
Ta-or
Hi B AT 13

E[Y]= 3 pt-p) i

P N i
71‘[12;"‘(1 p)i

_p (U-p)’+U-p)
I-p P
2-p
-3
14

[s0]
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&, RfEE
Var[Y] = E[V'] - E[Y]*

RATELUEH T F i A 5] 2.

SIH3.8 Ak p HILITHAMEFH ERE(1-p)/p.

XA JUTREHLE R Y, E(Y 10Tt & (028 Stk JRATRUE Y X0 T AL BB — K
IERFAFROBRBRE, HhE - REEHMETEOBEE A p. S X =0, X - KHIARKE;
X=1, H#H—WHBMIER #5125,

E[V']=Pr(X = 0)E[Y|X = 0] + Pr(X = DE[V' X = 1]
= (1 -p)E[V|X =0) +pE[V'|X =1].

WRX=1, WAY=1 MM E(Y [X=1]=1. MRX=0, B2 Y>1 #i, icf—Ki#
POJE BB — W BUIE AT 5 0 AR B R BON 2. I8 4 i 0 B R A1 5

E[V]=(1-p)E[(Z+1)] +p-1
= (1 -p)E[Z°] +2(1 —=p)E[Z] + 1. (3.2)
HiLATRHUE AT, Z RS H N p MILMBENLE R, WM E(Z] =1/p B E(Z] =
E[Y']). #8ERAG. 2R, KA

E[Y] = (1 - p)E[ V] +¥+1 = (1-p)E[Y] +2;1',

HIEAIE E[ V'] = (2 -p)/p", SHMI K H BB 6945 RAKE
LA TR AT 121 20 08 S5 2 L b 7 B A9 THE. FIBULTREHLE B F R Var[ Y] <1/p° (U8
I 3.8 PHRHLE R, ATURITE. TR
Var[X] = ¥ Var[X,] < 2(
KRR TEER

)
n-i+l

, o
(Y -
e, YT RAEX,
n’n’/6 w 1
Pr( |X -nH,| = aH,) < )T " Sy " o(m),

SR, YTHE R R LG T AR T KR A AR A . E LB AR 08 S O R R,
AT LA R — A 2 55 0

HRZE nlnn+on FREBHBEE i KWHOME XA EEY

aClanse
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IR R, HRBIFE nlnn +on BFEBABWENQBR D e 1308, Zdnlnn
G RAREFAMFOBEELN /0, XE -G RAGRBEE ML RA N
B R

3.4 RA: WHEPEMOENLER

BRI 2F BN 0 A TEREA S, SHPBEN S P ATEm, WHES BESH
Ln2 AR AFEF m, HShESA 2]+l PRERFEF m MRS PRELEF
0, T2 m RAK S HOHEPIK S ([ n/2 1) A TR

A S IE I 45 O (nlog n) 35 0 MR 16, 36 4 — P ML XY B0 2% O 0 S PR 0%, 0
OCn) M F . B, AT - FRBEALACR LN (130, Lo 1 07 0 20
0 LA A2 A7 B L A 5N R T, IR, AR 0 H A%, B AR
B S TR AN AR R B 5 N L S A SOLT 3. 23) BN
ERA M.

3.4.1 #H%

Bkt £ A KA 12 WHe A, H R A TR, TS 0 HE R i
R, T B RO T2 A, Rl FIREATER 4, we s [T

Lo dsm<uCRsm e d M 2i); K

2 8 C=lseS: dsssul, |C| =o(n/logn) (1 d Fl u Z M E BB M),
B LREMICE, R TN T — R AR

RATER— BB TP AT, D RO U LR 5 B SR RS 1o 5 B MR EL
BB (TR S N F d RTERAM 6, BIEX A C HEF (KRR EL, 5 o(n) it
). B, EHC| =o(n/logn) , FHE—Af m ATERBER o(mlogm) i 1] 40 674 HE
Bk, B CL o(n) MIEERE. B CHOHIE, B(Ln2) -6+ DATREA m, K% S
A L /2 JATERANTF A (L2 - €, | SR A C i, €, MRS - C o).

HTREGE d M, RAVAS DHREMEBH A& TARENSERE R A
BRI R P A TR RIS S P SIRALATE, SUMNERER. Hi, S
B - ERTRAESTRE R PHHMET K. KA T2 0 MBI HR, T
T AR 2. (75 R J2 T B DR A G LA S o itk — TG K.

B R S B~ ABEHLREA , el 175 S 0k BOERIE T R 00 (8RR, Ui
4w ST R oIS R A0 0 TR

RATE RS W TAT LRI K 0B, WX HB >0, EHLL -0(1/n) %

TR T ARMBERRER A C At B m, RAVEE d Fu 5050 08 R AOHEIF 0055

L2 =) AR L2+ Ja) ATt . AT RBEH, KA CREET R o0h (20 T
2R S Z BT S WTEK. SHETHMT R 00N HELLR d R u AR Y T IR
() KA CREK, WEUABEOS m, (b)EE CFA/h, M iUk B I LR
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B3 AT ABRMERME. LWE, FHELR, R/ ™ 8L EBE

B4 o £ 0 35

WA —ALFEHKEnATEHES S

W S RKTE, Am kR
B, HAMAE . FRERAS PRGNS TEAK A (SE)EAR
A4 R HF.
WdAHFREREHE(Ln2-/n ) AR AT E.
HuhHFEERFE([ 02+ DARATE.
HEGSTENTKY dfou b, iHHES

C={xeS: d<asul R# €,=|1xeS: x<d} | €, =|{zxeS: z>u}|.
. R €, >n/2 % €, >n/2, Wt FAIL
WR|C|<dn™, MMEL CHF: TR, # Y FAIL
WHHFES CEUE(Ln2] -6+ DATE.

3.4.2 HESW

TR A iTie, RAE EEN AEEA LB FHBALER— W% (a) BRELY
IRFRIGESR, T (b) 43 30 2 IE # 45 SsUR FAIL.

EIEI9 MM TEHIEARRE AR, AR TR SRR FAIL, §EH ke
ARAES SHER T HAE.

R BN RBRAEA Chit, BEHAHRERWER, FCUEMERT. 0
€>n/2 B €, >n/2, WTTHBE NS 6 5 HIEM B EE H FAIL. X, RECEH,
BHTHRRXT S OAR/DREIEN, FTUAES 7 5 RIE T HER 27698 L 0t ] 1 £ 1
IR S0 MR R (B, MR i FAIL, EREEHERF. L]

XEHR 3.9 LUR A BEBE ST, b A @A R R FAIL A9 RER g R R AT AL
WA R EFAHXMEENR, MBX=ARFHBREL, BERRLLK. T
TR, ROVA N FIGBREEG R, FE LRGN 0(n 7).

HERT A

Wk wonN =

© N o

Ex¥y=lire Rlrsmi|<on™ - Jn;
&Y, = | (reR|r?m}|<?nm -Jn;
&:lC| > an™

SIR3.10 M P s ks, SAREE, & KE PESF AKX L.

EW EHLNETERMERTENE. EREOH 6 SRM, HAMRY €, >n2 K
€>n/2 BN €,>0/2, RO (™2 - i) ANRADTEBKTF m; XEHFIME,. Kl
€, >n2 FHFRHE,. |}
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Pr(E) < o

iERR E X EEPLER X, K
X = {l RS L WHARE D T H TP AR,
“olo stfe.
A A AT B, X, S XK S AT (n = 1) /2 + L ATERAN T ST, B S BB
PR - TEENFE T BN BR AT LUS R
=(n7|)/2?l :l_+
n 2

Pr(X, = 1) z]_,,

e FHTF
v, = 2:"( < %n“ - /n.

WY, RIASHRBOM, RSB M 1/2+41/2n) WTMHER. Bk, #A
3.2.1 TME R

(b))
L

o

PG )T KRS R T
Pr(E) = Pr{¥, < 3t - )

< Pr(|Y, -E[Y,]] > n)
_ Yarln]
n
1 5.

—n .
A T"‘“' n
KA B HE, BERA R R, RIERMNSA B =M RFME, MR R

513 3.12

Pr(€,) < %n"". )
WM OMRE KA, C| >an™, A TGS AR
E:CHED 2 A TTEKTF 8
€521 CHED 20" ATERNF L
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F 20D TERA TR, WA S I, o 0RIEE DD T 20", KHES R AED

A RUHRERAE S 8 n 207 A AR 719,
WS WTn 20 P RATER PR MERE. 2 X = 3 X, J0h

X - {l RS | WHPERAE S E‘J%n - 20 AR TEE AT,
0 Hi
XUk bl R, R85
E[X] = ;—n“ “2/n

VarlX] = (3 - 207 (4 v 2 = e <

BT E R AR %E A
Pr(£,,) = Pr(X > ‘Tn - )

< Pr(| X - E[X] | aﬁ)s% P

Lo

Pr(£,) < 4n

Pr(£,) < Pr(£,,) + Pr(E,,) < %n
LA RIRI BN R, TN AT LU 304 FALL B9 BER M R
Pr(&,) +Pr( &) + Pr( &) < n'.

A8 B T A E R
f3: ERCI TN FETE ¥ TIE TR SV

(3.3)

(3.4)

EEE®3 1 AR RIIPRR, RATTUME - AER KBRS RE S, e
H—ABEHLE TR 5B R UGEAT PR SRR R LA, BT LA UE 1T A L TH U fE
ATREEKM, Bt BBk BT 6915 4T WO — A LB B M543, & STV ik

KRR (— ELEATBIR B — MR ) U5 SR AT LR A 00 S 08 AT 0 ).
5 W BE (8] A TF B 45 SR (0 BE AL AL B IE B 0 4% F ¥ (Monte Carlo) 8%,

~ AR RY R

BASE AT B (B R R AR T B I AY k. BlAn, FEETR 3.0 P RACLUEM T AT M

BLIEHE, BEALAL P (0 2808 bk R 1R 2 I 1] 455
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SRR ] IE LS R A REALI S AR Las Vegas B3k, A2 2 2 b (i B 4% K W bl
HUACT 3 AT LU it T2 17 HEIR I R b W6 4L Las Vegas Bk, JEEHALN Las Vegas ik
EOR A EATOFELR AT AR G, SIS AT 1 ) R A .

%3]

30 XM, o] EHSIBEPLERE — N8, R Var X].
3.2 WX R -k, k] EISIRELEEEE A8, SR Var(X].

3.3 RERAEENE B AR AMT 100 . & X K 100 YOS B A0 SORCZ A A
YIRS R4 Pr( | X -350 | >50) B .

3.4 GEWT: AERASON KB M BEILER X, Var[cX] = ¢ Var X]. (57

3.5 BE(EREABBLER X R Y, hRIORIEEE, RATA ELX - Y] =E[X] -E(Y]. §F

Bl: %M XA YR, VarlX - Y] = Var[ X] + Var[ Y],

3.6 X TRWHEDSEZ R p s BT AOBET , FEIM kK BLE i 048 D8 B
HERA AT

3.7 BEHHE—AEERAIE, BR - XN ¢ RES LR p A > H T
SEIE gr, LIBER (1 -p) &R o/r. BERNIFGA —XMMEHD 1 AR, R d KX
SRR WA AR

3.8 BUERAIA —DHE, U8 e S ZRBTHERRA, S R0 R AR T
SARSL H SRR B, WEETTE RN O (n®). MERANN 0 A, XTI %
BIBIRMEBLB T ], DIRAT R A G R BE SRR A7

3.9 ()i X WIS HBAERIR, X = 3 X, X KB, E9

E[X'] = iPr(X.:])E[X|X‘=IJ_ (3.5)
R HRIEM
BLX] = Y E(XX],

PRI R &,
(b)A(3.5) XA HMBEN n Al p 1) — TN BRI T XM T - HHES.
XLFIBEHUE S X, R E[XJME(X']. (7. FASIE2S.)
10 M550 2. 22 i W AL HE R SE 0, SRR o ok A IE £ R B U
312 R-ARAARMBRMERY LWOBYEROHT. 40 EW0RIE, %R %% R
ECEee3:9 8
BT HAHR R (I <jsk), Bk D BEERORALEROBIE. & b
W, UE B4R 9 4% FLAT XS4 [58.
314 WL SHEEHRABPERES X, X, -, X, K

W oW
S

w
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.21

.22

VN[ zx] - iVsr[X‘] +2i T Cov(X,.X,).

i

WREHLAE B X FORBEMVERMM X = 3 X FW R -3 i flj 0 S i <jsn g

ELXX,] = ELXIECX,), B4 VarlX) = ¥ VarlX,].
“

ABRA DR RAGRELEHATREBER. AEERR L, #d 1 REBEER
fEABIPLA B X, W

Pr(X = KE[X]) = '?
PRATLA%E — A BT O T R AR A0 B 01 F 00 (L F 4 3. 16 i DR AT R A%
K)7 MEAREE, BHRA.
UER: XARMEZER o[ X THBELA R X RAERIESC S, A
1

(a) Pr(X-E[X]2t0[X]) S—;
140
(b) Pe( | X-E[X] | 210[X]) <2
T +r
WY BRI RALE R, EA MM U
E[Y])?

BV <Pr[Y#0] <E[Y].

(B RAEXAHHERG T ERECESMEORE. LWTUAERHE #id
A ABEALE S X RSk, 8 E[(X -E[X]D) ' THK. EH:

Pr( | X - E[X]| > «JE[(X ~E(X1)']) S:T_

(b) Ryt 2% k A%, G20l R %GR R MR ?
B (1, nlo[1, nlWRESRM m(x) =x (1. RAFTH B b 35 B ALk B

AEEHAEE BT L. (RF: (i) =i, S X K1, KU ix. Bk A

TR AR SR Var | 3 X, | oL I8, )
B RATEI ST 0 K, 5 0 ABIHL AT R KB RIA m =
(;‘)4\:ﬂfﬁm?ﬁ. SV NS HMETORE, Y = 3V Y, 5T

8

Ca)EWEA Y, IR 172 50, LR 120 1.
(b)IEB Y, R L.

(e)UER Y, W RYER E(Y,Y,] =E[Y,]E[Y,].
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(d) FIFHZ 2T 3. 15 3K Var[ Y],

(e) PRI G RAER, EWRT Pr( | Y-E[Y] | =n) H5
HOR BB BMA S HZEEAMINR. EUTR RN ZIERY, A

BB 17 1 B

R A B R FOR e ATE A PR A RKRIE, Mk RN

PSR A B ERA, I s et e R
BRBGERER, HX,, X, ~HRIRASGOMOER, HKHENu, HHEEN o

MASHEREH B >0, RATAH
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n
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E4E LIREXRF

AR HRHERRONE. VURERFRICH A, CH T R 81 802
W . X R B AL G 60K B o B0 SR AT R RS R4 9. AR AW e SOF
WHE A R, SRR 5 th U R e A YRR R, IR AR A R
BRI, T UEBYRE R FROTHAE, FAH S R TR S R R 0 4 Y L A G
3% T RIS

4.1 HEHEY

FERLIMYIURIER R 280, ROVGIHEH 8RS B[ e | n0REBRAE ).
EX A1 MALTE X AR
M.(1) = E[e"].
AT A0 2 TGO XA o BT T 0 40 B 0 £ 7E 1 A4S R R
R M, (o) BT ELS X B BT A B .
EE4A1 RXA-ABFRHEAM (DGR EE, AWM fatrEl THLSZHR
wF, HFHAA >, KNK
E[X"] = M{"(0),
S MY (0) & M (1) 8 n B § H 4 0 =0 58 TR
AERR BORTT LA BUR BRI ER, WBAf
M (1) = E[X"e"].
R =0 B, M L *AAIE
M7 (0) = E[X"). u
REEGRBETOMRNAELE, WEABER AT B BIRL, & B5BaHT4
S A (AR X A B
fER—NEHRMOHF, FHREX 2.8 DBHH p MWILMBELER X. B4, oF
1< ~In(1-p),
M (1) = E[e"]

= X (1 -p)pe”

=y a-a -pre) Tt —1).
-p

Hitt



wRERR 31

MU () =p(1 - (1 -p)e) e R
M (1) =2p(1 =p) (1 = (1 =p)e’) e +p(1 - (1 -p)e) e
PR SR ¢ = 0 BPIRME, JF T 4. 1 1B E(X) =1/p MELX'] =(2-p)/p7, K52
fE2.4 3.3, 1 FIHE B
55— A7 P A L2 R S, O T A B ) o — M S
A, (R, FEEHEMIEVESBH T ABAEE
REA2 SXFYABAMMNEE. wRAEAN 650, HTFHAM (-6, OF
M (1) = M, (1),
M2 XA Y AHARE 5.
SER 4. 2 A 37 PR v B B0 43
T3 wRXPYRBIMALE, K2
My, (1) = M ()M, (1).
EMm
My, (1) = EQe""" ] = E[e"e"] = E[e"E[e"] = M\ ()M, (1).
XERAVHENT XY RASI0, Pt e F e RA A9, M E[e"e” ] =E[e" JE[" ].
[ ]
PRIt A SRGE M (O M, (), 3 LA BRE M (O M, (0 B R — A E RIS i (035
BB, AR AEIE 4.2, KAWL X + Y 85 AL AT ERR 0T R4 B A
#2645 ¥

4.2 PIREXFHSHMEA

KT RAR IR ¢ 0, HDRATR RS T e ED10 BB HUE B X MYIRISR . R
AU S RAIR ARG F A RS R . XHEEH >0,

Pr(X = a) = Pr(e" = e") < E[:u"]
R,
Pr(X = a) < min H{" 1
Kflsh, M FIEF <0,
PrOY < @) = Pt 3 o) < BT
Hitt,
E[e")

Pr(X < a) < min

EEBE BN ¢ ET RS AR B[ /e KPR/ ¢ 8 2 T R85 7l Bty
T NV EOREA 7 BRI o (. R 7R T R RE AR R b A AR M)
HRF) AR B 09 V)R R TS, SRR bR PR T RO R e B — A
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4.2.1 ARRBMOTREXR

BUAERMITIS YRR BB FR LR 3 F iz 0-1 BEHLE B (L BRfE i ik ) i
BRI, (HRIRBRF THAES. 3 Wb mEiE ). EnnkRs, s
BN ARLARE. a5 AR R 1 MR, L hahsr i 0-1 BiALAE B4 AR
BYSH A B, BRI AR L RIRE G SR B 1 (AR R LS f. M2 T 53 A 4 o 2
n YOI SZ B 5 AR o R BB RRATT IR R X T IR S A R LS A, X — R
LAY I A B0 2 At A S

BX, e, X, RS MAREFS), WE Pr(X, =) =p,, B X = ¥ X, I
=

u:ﬂﬂ:E[Z&]:ZEm]:ZW
A TFHEMN 6>0, RAVENBIIR Pr(X=(1+8)u) K Pr(X< (1 -8)p) R —H X iy
BEHME L K op KETLHME. HITRU/RERR, FEIHE X WERRKE RIS
X, BE B RBOT R -
M (1) = E[e"]
=pe + (1 -p;)
Sl (e - 1)
<o
HAERE—AARER D, ROVHE TXHOTGL. AMEFy, 1+y<se’. hEma3, Raf
B o B e B 79

() = [IM (0
< Iilemun
= r‘,xp{ 3o - 1)}

BEAATAC 20 746 S oM R 3 TR & 40 1 AR 00 2 PO B 8 5 0 FLEA O
R ERBBBYENEYE

BEA RX, o, X, ARIGEREE, B P(X) =p, &K = Z"x,.u = E[X].
LT @G REXRKL: h

L #f4£% 8>0,

Pr()rz(ua)n)s(#&)w)“; (4.1)
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2. e 0<8<1,
Pr(X = (1 +8)u) <™ (4.2)
3. HEE R=6pu,
Pr(X=R) <27 (4.3)
ERNH - RERERN, WX PRTUFHARBR, MEELEFLHERAES N
#.ET IR RS
W W GRATKRAGR, MEE >0, A4
Pr(X = (1 +8)u) = Pr(e" = ")
E(e"]

<=zl
aEin
e

Certu
e

< .
GIEm

AR S>0, W4 c=In(1+6) >0, Al (4. 1):
Pr(X = (1 +8)p) < (“ :;)‘T‘T,J .
HWE(4.2), HATEEESIT 0<8<1, 4
e’ 83
(1 +§)’“’“ =¢

BB, 51 60 0
f08) =5 (1 +o)n(1 +) + & <o,
A MR, KA

S8 =1 f%%g—ln(l +5) *%.s
2
== In(1+8) + 38
R
T+6 3

RAVER), M 0<5<1/2, f7(8) <0, MK 86>1/20F, f7(8) >0, HILf' () 7EIX ]
(0. 1] L5ewURIE. W f(0) =0, Hf'(1) <0, RATATLINGE, EXE0, 1]E, (8 <
0. B f(0) =0, fEMIKE LA £(5) <0, XHKIEH T (4.2).

MUEWI(4.3), B R=(1+8)u. B4 R=6u, §=R/u-125 Kk, th(4.1),

[1(8) =

. .
Pr(X = (1 +8)p) < ((TT;)W]
S( L
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e
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<2 [}
X EME T J7 BB X 0 T KL R
EEAS RX, -, X, Amaeanikl, #LP(X)=p,&X =YX, u=E(X],
Musr0<s<l, #
- »
1. - Pr(X < (1 -8)p) < (m) ; (4.4)
2. Pr(X < (1 -8)u) < e (4.5)
R4 ) PHRIRL(4.5)8, BEE—BRETUEN, BEUELKSHNA.
WM DRATRAFL, MEE <0, RATH
Pr(X < (1 -8)p) = Pr(e’ = ')
E[e"]
< e
#WHO<s5<l, At=In(1-8) <0 BIH(4.4):
Pr(X < (1 -8)p) < ((TTF) .
HIEM(4.5), HATLAUEH, ¥0o<s<1, #
- 22
0 <o <1, WU ETT B % 0 R
£(8) =-8~- (1 -8)In(1 -8) +‘52;<0,
Xt f(8) RG14
£(8) = In(1 -8) +85,
£1(8) :'TI-’S ‘L
BHLEO, 1A, f1(8) <0, HENf(8) =0, B0, 1)K, RATH f'(8) <0. FFLL,
UK P ()R8, FHf(0) =0, H0<s<1 B, f(8) <0, MREIFTIE. [ ]
[66] B (4.2) RA (4. 4) HEFH T RILRBPIRE R RRLH K.
#id6 R X, -, X ABIGARRE, BLP(X)=p. K X= 2 X, =
=

E[X], st0<8<1,
Pr( | X —p| =6p) <26, (4.6)
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bR b, BRATEHBA E[XIMMBE OROTUESHE LS BHu=ElX], G
A5 HHu<ELX]RRB(SELT4.7).
4.2.2 @): |BEH

BX R on R B — MO S BT R F S B AR R (4.6) PIRIE R
R, RATH

= /6n mn) < zexp{ :

Pr( (X _ ﬁlnn}

La
32 n

nly L
2172
2

n

31588 Y B E T A0 O T P A 0 2 T, TER BB, 5 0 00 8
O(/nlnn) By,

ATHREDRGYINTRROET . B EAE 0 WM B — B S B T R 50,
HARET n/4 WEBMBALT 3n/4 WILET R, RATE L —SHA TR RSERIESN 1
Pr( % ;{‘E)s%

ATHA - BEXFHOER, RTHHIARAWYRERR. EXRERLT, hRiE
RE, RiEH

X -

EDUVIR B K 7 i 4 R o ) B SR % 514 B S e s
4.2.3 EA: thitsY

TBSE TR AT S T 50 AME b th BUSERRAS SO N MOBE. A5 /> DNA BEA, 4
RERWIOT AR A R T R (L, R B9, AU A BOULA BE S S S
X4 4 1 44 3

B p RIAVREME 09 R, BUEA 0 DREE, JOII X = n M HRE. HBERBE
BORESR A p (U T REAC 5, AV P DX 1) 0 B o i S AL

EX 42 Apel -y LR LM

Pr(pe[p -8,p +8)) =1 -y
ALGR@A]p -8, p+5].

AL, RATAR B SR HEAC, TR A TS S BRI % p ] BUE
S, WO RPE e — A BB A 2 P R R T R A R LK L R R T — A e
BN A 8 .

ARBBKEIKAN 25 RERBEE y #5207 B0/ A1 X P 5 805 A B 0 2 ]
BZe s RERIG, CRIAE n AR OB ARE D SIBLE I ) % A 7E X = jn 1B Ah
WA, WERS Ky 0, 414
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Pr(pe [p-8.p+8]) =Pr(npe[n(p-8,n(p+8])=1-y
BIEX=n pIRSY A0 Kp W IM, WNWELX] =np. WHpelp -6, p+8], B4
EOAFIIHAREEZ
LW p<p -6, MaX=np>n(p+8) =E[X|(1+8/p);
2.t p>p+8, Manp<nlp-8) =ELX](1 -5/p).
ATLAFIR IR (4. 2) B (4.5)3H5%

Pr(p e [5 -85 +8)) = Pr(X < mp(1 - i))w.(x > np(1 +;i,)) (4.7)
o, e (4.8)
Ee——— (4.9)

A (49) i FRAIAERY KDY p (R i p< L AT AT A A
Pr(p e [ -8, +8]) < e ™ 4 e,

Gy=e M we T AR TS, n L IREER y ZHHY Lk

ST LA DI AR R R (02620 4. 13 J& 4. 16 IRHE) 18 BT AFBG . 7648 10 2030 5045 K
L AP SOl
4.3 FEBRKBEATEFNR
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F(x) = Pr(X < x).

© ATHEIT WA [ 0K BT MG, BERMABEE XF, RIOAREEMEAUTENHEA N
MY — RN, R o BT RORR AT, (X 4 AR A AR T 0.
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RATGRHUER X Rit o, WREHAAHRY F(0 R« WERRH RIEBEAT
OBV R 0. OO I E RN £ B, B Pr(X=x) =0, MR — % B
Pr(X<x) = Pr(X <), iEA— Ko BRI 955,

MBGERIS), WX = <a<m, Bh

Fla) = [ foa,

WFRf(x) R F(x) W E R RS, B
f(x) = F'(x),
189] Lo R MOR & HE M.
5]
Pr(x < X <x+dx) = F(x +dx) - F(x) ~ f(2)dx,

B EAAT AR P4 04 () de #E R TS5 /NI (2, 2+ de) O HER”. UG 5 HEMBE R, 7
HRCERE, BEOMERQEEE PHAT ORI MR PO, FTRES R
FREERMATE E P EATM LRSS,

BlanXE [a, b)BYBESRE hBLL

Pra<X <b) = L‘f(x)dz
S, WHERBON () WBEHLAS R X A0 30 2 % 8 Y 46 o B4
E[X'] = J:z‘/(x)dx
X, H—fhh, MMEENEK g, WMBTEORSEE, W
Elg()] = [ g(0)ftx)d.
Xty En
VarlX] = EL(X - BLXD)*] = [ (x - BIXD)'A(x)ds = EX] - (B[XD).

NI T 515 2. 9 78 SEBE AL B A A 24 {055 R
SIE8.1 RXARAREAMGEEMMEE, FL

E[X] = L-Pr(/\’ > %) ds
i RS R XMEERK, B2
[Lprx = yde= l:qj:‘f(y)dydx

[l s

= [ gtray
- E[x).
B BB AR SO, BT AT LU BB 6 . ]
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8.1.2 BASHSRMME
— A SEAL B LA B 043 T oA 5 T ) A AL R A L.
EX8.1 XAV 8 Bo A EHE
F(x,y) = Pr(X <x,Y<y).
EEXAYARSBAEKS, W RAHA 2, v,

F(x,y) = J’iJ’j_f(uJ:)dudv.
HGEBAFER, RIVIRA
Sxy) = ajTy””)'

B R ARET LAHE) B S T A B KA 5 R
TR XY @BRA 5 R, P LA 1R S o
Fy(x) =Pr(X<x), F(y) =Pr(Y<y),
B AR 60341 5 B FE 6B S () RS ().
EXS82 MNMEFTXAYAMELE, WwhRAHAx, v,
Pr((Xsx) N(Y<y)) =Pr(X <x)Pr(¥Y <y).
BANE X, WABIIVE R0, 5B ACKE R A ST RO ST %4 R
BT
F(x,y) = Fy(2)Fy(y).
KT« My REBETA, WR XA Y g, Ha
fx,y) = fi(0)f,(9),
A A R FE S 1.
HERBIT, Ba, bRIEMEH, BRI, y=0 L, &
F(xyy) =1 -6 — e 4 g-taotn
A BB R X A Y (BA SR FTRUR
Fi(x) = F(zx,) =1 -¢™,
KU, F(y) =1-e B4, ALIHE [191)
flx,y) = abet
Hi AT A

F(z) = L':nﬁ:“abe"“”"‘dydz j" —ae™ =1 e

#1448
Flay) =T-e™ —e™4e™™™ = (1-e™)(1-e™) = F(2)Fy(y),
BREAX, Y2, 00T LA 9 o O O A A0 27
Silx) =ae™, fi(y) =be, flx,3) = fi(2)fy(y).
B R R AR T — AN EE T RURMEE. X Pr(F) %0 I, [R5 X
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Pr(E|F) = %F—)
RAER. BN, Y Pr(Y<6) R HTHf,
mx<3iy<e) - UESH A TS60)

RS, MR Pr(F) =0, REH, Pr(E|F) =0 BRAE XN BEEEWER, &
LR O ZAEMPHHANT, REERAVROIRR. W, AE TS KA 54 6
BF(n, 3) =1 —e " —e ¥ e ) g

Pr(X <3|Y =4)
PP RAFRE, HhF Pr(Y=4) 28N 0 MM, & UREA.
WRRB AL, A
- Pr((X<3) n (Y =4))
Pr(X<3|Y=4)= B T e
ST EEAE, MERMNZEBENBETERABRR. ARQEHER
Pr(X<3|Y=4) :}ifl;Pr(XS}\As Y<4+8).
XA EFR R A X
- [ fluy)
Pr(X <zl Y=y -J e
HEERERBEBITAXRE - EBNER, 8
}in_r;Pr(XSzl ysSY=<y+8)
Cim XS0 N (ys¥Vsy+d))
5o Pr(y<Y=<y+5)
F(z,y +8) - F(x,7)
-0 Fy(y +8) - Fy(y)
—lim s AF(u,y +8)/dx — BF(u,y)/Bz
so0)us-w Fy(y +8) - F,(y)
=J" lim (OF(u,y +8)/0x - aF(u,y)/dx)/8
) (F,(y +8) - F,(»))/8 e
:I‘ Su,y)
s e fv(y)
X, RIMEE T T UZBBS SRBEWF, B (r) =0,
L4

=lim
3-

_flxy)
Foren) =505

WEREREASK KB, A
Fate) = Hxa),
RO LA~ ERERE, B THE Pe(X<x | ¥ =y), 7638 % 078 M3 AR5
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FUEWERECRIS. WLURE, EAE MM, XNELAMT Pr(X<x|Y<y) W9k %E
SEX. A, ATLUR R A E RSO R R G ME
EUXUY = 5] = [ oy, G,
i, % F(x, y) =1-e " -e +e "0,
Pr(X <3|V =4) = f abe™ ™

o be

AT LA B PR BI04 R
8.2 HMHLH

YRR X BEAXE (o, b] LI, SERASKMNREAMENEE, R
f1#R X REXE (o, bl LEH A HHF, BHREEXE o, 6] LRI, M Ule, bIkER
XAERBEALE R RAGATLTHEEXF (a, b), (o, b (e, b) LHRHISMH. B3 E,
BXY b >a BBAE— R BIR N 0, X250 A R b RAT 9.

KB X AL S R B

e
u=1-e™,

0 MEx <a,
F(x) = """ Wiae<zsbh,
b-a
1 MmEx=b,
BB B o MR
0 MEx < a,
e [h—‘ Mia<x<b,
~a
0 WmEx > b
TN 8. 2 B,
f 1
ba| T T
a b T a b
o) S =l a<x<b b) F) = %% a<x<b.
B 8.2 B84 4
X g

: ¥ -d  bua
E(X] = [ % dx=_2—-0¢ _bta
(0 = [ it = sty = 5
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ZHEEN

b -a’ _ b +ab+a

. )
EX) = [P =gy =

FEMTIE:
Var[X] = E[X*] - (E[X])" =

B +abt+a’ _(b+a) _ (b-a)
3 1 [P

EEEHR ARG T, KROLER X K0, 1) LHHSNE, FUXHHER 12, I
EH1/12.
8.2.1 HHSHMAMER

A —TRBEW0, 1] B850 FRREBEHLER X, Tl BLERE X /D TFHF1/2.
WEXMER, X MRS HE—DBAKE0, 1/2] LRSS,

SIE8.2 HXAla, LB HMNEF, AL, #He<d,

Pr(X<c|X<d) =2;_:.
AN, £ X<dOFEHT, Xfla, d] EABHHH.
fnd:]
_P((X<so)n(X=<d))
Pr(X < d)
_ Pr(X=c¢)
Pr(X < d)
-c-a
d-a
BT, FE X DNTHT dORMT, XHRBAE e, d EHOMNEROHER. @
YR, MRHE Pr(Xsc|X=d), SARBOEERT: £X>d AT, FEOH
R(d, b] LML A,
BRGNS N FLRAXHOERE: WR 2 AEYWAHE-DKE L, RIS
ENAKRBHESEMERE. X — BRI T 38

Pr(X<c|X<d)

31E8.3 X, X, -, X, R[0, 1] LRIy O9MMNEE, V,, Y, -, ¥, 5X,
X, o, X, AR, BOEAMS, ML E(Y,]=k/(n+1).

WM RMNEEMBRTHIEHXT Y, R BEX, ¥, =min(X,, X,, -, X,),
B

Pr(Y, = y) = Pr(min(X, ,X,,,X,) = y)
=Pr((X, =2y) N (X, 29) NN (X, 2y)

= l:[Pr(X‘ =y)

= (1 -pn
HEIH8.1 AT
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BT = [ty =
Bk, WAHM F() =1-(1-9)", B8 Y, WHEREH () =n(1 -3, Hil 58
re
BN = [ =y == | [ ey s
GRMI, AT ER E(Y,], RIOBAST 8.5 L, 0B
AR, B 0B, 3 H B S AL R 41 AP, Py, e,
P RBHT L HRESR AN KRR E R A P, SR O, & X M P,
B P, ORI 677 060 2 IR, TBA X, RK A0, 11MMT. MM 0RIER, (Y,
AFRRI P, TEG IO £ B3 k 540 9B ZEA IR, L 8.3,

—t — L P
t +—+ + +—
Pﬂ Py Pz ,‘r P-0 PxPﬂ

8.3 [ ABEHLE 5 PR b R YL 2 (8 69 X4 L

Yo 5 Y, 2 (80 6 E A 2 B A S 40 A 2 ) . B X AR b, T A AT 40 2 1] 9 9K
BHHERGBMERKE. Bl AEFEET n+ L £, THEIRSKER L, SR
BREN1/(n+l). BMBEREE, E(Y, )Rk BRMPBREZN, HKE(Y,) =
k/(n+1). ]

BAESRAAT A0, 1] hsy B35 RPLIIE IR » A A5 EAK N 1 090y H15%)
BAYLAIEI n o+ L AR 2 A~ —XERL 255 3 5% AT LA AL 4 B 45 A He 167 44 7T 1€ (0 3iE 9.
AR RRAER 4 HE L LUK R,

8.3 EHMSH

AN EEWERN R RS H.
EN8.3 —ARBAOMBBIF BT @OBRESF RS,
Flx) = {l —e™ wRx=0,
0 Fte.
S A O I R R
f(x) = 6™, x=0.
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A 8.4,
A ,r. ,,,,,,,,,,,,,,,,,,,,,,
‘ //
N /
\\‘
a) f(x)=6e" 120 b) Flx)=1-e®,120
8.4 HESH
EH—. ZHER
ELX] = [ e di - ‘?
E[X*] = L £8e "dt = %
;14

VarlX] = ELX] - (E[X])" = L.

&
8.3.1 HEMHHMEMER
ESCS R Y COMIRCEIE N L CapiT ol € 330 RUNES A=A P AGAA S
SIE8.4 HAMKHOHMEMNEE,
Pr(X >s+t|X >t) = Pr(X >5).
iR
Pr(X > 5 +0)
Pr(X > 1)
1-Pr(X<s+1)
1-Pr(X<1)

Pr(X >s+t]|X >0)=

e
Pr(X > s). | |

B R — T ICAZ Y S S . LTS A R — B BACAZ Y B A, BT
LU IR B F B BULA S A EEER. JLASHRE— RIS MR AS AR P E
B YOI B, T4 B0 A R A — A AT A2 60 3 S e (A B AL AR B A I
i [ A .

JUA 5 30 HLE B SR R S A T LR R

51385 WR X, X, -, X, RRIMGKESFMNEE, £EH A6, 6, —,

=
N
won
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6, ML min(X,, X,, =, X,)2EHH Y 0, 095 foH, A
i s
e
R STHE I R L B L BR AT, ﬁ!Uﬂ%gﬂI@—&ﬁR- WX, xEs
BH o, 6, ML IEMBNAER, A
Pr(min(X,,X,) > %) = Pr((X, > 2) N (X, > z))
= Pr(X, > x)Pr(X, > x)

Pr(min(X,,X,,"

=e e

pERa
Bk, BAMEIRSE 0, +0, OIEWI .
#H—F, Wz, n) R, L)MKEAHEERK. HHEREMIE, RIAH
f(xy, %) =0, e7"0, e Bl
Pk, <X = [ 7 e ) degds,
=4[:_nsze"'”(f’ 6,07 ds, ) dx,

= L:noze""’(l - e d,

= [ gy g,
0,
6, +6,
6

0 +0,

B, BE—AMENETESE o MRFRBA, HPE i MEA DB BE W5 5
W RSB 0, AR, RIS 2 T, SKFERE RO BT, BT A n MRUBABT %,
P % B — MU ARV R R £ 47

B R 55 TR AR MM 0, FERS 20 T, BT, BAREACEHEY S —BEL K EHERE
B, MEOEEOFACERBRMA B, XSRS RIS, 3 eSs, B

HUAMRBAZROMFEREHES 3 0, OHBAH, FUBBSHEHEAR 1Y o, % £,

BRI LA b MBA Y B S NIORCE, 3 B R SRS R 03 6,

'8.3.2 #f: ARMHIKHBETF
YERRBOM A — AR, RA15 RERAE BRI TR 0 — A B LM TB. 76X )
g, RARMET, R— MR- HXE. BY, AMETESELHA % BEYHT

[198]



164 FEE 3

VH AR, BF2H y MR, BF1EBHAT-AROEER «/(x+y), MHF2HAT—
PNEREBER y/(x+y). BMRERFRM: —MFENRRE, UERATHEIEL
BEk. —EMMIRBRET 1.6 LHK. IR REABRE RIS IR AR F I 1455
PAH—AREBIA n A2k, IBAMT | RO NERL, n-1] EHYS4 4.

BUE LA FSIF MR WRAT 1 A« MR, WF2H y Bk, BAHBT1BET
DEROBEEND /(2 +y), MF2BHT—ARGEERNY y/( +y), p>1 flm, %
2B, MRMT 1A=, MF2ANAIR, MAF - PREAMT | WERIH
9725 <3/7. EE p>1 R T HEBERGIANFE F K.

BB RVUR T A R E RO SHHL. i, BEAHARERL: Lindows f
Winux. N THRIFHAYE, FP G0 TR0 5 50898 7 A B A RYCAUPLEE. SRR 6 T 5
AR RGP BORTT AR RN, B p 3 IR

BAERM—MEABEENER: REp>1, LEEEAE, ot — A8 TRE 8 H 057
HRTFHR ELFED, KR TERBOZNEA, HIEESE TR LG H
%

EEB6 EHEEMBAMT, wRp>1, M2AmE | AE M c, RABHANHRTF P
H—AFRLFH ST c sk

HRERAME. RODEEA RAFER N EEN cCLVFRB TG RN, 58— 8T
REAET MR (MBAXNER, ROBREE e, EH—ETFUBER EX3:EZ
Foo BRI R B LABERE | 73 4 CRRATIHE R S0 5 1 0 B 1) ) — 28 422 148 FUBR.

W H RN, BRI A AR, ROFREMS R

FHE AT LR QBT T IR ER 2 0 #54 — R REK BT,
WRAF VWA BB TH AR, AEEMT T, B8 T -4, B T RE¥NK 7
BUIRMOA ROV . K, MR T2 it %« BB T - 3k, WA EFER % ¢+ U,
BET AR, Hh U, WRBYH 7 WK B R, FiA T, MU, EHRS W,
FERXADTRE, BMEFTMLIBEE, TR QT RERE— T

BRXANABEMT SHREERA KR, ERATA N R L. % 8 — A BR B3k A
ABEE], AT LA MR, BT 2y DR SO B RAZAZ b, B Bk 09 BR A TR
BTHREE, F—IBREAMT | 0B IR E N « " WK, T—AREAMT 28
I IRy y 94 A, TR EISI30 8.5, T~ BREAME | RBERN /(2 +7),
HEAMT 2 MBEN /(& +y). B, AT RGBT T I BT R A A, W
[ 8.5.

RAVAIF, = 5 TEXMF | threfont i, X, F, = S U REF 2 e .

LRI 8] e 7 — A ) BR B 85 380K T B 55 — e ). mﬁﬁ;ﬂ#*im&ﬁ%milfﬁ
PR : M RACRMC, BTS00 TR, 45 & /8 EEAMAp>1 WFL, R
%
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XEFHT RIS AL R HEO L, WR Y E[|T | s, MEOREER
bl

BSLHY. (52 BT T ATEOE ST MBI, SRS 2.29.) ABIEH Y p > 1

I} i VP F A HREE AT, 238 SRR, MEHE Rk

Q:I‘%J:F)?ﬁﬁﬁkm%?ﬁ&l&ﬁﬁ? ANHRE. die, F,ROF, MR AR, BAEL
e ] | LIl

#f2 i I

WTRET2 | [
r T -

B85 fEXADIIRA, Bk 9 6 E R R, SOEFTUSNE
B, RER SRR T R A 4R, BT8P R A R

=2, FoHF, DUBEE | 2R, RIEBR &, BERT T, BILEE T, f1 U, 8
FAEMER, MAXtF, §F F, %, LRE

= iuj - i T,
87, BUE—FFE AR N 0, BIRR BN MH IO EE (M BR N 0 —F. FILLUR
1, F #F,.
B F, <F,, BAKKEA n, BH
i U <F, < nil/]‘
XA AE TS KB m,
ZU < ZT < ZU,,

Eﬂ##ﬁ?zféﬁlLéﬁ(nH)/‘bﬁZnu, ﬁ?l Eﬁi‘l f m AER. B BT BT o R e X
LT ER S TR, A BN 60 RS R F B R R A 00— ). (KR E BT 2 A A
HERARABIEMAGRT, ENLEMFINET. MBF, <F,, ERRLEMG. K
BEARER | FAERA 0, E8 - MEFREAST 0 P8R [ |

M p BET | ST EIF M0 KR H LTS BB, TR LS
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EH-AZEHRHZA, TEFE-ERKOBE. B—-HE, Yp ] KEZ(RMp=2)
BERTIFGIE A — R, R (£ 820 2 ER IR TR
8.4 AMIRE

WL BE-TSHS4HMERSHHAXNEZGITRIR. R - PBHAEEF
B, — I R E B GE A Y R o BT RR S BN (o) R 7E R E A R
[0, JHMHEMHEE, SBING), =0 Bt stz

EX 8.4 RB(KAA)AH A eiamit 4242 A T B L R T 69 RALH BT A2 {N(2), 1=0]

1. N(0) =0.

2. AREAREFREE, CHAEEN L, >0, N(t+s) -N()#aH L N s 5 A48
B, BXEEBIRAZGRERA [, t,]F (e, t,], N(&,) -N(e,) 855 % 5 N(t,) -N(t,) &
EXT 5N

3. }i:gPr(N(t) =1)/t=A, BPAEARE NN M) A F A AEST AL

4. limPr(N(e) 22)/t=0, BpfsmegatMiafhe m, $F—AFhampesTo

A AR R AT WA AR 0 SR 52 T e i R A SR A — AN e ] ]
WA A B 5. 3 99 5 LRI A S 5.

EEST HING) 20| RRHA A WAREAE, HERNH L, 20 RAEEH R Hn>0,

P(¢) = Pr(N(t+5) - N(s) = n) = e“‘%.
W RIOEEFIMES 4 WHE2 DMFE, P (ORAEEXE, N(t+s) -N(s)HI5
i FARBCF e il 5 s B %
HHE Po(e), RAVEEBIKEL0, JRLe, t+h] PRAEABORIST WBEILER, FFEL
Pyt +h) = P (e)Py(h).
el

P.,(t-+h;l =Py (1) =Py

P,(h) -1
h

< py(ry Lo PN(R) = 1) - Pr(N(h) 22) 1

= py(1y S PrNCR) = z)h_"gr'(mh) =2)
B h—0 B AARBR , HE X 8.4 TR 2 ~4, HRA1EF

Py(1) = }iﬂPﬂ(l + h;l - Py(t)

_ }‘:';Pu‘” - Pr(N(h) = ])h» Pr(N(h) =2)

= - APy (1).
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W
Pi(t) =-aP,(1),
A EAT N
Pi(t)
P -
XF BN
InPy(1) =-At+C,
®
Py(t) = e
Wk P (0) =1, RATHE
Py(t) = e (8.1)

ezl 0

P k) = Y PL(DP(R)

= P()P,(k) + P, ()P, (h) + if’" JOPH(N(h) = k).
HIEP,(0) 1B S5 ‘

Pt = lim el R) = P8
) i

= tim o (PO PO = 1) 4 PP, () + ;; (OPHN) = B )

=-AP(6) + AP, (1),
HPme T

(PR 2 B 3) R
0< lim%ZPn,m)Pr(N(h) = k) < lim

Pr(N(h) 22) _
8 A =
CHItEf4), Frid

L1
{.?:I;P,,.(:)Pr(lv(l.) =k) =0.

P,(1) == AP, (1) +AP, (1),

eM(PL(1) + AP (1)) = eMAP, (1),



168 F8 ¥

e () = AP (0. (8.2)

A8 1) 785
%(c"}"(t)) S AP0 = A,
Pt
P (t) = (At +c)e ™.
B P,(0) =0, i1
P (1) = Ate™. (8.3)
SR n FI A AT 00,

P(1) = o A1)

nl

R (8.2) RIAMIEIE, RATH
L) = ae"PLL () =

t
(n=-Dr
BUNIEH P,(0) =0 B SFEL T 455, ]
BYA WHRO IR R0, B (R AT E R E B ) E AT — K BE ¢ h i 6] B vy g 97
PEASBOR —AIHH Ae 193 B B LA Gt
B AT, BT A A SO R AR AT B, 0T i
BT
ERS.8 H{N() [1=0] R —BiAuitAr, R
1. N(t) =0;
PR R TR IC T RS EL O] T VNS SRR
3 EE—KEA KRR A, FHASMBMKALS At 6005
M4 N | (=01 ik H A thia LA
WM AR B EE L84 MR L2 AERI &M 3, RINA
Pr(N(1) = 1) _pe™Ae
t 12

=0

lim
=0

=

FA 4 TR HAMAL

Pr(N(1) =2) _e™(a0)’ _
t B 2t -

lim —

0. ]
8.4.1 FLXEMWS

X, AR AR, X, RS (- 1) ARS8 0 AT 2 18] 6 0 (] (6] .
—RUFR X, A BN A W R, YRR SRS Z M. KR, RATESRFTA X, A4
B, B A5 A AR B

RATIG X, 89515 FF 4.

EEB9 X, RAKH A KT H.
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iER
Pr(X, > 1) = Pr(N(t) = 0) = e ™™
s
F(X,) =1-Pr(X, >0) =1 -e™. ]
FFA A A S PR B AT SS, TRV AT LAUERA T O SR A 45 2R
EES10 MMEF X (i=1,2, - )RBRIASFHAKA A HIHMNEE.
iERR X, (M504
Pr(X.>l|(X =) N (X, =) NN (X =6.,))

n(8(Ee) M50 <o)

-
=e

S, BTEA X, AR SECN A BB, TS M Bk R R K . -

SETE 8. 10 U, QIHUA — TR Bk A R, 5 Bk ) B B (B R [ 43 A B4 200 L
BEL, RERERZFILOGXEAHLT 8.17).

EEB AL KN [1=20] R —Miit, #4:

1. N(t) =0; B

2. BlA BN AL RIF S G AKA A HIKENEE.

LN 1201 Rk A A #hiadrid 2.
8.4.2 AEGEHMAKTE
S 3 R 54 S5 A 0 5 i ) R 6 2 ) 57 E B 901 3t 88 I O AR 25 47 D ).
A BRI IRMM R R AR IIES A RAOTEBANWEHREE N, (DR N, (1) B
@, Y EATYAMERI A u, N (DR N, () RISIH. B N, () + N, (¢) R 55 F 54
GREN (O N, ) TS RGE R, ROTEY, MB N, () N, (0) R0 038 K it
B A BN ET R — LR N, (1) + N, (0).

EEE12 N, () A N, () S FREHA A, o A, 69 LAREA, AL N, (0) +N,(1)
AEHA N, A, Wi, BEH N, (1) + N, () @ BAFAUE A /(A +4,) R Hits
N, ().

AR RN (0) +N,(0) =0, HEAFANIREMIH, SIBA MY ME, UM
NEREFGABIER. FIEBN, () + N, () REA R EIMBESLE R Z A, T (ki
FESIES. 2 BTLBIM) A SEN A, + A, BRI, BTLL T 8.8, N, (1) + N, (1) Rk fE
HA A, BRI R

TS0, N (1) + N, () MBEIERIREIS RS E N A, + A, M A, h5EE. 5,
N () + N (o) PSR QR N, (O BB R A,/ (A, +2,). u

PRV, BT E TR A R R

HRRLEE R, BRI — AN EE A A R F S, B
MR R p FEN KA |, R | - p 5 AR 2, IR RS BB N
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Ap FUACL-p) BAGE AR, P b, ARHERATATLIA - N EBROLR: A GBRRMLN.
EEB 13 MAA—ANREAAGAREENG), FAFHRIBAREpFHER]
HAAME L -p iR, M2XE I FHHA—NRAA Ap HAMEEN (1), £H2F
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AR HAEIEMIKR  EAKER RN RN (1) =0, MHENLR
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BEERMMEIT NGB N - N(s) B0t

Kt i) 2 N(t) =n WNBL, RAOTFFDOFSEitROES. & X, -, X, B— P HELE
Bt n YRS, sy X, BORA gt B OR) FEHESI 0 A RBALR. i, s
X, X, X,, X, Elh’(t[ 1 ke %50 3t B B — A HT P A 9 B ST DL B, BOR B /NG [207)
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BAIABH - XT
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ESLE:
WERRF
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AT E n AL EHD] is, 6y, L 0, EE,, L R
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AR AR S BRI O, WLLZRE. MIXEEREE, BIAREE, AMRREE
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BAERMNFBIERM N =n FRREBIOBAMBES A &S, -, S, B#n+1 4
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= o

:J’”, I‘ T
*kF 1, BT
J:":F)E'A”“e"( ) ey, =- A" [e‘z]'z
=A%
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BT AR EE R XS BGE R ESE R, YAEEERER, RS
KT R,

EXN85 —A&SHEMIEREY [0l RERTRG(IHAZRTRER), R
A s, 120,

Pr(X(s+1t) =x|X(u),0<u<t) = Pr(X(s+1¢) =x|X(2)),
XA RS R £,

SXAVE SR, FEEBIN L MR R T, RETEM A s + 0 BORE X (s +0) 9500 RAR
BTFREX(), WHELRLTFTRE X (o) T TR EX.

HRNSIHERBERBEE, LN ARDRT LR, FES - PRRIHIBROS
Wk, EEMTHN. BMZES A E) SR T Kk B R AERE P = (P ) TR, M PR
I LHBIRE BRG] DR AT S AR T R AR O ik %R 0 P A B Bl ik
BINAE.

L —ARBEREP=(p,), Hrhp REMYFRER b, F—MRENj MBEE (X
BRIVANGFRRAEBEIRE, b T KT 01500 08 0 ] 8 0 B LMK 9. ) B0
PRFRZ K ARRE B T /R ALK o R N A R T ARV S

2. —ABRERC,, 6,, ), MEBHB T -H20, SBARE | 6965 & 689 51
REM N 6, MR AL o T WL B IR AT 5% AR BT B R Y Az ERDBEREH
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MG F DR T R B IEROER B R B A W R ELRE, HELitiet
AT, RATHT I RGeS (o] | S ) R P RS A AR 0 P 2 A
CHLFR ) #5907 ) (R, A B I B — BE, SRR S5 7 P O o, 563t 1 .55 I 1) 5K 3k T3 /R
RABAETRE WX, RN ERE M. BRI P, (1) FRER %0 WRE
TR %) ¢ A FARE | 9BER, R4

lim P, (1) = @,
AU, 7 HHABRLTRE R ERREN G, TH, WRMBRE R ERS G p
WA, ARATERSZ) ¢ A TR | BOBERSFTA ¢ #R .
HTHEFRS, HEIRP (1)
Pt +h) =P (1)
h

Py(1) = lim
z ]

3 PP (R) - P ()
= lim : R T

) Pu(h) 1= P (k)
= Jim ; (0 - e ().

VR P BAE RS ke 1B I8 43 A6 SR 2 000 0, SROHBOSM A, T LAl L) 900 3 R 9 I

S SALAM N F) AR R — B, R — DA KR, AT ok BT M.
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AT, KA A ORKIAAIPRE kBRI ho,, 55T R0 b LB
AR 0. BT
i Pt g
Fefldly, 1P (k) RAERSEIXE] b PSR B H B R RARE (BB E S8R, BT
Jim L= Pu(B)
A0 h
B TS BB S RISt TR BA) TRy SR 0. 73t
TR,

=6,(1 -p,,).

. P, (k) 1 -P(h)
L T

=3 0P (0) = P(1) (6, - 6p,)

Pu0))
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0
Bl MM, A
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= Rty O
WOR B TR, LHE
lim P} (¢) = 0.
B, PLORKRT PR FIEFRS 70, AT T ok o 42,
70, = Y mOp. (8.4)
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EATRMA DRI FE. 2D MEER 70, REHHBAMIPRE | (0BRE. £ R0 EK
R Y 70 p REBHBMARE i OEE. (— MRS G BERE | WHBEER 5
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TERE | MR —EARS § W) PR, X BFNS, FFEFRE
M ARE W KT RS, XHEANEFSOREOEEOHSHERET 4
SRS T RIS BOF RS A T P B Ty o X RS AT UM BRA S, IR T
7.9 0T B MM 18] 5B IR T S ) 4 0 R 4 45 5% 3 ) A T e R e
w%ﬁﬁﬂﬁ@ﬂﬁw%%ﬁﬁﬁﬁﬁﬂﬁéﬁ,wﬁ%%aﬂﬁ%,ﬂﬁﬁﬁ@i)
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7= Y me
X
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E*PE&AEKHX&W%&%W»%ﬁﬂuﬁw?%%%:@ﬁﬁﬁ&?.ﬁﬁw@ﬂﬂ
B YR8 3 11 5 40 A T IR AT oK % A S B 4 A R A R .
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8.6 fil: S/RATKHBAIL

FETHFEHURL S (0 VF 2 46 A b B 22 th BUHEBA. B4 R o 10 VAL AR P T LA 52 6 BA 31 o 19
£, HEALERRIOHTEEOFRA UMM EF TR AR F e, KRTU
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H B Bk — A BAFI (L BRI F4E 05 A 0 B LS B O SR IR 95 e 1) A B A
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S, n RRIRE RAR. BRAIRE LA RBRAEIL SR M, BTEL M/M/n R — A
BABERS, FLop UK Bk R WA A, A DRSS B, AT AR 25 B ]2 S 6 AR IR A )
fi. FALHEAROEA LT LA MH AL M/M/ o R K M/G/1 R, Hth 6 BRI %
] BT LA AE R A — RS A

— NI A — B BRE R S5 YO L. B AR AR AR R B, RATBE R
2 5 i (First In First Out, FIFO) B0, BP0 % 30 3 06 U0 FF Al A1 AR 55
8.6.1 MK M/ M/1 HEBA

fBiSE R Bk RAL S HO A MR, BBOEH— RS ROV BIRS. HBE R %5
H I 1] R 3 37 69 LB 80k e B4R O

B M (o) 2 o i I BA B b i A A DR O Bk of B AR 95 I [B) R R R A2 A A, 1R
IM(0) |10} 5 ST -~ SR ] 00 T 2R o] Kot A, FRAT % Hx A 1R A F gy 1

%

P.(t) = Pr(M(t) = k)
R I ZIEBME AT kAU R, FROTRIT Y A R T O B i ] X 6] P9 Bk (SRS IF ) B9
BEARE AR (B ph) FSL, FTLL
APy (1) . Po(t+h) - Py(1)
dt

fim k

= lim

Po(t) (1 = Ah) + P, (1)ph - Py(1)
e
== AP (1) +pP (1), (8.5)
B3t k=1,
dP,(t) P (t+h) -P(1)
—_—= lim ————~
dt heo h
= lim PO (= Ak —ph) + Py (Ah + Py, (Dph - Pu(1)
] h
== (A +p)P(1) + AP, (1) + Py, (1), (8.6)

e,
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dP, (1)
dt
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.
e (- )R

MR A >p, ARG T BOARR S, LWL, REEHAEIFRMEG. 0L, &
SRR ISR BE B3k 0 K TR 55 SN , B A RAR T HEA B P R4 .
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W= iE[WlL(k);Pr(L(k)).
&
B 4 AR 95 e 18 2 3 S A DR GEAZ G, SR 1/, U
E(W[L(K)] = (k+1) -
m

HHHE Pr(L(k)), RATEWBMRRGL FH® S, WARFRE k WEBEER 7.0,
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X
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Pr(L(k)) = "AJ =7
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0
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—A M/M/V/K HEBA R — A BT RS ER M/M/1 HEBR. SR — A L% 535 0 BA 51
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0, k> K,

1
3 (amt
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TR &+ 1 AT SR BOME B R BOME, XS T RPA F SRR, — KR A
SIS S, HREPH k QBRER, §AWANEBRASEN 0, =ku + A WA, T
HIIBRY, SRR, IR G5 E Bl ER R

o

Piia =
k=1, HORR - (EE BRI

A
A +kn

k,

Pra- Ty +ha

HXLMRA(8.4), HETHE

A = mp



£ PR ERE L 179

Wrsa AT, B k1,
7 (A +kp) = m A+, (k+ Dy (8.8)
A (8. 8) BT H
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o1 79 8. A 4 7
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L
A
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S Y e 67 460 )T 7
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L
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1= .21,""“) Ir = et
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e, FTUMBREFFS X, X, Xy, - fER B A5 0] K56 F B 5M G ML T2 7 B RE A, SR
TEMBEREIT : (a) BT RIE—NE U HRA, r DAEALK; (b) D4R K B g —
SREZLHI. AN, ROFTIRAGEENVRAEOHBDRAKE, RS E -
FERERNOFE. 6o R —FoE r 05 0 A0 B2 0 35 Rk, $AE FEA .

ERFBWO, FIRRAE PR HRESE 0 EOHSSHHDIRT R 5
CEREH - ABHES, RUELNTDRTREFTORSSARRTHN. RIFARS
c(fEHBR ) Gt — B BA MR E R A D~ WA, 2/ N(x). RAMFHRE. mE
YeN(x), MAxeN(y). —fiHh, Nx)R—A/NIES, EEHTE— KB LR AT

RABRAE C=(V, E) MM RAERBIF, RESHE 6 WHAMTEL 2k
—F A RN SRS BN RRRE « My (ENBRIMTES) WHBH, MRENRE- AT
SRR, BTy S0 S A AR T 48 5 UBI o BT 7 09 00 7 4 A 5 5 o B —
APV (BT ) 5B (AT A ) 22 MM 4, B BB P 40 2 R (5 4R 25 2 [ 2
AT L.

—BRYTHEXER, RINEFERIHBEE —HERK T ERERBITRE S HE
LEIBERLIESY, (XA RER G — S . 7. 13 AT, TEBAALUF 3h 69 F K 53
A, — AT B A A YR . 12 LA BT R i8 o, BHERFARSH A4
ST, B O TR A5 5 6] PR o 0 BT IO A R .

TEBTIRAT, ARG~ i 2400 RS ERAL B, T 4 T L
/RS FRE.
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BII10.7 H—AHMRHRETE QFREELHING) [xe0], 4 N=rxn‘s; [N |,
M=NRAiEEe M FE-ADRTRE, LP
/M Fx#yHhye Nx),
P, ={0 Fx#AyHyeNx),
1-N(x)/M #x =y
WREMARTHOLREAME, HL2FRSF LY 5 A,

TR FRANEBX AR AR, RIGRHEE T 10, MEEM Ay, MPBa =7,

1P
@P, =aP
BREN P, =P, =1/M. FUBSME m. =1/ | 0] RERS. []

BEZIET mE P DRI KE, ORERE 6= (V, E) P Ea.

I X, & G MEE— s A,

2. HE X,

Ca) AV S S BAL M S IR — A TR v.

(bymHveX, B4 X, =X\ v} .

()R oeX, SHEHMEX, B o FORMIES, BAX,, =X,Ulo].

(d) Hfth, %X, =X,

EAERAXROER, BRE X WSHBRMIES, Bi5 X, AHE—-1TA W
Fg— REMATLUBIAZ AR, I EA TSR BL, LK R AR TAM. Bk £
A A, 0), ARSI H—AHB(P,, >0), HXAREREEWE. # 5, %yex
B, MBI P, =1/ VIR0, FiLAtsI 88 10.7, SRS 24950 53 7.

10.4.1 Metropolis %

RICLPRT ERHME T RAYSLRM G, BRELEHLT, RINTEA D
A=A A5 F RS A B AT IR, Metropolis JF sk 66 T — Rl R A 25 ] 2 | @R T2
b IR T K 2 Ay FLAT BT SR 1 7R 5 A 0 I ] BT 338 ) 1 AR TT B ) — AR Tk X
ATTIEHESTT LRI T A 19 50 TR A 6 0 SBAR . R A 1 R 4B LA B T R
o,

FRUMBUE XS IR AT R B 2 T — AR AT 4R A 25 6], B A B A AR AR 28 b s L
VR 7, =b(x)/B W DIRFIKEE, HAMPHE xc, 4 b(x) >0, EHB= 2 b(x) R
HBRE. ENRATEETESIRCEH T8 10.7) h R, ,‘ﬁﬂﬁﬂfﬁﬁﬁﬂZﬂﬂﬁtt
B A LR M.

SIE10.8 H—AMAMGRETH QARREH{N(x) x|, 4 N= max [ N(x) |,
M=NRAEEH. SHEEH e, S >0 RFR/YH PRA » 6957 & iR, g,t; A%
TR, L
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(I/MYmin(1,7,/7,) dfx#yHyeNx),
p =10 doRr#yHye Nx),
1 - ZP,_v o R x =y

do REAMARTH ARG, LTS F 7, bk

AERR WNGIFE 10.7 MEER], RATESX SR E TR, HMAEE T 10, HEEW
x#ky, M w,<m, WA P, , =1 BP  =n/7, HEBH aP =P . K, mE
moo>m, WAP, =m/m HP, =1, QB8 7P, =P . hEET.10, FRMIH
fH4 . [

A A BB 10. 8 A9 BT, AT G a5 i L 4R A B O RTIR 0 T AR AT R .
T B B A DRI R, AR ETF RN, RN EEERA >0, DI g
AIHE AR R, B, = A UB, SR LR SR X A
B= F AL MA=U, REHASA 6 A0, BORMM TR A A BN A
FEOREIREA A <10, BEAMM A A B/ A E R,

BAEZEXTFE G =(V, E) P 4 M0A DR K G F 51 .

LoX, 2 CHPEE— MBS,

2. HHEX,,

Ca) AV 3 ST BE AL B — A T o

(YR ve X, WEAE min(1, 1/A)4X,,, =X\ (o] ;

()R ve X, HMPH v A X, FOR— MU ES, WLBEE min(1, A)SX,,, =
X Ulvls

(), 4 X, =X,

BERNREF Lok, 0 RRIGES R MM X0 TS o KB, Hha
BURLL /M MBERBER], M= V], RIGUER min(1, 7 /7 ) XA, Hobx 2y
WPRA, y RIRTKEEH E RS0 RBCRAS. R EERE I — T, 0w /m, A
REERE I AT, W o7, /7, B I/A KPS 8k Metropolis 33k HI45 4. LR
VM BEFET— A, B min(1, 7 /7 ) EEEAN . FHRMBELEIE, RITARE
HEHBBEP, N

P, = %min(h:’ﬁ),
B EART LA R 5122 10. 8.
FEMR, ERIFXADD/RATREN, RITRLME B = Sl A AT

VA SRBR S A ML, BB I FO AR 2 PR SRS 40, 109 T AR T oK
7,/ ST EWA PR, RS S
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%3]
10.1
10.2

10.3

#10 ¥

ERMEER 10.1.
FIAREFFHAEM = 0958 - P EREFRAR. IO MEHER LR, o
2 T B T A B 6 A
EB T E AR E X S A A i FPRAS L% — RGN EL 3 AX MLl
47 % (FPRAS) R —FRAYLALI K, MAEH - IHA » NEESH (0<e<l), B
WUAKT 1/ MEBA x KN 04— (o, 1/4)EM. (37 B THMI
B34 BHRBE 1 -6, BIBALMILICR LBTH P K. AP T
BiF7)
B #A —2 DNF A1 BN S0, SRS ZTR o, BIH a(0) HEHBRE, T
BEFANRIRERE T %, FRECMNATHEAX. EW, 24 2 KHRESE,
X4 SE ) SR B — AR R A BER R X T n IS
(@)% S, S, =, S, RARBHUBTH, BAS |, Isism, ROFFHIEL
s=USs
b
RAN—A (e, 8)IEM. —FBEHET R, H—EAES S, h SRR 1
TR, MBEMTR xe U, ETLURZIA « FRRE S, 9%, FREABY o(x).

EX p K
I8

S5

RSN TR TP 3V iﬁm~’|‘ij‘é S, HhBAHEE S, BkBIMERY p,,
RIGM S, BB B I — A LR . 8RR P W BEALEECS BT A ik
RMILE. S RRBE, A

(P2 (Z151)
WIS fEhm, o Mem—ARE, HEHBH | S| 09— (s, 8)EMITE
B R B
(b) EREANBT AU (a) o BTA9 0945 5278 03130 DNF 24 3080 00 200 53— RS L0
WAL BT U FE X MY a,, a0y, -, a, >0 B

H—ARB >0, REB(x,, 5, -, 2) €10, 11" 04 %, B8 Y ax<b X8

i

BOURERQER, « FRGMYRRE RSN, TR R T80T e

W AR OAROREY SRS 0K

(a) oK FUEAR 0 B A RO i R S ML B AR i (7, 2, o, %) €
10, 11", 3 ELIR 191 P 4T SO 1 B AF EL 000 2° 5. 8 4 — MR B R 2 —
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10. 10

ARG, HEHRIHE SR o 820 L B b=V, WK R AL,

(D) HEEf (%, 2, -, x,) e 10, 11" LM D/RATREE X, X, -, B 2
(2, 2, ooy x). BB, DRAKREHIHMER ic (1, n]. W =1,
IRALEX, 4 x, =0 BB X, s WFx =0, WAEX, P4~ =188 X,,, WEX

HRBELTAN Y ax, < b 50X, = X,

W zar > b XA IR R A — Y 5P RS . IEB R AR R

T 24 04 T .
(o) HED: R TR A1 45— X T 9560 O BB 49 FPAUS , 25 2 7 B S h 3 6 86 40— 1+
FPRAS. %1 {8 A 9 5 46 2%, 75 2% — M L o, <

a, < - <a.%b =0,
b, = ia,,n(b.)%mr&EZa,x,sb,#}ﬁl%ﬁ%%(z.‘ x, nx)el0, 11", &k

MR b =b MRNEE. ERER
_ Lo | loe )| 1) |
O T = TG T * Tat 1% * Taty |
WHRBIES | 206 ) /] 206) | Rekob, B304, iEH |00, | <
(n+1)100b,) |
QW e HERENT —HEINT : — B EEE R e R A o, WRMFA
xe,

x| 008,) |

[Pr(w = x) —1/]0]| .
/10| =&
UE B 2E SRS SCF ) -39 53 BE A7 A B0 SE 10,3 P R4 ) — A -1 20 R .

%S= Y it =a'/6, HTIEBB Y Metropolis ¥ i iF — 4 5 /R T e bk, {545 76 %

BOM, = 1/S0 BEPERE— M > | IR FUR - R i+, T 1 4R
AR 2.

2] 2.22 MR HHEF s AEAFRS 1 B n i n K EH, R X 09060 AT 12
R DIRTTRBERRA. 4 F(X) A F A H33 18060 50 BT 95 10 B ML B 3k 5.
HEF Metropolis kit — M /R KEE, MABEFRAA D, HEMHK A >0, —4
WX WBHES VORI, RS REE R, RSN T 2 %5 5% 5%
& B RT3 U X

KB C=(V, E)g—A A-% ik C RAEA 1, 2, -, A| R B — TR -
TREFEOBFEXNRS. B(u, ) RAFH, R u,  BEHRAFHEE. 5
O FRRH QM CHRBE AN, BT Metropolis H ik R+ D/RAT K8, (578
FEFRAA, MHTHUBA >0, HEk C MBS A R, 5 oR AR %
Y, RN R XS SUTE - A T A .
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10.11 7£* Metropolis B:ds”— 15, HA17ERI MBS & EHIME T — N EIRFTKEE, SEoh P 2
S, mo=a VB KB L RXEFRE « MM kS, B= Y 4L AEMm

Frk, EHET ZREOE MRS LHE - DRATRE, Khma, =1L )/B, B
RAHE TR EEE, BLNE BN — BB, DRI A 25
R ).

1012 Metropolis J 3 ) T I A HE S J& th Hastings $2 189, BUZA — N h EBERE Q AR
M 0 LW GREREE, BLEXRESE LAE - FRIEH 7, =b(2) /BT
RAIREE, PN e, b(x) >0 A B= Zb(z) RABRE. 80T 7 ks

—AHF DR REE: M X, =x b, A AEH’IEY B Pr(Y=y)=Q,,. ¥
Y AT LUE o R DR R — B . 4 X, IR
70y
o)
Bk Y, W, X, FhAX,. EH, mEKAERERMOMRTLN, BT H
B A, I B4, RS
1013 fBBA—DEF, UWKKEO, 1] LM%« ERBA, Wil /(o) REEE, 5]
IR H R RS, ROIF BT

min(

f‘ F(x) dx.
TBE A — BB A 88, AT A RS 3 5) MBS B X, , X, -, XE—E M A9
mAff, EH
o fX)
D

BB (o, 8)EDL
BNTRB R REEL

g — AE()#meifﬂm B—FRNH— DI RELIA [0, 1] 65080

%WE%EH#E#E%E¢I&W%M§HWW%%n%ﬁﬁm&%.Eﬁ§mﬁﬁ¢
SCHER PEA LA B A 63 O R HL PR B P . R 13K 2 1 AR 9 7R 6 L (08 R At J2 9B ol i WL 3 %2 24
#, FBEMTEENNE, WAL S ()

BT RBTA L RRAIEAT, (RATRER T Y n AW, KMBRESH T MM
ATWD n BRBEINTE, RIVRBUH FEQTE. XA RBE, BAZHERTA o 60 R
BURTF k(n) B9850, Hob k(n) BFEAEK. 8550 it 3N n 6 B8 478 % % 46 it
k(n), WRIG % n BRI, FARKTF k(n) BO1 G0 SR GEFRX P07 8E, 06700 B 0 £ 4 FH X
Fh 7 o 22 B0 R £ 5 BOR FF 3R 3] 09 32 MO SCBR 1R R /Y

X n=16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8 192 | JX B K BB 18 7 4R H0 12
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. MRERBRFETHRSBR 8D 0 MESELETREOEF S K, HFROFH (ER
MEAR AR B AR AL AR ER S E ). XTNEST T REBIFI n (6, 51—k
BRI R, B n K, B/NTIR PN RET A% ]?

Fi5h, WRREEE — TUS R SR B A IS R E 5, AT I8 R B th AR M S
¥R T 2, ATLEMFEEXS.

o AR AR KRNI Bftar

o WREF L E B AT R R A7

o MBEFRB—LEH, WRREEE k(n) B, FREITITHE A

o XHREIGER, PRATLLG LR MR NS 7 (B n 48K BN A B PR P R T L 8

W, R AR N R RERY 5 PRS0 i B I TR B 2 R )
o KRTHHUBELR, KA AHEXMRRG? R EG?



"ENE DRIRENES

FEH 7 SEHRTTRS O ] TR AT R BERE , FoAT R B TR AT R BT — R R,
FERATHOE AT BN B b, T A S0 B0 BT AT (00 T JR AT SR BE SR A R B U7k Y ) b
REEN. ARCHABEOME, SO R E DR RS A R TR RITEBIER
S R AR A T 8k, AR YRR I L B AL B K o 7 S A FITRAH Gk R AT K AR A R
Bl
1.1 EREEMREARE

T IIGE n KIEETT . B2, ML B ST RN BEH - KA, M B X A
e L. AT LUK SRR B A DRI R, b RS B AR R BT T LUK X
A SRATREERA R R AMAERME, Pt Es AR

B RS M— R, V(o) RS FE x (OREEA. XE|NG) | =n, BHHT—4
) n ARG E AT DU « B iR R IE IR IS ) RSP RA T RS y XM RE,
MAMERHRE x, H

n yeN(x)

oA v X B, P — i P RR S A R BT A AT BB HES L 3 5 4 A

FAV R 20 BT PRI A, RS o A R TR AT KB G AR PR AN A, A0 ST LU KGR a2
16, MATERRE L EHRE - RAHIMEERE. L ERMNARSITHEARS. 0
RAPAXF DRI RELERXBNE, ERB-REINAS AN IHTEE LS

HRATEGE TS MBS, RIVLHN G —FhiE s &

EXIL1 ETHRAZWNS LABASHF D, A D, ZMEREEH Tt

1D =01 =53 10,0 - D) |-
BT T ST A S A P L
SRR E P A 12 RIEESEEAEO M 2, AT S -FiA R4S
SIE1L1 AEEACS, 4D(4)= Y D(x), i=1, 2, Bz

Dy =D, || = max[D,(4) - D,(4) |-

AFARTILIE 10,1 BT LUK A 5158 006 I EL e A
iER WS CSRM D (2) 2D, (x) WREESE, S CSEM D,(x) >D, () KIREEA.
B4,

max{ﬂ,(A) 70,,(“} = D,(S") =Dy (S")
Acs
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R
mx{ D,(4) —D,(A)} = D,(S7) =D, (S).
e

BHEN D, (S) =D,(8) =1, RflAE

D,(S*) +D,(S) =D,(S*) +D,(S) =1, 272]
AW
D,(S") = D,(S*) = D,(S7) = D,(S7).
Bt
max [D,(4) =D, (A)| = [D,(S) - D($) | = [D(57) = Dy(ST) |-
#/iE, BN
ID,(8) =D, (S) |+ ID(ST) =D(S) | = X |D(x) =Dy(x)| =21 D, =D, ||,
®i1H
r;-:;:lu,(A) - D, (A)|= | D, =Dy,
KSR T .

WL ESREEEEF. S kxS L B BN T D, (2) <D, (x) B x (6, Hm
T LR OB B B D, (x) > D, (x) 0 x fH. F b X i 4% 9 80 89 60 L
EFTHFHARNEHEER, HERESEFIHIERZ n

FERSIE 1L LRI, BT M DR kB, HBIBEM A 5154 A 2 Fl
BSRERNT o FEYIHHRANBBOES, BNROGHHNLEEH 1/n) +0 0H
# KL, EREROAAHT BB HEETFHRACS, BEHIEAKS A
WBERZELZH 7(A) +o. Bl, BUERAZRE—TK A BIE— B A B LE, WRAXA 5
RN EHERERNT o, ROTTUALEBE A B—BIROE KO LHE 0
HARMOERESK o

F-ATF, BER—B 52 KIS, VA MM, BB A BER EE. st
MRS D, 535504 D, 218078 5B BT e 5 e Mk A FEBE L EAORASHA B R
1 _s1

1Dy =Dyl = max|D,(4) - D,(4)|> |D,(B) ~D,(B)| =1-g5 =3
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226 ERTE

EFHREMNE T o 5HAR (HE X 10.3 Al 095 UR—BH. — MhER%RIER
B e-HSHEA, HAMYEME N D SN0 U ZEKNERESHEZ
I D-U| <e

P, R 5000 58 T 2 IR TR AT R B AR A5 40 A 2 16 28 SRR BY , T A RAE 14T 2 -1
SIHRE RRAFEME RO A9 D7 3k, X (CANAESS 10 T RTUEB 9 ) AT RE 44 th— 1A RO Ui 08 i

REXBMAL M« SIFEFER AR LUGEE % B0 DR KRG AHE LT
A 6 3 G 1O DAY MO R, 4B R A E

EX1.2 RaRRETAASOHRTRENFRIF, pl AFRKE x REZ 1 F B
HEOREPH, EL

A =l pi-mls AG) = maxa, ().
A ()RFRYAL p MO EFES, AC) RAFFAT R IRA 2 AT F I B 69 % KA.
RS
7.(e) = min{1:A,(1) <g}; (&) = maxr, (&).

BT () R D, HFRIA LA ERER LT e 9 —A1F, r(e) RAHAHRE x,
7. (&) oy B KAK.

Hr(e) BN o MBI, —RFR N TR T K BE (R A B M. — R Bk R A1,
Rr(e) RXTF log(1/6) RIFEAN B TR A /N5 FLARHE B 5, 1EVEME 09 1) F o
KN A R 0 3K .

1.2 #4

L ORI % B A RO R — R T A T R B IR A e ] B — R
X3 RETWMAS 5 RTREM, 6MEE—AEREEE S xS Lty 4T kb
= (X, ), A
Pr(X,, =«'12, = (x,9)) =Pr(M,, = ' |M, =x);
Pr(Y, =912, = (x,5)) = Pe(M,,, =y | M, = y).

B —ANRE8 o I S 17 B0 T AR T e M A A U 4 3P A B AR R L 045 A
PR QAL THFEARE , R U R 3. AT TR A B A 9 7% BB A R
B A 5 I IR T K A o AR L 9 BB A B — Fh B4R o 2 R D R AT K B K T A0
1. MBRITHERBN, XHEE R H 3R RRE R

FBr L, RAVESB AL (o) ARG 660 PEA WA A7 MR BOR &5 (b) — B A B AL T
HEHRE, PMERTETL—HNBS, LRSI TFHRRE . 25 8 B A B A %
EMERER, REENNRET. FEOIERRRIN N 2E FRES W -3

SIBIL2[MATIM] R Z=(X, VIARAZMS ERATAM M8 —AIBE M
HE-AT, REFEASx, yeS,
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Pr(X; # Y;|X, = 2,Y, = y)< &
4
() <T.
AR RE, BT VERORESFLEIRIF LG LERERELES A ¢
MR RN Y, RPN R X, BUE MM OA. MAEN TR RITE
MACS,

Pr(X, e A) =Pr((X, = ¥,) N (¥, € 4))
=1 -Pr((X, # Y,) U (Y, ¢ 4))
=(1-Pr(Y, ¢ A)) - Pr(X, % Y,)
=Pr(Y, € A) - ¢
=m(4) - e
EE, dUROR, WOFRL. TEE RETXHEEHIGRE X, MY, BAP(X, #Y,) <
e B, RHIY Y, REOFRH R ORT. BE—7, MATP(Y,ed) =7(4), BN
Y WREFRAGIGN. SHEE S - A FRETLEEY Pr(X, ¢4) 27 (S -A) -6 B Pr(X, e ) <
w(4) +a.
Hit,

max|pl(4) - w(4)|< e,

BRI, % T BT EmE S FRMGHERERN LR 6 | ]
11.2.1 @i %6 :

FIREHRE I A MO T YRR SR TT, BERI AT OBA. AEAARAREF
HEOPIAHIA X, AV, BANFTRER A | B n Y STRHL M YR AR, I A A
BN LE MR IO S KM AITUR. R A ASE R, TSR T LS R e
WD RAT R —REHIRATS). REXTHARAAN, BEARHARNA. HIEMNRRR
A, PIDRENN IR LTGRO0 j AR AR - FEE, 3 7 3K R IR 60 MRS B B T 8
AR B b T A RDR 75 60 B 00 994 B A

—ANEAHGBERM B 2 OIS E— MR, RIS R 1
B HMBITURE X, BE X, 0 CRRXKMOE. HTHY, BH Y, HIREY C
RSB TN XM A0 RAIER, PN PAE, — K45 T 00 M7 3 3 T 0 ) 6
HIGEER 1/, MBS, WAREESES, B CBHBTR, SEENER
AR TR Fk RS E DA RS BHE T T, SETEA B A 2R R
HBEH.

BAEVEN IR PT KRR 4 G K S % R A T 5 0 T 19 80 & S 46 4B A T 10
SRR, FATTI A 5 T T 2 2 B TR — U L T T AL B S B M S B O TR, R
VR S T IR AT RGBT ninn +on 05, —AEE M0ME I BORE 50 30 TS0 MESR 25 2%

alnneen .

(1 _ L) < e o - el
n n’
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228 F1F
Bl RE—RBAR BB TR EEREL Y e ™. HHAEZ nlnn+rln(1/s) =
nln(n/e) , HBRAMENBMEEEZN » BASIBEBTUNE, WYUSAH S nln(n/e)
JREEMRE S ZEMOEFERA LR -

11.2.2 6l @Bahak EaBENKEE

BMZ 4.5. 1 5P n BRI (R - HE)EN=2" MRS R0 B N -1 MEEAR.
Wx=(x, o) R @ HMBR. Bl Gy h—RpgdE, YANYiH570E -0
LWES.

FAVH 18OE LA n- 3 R B LU T SR k8. R — MM, n] 35 B M ER 4
bR, BHPRTES 2 R Y RDRE = o (FTREBR T 2, LUSh ) S8 i 4R 5 & 69 BF 41 A 47 A 178 20 1.
Abr o DA 1/2 MBERIRE N 0, DU1/2 MBERIZE N 1. BT 1/2 (M3 B R — T
WARRB BB B, T 7 W 0 S IE MU LASE , XA IR AT ok B 44 7 S i <7 7
e EAREALIRSY. el % 5 49 B3 A B B9 F R S 6 2 A S T AR T b 93957 43 .

FF TR AT KB BB AS X, 5 Y, 2 A0 B AR A 1S B TR AT R R G ] (&)
R GRS RERR TS AR N DR R M — A B, X
R £ 5 ORE BE 0 U A FESS | AR LR B LSBT n A RAR R G AR E
DR -RUAE, #EREA .

I AT LA 1 30 4 4 b 8 550 B TR T R R — K S MO RIE MR AR B R @
BERRBERI B0 —BE, BOUA NSRBI, HEREIRIE, Zaln(ns ) B, HRAHE
BRBENT o, HABASI, B4R

(&) < nln(ns™).
11.2.3 @l: BEX/MIMTIHES

HIBRHE— A LIRAIREE, HRERE G =(V, E) P R/MER b (BTA M A. HHTR
AR B R /N IR, BT LATE 3 — A 5 10,4 45 o 660 97 A7 0 ST 48 10 B R T4 T8 R
AIREE. AWHSLHA X, LB IR A TR ve X, RS ML — T S e VI
M—WHB. B m(o, w, X) AU TFH#E: W8 weX, B(X, - {o}) U{wHt—A sk
& BAX. = (X, - (o) U{w}; BMX,,, =X, 8o REPTENE, AR —TUE KA
W XERAEWY k<n/(34+3) 0, XMEERERA. RATE R DR AT 5 6 2568 17
B9 LA 35700 F B s 46 (0 0E 55 B AR SR 3T 10, 10, J67E DUS W o B XA LS 9.

ERZ =X, Y) B~ THBE. RIWBEERE—BEX -V, R Y, -X, QA2
HIEBERWITA M, B, TLETUAAR LB 0, FHHSEORFS Y, - X, T Tl o
o BAHEHSIR KT S X, - ¥, (TR ITR. MRATAME, %35 BHL L v e
X we VIEIREE X, )M HH, REWGTBS m(v, w, X,). BRE X, 08 AH0% 0T
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ATiE v e, -X, AEEY, PHTBEH m(v', w, ¥,). 7E54T 11.10 % F 2)53x o £ &
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1-3 m(2)



BRTRE GRS 231

EX. XS Z BB RE SRR X, VLR, JOK, MREMARELE, Wi X
AN Y ALK

X Z X Fh g

Pe(X=¥) =¥ mx) =1-|oy-o,- 7o

FTFHATIES R Z XM, Pr(X=x) =0,(x); X Pr(Y=y) A EHRFREL
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B AERREIZ 13, 1.3 47, F A 2n A3 5000 S 69 3 8 350 R T 98 B 27 A I B
fh BUERE 1667 <27, 20 RN HEBBCT I, X LRSS0 A ER G M T
Z. W e MRS 0 TR EE R, MU ROBEOL 20T 09 R AR PA HTE
HIE, XA AR AR YA .
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13.3 EAHY EE%K

TEMCZ AT, LB R, RATRH T N A R SR U 9 72 2 B AL OF 2 7
B MEE—ATEHEE 2, 2, o, o, BOMEA(x), h(x), o, h(x) PRSI
B BRI S sy XRBIVAFAHNER S RPREHBFAEOBIER T4
FEATL IS o 00 fBUSE 174 T X4 OSSR B SE 00 4007, fRLCRR b, SE S REPLBON RO i AR
BEERGL T B8, BT LABIRIIE BH 58 2 BB,

HPRBRREHTRUETIROMO R EFEWLT, GRS R R AN & B R T
VR R R AR I o O L T B AT, AE — O A A TR X ) AT 9 5K
BRAE, S LA 6 B R RAT A BB, 55— AR i 43 2 o FH LA 3 5 T IE 9 B9 % E 9 18051 o
RAVHF X T 52 YU BB BER M RGE , T LA SO B B3 3060 1090 6 0 60 2 38 L ok

[

HIRIE R A | ST A AT EL TE SC R 0 OO o MO — - O B
X2 0K W SR A T2 B

EX13.2 BRURA—ALE,|U| =20, 4V={0,1, -, n-1}. —A~ARUZH Vi

FIBBAHAA Rk HARE, o RAEEAE 2, 1, -, 1, ARKHEH G EALRG —
AT MR, H

PeCh(x) = h(x) = = = b)) < -
=AU F VE#s| BBk HAR ARk R®BE A, o RAEELE x,, x,, -, %, HEEM
Fio o e e 10, 1, e, nm L e A AU A H RS S B, A

Pr((h(%) =) N (h(%) =) N0 (h(x) = %)) = =

n

RAVETEXS 2 458 R 2 HE 3850 F OO R OPR OGRS A 2 48 FH S 6 B o
WA BFN RO, AEEPATOH «,, x, FATHF G IR E SN /n, X HE, —
ABUE 2 4 RO o 0 1) OB B A0 B 0 D B L IR R, JELRE 2 4R BB
B, =AM x, o, o AR BRI x,, v, v 6BV 0 ST 000 — b
EEH /', KRR,

SRR 2 HESRE O RO, LA B o B A P oY, (B (x, ) FLR(x,) S
PIPIBSLAY, R B AR AE R XL B /0’ diik, R 2 438 ) R 8
R0 B3 O LR hg 5 o IR R T — A, SRR k43 IR R O, FLM
BBA B B — A OB R, TBAME h(x,), h(xy), -, h(x) R0 & ANMSIHY. (78T
B, Ak SR P S R AR K o

TR B RO e A 8 TR, TR AT [ BISE 5 BEFERR 4 FAE 4 ch % g it
BRI fES.2%, X ANH SR EEHLIE) RBOR B 0 A TR, LUK B R R Kt
i O (logn/loglogn) , BULE % B2 AR 1 2 45 FH B 19 510686 30K n A0 I ICH) B0 n A
RTEE, X F K A T LG B4 2R 0 R
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HASBILE-ROWL, ROAEN «, o, -, «, §nABE. X1 <icj<m, W
RUH =z, Mx, FAR-NMET, X,=1 &X = Y X EHEMZEMHHRNE, hH

Leien

BN,
E[X] :E[ 3 xu] = Y ELX,).

IR B RO 1 2 O RO, B
E[X,] = Pr(h(x) = h(x)) <=,

n
FREA
m\ 1 m
E[X]s(z):<—. (13.1)

R KRS R 1
2 1
Pr(){ = "‘T) < Pr(X = 2B(X]) < 5.
Y)
WRBAERE AT HRRET AR Y, MRS Xd&id"%l(z)- BT,
W_m m* 1
Pr((z)a T) < Pr[x > ;)s 3
R
P(Y > myZ/n) < ;

B m=n HBRT, LWED 172 BEEREK AR S Ry 20,

A PSR B HL MO SR 55 , B R R — A 2 S5 I RO R, 5 A 4R 3L
—BIOLEE. WRATIELE 13.3.3 WHRMIRRE, XA R £ 85 RER A .
13.3.1 Bl —4 2 48 A8 BBk

BEBURKEL0, 1, 2, -, m-1], BIRKWMEER V=10, 1,2, -, n-1}],
m=n HEHBER—TEMp = m GBI BB, i

k(%) = ((ax +b) mod p) mod n,
S B
H=ih,ll<a<p-1,0<b<p|.
HEXEM o REEHRLL 0.

31 13.6 HAE2BAMG.

W RO HARKE UKETARTEE 5, M x, oo ol 5O B 78

HREER, WL #x,,

ax, +b # ax, + b mod p

BB, B ax, +b=ax, +b mod p 4¥i a(x, ~x,) =0 mod p, THXEM a F(x, ~2,) X T

22
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B p HRAEZK.
HE L, MFE-{E(u, v), W uFv, 0<u, v<p-1, RIFFEE—~XE(a, b), &
#ax, +b=umodp, Hax,+b=vmodp. XMHBRAFNRAM, EHME—BNY:
= 2= mod p,

b = u - ax, mod p.
BRI TRt (a, b), WIFFFLE - DESIRE, BHHPREFFE - HIIRK, @15
ax, +b = umodp, ax, +b = v mod p.

FREAM b, —AH P SRS BB, KT RAE b, , (x,) =h,, (x,) OBE, ATRE
(u, o)X, b O<u, v<p-1, usvfBu=vmod n. X u@fG 368, BLHp/n]-1
Ao RATBEEEME, WESRH p([p/n]-1)<p(p-1)/n 3t IR T p(p-1)4
W R —, FrL

Pr(h, (%) = by (x,)) s%’_'i:)/" =1

EH T MR 2 4 LAY -
13.3.2 f: — 2B BAKINZHE

FRATVAT AL 200 T 51 20 13. 6 Pty its 2 45 A 105 of O 00 B AR A i 4 2 el
BOIRBHR. B, BELR U RBSIREOEE VR0, 1, 2, -, p-1], Hehp BEA
W RES

hoy(x) = (ax +b)mod p,
xR
H={h,l0<ab<p-1].

WRXEAY o AR O, X 55138 13. 6 BT I A9 19 R BOR [

SIM13.7 HA2 4EiE A,

R SEFMTIIE 3.2 MIEH. X UMEBHADARRLE x, flx, & VP EEHAE
¥ My, RNBEEEH

Pr((hoy(x) =20 0 (hy(x) = 7)) = pi
KA by (5) =30 by (5) =y, PARA KA a, b BTN LTH p MBR: ax, +b =
yimod p J& ax, +b=y, mod p. WA RAFA K B IR ELH — R

be
x -

a= L mod p,
x

b =y, - azx,mod p.

WA p° AT, B3 (a, ) KEHH , R x, KGRy, Ay, B
Pr((h,y(5) = 7) 0 (hoy(x) = 7,)) = pi
EmFiR. .
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BRI T 2 4E3RE R IE, BERRE U MG VR A R i BR85S F A
by 3 BRATA A — DK 2B — A BN T DU — RO RR e B A
FIARMESXAEEE. W V=10, 1,2, -, pol], HEAELSU=10, 1,2, -, p' -1},
Hep b REMEE, p REH TLUHSE UNTRBBI DBt = (v, u, ) u ),

Hohosu<p-1, 0<i<h-1, A Y up —u &L, ZBHTHHBROARS U BT
F 2 (8 ) — A>3 — g gt
XHEE Mt a = (ay, a,, =, a,,), HHO0<a,<p-1, Osi<k-1 RIEEM b, 0<bs<
p-1, i
hea(u) = (2“ +b)mod p,

% 815
H= b, |0<a ,b<p-1,MFHO<i<k-1].
513 13.8 HA24BEMM.
GERR R MSIE 13,7 BIE], MAEREM A EE u Ao, CEMMEM KRR, = (o,
uy u ) BVAEERAME y, My, TEIEY

Pr((hau) =9 0 (hyo() = 3,)) =,,17'

W, w, RRRK, ENLRELE ARIFEAR. R&BH, 8 u,,#u,, E
BHEW a, ay, o, o W, BlEhL L (2) =y Bhs () =y, BHF

o
agu,, +b = (y. - Z“/“w) mod p
-

w0 = (50~ S, ) mo

MAERCAN o, 0, o, 0, B, KAE TR S EMHARDM (0, ) 0 RA, 5
SUMINT B, BAT M MG a, a0, . e, ) AR, BA i
Cag, b) BEFEHF u, Bl u, BBIK y, M y,, iR
Pr((hay(u) =3 0 (hyy(u) = 32)) = Pl

EMBTR. =

FAR AR ARRSHA T 2 4 R 2 3 PP S, IELT LA A B A
PE— R L, SR n SRR SIAOR 0 2 TR M L. R A
BT, BFLALEE B R BB AUR SR, A EGES S 13,8 2 A, B [(CHR
BT 20 AT R0 B AT R L A AT B H B (RS — M n A 30 B 80 2 (ot T
BIEAAR0, 1, -, 2° = 1| s 0) B 52 2 69— RSz — 3 —Begt £, &
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hewC) = (A - fw) +70)).
2

Foofta, Wb RIEIO, 1, -, 27— 1] AT BB IR A, HN kS Rk R AR T
B, SXERA H— AN 27 B 2 He R F O R
13.3.3 MA: mEH#HY

52 S WO A8 — Fh b A5 AL R B9 AT BOBR S M. TERPSTR IR, 0 H A A AP R
A —HITABEERN, KRAHTRRER: 10 H W RA T H & bR
EF A PR T2

B m AH A S I A 2 450 0 I LR B KO8 (018050 o SO B — AT n Al
MG ROt (WSS, 1 15), BB AR RS o B B R A A B, WA T
—ATUE x B35 BB « BN T H ORI BRATA R B R

SIEI13.9 MAmArA@EAHA— AN IMALKE 2 HiEAAGKI ZH A KFIH 0
AHHB ORI AT, AR Y, R X ABKE () PORAK, Ta
m/n ok xg S,
L+(meM wRxeS

W MR SHE AR (ERMEERET) S « ER BB, 2 X =1, BN
K0 PHEOIEEOR A 2 48K, Hi

Pr(X, = 1) = 1/n.

E[X] =

B LAt
E[X] :E[i,\"] = ZE[X,] si:,

B AERRST, PR T ELX,) <1/n, BT MO RKAEAE. K, W RS
TR, HaCRK—RHE) ST S 095 — TR, I X, =1, % il B, J3f
Pe(X, = 1) = 1/n.
Bt
E[x]:a[ix.]:1+2£[x,]su"‘~;1, ]

SIM 13,9 B0, fRU K B 2 HE B0 RO AT OB 1K R R AR, 1 £
425 E B0 AN B A R B — BN BOR . B, W mo=n, A KWK «
Sigent, BAREGARRT « 0B OMABEE S | AT, K RATE U B IFR 010%
REBIAOS. RS R TR A AN S S TR, THEAE TR R K% 2 2
B fi].

EMAT L AHAOEE. DRSS, RIVEHE—BIIE, LS 3 0760 R
HBOBAT, H55IH, 55 MR LA E UM M 2o 80— o (
BT R teded).

BHAEISER MR A 500, AT — 3 89 2 430 A P SO 8
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%5 [A].

SI3213.10 4R he HAMRM M UBME[0, n-1]692 %8 KI5 Mok F39 9 M
SIE, MAMEER DA m @RS SCU, Sn=m B, h AL EWBEZ Y A 1/2.

MR By, s, v, s, RSHmATE, MR AG) =h(s), X, =1H1; FUHo.
S X= Y X, WAMBAIIEQ3. 1) RETRBNBIRE, 24T 2 458 F R st , shgeay

Isicem

WEA B
EX] =E] ¥ )= 3 E[Xuls(m)%<;"7.

1<icjen 2
11 R A R A % 2T H
1

pe{x > ™)< pe(x > 26081 < L

Bitt, Ynzm’ B, ROLEDS 12 MBEREHX <1 ZERUAED 172 98K, —THHN
BB 105 oR MR 5E 4. | ]
HAE n=m’ BB A58 KA BB, T LR S M 2 i 2 4 K T 8 AT B AL ML i B
BOIRE, HERP - DEPRONIE. XA Las Vegas Wik, FHEZTERA KR,
RIVEBFER Q(m*) BB F LM R m ATHBES, HAKTY TR
SERFER M AT O(m) N HEWCHE. B SR — A3 1 2 43 P BK B0 505 i 00 B 4 OB 31
m NEBERM IR, Kb R shge M — XIS, M ATE A 2 4 R
FREGEZAMIIRB R LA BOE ZKMIIE. WRAZKBTA k>1 ATH, K8
CIKPIRM KA. TESIBE 1310 ERIEY, LK AN HE U AT LM 2 4 B e
Bl BA MBI RS, BT OO STIES , SO 05— ORI, LR E S
EHBNBER AR 0(m).
EE1 HAFFESE— AR O(m) A RKBSG m AT A8 LK 7%
UERI WFESIE 1310 (IESMIREE, 95— BB wh el X W R
1
b
Lrn=mit, RRTRHEF m PHRGEEELNH 172, FHBEENE, TAEM 2 B8 551
RBURIN— N BBIER N BAREE m A rhg. B b, Btk 2 58 M b 5 B L
H U IS MY Las Vegas BE¥E, AT LUA ZHb H PUSK BE B0 #05) SR B0 97 LU AT L M 2 7 2 —
MBEERB T ELH m A vk 8B &K,

vr(x = ”‘Tz)s Pr(X = 2E(X] ) <

W, R I 0T AR, T AR T&W?&*MMEZH#E[;)’rW%
BT
g(z)sm'

MG e > DTENBKS, ROTFRE MM & LA hE 8o REK. i1
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B2k, PRI Las Vegas AP MO RE. FTAMOBKES S LA

m o+ i«f sm+2i‘(;’)+ Se<mtimem=dm
B BT P 0 B A 2% BB R O(m). [ ]
13.4 FA: GHERPIREREMHFE-LR

e e 5 A KR WAL, TE— KR, BIRSE RN~ A RKER . W
W s PIA d BB B R XM F W BET A FRCHE 0 RME. AT — -2
KEFRR

TERI FRE RGO WL SR, BAGE A SRR, BB REEE RN
TE, FTAR O] BEARFF B — AT BEXHF s B d BOICSR, BIMAH KZ AR F. B 2558 & 1R th
o AR MR AL, T LA B e 8 X R AL A SUBRAT A LA SR . TR th B A s
SRR E BB . XM BIRSWER Mk g, FIAREEL ¢ A RFY
BWHBE- AR RBERRN. ¢ BHRGHRWERROKPEEOTIR, LM 1%. %
—RERE, WRGEHBH - KTENERRB-R SR A ROGERBBR-RE(ED T
g NFW)BIIH, BRI G AT R BRI R P, BB AN £ R TR
il R T B R B X AT RE RS A TR BB B F . B 0 Fom— KM E S
B, RIOVHBBERBIERETLTF -+ QO PFHRBMIER MR-LEXFELL 6 WM
EFIRT. REZ, P EREE-KAES LD, A SHEREFE-LERHEOSELL 5
MBERIESI R P B T B R SR A0 X 0T BB 7E AT B R AE 5 .

XA 2R B T B A AR KRR T L OO SR KA A A
A, KREMERKELA N, SABUHTE F P RBIEZ AT TR, 75 R 4 B oy 2310
AU R A B O R R A AR, B A 2 8] A B R A 2
0, BRI AR G AR B R A R A RGO

ATEARIFTE 5. 5.3 W iief B0 F L0 Bloom it i 28 5K AR X A RIRE. 535 B B 5 I 5
RIS R BRI, S R 2 e RO RO B B R M AL R, XA S
B, B e R BOR B SR PRI S B M A T S A R B, TR etk A8 A B AT 2
PATIRIE.

RATHOBIREMFR YR BB B, BN BGE 24— BRI 0 X, = (i, <) B3]
FWX, Xy ooy o, R—ATH, ¢ >0 RRHGHIOER. EHHBRER, i 16
BB AR, o RABRFNR, id

Count(i,7) = ¥ e,

D Count(i, T)R5MA i XBCMEPIN G T 698095 ERE i 8B, Count(i, T)RY
AHIEXS § 9O RO B BIRT A T 0 A B/ 0B A IR i R A
T, LAWTLABE B B 02 S 07 SR H¥ Count(i, T) ) — AN B F7 4 .

— RN OB R m AR, LU BRI SO RS SO0, B8R
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LRB L, EFEEEERS, 2 U EBREEEST, ARTHREFER. /N
TR A AR kA R, RATH BB E AN KA K mk MR S B A
G,. Gy, o, G KFERW, LUSHESE m 78 k8B M C, ,(1saes<k, Osjsm/k-1)%
TR S, (18 C, 3BT o Z1A05 j A THEES, BVWT LUK B R A 2 BB
R, BITH mk DR, Ak B R BT E O 2 Bk 5 B0 8038, BT LA 05 R 3
H,, $th1<as<k, H,: U=[0, m/k-1]. BD kA5 BA08 — D IR— 4% A £BTH ,
IR TR —DB0, m/k-1]. 4, ATLOK & HS R BOR fEI— I H et
SR IR Con Ho BERM 2 fe 386 15 15 M S L4 ) B i BB

FURBATE B REE Count (i, T) RUSERUBRE. JFRARS, BiA7 SIS ERILE N 0. Hit
B-Xf G, ), WEDa()<a<k)ib® H, (i) BAHIZE o, 38 C, ). R C,,(T) RALFEN
X, M X, R C M0 AT . XHE—SH, ST E B B /MRS R it
B A LR, BGHAIE B BN SO LU R R B TR B T BRI b T
A Gy, o) MRITEI & 45, 4550 T A0 28

EE 1312 AR U PHER I REEAFG,, o), -, (i, ),
C,,(T) = Count(i,T).

min
JeH( azash

#—F, A1 -(k/me)' it 2o itds, &
C,,(T) < Count(i,T) + &Y c.

min
PRUXENETEH =

iEH B—R
min €, (T) = Count(i,T)
|

RFFUR. HAERPBBINCG, o), BAWRj=H, () 0 C AR . dilt, B4
OB MO8 O (AR AR RY ] T E 4K Coumt(i, T).

MEZAR, HEIEWIEHKE i T BB RIEHOH W C . RIE R B
RAVAELR THZIE, XTHHBOEES Y Count(i, T). BENER 2, RETFRRT
EIUH SR KT BRI R, % X, RS USSR % i B H, (i) =H, ()0, X, B
ik 1; BFURMEHO. K4

™

e
WTH, R 2 SR EI, KHE (i,
Pr(H, i) = B (D) < £,
n
it

E[X,] <
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]
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SR RAFR,

Pz, > 2 - m"g (13.2)
"2z, Z,, -, Z, RYRFE— ’I"Kﬂtﬁkﬂ&ﬁﬂ‘)lﬁfﬂ.lé WX BRYE, BiA Z W R (13.2)
ROMER. Sesh, Z RMSLE, SR KB o6 RO M IS o MO P B, B
Pr(m‘;nz,azzrc,hHPr(z,zzzyq) (13.3)
v
< (;;) . (13.4)

[
HHHESHR, Hhk=me/elf, (k/me)' EBBA, WH
(£ -
me
MR,k RTRERG, @A m/k BREY, EXRLASE LEREER
ﬁfui'lmﬁ/l\il’ﬁﬁiﬂ%ﬁ&TﬁE’lﬁﬂ:ﬂ&RHm&E*Wiﬂﬂﬁ LR

B 5 oH S8 L AT 9 B A T ¥Q1I]T3é/u&frﬂtﬂﬁWLﬁﬂﬂ’ﬁ,
BV AL, 1 VTR M 0 F 8 S O 2640 B2 5K/ R B 47 3
BRAR 5N LA R MR A .

L Q e — KA I 9 24 B

BR13.13 WAHA—AF k=0t rpest g, m=[w L] [<]rstaznmig
BRNTBAEE, FLAHEERRASANT R, BEEEHBT ST -0 A5 F
WR—AEAES S HEHRAT R P

WO BN MO TR R, 7 LU A R KA N M. e
13,12, UM 08 B R B A7 FOR TR R A SR, AR — M R
Bt R RN RME S0 g, TR 13,12, XHESE B8, AT g
 Q AFH IR HBELT ¢ HETE Y

(LJ' < g ™

me

/NSO a2 AE R H 8 BSR4 A B B AL 0(%ln%)’|\i+ﬁé§uli

O(In18) Yt JAAL IR A0 E J R AR B A 00, (4bFRAKE T L 7% B9 T B G T It % &
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B B A EEE C, 100 ¢, DURIE
min €, ,(T) = Count(i,T)
.

JeH ) 1 <as
XFFATHY § BT RRSE. Wb, RS TR o, A WA RIE RS B AFE A
(= 1) LUR BRI BUE X BT AT ¢, HRIRABATHOI A0, H

min €, (t~1) = Count(i,t ~1).
.

ety d<as
B4 (i, c) BlaARE, HAIH B X BTA T EARIE

C,,(t) = Count(i,,t),
W j=H,0,), 1<as<k, {8

Count(i,,t) = Count(i,,t -1) +¢, < min  C, (t-1) +¢,.
JeH i A <ask

Ett, ATLAE i i, OB kAT S B IR BOR A v, ¥ o IBIIRAME L, RS AT
BT o+e, BIHHBMME v +c. BB 1QMT—AHF. — 8O3 MTARA; £35)
k%, A S RN TR 4. e, X E BT EEE R 7, BT LU
HPTAH KK R URIEE M2 MBS R 7. — e, WRFTA i, 8060 SRR A S,
DB ST B SR A TR TR M e, M AR, RS SR O 0 50 R g
I K R T i i 88 A R 2.
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H 1 3 8 H 1

4 | s | 3| 2 708 | 3|2

3 0o fs | o9 3o | 7|9

3.1 — A EH B, HRORI 3. A RERE, IS N RO E . A
PRSP, /TR 4 B BT R W E M MB 44327, &
SRR I P AR 7 0 A B8 TR
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1301 —BOSI R0 o U0, QRS ( YOS j KPR B — T, BBA4 X, K1, Hop
I<i<jsn; BFWHO. W X, FWHML, EARML.
13.2 ()& X, YRMKI0, 1, -, nf dsisr i B S BHL BRI, 4 Z REMNXEFH A
+1 B GE X, Y R Z BRSL, EOR R T .
(o) ] XAGIF 48— AR RO A, ENRE kDS, EARREk+1) o
SLE.
13.3 XHEE—MAARES UBIARES VA9BSR B, EDI Y A J2 I3 5 B
BHLEIRAS, fEE—XTTK x, ¥, ff
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13 ¥

13.4
13.5

13.10

A5 AR T R h R AT A H R Y.

HEBAXHE BAERB[0, 1] EIHA R MBEPLE R X, Var[X]<1/4.

BEA —PBYLLI L Test, M THRRK - BEFHUAE-FIET Lh. B2

A x, B Test AEA S=10, 1, =, p-11(Hd p BEAFE) FH @R~

BEPLESHE . HUR x TOXFHE S, BBAXS r MBS EH AR, Test(x, r) =1. — A

Test(x, r) =1 i r {HFH « BIES. MR « RIEMIEFH, BALH Test(x, r) =0.
MR~ DA xel, BT BB N S EREANAR r, o, KRBT E

Test B, 85 Test(x, r,) #l Test(x, r,), WARMEDSLL3/4 BRERIRBIESR. F

B: 4 s, =ri+r,modp, il% Test(x, r,), O<i<t<p, FFHAMRMMEIER, T

E 1 -1/t RSB — A EE.
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PIRKE, BIR — AR KRS K TRENEREL N 1/2;
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An ARFU, BARMLU - 1/0 GEEEL N 3Inn/lnln n. KRB/ kA, {713
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RS, —AEEEEME T REZ BN N RAEOF AR 413129,
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MEREALACT R RO RAALE. A% A0 (T 4 30 b 0 25 B AL YE 9 LA A8 B 3-8 £ 2 091 S 1) 50
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F ek . )

BECE m A, 0,00, € (0,11, 608 m A f iR AR R kMR X T2 et ah s

u, mod 2. i B

0.8, = (1,010,000, T RII0,1| S STRBLBIG X, = 3 0,0
o

X, RE 5 W4 kP30 A HBCF

AT 2 4 FI O R BOR R F 58 2 BEHL IS sl iy — VAR Bk k. 4 S =10, 1,
2, s kL, BIEB-AMERNKI0, 1,2, o, p- I EIIRE, Hohp BRIk KGE
BRAEE BB A0), h(1), -, h(k). WMEh RELBHKI R, B2
BO)NFAE-HABEIAIBER L0 1/ (k+ 1), (B/MEFTREA S, FTLMER h () A
BMERBERRINT 1/(k+1). ) BIEZ M 13.3.2 0%

Ho=lh,l0<abs<p-1]
RIS RIS R h. BT b R BEHLE IR 10 000 4R BOF X TR x e S iFE
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13.11

13.12

13.13

h(x) FF BRI R(O)NTF R(1), =, h(k)HOMESE. 3 k=32 R k=128, FIHEYp=
5023309 K& p =10 570 849 iEFTiX MMM, REVAGTHHREHIE 1/ (k+1)7
E-IEEEAT, BITETUHRAEK. BEARIHERBHARMEELS S,
S, ROFERBXFHNEARTNEA", MMREGNWEGSEE D HBMEL
W —FhRBRITEEMBENEEHTE, REEMHRF ST HE RGP EE
BEEnATLHE, XN O(nlogn) HyBSE.

(a) BT HEMF L A S, BN TEBIIE M cn MTRBOBIIE, HBBEN
FMEH O, & i MHEBERMM - TEOBIMES i MBS —IEERIE  [(334]
BRIk, 3t S, HTFREMER. MRMFTEN i, B-KRPHOBE 4
IR SRR PR PRI R TR, MRS RS RAFEG; T, R
EARARM.

SrHTXFRRIE B I AT (] BRI, (B TR R BOR M 2 S R . R
SRR N AT LU SR B, IR HUE AT (] 55 AR MR R AL .
(b)) XF Utk )Rl T LA F— b Las Vages B¥k.  BU7E BOP) R (945 4 JCE A B T 113088

HgER. AR G A DI B OR A TR BRI S X, XA F)
ROTLMRHEFRFRAE. % S, QIR — IR, XS, QI HFIR, RINK
WL IS T 15 B 0 L A S
U B e e U R A s ) R 4 O B ).
330 HIEMAT Y p= nif, &
H=1h,l1<a<p-1,0<b<p}
R24@EMK, K
h,,(x) = ((ax +b)mod p) mod n.
BLAEH B R
h,(x) = (ax mod p) mod n
pi3:3
H'=|h|l<as<p-1}.
S — AP F I H AR R 2 el . ARIFIESI N TE T SR R LR B A . XHE
Bax, yel0, 1,2, o, p-1], Rk RIH GSIHHERE, BA
Pr(h(x) = h(y)) < %

TERGR BN BT W B, BRBAR MM WG, o) MXTER, Hd i 2 -4TH,

€ >0 REBOHEORE. BERFERAT B A, B8 W U NGy, o) (e, <

0)fxf. ATLAER—ANHUE i g8
Count(i,T) = ¥ ¢

FisitsisT

BRIEM.
TEXFRAESL R, 0 8 0T 5 0 ol R T BB/ i B 08 9 R T R IR (335]
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1EX — R, BATH DT S0 BRI 0 — A BT A TR R AR ) 5 S A o
AL o Y R

14.1 BHEEHHWEN

B A B BRHOA —RST 95 VLA N2 0 07 P n BRIKUCHA n 4 T
. RAES S HRSITE G RMH MR FRET. 40 QIR BER, (T
AT R B —— KR — LUK B B 6 (Inn/InInn).

TER—FECEAL R, BB d AT A, AR TARE T . 25T REL
B, HEIRBCA d BT GG 8 7R ROR MOS8 F . 6 4 B 8BRS 7 o A
BT d=1 B 4 AEGRREE S d =2 0, JHERWERRE @A, AR
BERA AR Intnn/ln2 +0(1). BB, (ERROURCE R, — 0 RN s
HEK RIS ERR D, TRARNTRER ;. MIEHRAT 3 P bss 2R, VTS 0
D EE Onlntnn). AR AHA d MBI —RIR, JHER Y d>2 1, LUK
BB SR Inlon/Ind + ©(1). BARA 5 F IR 008 S B> RK U, (62 B0t 2
S A HHET, UK AR O(lnln).

14.1.1 LtH

EE 4.1 BEBTHFRE n ARKREAKA D ART T . SFHAR, BRI, HHKMIL
(@) RRCAZ2AFF. FARAN AR P LA RTA O AR TP, H M
B AR LS, 1 —o(L/n) A, EE—AHTFORXABES A nlnn/lnd +
o).

SEWLRAR SRR, B AETF AR 20, AT E R AI LB, T 4R B A S
MO, RAVEERFA W i ELTAUR ST i RO T AR, B, T AR R 4
§, R S | TR, TRMGAE SN R FRNRLE St A
SHESIE BB TR M. AR RIS — R0 6, [, BIOUKBEDHE DY i
TR LR B,

BEEAER AR, EES R | AT H LR R B RAITERER R — 1
A LUAR BRI 09 B, RSN S X — BRI R R R T o B AR A
ML AR, MR R BSR4 A ERAR R
SRR BIEE A% i+ | ORI MU IS A (1 EROOH T A0 B0 LR

—ARMBEESR 1, TR ARG R ESR L R
HEZ B AMFHAFRREL N i, BARKERIGE A EDR | AT OREEL
RB/n W NEROTEE SR+ 1 MEKESR(B/n) . TR YRR R 0 T
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i DRMBEER, BEELK i+l MRIGDEESR 20(8/n)" MRS, MREM LA
TrkitAT, M4
d
et
RATRAESHHRAHFXDBELR, HERA Y j=lnlnn/lnd +0(1) B, B BHO(Inn).
TESHBT L B R AT AR HRYIRERAREERAA, BEERASHBE LR
EHRAMGE A, X EERE Y LIUL LR, ERE L. W, RIMBECLH
TAXT B WF. XAEEERWIEN P LAEFERE - FHEERNORM
TATHGEA T EAIC S o 0f 2 MR ARG RGAERIKIBCE 5658 « DRI EORE. it
ACOTEE e NERBTEEE, v, () W e, () (52 50) R ¢ B 206068 340 @ 948 F 9 1 BOR 5 2
DI R M LR BB, RO v, Mlp, FR v (0) Al (n). FEEBREHE
MBI —AHETEEOFIR v, () <p. (1), FREIAHELCR i WENETFLHAE S
&AW E SR AR
B, ROVEEWABAMTIH. B30, FRXF TSR KO Y
IRERS, FEHBIE(L )RS 6=1 Fih.

515 14.2
Pr(B(n,p) = 2np) < ™. (14.1)
T AN G R AT B AT A 3 B UE B b A B A K BEAL S it
SIR14.3 AX, X, -, X, RAEFEEOMMWEZAS, V,, V,, -, ¥, R ZAKM
EEAI, BRY, =Y (X, =, X). R
Pe(Y, = 1]X,,~,X,,) <p,

" 2
Pr( iyl > k) < Pr(B(n,p) > k).

iR WMRBKALE-AERY,, WARE X, RAAMH, 840 Y, KRBERR p g1
AR SRR R AT REEE 1 ARJS Gt 18 5 HE S 0 PT 0 L i 558 S [ ]

BUTETF iy £ S 9.

EE 41 WER EMATEOME, RIONEMES M, EHUXMHBE, KM i
vi(n) SB. A B =n/d, Ma<i<i', 46, =28/n"", Kb i 5. A& RAEFEMHr,(n) <
B WEE LIEHF LR YA o BRI, BOH 4 DROMFARTEE T n/d 4. BRI
WK IBER, Sa<i<i'Bf, MBE ML, WAL, dHL.

TEREMBENEE - i 4, R WU, %2

=1, MHMXY k() =i+1Hy(-1) <B,.
BVIRSE  PEROTEESR i+ 1, HHE -1 MAMELR i OBTFELH B AW, Y,
RLAAYUGHEDL R i B TFESH L AR, Y, =1, IATRFQA SR, HE0
RS 0S: BC E- R
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B, 4o RAR/DRTEROEF. B2
Pr(Y, = 1o, ,0,,) <
n
RV, EAEHN -1 DERFTBAGE IR, ¥, 0 | BRI (B/n) . RREENEM
Y01, FEEEBANAMELR (WM T, TS RAFWRIENS, XH DEREFEM d A
HTRHLEBELY i KRR (B/n)'. MBRBH Y, BT, MEHFEST L MHELLR

i, xszm&manﬁﬁ%aﬁA&ﬁ:ﬁ$wﬁ.
i p, =g!/n, MIEFIH 14,3, WLIBBILIE

Pr( Z Y, > k) < Pr(B(n,p) > k).
P

B TR Y, WEHOE X, ERRYSIE - B E R (R WIR A v, (1 -1) <B, B
Y = 1%, RERXF—EREL.)

CRIE T, A 3V, = e BH vy S, i

o

Pr(v,, > k| &)< Pr(u,, > k| &)

Pr(iy‘>k\&)

P Y, k
JHErey)
Pr(E)
Pr(B(n,p,) > k)
Toe(E)
MASIE 4.2 HYRERRAR TS FHRBOR. AWENSER S, S k=p, =
2np;, HE

Pr(B(n,p,) > 2np,) 1
Pr(v,, >B. | &) < B T < FTPCE)
AEpn=6lnn, ERMEHH
Pr(=&., | €) < \nzPr(E) (14.2)
TR
Pr(=£.) =Pr(=€., | E)Pr(E) + Pr(=E., | ~£)Pe(=E,)
SPr(=E., | EIP(E) + Pr(-E,) (14.3)

BFEL LXK, REpn=6lnn, h(14.2)F(14.3) XA
Pr(=&,,) < Pr(=E) +%. (14.4)
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Hitt, REpn=6lnn BE UKMBEMRL, WE, BUKMBERL. HTHHEE,
RIVEBERSFL. &%, FEEHAY LN Inlnn/Ind B, pn<blan, HIXRRME
SREGBA TSR, W, BFS PRI pn <6lnn WHES, BH—H p, XAM, YR
RRBA R LA B SR

4 it R{fi48 p, =B/n® <6lnn/n RILHBA i . RATEH i* & Inlnn/lnd +0(1). Kk,
U344 40 B S

W i=0Bf, ERMI. EAENDE (30

B = 2

zum.ﬁ/
BATRB WEX, BLATRBTFHEAABSE it p., <n2”, HEM "R Inlnn/nd +
o). FFBFIH(14.4) R, RI1GH

Pr(-£.) <

[
n*’
BB pn< 6lnn WK, Ri14
Pr(v., > 18Inn| £.) <Pr(p,.,, > 18lnn| £.)
_Pr(B(n,6lnn/n) > 18 Inn)
= Pr(E.)
PR N
n’Pr(€.)"
R BE ~ ARG DR FURERA. (RH AR £ 305k 4 713
it 41
Pl

Pr(v,.., > 18Inn) < Pr(=E,.) + & < (14.5)
,,

HTEE, HEEF
Pr(vs, > 1) < Pr(g.., 2 1) < Pr(u.n 2),
R - RUF
n
1 .
Pe(B(n.(18Inn/n)") >2) _ (5)cxsimnrm)

Pr(pe,, =2 |v,.,, <181 = =
(bieiz = 2] viesy nn) Pr(v,.., < 18Inn) Pr(v,.,, < 18Inn)’
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X R — AN SR e 7L ) 3 6 A8 B %’(;)Wﬁﬁi&&ﬁ’f*ﬁi. X ERA

EOR D +2 MR (18Inn/n) ™.
RTEARRE 2R, RISFIA(14.5) R1G 5
Pr(v,.,s = 1) <Pr(p.,, =2)
<Pr(p,.., =2|v., < 18Inn)Pr(v,.,, < 18lnn)
+Pr(v,.,, > 18Inn)
<UBlm™ vl
T
HRUEB T d=2 88, Pr(v,. ,=1) o(1/n), HRAMBFRMHATF " +3 =lnlnn/Ind +
O(1) HEFIE o(1/n). |}
BEALMATRESS 08 TUER, fBAESCER b, ATLARMEMT A RA T RATRESS. SIS 141
L RANEAMBE FRM S n HTE, BARERAANTERNREHTRITRLS M
Ik
tER—DHBEEN, BEH MFHRENRMIERL. — LB T SELD, 5
HNHEAD. BRI B BN G — L TR BT SRR
AT RH BRI T —EAREMRA S, WREELD EOBAEF . SA
VEAREG SR TR T AL, IR X ROT AT, AT AT LA B 36 TR K SR ) — R B — 1
Fenlnn/2In((1+5)/2) +O(1). TTLAKEFR 7 B HE 1 BUIE A F 400 d A FE BOAH TR K/
WA, MBRNARR T ALY, BRMERS RO TR XFMELR%ET 14.13 19
38
14.2 F#EE: TR

A5 38 T B A 7 9 T SRR B A B 14,1 4 SRR AR R .

EE14.4 RELETHFXE 0 ARRKHAn AT P, FBAR, TARL, HHM
AR (AKE)dZ2 AT BAREA AR TP EXEFRRBGBART P, ML
AT sk, WHARBALE, BE—ARFHRKAGA] -o(1/n) 8 %EE SR Inlnn/Ind -
o(1).

GBI E RS R R, AL CRORRZA. R, RAA BRI A,
HIFF, MBRMELR B FRUKGERA TR . RS LA, AASESCY
BRI BUE R B 200 i TR LR EEER TR RERX 2M Rz
R RLZIR B EAG § EREA BT R, RER TS RER N | R FRE TR

RMIHBL, KIEY LR, RAOTFAETE n W2 E DA i MR FREERE c<n B ZE
BHv(e). MEXRRBBHRIBEN TR, HTHRES A RABIE i+ R, REGYR
v (OETRTARLER. BT WHBGEA W, RAVHEE (1 - 1/2) AR E DK | 0936T
B =T Ry, WEREEBNKE (n(1-1/2), n(1-172"") ) EHBENBER i +1 19
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RO YEHSPFEENN, XOGETEYM FRML, EEWPHLBEX— M.
RNPAFRENSIH, ENXRMT LR PRSI
513 14.5
Pr(B(n,p) < np/2) < e™*. (14.6)
318 14.6 4 X, X,, -, X, AEEERTHMMNEFAA, ¥V, V,, -, ¥V, AAHK
BY =Y (X, o, X)HZFENEEFF . o
Pr(Y, = 1| X,,~,X, ) = p,
R 2
Pr( PR k) = Pr(B(n,p) > k).
P

EEAMER ©F ZRFEr,(n(1-172)) 2y, Kby,

Yo =15

n
v = 5( %)
M. AR, Fo CAREE LRSI, BUAE LA 9 E A A 00 7, LATE SR K AR ST, AT T 1L
HRIERET R
E4E
Pr(~Fo. | F).
XMFRE R=(n(1-172"), n(1-1/2""") [ty e, 5 X TBEHLE R -
Z, = 1,5HME () =i+ 1w, (1-1) =y,
B, mB v, -1y, WZ @21
BRI ARE i+ 1 RN
v (t =10\ (v, (- 1))¢
(=5=) - (=52
TR« AERET I HE O BTAT d AT 00 SR R R G R K AN BRI I A
i+ LR, BUGR LT d FEEEDSE i+ PEROBE, HNIEXFERF, BRI
HERKT i+1.
VRS o, #RE j T RITABENE T, RIGH
4 ‘
Pe(Z, = 1w, 0., F) < (77) - (L) d

n

n

BRFKIME v, (=1 2y, WZ DR BIATLUEERE v, (1-1) <y,,, BHFR T
B EEHEF T, MDA v(-1) 2y, *
1y, B9 AT LAk — 2 1 3

ey (2 (2 = 32

5
£

1
Z =g ly/mt



284 14 ¥

BB 14,6 AT LB F] .

Pr( Yz <kl }“) < Pr(B(;{%,pJ( k).

BRI v, R
Via = %z%pl-
HYIRHRR,
p.(s(z%,p,} <)< e,
WME pn/2" ' =17n, XARRo(1/n’). & i REBHARIHRABENTR. LRHIE
B i W LAY Inlnn/ind - O(1). BEBBEXFMWELR, WY i<i'w, BREYH
Pr( 3z <yl }“) < Pr(B(zf%,p_) < 'y“,] = a(%)

b, BEXTH Y Z, <y, HE-F.,. B, 4i<i'nwf,

1
Pr(=F. | F) < Pre( zkz <yl F) = a(?).
FREL, XFESFKH n,
Pr(F, )= Pr(Fo | Froy) - Pr(Fou, | Fro)Pi(F, | Fy) - Pr(F,)
= (1 -1/n")"
=1 -o(1/n).
HTHREEHA Inlnn/Ind -0(1) LHRER " H—PEYEE XATERY £
Inlnn/lnd - O(1)Bf, y,=17Inn BIAT. HiERAR y,., =y/(2°7n*"), @t B SEAMAT L&

)
Vi = %
Zzlntuzrkn'
—NE R R B R R
V> e
2
B RNIRB AW i, @18
' 2|+ = 17lnn.

XMFESFKE n, MATHRERE, TLUES Ininn/Ind - 0(1) —BEKRH i:

ZT':M? 171nn,

2 g 2,
Tinn
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10d"”' < log, n - log,(171nn) ,
o 1
d'=s Zolnn,

LI TN ]
Ind

14.3  FHRAEIER A S A9 RE A

0 B U 0 TR AT VE AT SR R, T 1B AIM 4 th A 0
B A B Se FIRS, U)ic A B 6 PR B IR Intnn/lnd +0(1), FESCEA X — M
HBFEEH 5 0B 0.
14.3.1 #3

RS S TR MOAIN , 3 i (B MO O MO 0 R B e RO BEAL TR, ]
HESRREFRARR R EXHBET, RIENT. ()2 0(n) AT HRMFIRE n
ATERMFRE, BEVEIE S TR G E BB BUE 0(1); (b) AAMBE%E, oI5
FPER TR AT AR O (nn/lnlnn).

R T RSB RS AN, BRI RS R R R, B A R
o MR 0L 6 25 1A B I K O (lnn/In o). G, A5 — 1 B ol 24 A BE 2804, %
FHR M e I SO AT RE A — 4 B BB HEREAF A, © (lnn/Inlnn) ROESRAKT. 5
AETE R LR A AE BT . I, B I, 3 A B R B —
KRB WAERARE. ORI B LB RRE, RIVREA AR
TN HBAR, MENSP0REMERSREN. T, RS, A
FRRBET A BR.

I BERL L, AT E — BN 0(1) LRI 12 O(Inlnn) 0 BII /% .
75 84 SRR BT BEOURCO 8. 1 BB O 0 5 S BB 26 1 80 A T B .
E A B AM BORWIOIA R, % B TER P 000 R — R, R o A
TR ABIA NS 0 09— 2T, WA AR E DR 0(1). (R5% 14.3.) %
141 RS, LUK MR TR — A A RACH LR OClnlnn) , 5 5LUR— A B4 B3 o s
MBKBBIRE O(nn/lnlnn). HHEHR BRI EROE. BHRERE T HREE
P B TR — B BB R, AR KRR I b 0Bk 4 ST 10 0
EHRH. WRBIA BHCR T LUEAT MR, W LA XA A 41
14.3.2 BZSABRE

B 1 P — TR A E KR B O D608 1 P A R . (5 44 O 55 8
AR S E— KA R BH TN, % )T IR RAR
WEOVER, PR S IIRERZN, TR RRORA. XA TERBRG, HY
EERAENERHGEPBED. 55—k R BRI AE 5. 37 25 80 90 LA
ERMBHH WP HEAM, B ARS B R EH BE O, PERE R GRS —

e
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FEATKE BRI R, R R R BEIR A SR, A R % 4 B/ B Y B
W, AR ARBEARF /NGBS, T o PR ST NS B

%3]
141 (a) EHE 141 FETE 14. 4 fIEHLR M BV IT R SR T 5 0. FERBES,
) RATRM DB 0 4589 B UV H T B/MRS 08 F TS, W& R
(b) IR ERMBBI, & HEH TAE AR, 3R & M R B 8 605 BT % 3% 10
HFHEE.

142 HETEFHREEHOERL : 0 PRKKEE 2 MEFH, BTROH 0 -1 455
ARSI BEIUEFE— DT i, MK R T i, i+1modn, i+2modn, -,
itd -1 mod n FHB/AGFEIAMF b EH: Y dRHBA, B KRB
O(Inn/Inlnn) . BILEXFEO T, FERREHFLBE—4 0(Inlnn) ML

14.3 BN A AP EE, XAA 0 ATE B —K A/ E 0 KHE) R A — AT F
BRI EHGMEHER 0(1). HEFAAHFL: BR-IAEXRPOTE,; BEK—
MARERPHTH.

14.4 BRTEFHRECHGEI : 4o PRKKBA 0 MEFFH. BIRE d A8, A
n AEF R E S SR d ME T BCR - REE, MAWER dAE TR
BEER, EHEIINRERTRBMS. EREXFHERT, L1 -o(1/n) MIEE, &
KAMPESH Inlnn/Ind -0(1).

14.5 BEEFHEREZENA  MEF, BETARYOMHBEEN. RZUEEFHH
BIFER . BFM13RAR, BTH2/3RBE. EHVBEE 8T, KEE
A RBETHERR 2/, ®HFEGS B RMTFHEER 120, iEH. YERE d M
FHFE, EE—PEFORARFKAR Inlnn/lnd +0(1).

14.6 BER-ASFHABUGPTOER: WEA n/k R, B804 FAFRBL. BB
MAEEH d MEETARMEORNME TR, EXHEBT, SMITORMRE—
REAHI M RAT. BEPLBITRS. & & FRF MR BH— T %TFn
d Fil k iR BAE R RK B0 09 B R

14.7 RFTSLIER, KUH n DPERBEVULA 0 MET, (BABRAT LT NET) LA
R, BAAFR Inlnn/In2 +0(1). BERRKKMBER, TiRITE n ABREFA 20 B
B, BEFEHEIREBBRACHERORE T RRAAM VRGBT X
WETF, UKMBEE, L8R — R ¥ 800 Bk fufr.

RE—TERFHRRMER. BENZBA -T2 E REEGFTEHNTER
W EB—L, RO FREERN; FHR, FHRDRIERG. M IR
BT, WBTHELE - MARETF b E L% H%M T ROEERER, # X5 1% BRER 5 IR
BT, REAEBRIRAEA 5 R RR. PRI B F 6 BRER R WA A3
FreF B R, ARELBA N T O ERRGS o, WAMRLE T HETFORALET
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14.10

14.11

kA
2254 10000 3R 10 000 M FIEFT B IF. 765 KPP EAA 4 WRBBA B &
HVEBRER T P L RPN K R Z0? MEBRFRSHR, 2HELHRE. WRE
FREH, 3T LI 100 000 4~ERF 100 000 A4 F 125 [ 4 ) 7 A1
FHEEERA— RGN R R, N PREEARRMES, 4 F U
F.ORYSD S LAREE, BRARAEN, MTRER
RERESR P EHLRE. EHRO% WS, REMT M. HIBEIMBBA n
AT, EBROSRS, ERRPECH -NROBIET AR 8 SR
—ANER. BIREREF -RPERE ABE R o PERFH, HEPRELLHH
ik
(a)iE®]: LA1 -o(1/n) MHEE, XFHEELT log,log, n +O(1) 4. (R7: £ b, 2
kREBAMRY, EHREL,, KoK, HFELHHHER c, UKHESEFA b, <
(b)) /n.)
(b) BERIER THARLE, #8 - MAFE-RPEE R, HECYBAREHR
MEFERLPERMGAE——NER EH: PILL1-o(1/n) ER, XM HEEL
% log,log, n +0(1) %,
BMURSHEF RN - FHARTERER - EHME A TRAORA HTHEM
1000 000~ ERFHA 1000 000 N4F, % E—4 1000000 P BARMIBA. 55— F )
WRRE DB, HEj A TRICREO R AN A F R R ENR ST
VB B 14 R B 0 8 R U R X R O 2 DU/ B 9 33 () BE ALK 1000 000 A ER LA
1000 000 ™4 F i 5.
B AR AR IR S8 F 0 5 ARt BH0E 0 AR 1 A
HTh, BIRAd=1,2, 3 K4 HEENERENEL. TLI%ZA n=10000, n=
100 000% n =1 000 000 (T BARRESEE 100 K, RERR, HEA 4
HRAGAEGHEMIE. TURASET 14.9 (BB
4 S — A BUUE F BEH0 F 45 RC B G 0T A A R BA REMPERE. SR n 4
FIFO BABI B9 8RAT, #EABITHBMAEBR UG An 8EMARPIRR, Hha<l W
FEAD R EFHE—AWE T, K8 A BRE iR 55 0 18] BR A2 60 1 BB B35 3053 A
BB : () B NBEMN n 4SBT 57 i B 3959 REHL I 26 38— A A1) % 15 i
%5 GOBMBEN DT HEMPLRERR RS, REEKSEEY
BAFYFRRFAR S, BEOLMMIFLE. HE, B MRS T —AF & M/M/1 FIFO
BAFIEEEAT, BABAIIREE R EH A <1 MIAHBIL. ATLIES T 8.26 R EI 4 B
T HI S AL T 8.
BUUEIEAT ¢ 4, SRR BITEX AN 3R 45 b 16 20 e 160 ) 3 339 08 (5 F 5 UBR 9 B9 BT A
RE ) BT BT 3% BA B b K B 7 AR 55 0 PR A B0 7 B0 (0 F B B 3055 10 i A L
%). M =100, t=10000 %, A =0.5, 0.8, 0.9 F10.99 i FIBIIIL &

[346]
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14.12

14.13

FHE-NBFUBERENRSHETUAS FHRBAMAN T EELMOER. FHE

ARV E R RN | WE A L. X oa DS AR 0 BB, P AT

T BREHPRETIHFABMABF . SR AERRE L 44

XA AEX BTN ENBI (RSN, 7). HRBEX A8 F PR G
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