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F—EF MmEFHIR

A B FRATT 1] B (B AR R 18 SR J AN TR BRR AL — B A TP 25
1.1 #EFPEHA

111 REAESE, RS SR

G —ANEEQ, HEWUE 7T RN R K iR AR, RATHAR XA S R
A A AR Qb TR SRR T o B, FETi 2
(1) Qe
(2) AeF=A€eg;

(3) Ak€§ak:1727"':> U Akeg
k>1

P TCRNBENEN, EREAT RN FE. WNMHMER, § haS LS4 =2
MATHIPGEBFTAE. PRF — [0, 1) LR, HRERF RN SRR TR RATRE N
REAE, G S0 2 an A

(1) WHEEA € F, P(A) > 0;

(2) P(§) =0, P(Q) = 1;

(3) Ap €F.k=1,2,--- EAMI=P(U Ar) = 3 P(Ap).

Hn MBEHLA Ay, A RALE, B AL TRk, 2 < b < o AT RS, BT

%Ail’... 7A2.k,

P(Ai, Aiy -+ Aiy) = P(A3)P(Ai,) - P(Ay,).
ERAEWNANTENEMA, B. BEFMHBRAEMMENIE, BATEFHEMEBRERNRTEF
1 AR A 2R (BE LA T I 2R )
P(A|B) = P(AB)/P(B).
AR L, BEYLEAE T B2 AR 0] LR R & — AR AR 25 (8] Q <48 /N N B FINER..




2]

LS PR AT T AR50 50
(1) (SMERAR) BEEHLIEB,, - | B, WREAZIQI A, BBy, . | By B A
T A
m:}ijmy
(2) (EAR) WEEHABIIA B,
P(AB) = P(B)P(A|B).

(3) (M- AX) WHEHLEAT By, - - -, By WA RIQI)— 503, B4
P(AB,)
S, P(AB)B(B,)
B HE R AR AQ, L FE R M EP =5 B A — A AR, RO (],

1E(Q, 3, P).

P(Bi|A) =

1.1.2 B RENT = R X% E

PR A8 SCTEFE A 25 M QR 2 23 (8] (Q, §, P)) b IR (SEAH) bR ALY (w) NBEALAR &, 45 6T &
z € R,

{we M X(w)<z}={X<z}eg.

W IR NX,Y, Z. BRI EX, Y2 LTS GEEX 2 Y), RP(X =
Y) = 1. %L
F(z) =P(X < )
BERAS & X o A BB F o3 A B B0CY B F A S, S AT L
F(—00) =0, F(400)=1.
(A) BHU BN &
5 AL AR BT R EUAE AT PR S nT AR B U T A B — FHE B R (7T 4
(¥), T84 ZBENLAS R FR 2 BRI, 1 B BB BEAL AR & X 1) R BEEUE
B0 L1, 3oy
AR
pi=P(X =u), i=01,---,

NX BRI A 51 (B A ). B




NX KR (5 R, R B XA LR SRAE = . Rk = 1, BROAX EBCAIHE (91E). R
Var(X) = i(m —E(X))*p;
KXH77 %, -
I TFRATIF 2 TUA 87 51 FH B 18000 A (R ).
(1) PR3 4b(1,p): X € {0,1}JHP(X =1)=p, (X =0)=1—p, p€ (0,1).
(2) =T Aib(n,p): X €{0,1,--- ,n}H
P(X =k)=CkpP(1—p)" %, k=0,1,---,n, pe(0,1).
(3) JU 53 4iGe(p): X € {0,1,2,-++ ,n,---}H
P(X = k) =p(1 —p)*, k>0, pe(0,1).
(4) VRPN (FRSEN ) X € {0,1,2,--- ,n,---, } H
P(X:k):%]:e**, k>0, A>0.
(B) LRI & |
A AL GRS (o) (A B AR 5 X1 4341 bR 4
)= [ s
BB LS B X ALY, FER 8 () M9 X K A e
SHERE > 1, FR
E(X*) .= /OO 2F f(x)dx
RIX IR (SR AOHE, i 2R 3 RRRIFRE(X) A X MR 8 (A1) 7K
Var(X) = /Oo (z — E(X))?f(z)dz
KX -
— L RS AT (R B IR
(1) 325950940 XM (a,b) L35 5340U (a, b), 455370 % FE R AL

1/(b—a) x € (a,b)
fz) =
0, HAh.

(2) $8E A XARM(0, 00) ESECNA > ORIFREUI M Exp(N), £ % L BREUN
e~ x>0

0, oA,
(3) M3 o3Am: XMM(0,00) EIERZHa > 0, RIESHN > 0 WIS MHGala, \), £ % E




A2t Az >0
fay=4 "
0, HAth
(4) IEZDAR: XIRAREBSHE N, 772N BFIER AN (u, 02), % B R
Flz) = 1 . <w2—u>2
" V2ro?

1.1.3 ARZNFEITE

R S FEA R R QR AW (Q, §,P)) LR R X, -, X, EHK
X = (X1, -, X,)
AnTCBENAZ R, IA/EX € R™. Hn > 1IN, SN2 chi R R, NERITTE, RATH
X = (X1, -, Xpn) AndEl R EFEHIAS & (RO A R R ).

S
i

G, T E
#r X AnTeE SN &, I AAFEAE AR f (21, 20, - -, ) 47
F(Zl,fﬂg,"‘ xn / dtl/ dtg - - / f t1,ta, -, n) n-
PRZZ TCRRELf (X, -+, X)) IBRE 2 FE R A BBt RR ERAN B ATL AR B X, 1R 931 BR 2
Fx,(z) = P(X; < z)
IR 5 A IR PR (A 2) 73 ATy FR XG0 50 A0 2% FE SRR fx, (o) (BATAE ) N IA R (A %) % FE o

#, i H
x) :/ dti/ dt1~~/ fltr, oo by, tn)dtn,

1= [t [ i,

X1, Xy, -, X #RE B HUBEALAS &, 10 v RE T HUE

{xij, ’L'=1,~'~,Tl,j=0,1,~~-}.

(A)

Mo XHIBLE A 5N
Dhor kgl = P(X1 = T1gy, Xo = Togys -+ Xon = Tuky,)

HARZBEHLAS & X 1)L B 70 A1 31

n oo

p =P(X; = zyp) = Z Z P(X1 =21k, Xi = @iy, X = Tk, )-
r=1,r#1t k,=0




nICHENLAE R X ) o #lg (X) = g(X1, Xo, -, Xo) RIBUE IR E SON

ffooo T ffooo g(xla T ,l’n)f(.’lfl, T 7xn)dx1 o 'dxnv Eéidﬂ!

E(g(X)) =
Z?:l Z;j:o g(xllﬁ y s Tnk, )Pk1,~- Jn s %ﬁﬁ@
RN B A T 28

Cov(X;, X;) = E((X; — E(Xi)(X; — E(X;)))
Joo I X))y — E(X))) fij(z,y)dzdy,  ELEL,
Z?OZ?OkaMX»@ﬂAE<>m$K B,
K fij (. y), pi%) FOR X, X3P BN A B (035 A 53 A5 2% 1 oA SOt A 53 45 51,
Mnffr IR D = (Cov(Xy, X)) AnPMBENAR R X, Xo, -+, X, HITD T ZEHERE.
nICIER 73R B e — AN EELES L ek E AT, Hn = 20 AT (X, Xo) IR It 1E
BN (1, pa, 02, 02, p), ZE AT 4317 55 B B 5K
flz,y) = WeXp{ -1 —1,0 ((x U?l) —2p% ;ul y;;Q L 052)2)},
Hbp, = (X)), u2 = E(Xa), 02 = VarX,,03 = VarXs, p = Cov(X1, X2)/(0109) NS
R 5l T R

WA|D| = o203(1 - p2),

D1 1 U% —po1o2 | 1 Uf2 —poflogl
~|D| T 1 p? - - '
1D —poi1oy  oF r —poy oy’ a3 ”

(% — ) = (2 — sy — i)y BRI B0 — 76 IE 25440 25 FE B M 5%

1 _
_ )T D ()
f(z,y) 2m /] Dle
— Wi CIESBENLA & (X, -, X)) I R BE LN

£( ) = _
x1,T2, y ) = (277)”/2\/We
HADRIEEHME, x—p = (x1 — p1,- @0 — pn) T, pa, oy i NEE BB X T,

E(X;) = ps, MHDHARAX, -, X, Z BT ZHRE.

NHXABIT I E T BN (p1, p2, - 5 ) 2 TC =IO
BIL.1 Fm A RE T EIAE T, B VR NS RET BER BONps, pr 4 - 4 o = 1 EESIGL
k. CAXZFRORENB AT R R L R (X1, Xo, -+, Xom) HIBRE 200

*%(X*M)TD_l(X*H),




R Dhn; RoR S MET VRN, A0 <ng <n, MHny + -+ +nyp, = n. BEVLFEAE
(Xi :nivi = 1727"' 7m)
RAMHEE N

n!
n1 IN2 MNm —1 —
Cn Cn—n1 e Cn—nl—w—nm_g -

n'n'.n "
1:742- m:

P SIS 0 40 P T — 2004 2 OB g e - pin, TR

|
. nﬂnzr!L:unm!p?lng Pty ng 20, Z:il ny =mn,
P(X;=n;i=1,2,---,n)=
0, HE.

H oA AR RATEI (K < m)I) 73 A5

n! ’I’Ll'.' Nk Mk >Ozk‘ <
. nl!mnk!mk!pl Pl s M2V, 2 =i =N,
]P)(Xz =N, 1= 1727"' 7k) =

0, Hee,

Hrfg :1—2521;01-7 mk:n—Zle ;. O

(B) BEALAS &7

PR A BENLAE R X, Xo, - -+, X B ML, WRSMER 2, 2, €R,

P(X) < 21, X2 < @9, , Xn < ) = P(X1 < 21)P(Xs < 22) - P(X < ).

MEH ZANHHALEX, -, Xy, - BHOLH), HXMEREE > 2, X1, Xo, -+, Xp ALY,

X, X NIESEAIBENA &, A X, Xy, - -+, X 07 24 HACH B AT B A 2 B 45
T % B &R ), /i

@1, 22, 2n) = fx, (1) fx, (22) - fx, (@)

BEATL A% A EL N7 (P AE A R S T HE S B 2 e LA RS .
EX1.2 ®X; = (Xiq, -, Xin,), i = L, ,n, 202k, kAR E L&
N > 1. MEZ TN EX,, -, X, ZLE), HEER, ; € (-0, +00), Hfl < j <
ki, 1<i<n,

P(Xi; <wij,1 <j<k,l1<i<n)= ﬁJP’(Xm- <aij,1 <5 <ky).

5 TR R AL S 7 AT, SBRBLERLX, - | X, S 9, 536 B H 0
BEA, MEBHER A Z MR R, 1EX, -, Xy, IBAXEN 2 oA S 1257
1, HEBHERY; = fi(X;), i =1, k, WA EIHSL.

(C) Bl LA 5 bR HR 1) 50 A
WntEEX = (X, -+, X, FEUEXECAD, &2 MDD 2|A € RPF I K%L, not




BEHLERY = (Y1, - ,Y,) = ®(X), B4
(1) #HXREEH, MERy = (y1, -+ yn), ®OH(y) = (21, ,z0), B4
P(Yi=y1,- Yy =yn) =P(Xy =21, -, Xp = 2,).

(2) #H X EELLMEEYIAS &, OIS n i H JacobifT 412
Jo =

8'1:.7 i,7=1,-

AAEAS R0, FHory, Ros RELP IS DN, %B/Mﬂia(ul, ) €A,
fX( (U1, ,Un))

|J<I>|<I> ut, - yun)

fY(Ul, - ,Un) =
Hr fy, fx A RIRIRY, X WA 3R iR AL
f501.2 &{ Ty, k > 1 REIEFEEHREFHI{W,, i > 1R A7, ]
-3
i=1

(T, Ty) KBRS LR ECN

)\"e_M", O<ti<ta<--- <ty
fT(t17"' atn) =
0, He.

MaW;, i =1, n, RASECINFTRES A7 ELAH ELARAT.
MERR & X — A = {(t1, -+ ,tn) 1 0 <ty <to <o < 4, }RIRT BLET @, §45
Dty g, ty) = (t1,tg —t1, -ty —ty 1)
WARORIELL, IR I R EL, JacobifTH:Je = 1H.
(V[/17 . ,Wn) = @(Tl, . 7Tn).

UL (W, - - W) FERY 1R 4 88 B
fT<(I)_1(I17 e ,.Z'n))

| o o1 (21, 2p)
— fT( (xl, , n)) — )\ne—)\zz;l i

fW(x17-'172,"‘ 7‘7:774) =

H1 LT W B2 A B TN
le(xl):/O dm.../o Mo AT iy — Ao ML,
AR, 0 > 2, M ATBIEN fiv, () = de= =1 L
fw(zy, 2o, wa ;).
PTAW; i =1, nmﬁlii)\%iﬂwj)\ﬁ’ﬁai&ﬁ*ﬁﬁﬁ%ﬂiﬂﬁﬁﬁ&ﬂﬂ%& O
(D) Fh 7 BEALAS 5 A AR I 53 AT
X, YISL AR BB BN Fx (2) M Fy (y), BAX +Y I AR EG(2) = P(X +Y <




2) THBMER, G = Fx « Fy, BIXH{EEz e R
> e, Px (i) Py (2 — x1) XNEHBENA R,
G(Z) = FX * Fy(Z) =
7 Ix (@) Fy (2 — 2)de, X NESENESE.
R, 25 X, YRR BENL AR & IPAX + YR IESE AR &, & 17040 % 5 R AL

(2) :/ Ix(x)fy(z — x)da.
X1, Xo, oo, X RBOSLRI A M BENLAZR B, LR AN E, IARERE2 < k < n,
Xi+Xo+ -+ X
14 7341 B AL
Fi(z) =P(X1+Xo+ -+ X, <z)=F"%2) = F* 1 xF,
Hh et = F. HFAEERES, WAX, + Xo + -+ XA 5% LR
(2) :/Oo freo1(z)f(z — z)dz,
Horr f1 = f. BEIREATT o S RAR AN B /IME R 73 A1 B8 7> 59l

Fnax(2) = [F(2)]", Fnin(2) =1 - (1= F(2))",

fumax(2) = n[F()" 7 f(2),  fuin(2) = n(l = F(2))" 7 f(2).
B1.3 (1) X, Xo, -, Xp B2 HIMRMGalar, N), Galag, N), -, Galan, A) 7340 FIASL BEHL
g, Ao
X1+ + X, ~Galar + -+ an, N).
(2)%)(1’ X?a e aXn%ﬁ%UH&MN(MlaU%)’ N(:U'%O—%), s aN(ﬂn’Ug)ﬁ%ﬁEQZEj&ﬁ*}l&%’
i S8

X1+~'~+XnNN(M1+--~+Mn,0f+~”+U,21)-

VERAFTIEE R, 55 ATHR HBEHLAL & S AR A G 2
(1) A FENA R X Ppr A AE, B AR ERL > 0
P(X]| > z) < w, p>0 (UILEHRAZERN).

(2) #HBEHLIZEX, Y A7 4E, AA

[E(XY))? < E(X?)E(Y?), (Schwarz A~ %),

&)

L1 88Xy, Xo, -+, X O HJUA 7345 Ge(p), RX1 + Xo + - + X, [0 4651




1.2 %Xy, Xo, XgMor HRAIIE 3 ATU(0,1), 48 B X (1), X(2), X 3)RmH ik, HxA
B/NABENLAE B SR X (1, X (2, X () FIBRE 2 FE B 5L

1.3 W JuEN AR EX = (X1, X2), Y = (Y, Yo) 2. GEMX, 5Y1 0007, 2B 3 X, X
A RAANIRAT.

1.4 FSchwarz A28 RAE W X 11— A7 7E, IBAP(1X| > 0) > [E(X))2/E(X?).

1.5 HXHMEEEL > 0, {a,(k),n > 1}7‘91Eﬁ’l$iﬁ$[‘%§ﬁﬂ,ﬂnlil& an(k) = a(k), IE#A

3 a(k) :nlggoian(k).
k=0 k=0
1.6 FIH > 8.5/ 458 E W

(1) #5 B LAS B X M EUE MO, 1,2, - -+, BBAR(X) = S0 P(X > k).

(2) A XRIAFFOELHNARE, WAE(X) = [T P(X > z)dz.
L.7*% FIH 21 5 851 e (T6 55 SR A EAR 73 128 # P 24 1)

() EMHEREn, b, by BT TS 30 b= 30 3 bu.

(2) 5 F () RAESUTIRES, T4 [z 2 (o )dy = o dy [ F(x,y)de
1.8*% BAEBENL A B X IRMBE B A F, 7RS = {z : P({z}) > OV TP HEsE. 517
fEAEF S Hd > OffifHS C {nd : n > 0}, WIHRX R T 2550 A 57716 B3 A AE 5708
Hing, k > 0159 = {npd, k > 0}, MR FHIEK. UEIIRE T S0 AR 10K S A7 e B —.
1.9% W IEB Kk, - kR K AFHONd. TEWAEAE EBEN, Mn > NI FEAEIE 7

ey, esfif8nd = c1ky + coka + - - + csks.




1.2 FHHFHE

IHMER R X, A8 B U IE R IE S, JARIE B 1 R 2 e Y — SR
HEFBUERAL R, X RATRE— P B — R EE A S —— R

1.2.1 [MENEHFTHFESHRS5HE

FEEAENMABENAZR(X,Y), FIFAIEER  BEHLE T B2 0 SCT R, 48
FIY e APRAEMFE T XI3 A R BN

PX<z,YecA
Fyja(e) = P(X <afy € 4) = BE =Y EA)

P(Y € A)
R BIBEAL A T 82 A2 52 5T bR FEAN B O R A 2 ) B R, DR A AE ) S

AL N2 0 A DLEEF MR T Tt e, 7EY € A FIRATAT LLE XX I R
g (X)EE IR

>, 9(x)P(X=2,Y €A) X
P(YEA) ) H
E(g(X)|Y € A) =

o 9@ f(e, A)de,  XIELE
Hork f (s, A) oA BB ) a () VB E BRI
2.1 B (X, Y)BA(0, 1) x (0,2) R 51504, RE(X]Y > 1).
8 4 A = (1,00). H(X,Y)NHELREHIE R,

_ Jaf@y)dy
fla, 4) = f_oo dz [, f(z,y Ydy’
b f (2, ) N(X, Y RIS 3 B T (X, Y)IRA(0, 1) x (0,2) RIS,

fl,y)=1/2, 0<xz<1,0<y<2.

N
flz,A)=1, O0<ax<l.
N(]
1
]E(X|Y>1):/ xf(z, A)dz = 1/2. O
0
Feoll, 4 e e B EEEHL R & (X,Y), y=2Y K — AT aefE. ERLEIHY = g} %1 F,
X (GFAT) A7 5N

B B _P(X:x,Y:y)_ P(X =zY =y)
B =Y =y) = PY=y) Y, PX==zY=y)
Hrhe TR X P REBUE. TEBENLEREY = o} /T, XIS BEHE A

E(X|Y =v) ZzIP’ =2y =y) = dow xIP’E(Di(Y::xy’;/ _ y)

(1.2.1)




TILEREO(X, V) TERENLFEAH{Y = ¢} A TR (X, y), MM (Zc1F) F= e R
Y. Pz, y)P(X =2,V =y)
P(Y =y) '

2.2 #X, Xlﬁj\ﬁ'J%U\:ﬁﬁﬁJ\?ﬁb(n,p)%ﬂb(m,p)ﬂﬁmﬁ7 m < n. K

E(X|X + X, =n).

E(®(X,Y)|Y =y) = §:¢xy X=z|Y =y) =

B AY = X + X, WY ~ (n+m, p) T,

L L D RkP(X =k, Y =n)
E(X|X + X, =n) =E(X|Y =n) = B = )
Y BPX =k Xi=n—k) Y (n— k)ChCE
B P(Y =n) B Cry :

Zk O Cm b= C77zn+m 1
n Ck Cm k om 2
E(X|X + X1 =n) = i OC’m _ng:%m lznim. =

n+m n+m

H(X,Y )52 e S FENL AR BN, BARBENLFEY = PR AERBEER N0, (H i HI5E8R

VBRI, BRI FATTAT BLSI2E X ) (5641 ) 5 L R 4K

_fry) _ faw)
) =570 = f(@y)da’
o (2, ) H(X, V) RIS B E R M. M TIZEBERLIE (Y — g} PR, XS K e

0 < zf(z,y)dx
E(X|Y:y):[ a:f(x|y)dx:w. (1.2.2)

Flt — TEE D (X, V) EEBEHLIIELY = o) R B
E@(X,V)|Y = y) = / B (e, y)f (ely)da.
f512.3 XHMEEy > 0, RE(X|Y = y), HH (X, Y)WEEEERECH

flz,y) =6/(1+x+y)* 0<z,y<oo.
ff XMtz >0
Faly) = ﬂxw _ 3(0+y)?
W T yde - Azt

EJl:
3z 1+y
Tr = .
1+z+y)* 2

By =) = [ " e f(aly)dz = (14 9)° / h :

1.2.2 BEHZ= THIREGHFHE

—I S, BHRMFY = y )RR, R AR I 2 R A e, AT EATTAT
PABEHE — I — RGBS, M ERwW € Q,

weN—EX|Y=y) Hiy=Y(w). (1.2.3)




SR I AN Wb T RE A R FG, BOAAY (1.2.1)80(1.2.2) 43 BER0, RIZRE(X|Y = y) &A=& X
(LI 7 4

{y :P(Y =y) > 0}, Y B HE,

{y: fr(y) #0}, YIS,
DDy = {w: Y(w) eV}, BAMMEESQy LRUH. T,
EN2.1 B (X, V) RS B N — TR B, X WM WA AE. S /e B Z

@

(1) ZAMEHLARY (S, B R B 5182 = g(V);
(2) MMEBw € Qy,
Z(w) = g(V (@) =E(X[Y =y)  3tthy=Y(w), (1.2.4)

MFRZ A X KT REHLASRLY MU I EOE I RN (B .

NGRS B g MRy € D, gly) = B(X|Y = y). #35, %
PRI Z R AEAEQy FR TR, E—10; XEQy A, & SUA B I3 WK
LR 2 BT T B RO — ). (ELORE i S SR LR AT R 5% PR MO B 2, Z, 00
WOy C {2, = Zy). &S

Qy =0\ Qy ={w:Y € {y; fr(y) = 0}}.
[t
P(,) = P(Y € {5y (0) = 0D = [ fr(w)dy =0,

HA = {y; fy(y) = 0}. XERIHE X214 B EEWAZAECENE, BRE—-DEME
H EATREARSN, R5Ee—FW, W2 52, )L F M E. — RS, EMRE AR
8, JUT-Ab A AR SE I BE AR & 1 22 5 AT DL . R AE J LA A SR T, 5 2.1 R4k
30 S R M — 1.
2.1 EFEZC M ARG ERE(X|Y). MG P R S A5 3 R L
F A W EERE “TL T A A R IX —H 4 B AR, BPBR T — AN S, XS B )M S RO
2.4 LEFEARTEQ = (0, 1) LA A& B HAF MR, R ER (a,b) C (0,1),

P((a,b)) = b — a.




WX, Y RO BEHLAS &l 2
0, we (0,1/4)

-1, we(0,1/2) ) /
w)=1{1, w=1/4,

X(w) =
1, wel1/2,1),
2,  we (1/4,1).
RE(X|Y).
iR HE XP(Y =0) = 1/4, P(Y = 1) = 0HP(Y = 2) = 3/4. FtY = {0,2}. M
4(0) = B(X|Y = 0) = —2X = _1’YHJ,:(£,>+OH;(X —LY=0__
9(2) = E(X|y =)= DX = I’YP(?;;;(X =LY =2y
(A
0)=-1, we(0,1/4),
E(X[Y)w) =4
9(2)=1/3, we[l/4,1),

XEBATHNE (H B E XE(X|Y)fEw = 1/41{H N1/3.
2.5 B(X,Y) N ZnIESHNE R, BEE D AHEEREW T, RE(X|Y).

1 2 2 2
f(m,y)=\/§7re_§(”” ) (2,y) € R
R
flay) = e HEV/2
3T
BT
frt) = [ flagde= e
oo 2
(K]t
faw) 1 e

Y

LAY = R, HH{Ey € R,
9(y) =E(X]Y =y) = / of (aly)de = 3.

FrbHEEw, E(X|Y)(w) = g(Y (w)) =Y (w)/2. BIE(X|Y) =Y/2.
2.6 (X,Y )G 3 ERECN f(z,y). ®a <b HP(a <Y <b) > 0. iEW]
b
/ EX|Y =y)fy(y)dy =E(X|a <Y <b)P(a <Y < b),

Horp fy (y) WY B BREL




SERR BEMLIEEEA — fa < V < bYRAG AT, BENLAS B X 105 R Y
[P fay)dy
Fxiate) = [ J7 f (@, y)dady”

(X1
I da [P af(z,y)dy
I J2 e, y)dady

E(X|la<Y <b) = /00 zfxia(r)dr =

e af (e y)dy
B P(4)

F—J71H, ILE(X|Y) Ng(Y), B4

/ E(X[Y =y)fv(y dy—/dy/ f(zly) fy (y
:[mdzL zf(z,y)dy

Pla <Y <bHE(X|a <Y <b) = /b]E(XIY =y) fv(y)dy. O
BEMLAZ &R (10 56 A B ST B A T S B ’
MERR2.1 B LA R 5 AR B R L
HXHY ML, MEX|Y) = E(X).
2) #a < P(X,Y) <b, Ma <E@X,Y)Y)<b, MNIIE(a|Y) = a, HFa, bNH L.
3 IE(Z a; X;|Y) = Z a;E(X;|Y), Hda, AEBEAL.

=1

(1)
(2)
3)
(4) [E(X]Y)] <1E(\X||Y)
(5)
(6)

Pk

1

5) E(X) =E[EXY)); (&M=L
6) MEFw € Q, ity = Y (w), B4
E(®(X,Y)[Y)(w) = E(Q(X,y)|[Y =y).
REAHERBNAEEZ = f(X),W = g(Y)
E(f(X)g(V)Y) =gVE(F(X)Y),  E(g)Y)=g(Y).
WEBR FRATN AL R E AL AL & A BHE I (1), (5) #1(6).
(1) #ULRHT T 2B I (R, AT R TR Bw € Qy, FxURarlin]. AR

Plw e Qy, ity = Y (w),

B(X|Y)(w) = BXIY =y) = [ " 2f(aly)dx

= /0O zfx(z)dx = E(X),
Horh f () 7R BEHLAZ 5 X 1K) 73415 %5 J5E BR




(5) HEHA
E(E(X[Y)) = / E(X]Y = y) v (y)dy

/ / (xly)da fy (y)dy
:/ /_Ooxf(x,y dzdy = E(X).

(6) ABUA ], AN FEXAE B4 € Hy i By () = ®(x,y) KT HIHEE. M
WZ = ®(X,Y), BA(Z, YA A% RN
9(z,y) = ﬁg(j))
G FBE AL AR BN SR A EE 5 X
E(®(X,Y)|Y)(w) =E(Z|]Y)(w) =E(Z|Y =y) =
(EE RS = oy (2), W

E(@(X,Y)[Y)(w) =

v=¢,"(2)

[, z9(z,y)dz
5 9z y)dz

J20 oy (@) f(, y)da
5 f(@,y)da

* Pd(x, z,y)dx
- LY ey =)

HAh i 3 O, 2 Wk>J2-5. O
2.7 E0 T HMEER =TT b, SRR R0 T2/ B Ji5 Ath e 3102k 22 4 b,
PR 2N 1T 0 38 S K TE3AN /NI ] B B, S R S S AN 1T 5 K LE 5 AN /N i (] 3
JEh. B X AN AR RSB LR EL— AN, A B3 22 4 b (S i ) /02
R CXONET TRA A M R, N T8 — R B IR, T LIa B 5 98 2
BEALE PRI, PRt 2 T [l 380 s b 5 TS0 £ 1) 505 P A AR ). ol R 1 AT T P 153

E(X|N=1)=2, E(X|N=2)=3+E(X), E(X|N=3)=5+EX).
Hi AR

E(X) = E(E(X|N))

= E(X|N = )P(N = 1) + E(X|N = 2)P(N = 2) + E(X|N = 3)P(N = 3)
_ %(2 + 345+ 2E(X)).
A HIE(X) = 10. O

1.2.3 FHHFHLENHE S5—KL

FAFECEA R THE T BIZ A RAFRENVR RIS TE. NI AE A2 uiE S LA 8N




16

il X ESHUE T, nIRUE L.
EX2.3 (X, Y1, Y,) s M A& H X BB, 2
Y ={W1, s un); fr(yr, - ,yn) # 0},
Qy = {w; M), -, Ya(w)) € Y},
bty (yi, - yn) MY, - Yo ) RIUPRE . 5 REALAS &
Z =g(Y1,Y2,-,Yy)
W SMEEw € Qy,
Z(w) = gN1(w), -+ Ya(w)) =E(XY1 =y1,- -+, Yo = yn)
= /OO xf(x,y17--~ yYny o 7yn)d$/fY(y17"' 7yn)
ﬁm%:ymwjuwhff%ﬁwxm,ug@mﬁé%gﬁﬁgMﬁzﬁx%$%m§
Yy, Y AMHECANE, IAEE(X|YL, - LY.
SIS SR A B8 R AT 7 2.1 0 SR A 0 S B R R R e B, LK 2 )
A2 14588 AL Hean
(1) &HX5Yy, - Y, W00, MEX|Y, -, Y,) = E(X);
(2) B(E aiXalVi, -, Vo) = 30 aiB(XlYi, -+, o), Hoofiay LA
(3) E(@(X. Y1 Y)Vi— g1 Yo = )
=E(@(X,y1, -, unlY1 =y1, - . Yo = yn);
(4) E(B(®(X, Y1, -, Yo) Y1, -+, V) = B(®(X, Y1, -, Yp)).
PER AR A AR, HeB A T a0 R BT IE P PR
MFR2.2 WAERR > m, E(E(R(X)[Y1, -+, Y)|Y1, Vi) = E(A(X) Y1, -+, Vo).
MERR* R 2B R L R LA B T
B(X, Y1, Y ) BVEEREON f (2, 41, yyn), A, Y, ) B EERR AL
Pl o) = [ S,
(Vi Yo WIS s (1 )
/}Rn%+1 F@y1s s Yms Ymt1,  Yn)d2dYmgr -+ Ay
Wg(Yr, -+, Y,) = E((X)|V1, - ,Y,), XHEREE <n, &
Vick ={(y1, - y) s fri (Y1, ) # OF
EW(y1,- - ym) € Viom,

E(]E(h(X”Yla 7Yn)|Y1 =y1,, Ym = ym)




=E(g(Y1,--, Yo)IYi =y1,-+, Yon = Ym)

e Y [T v ) W Yt s Yn) Ay
B fvi_ m(yh"' +Ym) '

B AR IR 8 S, My, -+ 5 yn) € V1o

e h(x)f(x Y, 5 Ymals o Yn)dT

fY1 n(y:l? oy Ymt1, ayn)
ﬁﬁ\i—ﬁ(yh 7Z/n) gyl—nﬂtj‘a—‘ru‘/?\g Y1, 5y Ym+1, ,yn) =0. JJ:[:

E(Eh(X)[Y1, - Ya)|[Y1 =1, Yin = ym)

. ffooo dYm1 -+ f_oo dyn f_oo hx)f(z,y1, - Yms1, - Yn)de
a i ym)

=EMRX)Y1=v1, -, Y = Ym).

HH SR A B0 Y B R SR L B AT R 5T 2. 2 5. O
2.2 FAFECE IR T HE BIE — AT Y, BARRAN RN RIT. B AR S L
JeBENLAZ 8 R (46 H R, AT E A1 2458 X, T HAH R R R 2.1 M 2.2
JRAT.
f512.8 WX, Y NMAL[F 3 AGRENLAL &, SKE(X|X +Y).
& BT X, Y AR A BEAL AR &

E(Y|X +Y)=E(Y|Y + X) =E(X|X +Y).

)

)
g(ylv'" yYm+1, ;yn)
(

FSJl:
E(X|X +Y) = E(X|X +Y)+E(Y|X +Y)
=EX+Y|X+Y)=X+Y.
HIEAHEX|X +Y) = (X +Y)/2. O
2.9 W{X,;n > 1E —BMILBEHAZE, MEEn > 1, S, = X1 +--- + X, IEPIXAE
EHn>1
E(Sn+1[S1,- -, Sn) = E(Sh+1/Sh).
SERR HAR S PR TS, 1 — S = Xy 5 X0, -+, X JO7, BETT 555y, S, , S, ST,
DAL b E 2% R R I
E(Snt1|S1, -+, 80) = E(Su|S1,- -+, 80) + E(Xp41]S1,- -, Sn)
= S, +E(X,p1)
= E(Sn]Sn) + E(Xpn11]Sn) = E(Sn11|Sn). O
512,10 BHALEE T i IR S EONNRIHR B A, RS AX A 1A I BE SIS S 0B (X 2%, T HAX




PR IRV 75 A A EL A B0, i) A ASCRS T2 4 s ) Py <P 3504 PR 0 30 8 i i

[M4] ATV () e o) Py fe FH Ao S0, LA SRONE(IN (4)). 3058 — MU I F o AW, &
ROEW =w > t, BAN() = 1, THWRW = w < tHACMw FtiX Bk [a] F 402 3
AN (w,t), MANE) =1+ N(w,t). FEFIN (w,t) R 5w 212 )5 A 5, R HE
B, VBN —ANBENLAS B 5 58— A A B (K 7 fr W IE ST FL-5 MOFF Uit — WWBSF ] Py (06 38 o8 FH 4
BEN(t —w) Ak, B

1, w > t, 1, w > t,
E(N@)|W =w) = =
1+ E(N(w, 6)|W =w), w<t, 1+E(N({t—w)), w<t.
R LN (t) N[0, t] N AE X SR EL, 53— GG AF e AW, IBAW ~ Exp(X). HZIFECE Y
JR]

E(N(t)) = EE(N($)|W)) = /0 TR = w)redw

= /OO e M dw + /t(l +E(N(t —w)))de Mdw.
¢ 0
Lu(t) = E(N(t)), M
t t
-1 A —A(t—s) ds =1 A =Xt As ds.
u(t) +/O e u(s)ds + de /0 e u(s)ds
PIL R TR 519,
u'(t) = =A(u(t) — 1) + Au(t) = .

Hu(t) = M+ c. FHHu(0) = E(N(0)) = 1f3c =1, NTIE(N(t)) = u(t) = 1 + At O
1, w € A;

SHEE BRI SAT A, P HRVER 14 (w) = PATHE AT LLE BEALAL
0, w¢gA,

TSR ST BN A, FR

P(A|Y, -+, Y,) = E(14]Y1,- -, Y,).
NATEBENIERY,, -, Y 55 RIS, ARBAALAR & 5% 1F R 1 2 AR 2 AN [0, 1] X
T FAEL Y B LA
2,11 ¥ e SR AL A B (I 20 AT 5 E B AL

fla,y) = Nye 20D gy >0,

REMMEP(X < YY).
i ATy >0, HE X

Y )\2ye)\y(1+z)dx
PIX <Y[Y =y) = EQixery[Y =y) =E(Lx<py|Y =9) = Jo

o f[)oo 22 ye)\y(1+x)dx




_ A(e*AyA;_e;:y“*y)) e
BIHP(X < Y[Y)=1—e ", O
50 B SRR AN T ZE R R — R, T R AR B W] 5 SR A T 22
Var(X|Y) =E((X — E(X|Y))?]Y) = E(X?|Y) — (IE(X|Y))2.
AR, AT RN R, AXHMEEw € Q, ity = YV (w),

Var(X[Y)(w) = E((X — E(X|Y))2|Y = y) = E((X —E(X[Y =)’V = y).

fl2.12 #:12.3, R Var(X|Y).
i P35 MEX|Y) = (1+Y)/2, M HMEEy > 0,

BOCY =) = (149 | e = (L4 0%
FHEE(X?)Y) = (1+Y)?, #iiiVar(X|Y) = (1+Y)? = (1+Y)?/4=3(1+Y)*/4. O

MRR2.3 H XA, B4 Var(X) = E(Var(X|Y)) 4+ Var(E(X]Y)).
IERR e A Un] 15
Var(X) = E(( )?) =E(E((X — E(X))*Y))

((x
E(E((X ~ E(X|Y) + E(X[Y) - E(X))*|Y))
(

E(E[(X —E(X|Y))?|Y]) + E(E[(E(X|Y) — E(X))?Y])

= E(Var(X]Y)) + E((E(X|Y) - E(X))?)

— E(Var(X|Y)) + Var(E(X|Y)). 0
512,13 B{X,,t € T}&—RHEHLAZE, NZDUEET LN R, & Xy 21 m8E 5775
E SCHIHTIBE LA &, RO Bw,

Xn(w) = Xy (W),

RURR X 5 2 BB, BUBRX, i = 1,2, A RGBT, (et N
RAEFSBUE MR, 5{X,} Mor B AERAEE. Sy = Sn X SRESHEHLAL
Sy MMES T %,
R AR w € Q, itn = N(w) . EHISTH RIS A HEE 1 7

N n
E(Sn|N)(w) = B(Y_ Xi|N =n) =E(D_ Xi[N = n) = nE(X;)
k=1 =1

N
Var(Sy|N)(w) = E(3 Xi — nE(X))?IN = n) = E(( 3 (X, - E(X,)))*|N = n)

k=1 i=1

=E((Y (X~ E(X;)))?) = nVar(X,).




FIHE(Sy|N) = NE(X;), Var(Sy|N) = NVar(X;). MIfi
E(Sn) = E(E(SN|N)) = E(N)E(X1);
Var(S,) = E(Var(Sy|N)) + Var(E(Sy|N))

= E(N)Var(X;) + [E(X;)]*Var(N). O

23R

2.1 X0 > 1RMOLFESAIBENLAZ R, HP(X, = 1) = p, P(X; = 0) = 1 — p. {EE¥
H1<k<n HMEE1<i<n, K
P(X; =1|X) 4+ Xo + -+ X,, = k).
2.2 W JCHNLE & (X, Y)MEEA A B R AN f (2, y) = 62%y, 0 < z,y < 1. RE(X[Y),
E(X|X +Y).
2.3 BCARAE T BT SR BIREER 205 A p, 1 — p, BRRIOAE AR SO, BE R S
ke T THO PGAEE T3 4 &5 o, I BH P AR T BN (P 35 {8
_ ok

E(N) = ﬁ.
2.4 — XIS RO BN B DB AN BEM— D zim B R ER S L aaa T AEAE
Bo BBAA]—EA L F R H B ZM AR, 0 < p < 1. RABAIEZTH T ZW
TRAIEE 5.
2.5% FEESM BN AR BAS L TR 2.1 (2),(3),(4).
2.6 WX, YA AMIZREARX|)Y)=Y,EY|X) =X, iEHP(X =Y) = 1.




1.3 4$HERE. NERHTRSEY

RFAIE PR £Y, Laplace2 4 5 £ bR 502 JA 1% i 73 A bR £ A B 2L TR

1.3.1 4$HER#
EN3.1 BN EX KA RECNF. AT S AE R
Ux() = E(eitX) = / e dF (z)

/ cos(tx)dF(z /00 sin(tx)dF(x)
= E(cos(tX)) + iE(sin(tX)), t € (—o0,00) i MEHRAL

N X RVRFAE BRI 2
B E AT AT R € R, |[¢x (t)] < vx(0) = 1. 10 BAE R EH R E ) x fER E—H0E

RE BR B0 53 A1 bR B0 ) 0 DRk
TEFB3. 1 (M — 1 HR) REAE oA K 2 o0 A AH ELME— e . BRAS 9] 1 20 A o 50 A W) PR AR A
BRI RFAIE R A T3] DU 6 7 P 3 A1 B 250t AS )
FEFE3.2(FEEME S B) BEBAHLAS B X, B AE B B x, (). TR AFETERANLAS B X 73 X, 5
XFRELMEMEREL € R, ¢y, (t)qﬁﬁiﬁﬁﬂ}i_% iy, (1) =
MR3.3 (1) vx(t) = x(—t) = _x(t); (2) Yaxip(t) = ¥x(at)e™; (3) # X, YL, H
Libxy(t) = x Oy (t), t €R.

) FHRFAIE bR A 1528 T A7 {84t R HE X 25 B S5 s
MR3.4 X I 45 HEE(| X ") < oo, BAKEREE < n, E(X*) =i F®)(0).

REE SR B T4 B 2 e RIS . /X = (X1, -+, X,,) AnJchENLE &, B
DAGERBONE (21, - -, ), FRn o= AE B %L

w(xl,XQ,---,Xn)(tl,"' 7tn) _ E(ei(thl-&-‘..-&-tan))

- /Oo Tt ) AP ()
H(Xy- o Xo) IS EBEE, Sty o 1 € R
5 TEBNLA B R B8 BE, % TCAF A A L e
FEEEB. 1 (M AR A B 4 A B ) 015 5 M B — i
FE TR 28 0 BB R M 77




M5R3.5 LA EX,, - ,XJBEZEE%ER%HE%B‘J@, o t, €R
Y(x1 KXo Xy (1 ot wa
JUAN FH B0 43 A O RFAE R B0 F
(1) FEE A Exp(\) FIFRHER BV (t) = N/ (A — it);
(2) IFS 534 Gaa, \) FREEERBORG(8) = M/ (A — it)]a~
(3) IEF AN (1, 02) FRFE R U Y (£) = exp {ipt — 25}

1.3.2 WERIHTTH

T SR ATLAR B A O Za i, BT 1% 77 (Laplace) 28 4 23 B8 J5 {44,
ENX3.1 HXNAEMBEN R, FRERELG) = E(e™) NXMRLEH 8, KPR F0 e
[0, +00).
LXMW AT BN F, Gl AR R B4 L(0) id A
L) = / h e 9T dF(z),
0
UL BT HFR L () /2 43 A F IRy AR 4.
A F (x) R BATH N f (o) RS,
L(e):/oo e 9% f(z)dz
0
BF () REA M iHp; = P(X = ;), i =1,2,- -+, 00, FIEHEUT AR,
= Ze_omipiu
i=1
R AR OB HL, Spr = P(X = k), A
Zefek
EIE3.6 (UERHTTIFEARN) W0, oo)LBﬁ/\a‘ﬁ H, L(6) 52 Frhnfr e e, 8

AN EESL S, B
[n]

- (=D* 1 o
F(z) = nh_>n;o Z " L") (n).
k—O '
WERR* JUIEM] F (2) WIESED AT . B EREON f.
XTG> 0, ATARS LR KR 54,
L*(9) = /m(—x)ke_exf(ac)da:
0

XHERLE M > 0, 30 =n, N

lnz) 1k %o o] §
-1 n
,;J %n’%(’“)(n) :/O kzoe”y( 13!) f(y)dy.




WX, i > UNISLFR A M BENLAS 2, ARG Ay A Fa 0 A, AR AE(X,)
yH
Xi+Xo+--+ X,
JIl AN B Rmy BITARA 73 AT .
|na)
P(X; 4+ Xo +-- 4+ X, < [nx]) = Ze_”yLy :
XAERe > 0, Hy — x> eltf, HYIHEH RAZEL
%:IJ oY (ny|)k _ IP’(Xl +Xo+ -+ X, —ny < |nx] — ny)
k=0 k! n n
SIP,(\Xl—I—X2-i-~-~—&-Xn—ny| |nx —ny\)
n
n? Var(Xy) Yy 1,z 1
STw-lmel? n Sag-o Snlate
F—J7H, By —x < —elif
|z
1—Ze*”y k, =P(X; +Xo+ -+ X, > |nz))
<P(X;+Xo+ -+ X, > na)
_ P(Xl +Xo+-+ X, —ny iny)
n
1 Y T
= @—yin = e
(A
[nz] _1\k (z—e)VO [nz] k
> Sl - r)| < [ e py)ay
=0 0 k=0 :
[nz]
jes} _ (ny)k xr+e€
o[ Y e fay e
T+e kZ:O k! (z—€)VOo
1 x 1
< ﬁ(?+g)+2(F($+6)—F(x—6)).

Ln — oo, WATAIF
iy
hmsup‘ Z k' kL(k) (n) — F(x)‘ <2(F(z+¢€)— F(x —e¢)).

n—oo

H T e EENE U\&hmsﬂo F(z+e)— F(z—e¢) =0, AT

3]l

H1sE 3.2 FATTRT AT RS B Q0N (04 47 40748 e (R e — 7 g 2.

= Var(Xy) =

f(y)dy




TEHE3.7 [0, 0o) L ANIF] (A2 53 A1 AN [ O 4L 3 o 37 AR 4.

SN L 0 AR Bt A T (R e B BRI T AR AR T, A Y
B FE A LLB 2% H [10)80 [1]H A RN EE.
FEFE3.8 BAE F LA B X, R AR B A Ly, (0). TR AFEry. XX, S X7
FMRAMERES > 0, Ly, (e)tlﬁcﬁjzﬁﬁﬁg% lim Ly, (0) = 1.
S 38T LU NI T T SOESE M X, S X ASCYAEEN > ofEfEXHE
B0 >\ Lx,(0) — Lx(0).

BEAh, e R AR e SUAS B SRR I M5 ST
MRR3.9 (1) XHERA > 0,0 < Lx(0) < Lx(0) = 1;

(2) ¥HMERa > 0,b> 0, Lax4(0) = Lx(ah)e™"?;

(3) X, Y RO AEFBENIAE &, ALy v (0) = Lx(t)Ly(0), t > 0;

(4) SHERE RS, B(X*) = (—1)FLY(0), HbLE FRLx MM S5

3.1 WX ARMIZEI 5 AU(0,1), AL Lx(0) = (1 —e~?)/6.
f513.2 # X Fa i fExp (), 4
Lx(0) = /Oo e %N dx = N/ (0 + \).
13.3 %5 X MDA Gaa, ), %BO/A
Lx(0) = /Ooo eh)\?ﬁz)le)‘wdx - /OOO ”;i)lewmzdm _ (M%)
B13.4 X, RN T4 4ib(n, 1), BAXERE > 0, Hn — oo

- 1 1 1_ e " -
L, (0) = D7 CE(L = )"k Ze = (1 =2y o),
k=0

nk n
VE e (=™ ) ol S L IEIRA 4 A5 (KR e b 78 8. R Mm — ool X, 4K 43 A e ke 3 —
ANBERFEE SJ TIRIETRA 40 A O B LS 0

1.3.3 SEH

FERIF 7T R A R BTG FRAN R A BB B B3R B, FH i B bR BORA B R AIE R B sl
Wbz AR A T A
EX3.3 WX AT BEHUERIBENI AR, PR Eox (s) = E(s™) NXHI(HEE) BEpr B, HrpAg
ms e (—1,1).

WX KD AiFN A




dx(s) =Y prs".
k=0

St B B R BRI Laplace 54, 25 55 76 HBT IR BF B S500L 2 X AR GBS0 1 B LA B 4% 1
tiLaplace®E #e, WA A% v ftte=04e M s, [0k 8k o6 S04 45 Laplace 8 #e (O HE R, FATA8
Bk, W AN, TR A A R R B BV IR 1) — S A
HER3.10 2 JE SR BUE LA B X (A A A2 e, B ATHER s € [—1, 1], BB« (kM 5
B\ () 1578, HXHnB Al B (s)Binbr S8 AEs = 1905, #551

E(X)=¢%(1),  E(X?)=¢x(1) + ¢ (1)
SRR PR 4T b R B — SO T P s SR, S B RN A O
I3 IL(RIEAR) & AR FEEE NS B X R R B ¢ (s). IBAXHERE > 0

P(X = k) = 6} (0) /K.
UERR 1o (s) = D207 o pas™ HI AN
Ss) = ipns”-wn —1)(n—k+1).

Hitto ) (0) = kipy. w 0
3.5 ¥ X MM SLIT i Ge(p), 4

¢x(s) = 28’“1)(1 -p)t= pgsk(l -p) = ﬁ-
$13.6 BLX;, i > ORMALBEHIA R, HIRMWIIAI 2 AU(0,1). Y E Xy, k > V5L, IR LA
fiGe(p), 28 = N0 X, RSHH LRI Lg (0).
R H e SORM S A 20 S R A o
Ls(0) = E(e™*) = E(E(e™"%|Y)) = E(E(e™* X1 ¥1]y))

= Y B E Xy = k)p(1 - p)t =D Ee ! T Xy = k)p(1 - p).

Pt k=0
iR
—0
E(e™? T Xi|y = k) = E(e~f im0 X4) = [E(e~0%1)]k+1 = (1%)1”1’
E5):d
e~ l—efNk k=1 _ p(l—c™)
LS(Q);( 0 )p(lfp) S 0—(1—-p)(1—e?) .

B TN BRI 58 SUHE) B 2 Ju AR OB BUE I BENLAS &, ARG A 0 A i B pR L. DR
BN A o EALAR S .




ENX3.4 %X, Xo NAETEEUE BN &, B AT 51N
Pnm = P(X1 =n, Xy =m), n,m >0
FR[=1,1] x [—1,1] B oL
B(x1,x0) (5, 1) = E(s™%2) = Z Z "t P
n=0m=0
5310k, M BTG S A 2
~0"MMx, x,)(551)
Pr,m = dsnot™ s=0’
MER3.12 FE B EE BN 8 X, Xo M E MY HACYIHMEE s, t € [—1,1]
(b(Xl X2) (S t) ¢X1( )(sz (t) = ¢(X1 X2) (S’ 1)¢Xz(1’t)'

FES.1 H 7 40 4 R0 B R AT DAAS AT AT 250 & FH T DA IE RS R B oo [P HE R BEATL AR &

13 DAL et SO E DA U s RS E G DA RN S ETALE TR TR S RS E U P A

23R

3.1 FEX SR AR S BEHL AR 25 A T U B H A W S AR L x () £E]0, +oo) P& — BUELE .
3.2 WX RES R AE T BEHL AR &, 0 A R ECN F (), WEMIHMERE > 0, HArE R A4 L (¢)i
2

17LX(t)7 Ooftz o T T
t 7/0 e~ (1 — F(z))d.

3.3 Xy, i > 1, MOor HRMIEE D fiiExp(\). NAZBRMIEMR S AP H S5 X, k > 1T,
A8 =N X, RSWIP R T Ls (6).

3.4 XARAELBIENFENL E, B(X?) < +oo. WEEL < 2n, Du, = E(XF). IEHIHE
=0 >0,

(=0
Koo

k=0

k=0
3.5 VOHLST A 4240 (AR IE A5 S AT BE LS AR W, 0 > 15{N(n),n > 1} ML, PN ()R
MR AATP (n). 4V, = STp0 Wi SRY, MRSGE R AL, TFIEW 2in — +oolif, Y, /v/nlls i
S SICE) — A R T A5 45 T LA B
3.6 LA BE REHLAZ BB R BN A(s). IEMRER(E) > 1HPE = 0) > 0, BAEX
1[0, 1) WA(s) = sHME—fif; HE(S) < LHP(E = 1) < 1, IBAA(s) = s7E[0, 1) WA,
3.7 IEMIMEJFE3.9.




1.4 WHMHSHREE

FEATSERE A 18 b B T34 ] Bt BT T 3 16 55 W] 91 22 B ATL A2 B WA sl . 2 A 4 7 =2
WS, FEREN T — B RBCE RS O MR E . AT RS, X1 FRATHE X L A A
— LB I A TE.

1.4.1 = 2RUERYE X AR R E T8

WXy, X, AMERTE)(Q,F,P) E—FIFENA .
(1) KA AULEL: IHE B, 10X, A BRSO, (), FRX, K I BB R X (i
1EX, % X), #% X A5 B BUF () BRI e #5H
lim F(2) = F(x).
(2) MRS FRX, MR IS BN B X (IR X, D X), #0HERe > 0,
lim P(|X, — X|>¢) =0.
(3) JLT-LAR(IE AL SR FREEHIAS R X, JL T LR L T-AbAb, LIRS 1)U S5 i HL A i X
(GCfEX, 3 X), #
P(lim X, = X) =1,

BN & ZAAE—MIAMEA € QFERP(A) = 0HIHERw € Q\ A, X, (w) = X(w).
FEA MRS LT 00 SRS SR SO BIRR IR A2 LT AL AR AH 55 2 SO S — 1. e 4b

Ap i, I K RHIE R 2O Laplace B # A EF
(2) LT RIS, He — N BF T RABBX, 3 XUAMNYGFE-NMEEA T
WEP(A) = 0, WEEw € Q\ A ULEAEEe > 0, ff/E—IN = N(c,w) #134n >
NI X, (w) — X (w)] < e.
F X =R IR, WIZEER I TR T 30 R AOREE HEA b b R s 7L
EIB4.1 (FRBGEH) WX, n > 1, A—FIMSLF AN L S, HE(|X,|) < oo, K
)
nlingo%iXk =E(Xy).
k=1

EIR4.2 (POIRER) VX, n > 1, A—FISLIE A6 RN B, AL, Ry




(AR S 3 R, T ASHER e € (—o0, +00)

"X, — Tl e
p(TRon ) [y,
ovn oo V2T

B =m0 % N(0, 1), JERIN(0,1) R —AMRMARHELE & AT B LA
PR S W S R B R0 T AR R R 13 PR B A AT 0 LT SR A A
= TS SIS

1.4.2 Borel-Cantelli 5|3

31384.4 WX, X1, Xo, - N—HIBENIA B, 4
1
Apm ={Xn —X| < E}’
Fi/IE73

m=1 N=1n>N
MEBR fEHw € {li_>m X, = X}, BAKMAEREM > 0, fFFEN(m,w), Zn > NI, [X,(w) —
X ()| < 1/m, B
1
we{lX,—-X|< E}’

[i3¢
we ) {|X,L—X|<l}c U N {|Xn—X|<i}.
n>N(m,w) m N=1n>N m
FHmEE TR
ve N U NEx-x1<23= N U N A
m=1 N=1n>N m=1 N=1n>N

Rz, B w e Nor_  Unet Nysy Angm- MAEEM > 1, FFEN, Zn > Nitw € A, . XR
. >
X () ~ X()] < -
ﬁﬁU\nli_)ngo Xn(w) = X(w), Hlw € { lim X, = X}. DAL 5 B 4598 BT O
EHA.5 WX, X1, Xo, - N —HIBEHIAR R, P IREN:
1) X, ¥ X;
(2) P(Up—i Nt Ups v X0 = X1 > 23) = 05
(3) XHEREe > 0, P(Ny=y Upsn {1 Xn — X[ > €}) = 0;
(4) XHMERe >0, NligloolP(UnzN{|Xn - X|>e}) =0.
HERR (1)<(2): 514417 B R/ HER.




(2) = (3): BRI,
(3) = (2): VEREFIXMEREmM > 0, f-fEe > 0151 /m > &, M (3) 7 %1
Py 1
P(() U (1% - X2 ) =o.

N=1n>N
)4
P(U N U{|Xn—X|Z%}) <> P(() U{|Xn—X|Z%}) — 0.
m=1N=1n>N =1 N=1n>N
BI(2) L.

(3) & (4): BERVEREE]
U (x.-XIzebc X, - X&)

n>N+1 n>N
H AR I S
B(() U X~ X[ ze}) = Jim P(|J{IX. ~X]2¢}) =0,
N=1n>N >N
T (3) 3 (4) 54 -

A2 R FFw € (1, Upsn Ar, MBI R0 > 1, BOEE— Ay, k> n, f
o € Ay, RZMERL. RRE, BN, Upsn AcRE S BUS AT 55 2 AR R
'

o}

N U Ar = (EFH2AAFHRE) 2 {Ar,i0.)

n=1k>n
Hrhiofinfinitely occurI4EE .
ZETP4.6(Borel-Cantelli| ) BA;, Ay, -+ J&(Q,F,P)H—FIBEHLHLE, pr = P(A),
1) 3 52, p < 00, MAP(Ag, 0. = 0;
2) HS0 pr = co H AR HINSTE, FFAP(Ay, i0.) = 1.
SERR 1)245°0 | pp < oolff, XERLe > OFE1E E M N

ogﬂ”(ﬁ U A <Pl A0 <D PA) = me<e

n=1k>n k>N k>N k>N
Le — O[15P(Ay, i.0.) = 0.
2) HAERL — 2 < e REENLEA AT, SHERn > 1

0<P(() 4x) = []B(Ax) = [T(1 - P(AL)

k>n k>n k>n
< H e Pk =™ Zkzn Pr 0
k>n

BUEP(U,us1 Nisn Ar) = 0, BIP(A,i0) = 1. 0




3.3 HEHA 5 ET4.67] 41, AT REe >0

D P(IX, — X| > ) < o0, (1.4.1)

TAX, B3 X, (1A) R TRATH P05 7 LT 2 SRUCSI 75 43 2 AE
MERRAT %X, D X, AR X, I — AT A X, M5

Xn, 3 X,

=l

ERE AX, 5 X, wHEEE > 1, P(1X, — X| > 1/2%) — OA] RIAEfEn, 413
P(|X,, — X|>1/2%) <1/2F
i Hony, SRR, Bk, YT > 0, &MANIEFH G > 1/2M,

ZP|X%—X|>5 ZIP’|Xnk—X|>5) Z P(|X,, — X| > 1/2)

k=1 k=1 k=M+1
< M+1< o0,
B(1.4.1)%F 4 X, }IROL, ANTTTHETR AL O

4.1 WX = { Xy, k > 1P AMSLRIS AN &, HX, ~ b(1,p), A Borel-Cantelli 7| 3
iE B

lim % ixk —p, as. (1.4.2)
SR RHERE > 0, & Hk

= {|;;X1 —p|> s},
i3 . )
P(A;) = IP(\ S (X —p)| > k:e) k41 4E((Z(Xi —p))4)

FEHE T S - -

k
E((Z(Xi — p))4) = kpa(p> + ¢°) + 3k(k — 1)p°¢*. (1.4.3)
=1
Bt S P(Ay) < oo, FFLL(L4.2) BT O
k=1

52 b A4 100 55 0 — R I 7 4345 T B ML AE L S . 3R A A i
e QR R B R HOE .
EFR4.3 (EAEUER) WX, n > 1, A— IS FEAHIBEHLAZ &, HE(]X,|) < oo, A4

L
Jim ;Xk =E(X,), as.




1.4.3 FJFEAKG)*

TE X 4.1 FREENLAZ B 7 HI{X,, e JUF 0 28 SN I FE AR 51 8f] 78 (Cauchy) 41, #2247
E—NEMEEA FHEN TR0 € Q\ A LLRAEE:e > 0, fF/E—TN = N(c,w) f#15
n,m > N | X, (w) — X (w)] < e
AR, TS E) 2 BACE B R R TR RAE B 1S
WRE4.8 { X, } LRSI HAL S { X, 2 L b ARSI SUR A1)
5E M350, BATE W NE R, IEUEH H A A,
EIE4.9 WX, Xy, - H—HIRENLER R, FHISIREN:
(1) {X,} 2&ILTFRIRE SR AT
(2) AHERe >0,
rWUﬂ&ﬂ X,z e} =0.

(3) XHMERe >0,
P(| {1 Xnsv — Xul > €}) = 0

v=1

e #E4.9, AT Z 15 N T RIS
#EiL4.10 {X,,} ETLJEJA%E)(TE’J%ZIKﬂéIHWéﬁfﬂFﬁﬁﬁJék fii15
Z(Sk<00ﬁzﬁﬂ ZP|X}€+1 Xk|>(5k)<oo

k=1 k=1
MERR VERBIMEREe > 0, f-fEn 15 Y 6, < e, BEMTAHMEREmM > n,
k=n

m—+v

{IXmiw = Xl > €} C {|Xmyo — Xin| > Z Ok}
k=m

v—1
- U {|Xk+1 Xk| > 6]@} - U {|Xk+1 Xk| > (Sk}

B TR . o 0
TE X 4.2 FREEHLAS &7 50X, R AR MRS USRS [ 56 A 81 8 Cauchy 81, #5 5T Ee > 0,
§ >0 fFE—AN = N(¢,0) 15 %n, m > N i
P(|Xn(w) = Xim(w)] 2 &) < 6.

HR RN X — Xon| > e} € {| X0 — X| > /2 U{| Xon — X| > &/2} AT HAE RIS
JP B M R USSR B AR B, k1T LT SRS SR JR AR 31— s R 2 AL SH ) AR B
RRA. 11 RMER S FE ARG — @ AR AE — AT FUE Dy J 1T 6 SR U S B AR 51
WERR W { X, } AT — KRR U SRR T, Hle = 1/2% 6 = 1/2F, AE1E SR 0 1)y, (515 %




E

E%Lm > Ny

P(| X (w) = Xy, ()] = I/Qk) < 1/2k-

WX, }, A

ZP(|X7%+1 - Xﬂk' 2 1/2k) < 0.
k=1

FHAER4. 8T KN{ X, PLAE J LT A SR B SR R A S O
TCIZEEARTIRIR A X, B
{1X, — X| > e} € {|Xu, — X| > £/2) U{|X0 — X | > ¢/2)
AR X, PR RS SR. ERIH{ X, MR 2R U8 HA S e R R U S B A 7).

1.4.4 USSRy fE B R

M BR4.12 XN SIOR LTS BRI BR, LA R385 AR .
(1) ZRHEER X 3 x® (HxF B X0, o R, o

m

S ax e zm: e X ™) (*Hﬁjﬂﬁ i Xk 5 Zn: ckX(k)> .
k=1 k=1 k=1 k=1
(2) #X, 9 X(8x, 5 X), Y, 9 YRRy, 5Y), B4
XY, “3 XY (MR X, Y, 5 XV).
(3) &Y, “ Y(5Y, 5 V)HP(Y =0) =0, B4
1Y, ¥ 1Y (Mpih1/y, 5 1/Y),
Hr 2y, = 0mf1/Y, "/ LLE e L.
UERR FATTHAIE(2), HAth 2 0L 2] 4.4
#X, S X HY, B Y, BLAETMEREA, B EEw € O\AREEw, € QO\BfH
Xn(w) = X(w), Ya(wi) = Y(wr).
4C =AUB, BACHREMFE, T HXMESw € Q\ C,
X (W)Yo (w) = X (W)Y (w).
XERPEX,Y, 3 XY.
%X, 5 X AY, BY. $MERES > 0, FEEM > 0 {Hi45
P(Y|> M) <5/4, P(X|>M—1)<5/s.
HFX, 5 X, WIAEEN, Yn > NHP(1X, — X| > 1) < §/8, i

P(|X,| < M) > P(|X, — X| < 1,|X| < M — 1)




>1-P(X,—X|>1)—P(X|>M—-1)=1-4§/4.
AARP(|X,| > M) < 6/4. #—, HBERWSKM, MERe > 0, fFEEN > Ny, fii15
Zn > NI
P(|Y, — Y| >¢e/2M) < 6/4, P(|X, — X|>e/2M) < §/4.

Rt Yn > NI
P(|IX, Yy — XY| > &) = P(IX,Ys — XY + XY — XY]| > ¢)
< P(X,Y, — X, Y[+ |X,Y — XY| >¢)
< B(X,l|Ya — Y| 2 ¢/2) + BY|[X, — X| > /2)
< B(X,] = M) + B(Y, — V] > e/2M)
FB(Y| 2 M) + B(X, ~ X| 2 2/20)
< 6/4+6/A+8/4+5/4=06.
XEWX,Y, D XY O
4.4 LTTRIT 00 LT 2 AR SOR i BRI K & M B T BRI LT R, L
ARSI S, FLFTHCE 547 e SR T 55 0 3, TRl 1T B PR LA
SRS MM E, Wi 2 S E 590,
(Xu(w) = +o} = () U ) X0 2 m). (14.9)
A ST TR 55 BRI X 52, eV T,
T RS A, 2 RS, TN — A5 Bl LS B 0 1 B L e 5.
S, ST RN 2 B AR,
3138418 WA AL i > LPRREAR T QM A0 8, WA A% HUR, A, — 0.
X A LS R X S A, 2
E(X) = 3 E(X14,). (M AR)
SER P A SO, A b 2T 28 o). U,
E(X) = /OOO rfx(@)de = lm_ /OM rfx()de = lm E(X1ixen).
T A > L RRER BN A58, *HERn > 1, 1o = Y, La, + Lox 4

k=n+141)

n
E(X1ix<amy) = E<X1{X§M} ( Z 14, + 1U;?°:n+1141'))
=1

= ZE(X]-{XgM}lAi)+E(X1{X§M}]—U°° A )
i=1

k=n+141




FHL =7 P(A;) " Fin — ooff,

E(X]-{XSM}lLJDo A ) < MP(U?;n+1Az) — 0.

k=n4141/ —
(R
E(X1ix<ay) = lim Y E(X1ix<ula,)
i=1
o) o0
= ZE(Xl{XSM}]‘Ai) < ZE(XlAL)
i=1 i=1
H T 15

F—J7 L AHEREN > 1,

Ln — oofd

CEEPAJTTH, AT 05 FR4. 130T

O

4. 14 CSIUE B VX, N AR UBENL AR B HWE R > 1, X, < X JUTP AR RRGE.

X = lim X, a.s. A4
n—oo

E( lim X,) =E(X) = lim E(X,).

MERR PR AR, FRE— R RO FAFAMSEA L, {X,, n > 1P RBIEA RS, N
MBRAZELE (AT g Noo), iIBHAX. HIEX, 3 X, HP(X = 00) = p > 0, H(1.4.4) 0] FIXHE

=M >0,

p=PX,—+0)=P([] |J () {Xn>m})

m>1N>1n>N

< B ) 1%l > M) = Jim B[] {1Xa] > M}).

N>1n>N n>N
XRWPFEM(M), Zn > m WHP(X, > M) > p/2, NE(X,) > Mp/2,
ILm E(X,) =00 =E(X).

PP(X = o0) = 0. I R A A

E(X,) = ZE(an{kqud})’ E(X) = Z]E(Xl{k71gx<k})~

k=1 k=1

iﬂan(k) = E(an{k—1§X<k})7 (l(k) = E(Xl{k—1§X<k})~ Xﬂ"ff%&\k Z ]., E'z?i‘%an(k), a(k)fﬂf

B, Hoay, (k) BEn3g e/ AR, R

|an(k) = a(k)] < E(|Xp — X[11<x<ny)




= E(| X, — X|1po1<x<kyn{| Xn—X|>e})
FE(| X0 — X1 (ko 1<x<k}n{|Xn—X|<e})
< EP(|X, — X|>¢€)+e€
HTX, = X, a.s. BILkin — oo, kP(|X,, — X| > €) — 0. FHefER/NER K240 — cofif
an (k) — a(k).

H 805 B SRR (W =T 1.5 ) AT 45

E(X) =Y a(k) = lim > an(k) = lim E(X,).
k=1 k=1
eI -
23/

4.1 BEAEBEN A B X G ABEILUT S, /n — X, a.s B80T, T HIAEUEBUEBEILUTFIN,, — oo,
a.s. 8. WEM SN, /N, — X, a.s.
4.2 RHE— ML P X, MEE X, 5 0 HP(X,, — 0) = 0.
4.3 W f(2)7E[0, +oo) FHELLA T, HiH LT HF(0) = 0, WEWIBENLAR & X, RIS T-024
HAAlimy, 00 E(f (] X0])) = 0.
4.4 BN X, k> 1, AMOIEENAE & HE(X,) = 0, Var(Xy,) = k. XH{TEn > 1, &
Y, = ixk /k
EBIAHE R r > 1/2, *in — ooEﬂ‘Yn/n’"IL%g;;w&ﬁA@Uo.
4.5 B (1.4.3) B
4.6* UEFIME 4. 1270 (1) F1(3).

4.7 IEBH E#4.9.

( R {xﬁ%mwwkﬁmﬁw;nzmmmrxasﬁh)
AL Uf,o:1{|Xn+v - an > 5} C ﬂZ:1 U:.;1{|Xk+v - Xk‘ > 5/2}-







ETE  FEHLIESLE

A AT DA ] 2 PRE B AL R 1 2R A I A PSR R B LA TR . B B T
P Bh SR R X PIRREALE REAE — 5 & LT DAFE 1 AR ST [R] 3 A1 B AL A2 5 A 20 A
Je L, EATHE N AU A 2 KR

2.1 FEHLIFZE T

BE ML AR f] BT 5 2 AT AR B R BENLIL B 8 358 A AR T S S A — A A2 i
AR QB 2 TE 9T 2 1) ENL A S 1 2 3

2.1.1 FEHEIZRIE RS

JeE R IR B AR 1)1
f55.1 WLE2 I 37 BLHEANE A IEAE AT B TR (b an g b SE R LG KN ). 25 A A i e B D 4 4
B, MEHITZ R, WRASER? BT ERNEENUE, 55— )5S GEIHA 15T 2 bE
BLEY. ZEXFIXAS [ @ A TE, PTRAHBENLAE RY (n) RoR Hn R J5 EAES A &S, B4 Fr
v B R HCH
k = inf{n; Y (n) < 0}.

E%ﬁﬁﬁ%ﬁ*%E%ﬁ%ﬂﬁ%%&%ﬂn>%%%ﬂ§%ﬂﬁ.
B5.2 WEE— AR RSN, MR “Famn” BN ? — i, B2t B Ay
— € MIBENLIE (A0 R B FR).
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FIBENAL 8 X (t) FRBERAES B ZIR0 A%, dn SRARE I Sz R 3R A, A JRAT IR %
HERFENAZRE{X (¢); ¢ > YIS, S 3RATAR I P SR i SR, than13 0 £ A 1570
SEHY, FRATTE S B AR R I AR R K I ) SNBSS LR R AFAE 2 FEAT A ?

LA B F R B, V52 i) i S B B BE LI R, D T A v il J, 3RATT AT BAR —
TG (— MR TE 55 2 ) B AL AR 5 220 1 (08 ) IX U B R 38 A TR AR X R B AL AR B — AN B AL
FE. A ZABENLIEFR (K35 b GE T U R 72 5 vt i B L FE AR I £ BN 4.

EX5.1 KX = {X(t); t € TYIMEZE(Q,F,P) LREHERR, #5 8 Rz M5 78 6] b — Kk
WUAZ & (AT DU B 1Y), BRX(t), ¢ € T, MFTA Al BEBUEIRS BB LE 2 X PR 2% |, T
MROARARVF B SRR, R A TR bR G FA I [l IR I, BR8] 2L

FEAR AR RLRAS 75 (8] AN TR, 38 A BB R 7 VU2 LS H B HUIRAS, 184

SHGESIRE. WIS EEHCURES,. BB HOELREHEIILFE.
SE5.1 SFREALIE R AT At f B HEAT 4025 thln, ST AL € T, X(t) € R Ad > 1,
MAEFRX 2 [ RAERENLE AR, BT € R™ T B0 (BB TAE AT 0 52 2 ) B 2 b)), FAiT S
X BENL. T T, R BA RN X TR, NITER A B IHE M EALIE R, Wt
R i B, # R SHERENLEFE, BIS C R, T C R.

MBS (BB FER, BN RT x Q — R ZICEHREL WA E R Lt w, X (¢, w)2
—ANSEH WA E IR AR w, BENLIEFEX (¢, ) BN & X eI 45 58 w € Q,
X (-, w) R MEARET LI

X(w): T —R MMEELte T, X(-,w)(t) = X(t,w).
B TRATTRR R BX (-, w) BT FE X A I8 (BR 50 sRE AR (R 2.




2.1.2 [EVLEFZRZIE

XIHEZE ) (Q, §, P) AR EX, -+, X, FAT— S 7010 B 3L
Fzy, @9, am) 2P(X1 < 21, Xo < 22, Xon < Tm),
Hhzy, - 2y, € R ZIEABAT GETE R, 5 TRENLIE RS, FRATAT DM X — T A,
ENX5.2 THX = {X(t); t € TYIENSH, ti, to, - te, FRXy,, -+, Xy, HIBRE 2040 BB
Fiy g (@1, 20, -+ k)
AN RR X 1 — A KB A BRYE A0, FR ek e
{Fy gty (@1, @0,y ap); b1, b € Tk > 1}
BN AR X A PR 453 A Ik
E5.2 .S BN A BRAE oy Ai e ol FH G R G PR AR A SR
Pi (@, a) = P(Xy, = a1, , Xy = 2p); 1, , 2k € S.
PERRS. 1 B A BRAE 5341 2
(1) XFFRYE, BISHEZERL (1,2, k) I— AN B (iy, i, - ,ip),
Fiy gt (01,22, ) = Fy gy, (T, @iy, 0,23,
(2) M7, HISHEEn > m,
Foptio (@1, Ty 400, -+, 400) = Fyy g (@1, ).

YRR VR R AT PR 4E 43 A BRI A5 O

TN THI R B B A PR A 3 AT R AE — 5 7 SR A M — (R B AL 2 F B 2 6.
EIE5.2*(Kolmogorov) W{Fy, iy 1, (X1, 20, ,xx)ite, - b, € Tok > 1Tl 2 X FR ik
FIAR 2P 1 R 2R 2 A1 bR R, WU TE R A 2% )

Q=5"={(syt€T);s €5},
Bl K o5
§ = o{{(sut € T)i (0, 50,) € BY;
BC®B(S"), t1, ,tp, €T, n > 1}
AR MERP, (645(Q, §,P) EREVLEREX = {X(¢),t € T}, Hrp
X (t,w) = w, w = (wt)ter,

A BRYE DI AT I A2 Fyy byt (1, T2, - g5y, ot € Thk > 1)
FE5.3% B (S™)RoR S AT FFEE AR Mo-AREL, I8 R 2 BoreUREL. HF A, 35




SN, AB(S™) 2 ST T MRS K.

N AR RS A R F K olmogorov & BE 45 H BEAL Ik T St i Ak 26 7 [a] frg =
A 32 1) T HL451)
B5.3% MAA MASLLERMINAS FER 4% b 235 B A 3R Al 5 BIZ0ad ik, ABkad
1, ST RS I B R Hi R BE AL R R 3 A5 22
BB 2p =525 ¢=1—p a; i > 1, BUEN0EKL. B ARZEFE PR R s, st R
Nay, -, aFIBEHRA

piititas qS—(a1+<~-+as)_

H e O AR AT AT AR 3 40 R 1A R 431 31 I
{Poyng (@1, yas); ni,ma, - ng A EASAH A IE R,
a; € {0,1},i=1,2,--- ,5,5 > 1}
AP, (@1, yas) = pittasgs(atotas) - ge BGSIE %4 B 4 43 A7 51 5 X R
) H B A A, TR K olmogorov i #E, 4>
Q={0,1}N ={(a1,a2, -+ ,); a; =0,1,i =1,2,---},
T = 0{{(%,1' > 1); wiy = @iy, Wiy, = g, )
i eT,a, € {0,10,0=1, k k> 1}
FEEME—HER PR NI X = { X, n > 1}, X, (w) = w, A8 R4 5 O i g2
— 3. QLS
{(wn; n > 1); wiy, = aj, k=1,2,---,s}

ﬁiﬁ%%P _ pa,il-i-----i-ais qs_(ail—’_'”-‘ru’is). O
ENX5.3 WX ={X;;t €T}, Y = {Y;;t € THBRMEHRZ0(Q, 3, P) LREHLIFE, FRY 2 X
(I — WA (Version), # X, YA BRYE S i i AH [F); FRY 2 X 1)—ME IE (Modification), # X {F:
BteT,P(X, =Y, = 1; KX 5YAR[[X 4 (Indistinguish), #P(X; =Y, t € T) = 1.

TR RN RS, B AR REGEFN. WARENE R ATIX 5
(¥, MMM — 8 BoRBIE: AR BN RN — & B, XA G50 — R A
H,BEX,Y NEBSHEEHULR, B AR X 557 5 EIE “Fh.
ENX5.4 %X = {X;;t €T}, Y = {Vy;u € THRRBER2W(Q, §,P) LRI RE, #5%HE
Bhk,m > 1t tur, o sum €T, (Xey, -3 X ) 5 Yy, -, Yo, ) BT, WFRXATY 2
BT .




(1]

5.4 WW;, i@ > VERMOSLFE AN &, S, AW, FF 5], NA—A [ E 5 X
T8k > 1, 2Ty = Snik — Sn. BAMHIFE{ Ty, k > 1}5{S,,1 <n < NP, L b
SHEREm > 1, BBk, -,k > 1, W, @ > VSR A o] R

N+kq N+ko N+kpm,
(TklaTkm"’,Tkm):( Z Wia Z Wia"'a Z Wl)
i=N+1 i=N+1 i=N+1
5
N
(S1, 8o, -+, Sn) = (W1, Wy + Wa, -+, Y W)
FEPRALP). O

AT AT DU FEALAR B A BB R AR — B FEE L T B LIS A
EX5.5 WX = {X(t);t € T}EXAEMFER(Q,§,P) LIFEHLILRE, 70750 F% a0 1 8 £
mx(t) =E(X(t)),  Dx(t) = Var(X(t)),

Rx(s,t) = E(X(s)X(t)), Covx (s,t) = Cov(X(s), X (1))

HNRENULREX IME R E, 7 2R, BRSSP Z R L

2.1.3 HAIFEH T IZZEH

ENX5.6 FAMEREMG, <---<t, e TURheT,
(X(t1), -, X(tn) 5 (X(t1 + h), -+, X (t, + h))

oA, AR BENLEFEX = {X (1), € T} N™ PRt L.

FEP AR FE ) — A BRG] 7 i e AE ) S B A0 i A A ST R A A AL AR &7 ). E 2
FEP R R RO T, BLF  AATTE 2 428 F n 1 1 P~ AR A
ENX5.7T HAMEREL € T, E(X(¢) 5tk HXHMEREL h € T, thJ7 Z R FCov(X (t), X (t +

h)) 5t ook, WRREENLIE FEX PR .

BTG XS PRI RE, I AXHMERL € T, B(X2(t)) < oo, BIX () ) I 7772 (fRIFRIX A
FE ARy B RS R ); AR AR PR R PR AR

AR I TR A GBI 8] 5 51 43T R A, A FxE P AR AR (14 0 5 A 48 M.
ENX5.8 BN FEX = {X(¢);t € THRMAIIBEIFE, EHXHMEBn LG < <t, €T

X(ta) — X(t1), -+, X(tn) — X (tn_1)
A E AT (TR R SET A SNt 3 ty, I AR
X(to), X(t1) — X(t0), X (t2) — X(t1), -+, X (tn) — X (tn_1)




FMEMNL). 0, TR, t+h,s,s +h e T, X(t+h) — X ()5 X (s +h) — X(s) I
A, JIFRX g~ R Sr 1 &l A

WRX = {X(t),t > 0PN FRAT I I FE, S5 s Eom () 5 75 2 R ELD () #A71E B
g P arHERL > 0,

m(t) = Ct +E(X(0)), D(t) = Cit 4 Var(X(0)), (2.1.1)
HhCo =E(X(1)) — E(X(0)), C; = Var(X (1)) — Var(X(0)).

GRT Ay G R H, T8 S 38 B Rl A — SR BT AL AR B 4 B WM MO
SRR T 1Y B PR — B ST [ A AL AR R (S 4 A

HARM PRl S PR R 2, 3 WL G35 A 5 5 1 2 B o BRI 20, ke id
FELL RN T A A0 BB 3.

B WA BR AL R R G R AN BT O T O AR, BT R E S
A

1 WHERs, t € THs < t, LRSHERE € R,

P(X(t) < 2| X0, X1, -+, Xs) = P(X(t) — X(s) < & — X(s)| X0, X1, , X,)
= P(X(t) — X(s) <z — X(s)|X,) = P(X(t) < 2| X,).
2 HWMERE s, t € T, B(X(t) — X(5)) =0, MAM{EEs <teT
E(X ()Xo, X1, -+, Xs) = E(X(t) — X(5)[Xo, -+, Xs) + E(X(5)[Xo, -+, Xs)
= E(X(t) — X(s)) + X(s) = X(s).

B H R R P L B AL I R T B R, R P R 2 A R D (). FRATTH 43 M AE 5B
= DY E A R 2 i R Ak — 2

FEAT TG, FANH— BARE T R BEALIE R 2840 3 & R A.

EX5.9 FHLEREX = {X,;n > LIRAESEFERE, H{X,;n > 1} AWLE A5 (1id)bE
PUAER, H
P(X,=1)=p, PX,=0=qg=1-p, 0<p<ln>1.

1515 3 44y it P BE AL Y HL st e — AMA S R AR. A 83 R A5 FH SR ik — %) i 57 =
S, BEAKP(X, = 1) = pEEFEnEER RIS, P(X,, = 0) = ¢ BIEFnK LR KK
AR, AR, SRR ™ AR Y.

AT = inf{n > 0; X,, = 1}, HHHTinf ) = +oo. EMHET RKRH —IRSLEK R IIT
I %, ALK AN IR ZI R BEALEY, 1 B AT B 400, HE—2B 0T AT A, HIE T = niX A HA4 RS




AR, FATAT LA W 5 n Ken 2 (8] SR PR 285 e Hm 2 W1 SEEB6 #8 A F DY T E e 20 SI2 60 4 0 e
1, MABMT, = n ki SNZHEARATRE. B
(T =n} ={X,=1,Xy, -, X, RN} (2.1.2)

FERBHUL AR o b, B RT IXP I B () SO BEATL AR st i S 1) LR — ik, AR
XA BEHL AR SO BEALE E) s EY . e S
TEX5.10 FrAE SR EE (I BEHLAR & (AT Bl +00) TR FENLEFEX = { X, }r>0 115 ] (Stopping
time), # XHAT & AE 7 Bon, BENLEM{T = o)W LB X, -, X, % ow, W EEHLAS
Bl o,y R X, -, X, MR MR S H IRRX N, ATEIRT FiEn.
5.4 € X510 R R4 T B ] BEATLS AR IR I 18 S X ax e i PR 5T (18, FRAT T AE
BEEE—ARIF. X TR LE I ) B AL R R4 I 00— MR S, ORI [R] 5 0] LA S B [12]);
A HOA R G B AR TR A AN 18

FIRAS RS, XHMERE > 1, BRATATEFEE LT, = inf{n > T_1; X,, = 1}. BAT,
TR Bk ARSI S8 T R %0 HLAR A

RS f(n);n > 1}.

F(T) = f(Te—1 + X114+ + f(To — ) X1—1 + f(Th) X1,

EE:

DT =) fn)X
k=1 n=1

KEIIZ S [f(n)] < oo, MFHERe > 0, FEEm > 03

i
if(n)Xn—sﬁkif( i W)X+
= — =
(Zf Tk)_ lim EZf pi (2.1.3)
5.5 1}4?%*‘1’1X%§E$Uﬁlﬂ%]b ﬂ%#ﬁﬁi Aﬂﬂ%’&‘ﬂ TiF S IR R R T A
Negt, FAEAERTIRET 7 B e e 4, | 7 fE S = i RS EEAT, BRI B 10E] R —
AL [R] AT EE(E 21 /at, W) K BUAN 220 2 58 h 2702
i AT R SRR BRIR — M AR WO ], SRR S A 28 B e, NIk K F BA M ca ™™ T8
TRH. ﬁﬁlﬁkﬁﬁﬁﬁﬁ)”Jf”%&ﬂﬂﬁ’]%ﬂﬂ?‘jzk lcaTk IlH:EEl(213) TN G U 2 F A

D= ]E(anT’“)—cpZa =1_a U

PRt




5.1 SRR BT HS BB 2T =, AT X 90 5 “IB1E S 4.

5.2 ik (2.1.1)hm(t) 5 D(¢) ik =

5.3 WEMHBENLEFE{ X, t € TYS5{Y,,t € TR LK AN EWAEZEm > 1 ULEAEZEiE
Bty - tm €T, (Xey, -+, Xe, )5 (Yay, -, Ve, )L




2.2 HE% LERREYLEE

BELIF N — MR, ERIBENUSER, 4756 MR, AR fa 2t A 2 B2
PR ATLIE B A BEE AR

2.2.1 HELHZE

EX6.1 WX, n > DML FE AT LA &, BEHLASE X 5{X,,, n > 1}J5L. £
W, zn:X,“ n>0.
FREENLEFEW = {W,,; n > O}jJ(E%%L)BLMM%Z:JJY*QEMHMWJ TR X o B BB N B AL
W IMPIEEHIE AL E . 5 BENLIEEW 58 b Xo 2 B EUE RN = B,
P(Xn=1)=p, PX,=-1)=q=1-p,

TFRBENLIE FEW = {W,; n > 0} E LR L& SR ALE 3 58 (g, p)- 14 B BENLIES. Hp =
q = 1/2 FRRW A 1] SO ARBE A L 5).
6.1 HHE AT FIBEALIE Zh W P e Sz 3 S 7.
6.2 FIWISMERIC IR CE, BELIH B W S5 32 M (5] 4 A BEALAS & 038 4 AL (H 243K
AHEX,, TE R B A AT — 2 FLA B BEHLE i) — 2B, Wit#iiid 7 ez H & ERbLE T
B2k, X AR RATRW N BENLIE I K — PR SRR, T BUGR J5 8, A R BIE KR X,
SEnb b

RV TIE, LU ERATR N H R ERORENLRERN, BIX ., k > 0, #R2 B AUE BN . 4

pu(z,y) :=P(W, =y[Wo =2), n>0,

I H1pn (0,) Apn(y). LR, py(a,y) RRBENLIESNENME N AT, B Zink 8y i

1 y=u;
s K Alpo (2, y) = 0. (y) =
0 y#uw.
SHERE >0, n > 1, &AM
n+k

PWosr =y, We=2) P Zp Xi=y—a Wy =1)
P(Witn =yWi = z) = Wik =y, Wi =) _ ket 1 .

P(W), = z) B P(W), = z)
H Xy, k > OFBSZAE BT AT 45
n+k
P(Wirn = yWe =) = P( 3 Xi =y = 2)B(Wy = 2)/P(Wi. = 2)
i=k+1
n+k
=P( Y Xi=y-a). (2.2.1)

i=k+1




PR Xy, k> OF [R] 4347 14 53 w] 40

P, X;=y—12,X0=0
P(Wian = y|Wy =) = (i Y 0=0) =P(W, =y — z[Wy = 0).

P(Xo =0)
FH I T %0

P(Whtn = y|Wy = z) = P(W,, = y[Wo = 2) = pp(z,y) = puly — 7). (22.2)
B i, (2, ) AR AR BEALIE S S 5 B e R G b BIA AL By IMER, s WT— B %1 BT 7E
fr B ot RETn D B0 By MR, A1#%E T AL B0 R &P RIAM By — o .
SNARASBER LG B W AT R BRYE S A, AEHL
0=k <ki<--+<kpn, 10,71,"* ,7p € 4.
1 (2.2.1)F1(2.2.2) A 15

P(Wiy =10, Wiy =11, , Wi, =10)

n

k1 kn
:IP(XQZ’I“(), Z Xizrl—r0,~-~, Z Xiz’l“n—’f‘n_1>
i=ko+1 i=kp_1+1
kn
XO = ’I“o ( Z X =71 — 7“0) ( Z Xi =Tn — 7"”_1)
i=ko+1 i=kp_1+1
=P(Xo = r0)pk, (70, 1) Phg—ky (T1,72) * * * Dty —kry 1 (P15 7). (2.2.3)

A WA Ry, (0, y) HRIRATURBEHLIG 3 10 Ge v A 1) = .
RR6.1 AW R BEMA KBNS, S AXHERO < k < mPl Kio, -+ ,ipm € Z,
P(Win = im, -+ W1 = igq1|Wr = g, -, Wo = i)
= P(Wy— ke = i — gy -+ s W1 = i1 — ix|Wo = 0).
WERR XHERn > 1B S, y, 2pn(z,y) == P(W, = y|Wo = z). H1(2.2.3)7 %1

—1
P(Wi =gy, Wi = g, -+, Wy = 1g) = P(Xo =10) P1(tr, irg1),

3

T3
|
iy

P(Wy = ig,--- ,Wo = i) = P(Xo =io) | | p1(ir, irs1)-

r=0

NI]
]P)(W’H'L = i?na te 7Wk+1 - ik+1|Wk = ik, e 7W0 = ZO) = H pl(irair-‘rl)-
A5 i (2.2.3)F1(2.2.2) "] %0

PWin—k = im — ik, -, Wi = ipq1 — ix|Wo = 0)
m—1

=p1(0,ikgr —in) [ pr(ir —inyingr —in)
r=k+1




m—1
=p1Ginsinr) [ prGirinen) = [T prlivsirs).
r=k+1 =
FH I T R0 i 6. 1R O

— e, A, ={i—ip i€ Ay} = A, —ip HFA, CZ, k<n<m, WAL
P(Wy, € Ay s Wig1 € Ap 1 |[Wr =i, -+, Wo =ip)
=P(Wp g € Appy--- , Wi € Apy1|Wo = 0). (2.2.4)
WEME i B O e (L > f6-5).
X S BRI BN, FATRT AR T T S {py (2, y) . T A BENLIR 0 B UOD K H g
RAL(FHT—25) - 15— ), B Bt REnb liky, B%REHFH(n +y —2)/2
BT, (n+ 2 —y)/2 BFE. FTLd

CT(Ln+y—9:)/2p(n+y—z)/2q(n+z—y)/2, ‘y _ l‘| S nﬂﬁ%},ﬁ%7
pn(z,y) = (2.2.5)
0, .

Bl6.1 BIW (g, p)- AT HFENLITSD. Xfs € [0,1), ©¢(s) = § Pn(0,0)s™. Ko(s).
n=0
fi# H(2.2.5)1 1%

0 n=2k—1,
pn(0,0) =
Cgk.pqu, n =2k
ESlin
> (2k)! = (2k—1)N
¢(s) = 1+ ZC§kpqus2k =1+ (,Zk)! (pgs”)* =1+ @ N DY (pgs?)t
k=1 =1
© 1l 1 qy...(1_ _
S € R EC ELES
@ﬁu+@:ﬂm%ﬁﬁ@%ﬁﬁ
1
(142)"12 = 1+Z 1)"];,(*5*(’“*1)):3’2 |z < 1.
R BT R B p(s) = (1 — 4pgs? ) 1/2 O
2.2.2 HEAXMRK
TE M 6.2 FRECEE 1 BEH LI A w5 A7 Bk (B f 1% ) 5 T A 2 A
P(X, =1) > 0 Tfi E. Z P(X, =k)=1.
k=—o0

IHMEE B, £

=inf{n >1; W, =i}




WE AT IR NG BN, BWE, BHWo = 4, 7R RWE KB B4 BRI R, e AT
S, W RBIHE ORI AN A B EUE I BENLIE 3D, T4 > O,
{ri=n} = {Wy #i,- Wp_1 #i,W, =i} (2.2.6)
={Wy < Wy, Who1 < Wy, W, =i}
TEIR6.2 BWW WA O A Bk B BUE BENLIFZ), AT B Him, n,
P(, = n|Wp = 0) = %P(Wn = m| W = 0).
AV B — A H A T TS5 8.
51386.3 SMEE EBHm, i Lr, +- - +a, =m, Hha, <1,i=1,-- ,n, TR
HUR (AT LA AE) (ur, ug, - -+ wn ) IR MEFHES S A m MBI HEFEAS AT — 1 BHE 4>
FHEH N T m.
B, Bn =5, m =2, MA(-2,1,1,1,1) 2T, + - + x, = mid LK1 — 4L,
XA EA S BR, 302
(-=2,1,1,1,1),(1,-2,1,1,1),(1,1,-2,1,1),(1,1,1,-2,1),(1,1,1,1, -2),
Heop HESE—, 5 PRSI L In — 1 = 45 E 2 AN Fm = 2. #Hz BHE
(=2,1,1,1,1) F(1, —2,1,1, 1) I RTATE 50 A0 53 )5t (—2, — 1,0, 1) AI(1, —1,0, 1).
TERR* B (ur, ug, -+, up) R ey + -+ 2, = mFBEEIE. BT (w1, uo, -, un) IR
OB, DRI FRAT AT L — N BB E N 20 BT IR R A {w JIIFB 2 MR A1URSy - - -, S
BHRERKEAIMIEST = min{k, S, = M}. BAM > m, vy = 1THEREI < i < n,
Uppr + - ug <0, SRBIERHES (wig 1, Uy un, - wy) AENIROTHTRT R, F6 L EH B
A (v, v2, -, v,). AR
(1) SMERE < n, T + -+ o <v1+ -+ v, =m.
(2) BT HoL + -+ vy = wg 4 - + up < 0T Hogfg KR BEIXE)+-1, BIUbxHE
Bl <j<m, —EAAAE—A TR n, 1555
Vit Uy, =
HAL X L AR AR SN TR AR Ak, HoPkoBE 0. B Ak, = n It Bl T#9 7
vy + -« - + v O TT AR Hovg e K R BEEL R+ 1 AT 45 ; B A5 5 FA) 16 o v 1 .
(3) M=) <m, FHH (v, 41, ,0x,,,) ETHE
Vpyp1 o vp,, =1, vy, =1

ﬁﬁﬂ%ﬁﬁkj +1<1< kj+17 mﬂvkj+1 + 4 < 0(75}'_\]”2 > ijrl%"‘l'IH%E).




IR ATTAT DA (v1, 02, - - -, v ) RITEAHESI R BT
(V415 U V1, 5 0,)y = 0,1, ,m—1
AL 5 FREER . AR AT — AR
(Uu Cee L Up, U, 701,_1)
HRAIH AL B FRBESR, RN BRI AR e — AN 15k + 1 < i < ko, SIEIAHIRTR — i + k; (55>
Ky
Vit A Uy U U = V1A Uy — (U V1)
=m— (Vg 41+ +vi—1) =M.
JFITRATE (v1, v2, - -+, o) RITEFHES A B mo ANl /2 51 3R 2R O
M Z5I B, TAURE ZUE]E H6.2. IEPIHIF.
WERR LA = {W,, =m, Wy =0} = {X; + -+ X,, = m},
B = {7 =n, W, =0}
= (Wi < Wp, Wt < Wy, W,, = m, W = 0}
= {Xi+ -+ Xp<mk=1,- n-1,X; +- + X, =m}
AR =N ERF M = (ur, -, uy), FIEARFAE R NG HES R Ak ) B AR A,
WCu S IAGI ) F A BRI A NT,, LIS

A= U L.,

Ty€EA
HEAMZ

HHHTATEZH A EAH My, B ER R R EZTHRAFELD, . 55— 7,
5 6.3, TRy € A, T, A HACEm MEAHESIF4HE T B, & 3 X, & M7 [ 5 A

PIBENLAR &, REMEFAHES R A BERAE R, PRk
P(BNT,) m

PANT,) ~ n°
FEREB C A, RATTH

P(BNT,) =P(BNANT,) = WP(A AT.) = “P(ANT,).
BRI tE FH 2 M 4 3K
P(B)=P(BN |J I)= > PBNL,) = % 3 P(ANT,) = %P(A).
i i ST
JIT LA SE $H6. 25 5L 0

6.2 BW 2 (g, p) & FRENLIFS). SR > 0, KP(r; = n|W, = 0).




BV 2 (g, p) 1S BN AT R0, A ERG 200 12 (2.2.5) WRIXHEREG > 1,
P(r; = n[Wy = 0) = %P(Wn —i[Wp = 0)
L Oy 20/, e < B R
0, FHoAth.
b T 187 B BE A LI B0 D 2B HOD A v e WAL B O 20, MHEEE > 0,
P(ry = 2k + 1|Wo = 0) = 0.
F—J7H, HEMRARK
P(ro = 2k|Wo = 0) = P(ro = 2k, Wy = 1[Wp = 0) + P(rp = 2k, W) = —1|W, = 0).
EER
P(ro = 2k, Wy = 1, W = 0) B((W, = 1, W, = 0)

P(W, =1, Wy = 0) P(W, = 0)
= ]P)(Wl = 1|W0 = O)P(To = 2k|W1 = 1, WQ = O)

P(TO = 2k‘,W1 = 1|W0 = 0) =

= pP(Way, = 0, W; # 0,1 < i < 2k[Wy = 1,W, = 0).
H1(2.2.4)F1(2.2.6) 7] %0
P(Way, = 0, W; # 0,1 < i < 2k|W; =1, W, = 0)
=P(Wap1 = —1,W; # —1,0 < i < 2k — 1|W = 0)
=P(r_, =2k —1|W, =0).
TEREANOH K 141 (g, p) 161 5 BE AL 21 1535 — LI B 1) 5 MO HE 1 (p, o) 167 BB ATLINE B 1 i 11 B
[R5 A AR, Hif516.27] 73

_ L@y 2E=2)
P =2k =1Wo =0) = =3 =i ? P “ =it P
N]
_ _ —0) = _ oy CE=2) g
P(TO = 2]{7,W1 = ].|W() = 0) —pP(7_71 =2k — 1‘W() = O) = mq
EEEIES
_ _ — 0 — _ _ (2k=2)! g
]P)(TQ = 2k’,W1 = —1|W0 = 0) = Q]P)(Tl =2k — 1) = mq
] 15
2k—2)! , . )2r% k=1,

P(ro = 2k[Wy =0) = 2———55¢"p" =
E'(k—1)!
( ) (2k2—]€3)1! (4;:!1)’“, k> 2.

A BERLE 30 11 A ST g Bk b, AR RERS 24 F I PR SR




EIR6. 4N FRFEH) HWRVME NORIBERRESN, AN TR > 1 b > a >0,
P(Wy >0, - ,Wy_1 >0,W, €a,b]) =PW1 < Wy, - ,Wy_1 < W,,, W, € [a,]).

WERA 4Y, = X, Y, = Xn Lo, Y, =X u&xﬂisk_l

n—k+1
Sk—ZY— Z X, =W, ZX W, — Wk
HTXy, - X2 H ﬁE’JMIL}ZE .lﬂ:(Xl,--- X)) 5 (Y, )RR

NI}
(W17"' 7W’n> 5 (Slv"' ;Sn)

SrAnAAIE]. Rt
P(Wy >0, ,Wy_1 >0,W, € [a,b]) =P(S1 >0,---,5-1>0,85, € [a,b])
=P(Wp — Wy >0, , W, — Wy >0, W, € [a,b])
=P(Wy < Wy, Wiyt < Wy, Wy, € [a,b]). O
o ] SR B AL B30 A B T ) S S B
SIER6.5( S R ) o, y N IEREHL, X B RBEALIFEIW I S, M(n, )2 (n + m,y) & Az
B BF S PEES M (n, —2)Bl(n + m, y) FHUE A E.
JIT iR BEALI 3l BB 5 K BEALBFEh W th JL AL B R (n, W ) TEF IR 22 5, FF4Zn IR
Fr F EEARUHIE TR B 2. 2 0T B 4.

4

3 .

L& 2 a " i
l—% —FEt e

(J A VN NSV, ¥4, ¥ Gy
4 14 2 2 4 2 6 E/; b lM 13 14 15 16 17 18 15 20 RENLEFRNSATIE
=

-3

-4

MERR 2 ARIRM(n, ) B (n + m, y)IF@ P AL E P B ST UIE, B A (n, —2)F] (n +
m,y) KT HLE
AP —AHIE
(n,x),(n+1,81), - ,(n+k,s1), -, (n+m,y),
WMnFF IR IR BEALE T SIS Z A0 + k, Blsy = 0, Hsy Blsp_1# K T0. ¥ (n,z) 2
(n+k, 0) FYEE AT IS (B B0 AL 19 31— 250%E 8 (n, —2) H(n+ k&, 0)WHUE (0 BRI L TTR), B
HIER(n +k,0) 2l(n + m,y)UEPHE, 52 —FM(n, —2)F(n + m,y) KPUTE. BIRZFH




E

A F o — X — 1Y, B AR EIEECR IS Brh a2
FOd ok, AEH B —#1E
(n,—z),(n+1,81), -, (n+k,s), -+, (n+m,y).
SR B AL S R R RER 3 — 25, Thi—2 < 0 < y, B (n, —2) B (n + m, y) B R b
BEARZIFIEALEO. Bin + k2 E AN IXFERI Z. FFETTR (n, —2) El(n + k, 0) HLIE
(AR AT 2 — 2%l (n, ) B (0 + k, O)HIBUE, BT 2] —2% M (n, z) l(n +m,y) FIEE. 2
SRIXFPE 7= AR 7 A — X — 1, Bk B B HOR IS AR EuE S
LA 7 THN AT A, B UE O (R O
RL6.6 77 W T R FREEALIFEN, A AXMER 2,y > 0,
P(Wypim = y, _min W < W, = 2) = PWpym = y|W,, = —x).
WERR VE R BIW AR AREENLE SN, Blp = ¢ = 1/20F, BENLIFshEE— 20 1 b sl R E L&
PRI, KW RAE RN AT RE S (n, 2), (n+ m,y) BATERE R PUIE & % 0] Gei, 1 H
5 M (n, z) R FE I mP BT —PE R AL ER B (n, o) R EEmD FHTE
g2 516543
P(Woim =y, min Wy <0 | W, =z)=
ByuE

AP HUERL
2m

2.2.3 ZFZA

f516.3 JEte IR A m A T WG] A HE H — FRE E Sh. ESh I R B R A S S g
WX, MR 550%. A" I 5 — R Sk e BV IR AR AT — AN E R T 0
MITE AT . 5 s Ak SRR, 8442 TE 5 Ui AR BAT , BIBR T R 3R A5 — AN R T % 1
I AT H— AN B, BIEAN A S5 T 1206 AE R A 1 AT B, A5 — R, b
Z/DRII0F IR 2 D2

R DWW, KRR Z& En)m 8 WG F LA NELE, AW WA 0 7 50 FRBE AL,
FTsRMEZE Ry

P(W; >0, Wy >0, , Wig > 0).

.[H:Wl > O%%%Wl =1, ﬁﬁﬂWm REX{I%%L JH:EB%*%%’A?&

o0

P(Wl >0,"' ,Wl()ZO) = ZP(WI >0,W2>0,"' ,W9>0,W10:2k])
k=0




= > P(Wy =1, min Wy, >0,Wy =2k — 1)
P 1<m<9
FIH{ min W, > 0}X LA { min W, <0}F
1<m<9 1<m<9
P(Wl >0,--- , Wio > 0)

S PWy =1, Wy =2k — 1) = P(W = 1,  min Wy, <0,Wo = 2k — 1))

el
Il
—_

o

P(Wy = 1)[P(Wy = 2k — 1|W; = 1)

>
Il
—

— i < — 9%k — =1)].
P(linriring,_O,Wg 2k — 1|Wy = 1)]

FH A 5866 AT 401

P(Wy >0, ,Wig > 0) =P(Wy =1) > [ps(1,2k — 1) — pg(—1,2k — 1)]
k=1

=P(W1=1) §@8(2k —2) —ps(2k)] = pgéO) = % O
6. 4(IL IR 7)), 7E—RIEAE P RIE NATGE] T nik SR, G ABREImIKEE, n > m. 75
W AGR 2SS BI R RE A 2 K2
R LLX; = IR ABEL T A, X, = —1FREINARES T B, BE X &ML F 54
1, BERE A, BRI p, g = 1 — p. BENLIFZIW, = X1 + - + X &Rtk SR i o
BEAAEN. ERAW, =1 —m > 0. FTRIEEE NK (g, p) BEHLIN TR S& A%

P(W; >0,Wy >0, ,Wyim—1 > 0|Wyip, =n —m).

0 R D5 2 B o B 6.2

P(Wl >0,Wy>0,--- 7I/Vnerfl >0,Wn+m:n—m)

= P(Wl < Wn+m» te 7Wn+m71 < Wn+m7 Wn+m =n-—- m)

n—m

= P(Wpim =n—m).
n—l—m( + n—m)
LN]
P(Wl >0,Wy>0,--- ,Wn+m,1 > O|Wn+m =n-—- m)
_]P)(W1>O,W2>O,-~-7Wn+m,1>0,Wn+m=’l’L—m)
P(Wypam =n—m)
n-—+m
S/

6.1 (#%516.5) b ANBt 7 /010 7, Wl I LS 10 & 45 A (155 A4
6.2 X HHME O fa] SR FRBE AL BN WV,




(1) MAEER > 1, IEHP(W; # 0, Wa # 0, -+, Wa, # 0) = P(Wa, = 0).

(2) BF1(s) = Y00 P11 = k|[Wy = 0)s* Hr|s| < 1, RFy(s).

(3) RMEEP(NE_, {0 < W; < 5}).
6.3 H BRI B EE MM AR, R I R A TR AOIRAS, W%, SR
BRI IE 6%, N BRI ki DL F SRR I 4%, —8%. A5 A H (KIS R M.
H HANE LSS H TR,

(1) RIEE KT RRG, R34 sk k.

(2) RAELOR A EIK R B LN R K R3S

(3) FEH IXMEERI Nk S ERRR B —FEZ I, THER B ST 2 Sk R R
6.4 iFH(2.2.4).




2.3 JE#A(Poisson)idiz

TR IR R — Bl R 2 B ] S BN R, B SR s DI oG, DT LA R AP 1
Ji.

2.3.1 LR

FH A A5 70 2 i BE LI b, e A ) A s R 2 BT G LB AL AR A v, e it
I3 2 B ASRL AR O THROS A2, R e ST
EXT.1 FRAEFEBEWBENLEREN = (N (t);t > 0V BT R s 7, 5 HrE A s 5oh

eI AR R, IR EP(N () — N(t—) < IXHEREE > 0) = 1, WARKN £ aidod

e, KN (t— )RR NAEL R e AR FR.

B B RO R BRI 21 4 2 R AE — KB

MRS ERw € Q, BT EUE R RIFEA RN (¢, w) R T AR B L. R
TERS € M BHE > 1,

Ti(w) := inf{t > 0; N(t,w) > k}

B, HAT) = 03F405Einf 0 = oo, HE SUATH,

(1) Ty /2 B kR R AE R BE RIS 21, 385 Bk 2 A 58 Rk (BEATL 52 BT B ).

(2) XHEEu > 0B Kw € Q, u e {t > 0,N(t,w) > N(u,w)}, FHTy )W) < u. X
WX > 0, Ty <t

(3) MMERw € Q, FH(w) < oo, MAMTLE L, FFE—Ft, B T BB, (w) FF
HN(tn,w) > k. N4 ES:E,

N(Ty(w),w) = lim N(tn,w) > k.

BN Bw, N(Tk(w),w) > k. FEAIN RO R, X UFErA Rw#l A N (1)) = k.

H1 Ao M T i, THEOS RN T R

N(t) = sup{k > 0; T}, < t}, (2.3.1)
BIXHE Bw, N(t,w) = sup{k; Tp(w) < t}, KA L Esup 0 = 0. KBEN (¢)FR7R I 22 1 (L

) A REL A S

EX SRS A, BRATET AARALE 635 Fe 5 7] b AR i St A2

&S = {Sk, k> 0} RIFREMEEX,,i >0, 493 \71?‘@1?'5’1 SHEZE L R Ww, X, B
B, SR A by, Bestk — S T liﬂgigfs L. = {.7;19; Tr = Sk, k > 0} — Nig
S ) Bt ot W T B A KD L R B B




Ed

Yo, <z< a?kJrﬁH'S_l(x) =k, B
S~ (x) = sup{k > 0; Sy < z}. (2.3.2)
I R X, TTARO0, ARASAE Rk BRI — 8 TT# A2(2.3.2)2 L[S~ (z) VA EL, M@
HSH(z)#h AAE 25 F2S), < xﬁ&#éﬁﬁkiﬁﬁlﬁ&& W, KANARLAL
={s7'(t),t > 0}
A3k Aa i 3 Sy, k > O}éﬁifiiﬁi.

T RARNTE, AW, =T, — Teq. IRAW, 275k — 1 N4 E5EL ANEHZR
A B 18] 18] [, — AR AR E R BEAFHE R, AW = (W, k > 1A S &0 5 7). it
FHRAEQRE{T),, k > 0}t R FFH 5710930 Fe. 0 (2.3.1)7 40, T T AN A3
oFa 3Ty, k > 0} 69% 342,

2.3.2 EAEIZR HZE

EX7.2 RN = {N(t); t > ORI RE, &N FA L [ 5 A 155 4
1) B{Wi; k> 1} HLAE RIS 1) 43 A IR AN S BOR A R4 5000 A
BT 1 BRI G ) U — SR AT, T EL T YR T R B R B e R T AT i — MR
SE ML FLAR AR I FE 500 A, CAN (#) < 7E(0, ¢] B 3] P B 40 T R AOAT V3L, TRAN B2
FA) 55 B 2 18 1T AN SR 020 AT Exp (\) B AT LA R R
(1) XEEn > 1, HXy, -, X R IR SEOINRHREO A LA R, IBAX) + Xo +
o+ X RMINES AT Ga(n, N). A 5 B R ECN

Angh—le—A®
(n—=1)!" >

>

x>0,
Yo () =
0, z <0.

(2) H X, XA BB SEOIN FRHO M BT BINAE R, T4 min X S
HORAL + -+ A HORHAM.
(3) HXAARMIES RN AL &, X RNFEE A0 4 BACS X 2 T2, BPXAHER L, s > 0,
P(X >t+s|X >s)=P(X >1).
BT, b = 1,2, -~ FR TR S5 R LA B 5, 05 42 A S EL R B MO AR
KRG LS R0, XHERER > 1, SRR RN ZIT, ijWiHEU)\Ga(k,A)éj\ﬁ‘ﬁ, i
SR ER S Ny (@), IF ELRHER > 0, LR -

k
N(t) =sup{k > 0; T}, <t} :sup{kZO;ZWn <t}, t>0,
n=1

0
Sy Y




H{N(0) >0} c {W; =0} LK
{F71EL > 03N (1) — N(t—) > 2} = {(FFEEANELERW, = 0}
AMRP(N(0)=0)=1-P(N(0)>1)>1-P(W; =0) = 1imH
P(fE1Et > 0N (1) — N(t—) >2) < Y P(W,, =0) = 0.

PR E YPRA I R S A A O R 17 B v O A2 '

TN T i A — e R B ARRE T N AFRANTARN = {N(¢) Y Amaia i L.
RAT.3 GRENNIVEAN S RRAEAE — I 20t > OFB R A SR N HIVERA 20 A1 R

E(N(t)) = X, Var(N(t)) = At.

MERR SHT LA e it > ORHEfU s E ke, H(2.3.1) "] %0

(N@t) =k} ={Tx <t <Ths1}, (2.3.3)

E5]:e
P(N(t) =k) = P(T) <t < Thp1) =P(T) <t) = P(Thy1 < 1)
t t )\k k—1 /\k+1 k
_ /0 e () — s (2)]dz = /0 [(k“i . e
H17> E A 0 AT 45
k
P(N(t) =k) = (A;') e M

KRN (t) Hi SR NI 73 A O

EIRT.4 W NIRRT R B R FLHE R L, 5 > 0, N(E+ ) — N(s)Jl
NBRE AN ITERA S, IR 2580k > 0,

P(N(s+t) — N(s) = k) = Ak,

e, (2.3.4)
SERR* 15 7.0 1, REEOIRHE B > 1RO — o < & < - < tuFAE S
Bhy, - kn, BFH

P(N(t,) = Zkr = 1,2, ,n) =e M ﬁw (2.3.5)
o T 4R, AN SRV, ), R ST, ). A > 1, 48y —
ST DL

A'r' - {T31 S tlaTsl+1 > tla Tt 7Tsr,1 S tr—lyTsr,l—i-l > t?"—l}y

Br = {Tsr < traTsT—O—l > tr}a

Cr = {Tsl < tlyTlerl >y, 7Ts7.,1 < tr71}~




FIFZ(2.3.3), (2.3.5)AIfii 5 A
e TT AU~ tim)]*
B(dn) e TR
=1
Mn = L A7 30T 41(2.3.6) AR B, R ¥n = m — 1 BOL, B
TN — )]
i bi—1

P(A,,) = e Mmt H [ .

i=1

P = mith, ERF A, = Ay B, HIAEGE,
P(Amt1) = P(An)P(Bm|An)

m—1 ks
= A1 At —tio1)]™
= P(Bm|Am)e 1_[1 BN

TR ST 2.

(1)%]6771 = 05#7 Sm = Sm—1, Bm = {TSmfl < tm7TSm,1+1 > tm}.

P(AnB P(Ch, T, - >t
BBy |Ay) = EAmBm) _ PO Tory 11 > tm)
]P(Am) ]PJ(Cm’TSm—l"rl > tm—l)
E(lc, P(Ws,, 41 > tm —Ts,, |Th,---, T )

m s Lsm_1

= E(le, P(Ws,, 41 > tm—1 —Ts,,_,|Th, -, T )

?FS8m—1
]E(]_Cme_k(tm_TSm—ﬂ)
= — e
E(lcmei)‘(tm—lfTsmﬂ ))

(2) ik, = 1, 8y = 81 + 1, By = {T,, < tm, Ts, 41 > tim ), HIE

_)\(tm,_tm,fl)

IP>(147an) P(Cm; tm—l <T < tmaTsm—i-l > tm)

P(Bm‘Am) = ]P(Am) - P(Cm7TSn:i1+1 > tm—l)
5(2.3.8) KA B AT 15

P(Crn, tm—1 <Ts,, <tm,Ts,,11 > tm)

tm—Ts,, _ I
:E(lcm/ 1 )\efAst/ )\ef)‘"du>
¢ oy —T

m-1—Ts m =Ly, 178

Sm—1
= E<lcm)\(tm - tmfl)eiA(tmiTsm—l))

Mt — tmil)ek(tm—tm—l)]E(1Cmef)\(tm,17Tsm71))
ik, = 107,

/\(tm _ tm71)e)\(tm—tm71)E(1Cme*/\(tmfl*Tsm,1))
P(Bm‘Am) = E(]_C e—/\(tmfl—Tsm_l))

= At — typg)e i =t

(3) &k > 1B), 50 > Syt +2, By = {1, < tm, T, +1 > tm}, Hik
P(AmBm) = ]P)(Om n {T’Sm—l-‘rl > tm—l} N Bm)
=P(Crstm —Ts,,  >Ts,, 141 —Ts,, , > tm1 — T,

Sm—17

Tsm - Tsm,1+1 < tm - TSm—l-‘rl?TSm-‘rl — Tsm > tm — Tsm).

(2.3.6)

(2.3.7)

(2.3.8)

(2.3.9)

(2.3.10)




H{ T PSS, LS ER R > 1,

/\k—l i1 w
Tk—TlN%—l(x):mﬂ?k Flem 1> 0,

tmeSm71 tmfszsm71 [e%s)
E(lom / Xeeds / Yoo, 1 (w)du / )\e”\”dv)
tm—1—Ts 0 to—T.

m T As, 1 TSTU

t1n_Tsm,71 t'm_s_Tﬁynfl )\k'm km—2
= E(10,, e o) / ds / T rdu)
t 0 (km - 2)!

m—1—Ts,, _4

Tsmfl) )\km (tm B tmfl)km )

B (1,0 -

Ik, > 10,
P(ApBm) AP (b — ty_1)hm e Atm—tm—1)

P(By|Am) = A = - (2.3.11)
Rk (2.3.8), (2.3.9)F1(2.3. 1) AN (2.3.7) AT HIAN B &y BUAH, (2.3.6) %0 = mtRAL. H
PAGNTEE L, (2.3.6)%F —VIn > 1 #RMOL, R 2 BEAFIIE. O

TEIR7.5 NIJYIAA S RE 2 HACY N R AME N0 AE 5 St Bod 2 H A PR i &
NI AT Wy k> 1), 8T, = Y8, Wi, k> 1. NiFBE 7.5, RA1H
LI O EEER
SIERT7.6* {Wy; k > 1} NIRMNSECINRIFRES A (4057 [F) 53 A B AL AL & 51 24 HAL S 5
BE> 1RO <t <ty < < ty,
P(Ty <t k=1,2,--- ,n) = /tl ds; h dss - --/t" Ale™Mnds,,. (2.3.12)
IERR FH A A G028 B e B L B ‘%1@%%@ %Z\TGEHWUL;%}%, IR O
SIER7.7* MO FENVIE AT HEA PRSI &, 2RO <ty <t; < <t, <
top1 ARG R k) < k1 < -+ < kpya,
P(N(tni1) = kns1|N(Em) = kmy N(tm—) = km — 1,0 < m < n)
= P(N(tns1 —tn) = kng1 — kn).
WERR th i B0t R A ANEE, SHTRL > 0, N(t—) = limgp N(s). B,
P(N(tns1) 2 knt1, N(tm) = km, N(tm—) = km — 1,0 <m < n)
= 1 P(N (tn41) = ka1, N(tm) = b, Nt =€) = ki = 1,0 < m < ).
RGO < & < ming<pen{ty — tp_1}, B FRIOIIE & MRS
P(N(tn+1) > knt1, N(tm) = ks N(tin—) = k. — 1,0 <m < n)
=P(N(tnt1) = N(tn) = kng1 — ky)

x Hm P(N (tm) = km, N(tm —€) =k — 1,0 <m < n).

e—0




=P(N(tni1 — tn) > Ekns1 — kn)P(N(tm) = km, N(tm—) = km — 1,0 <m < n).
FH I T 260 5 B T O
EIBT.SHOIERR* 06T o BT AR RS R W B R AT A, RIEFR M. A, AT
WEBIW,, k > DAL R A B & BIRWSEOIN a5, d51317.6, AR FiE
iH(2.3.12) AHEREn > 18T
Hn = 1B, SHMERL > 0, FEEF
P(Ty <t)=P(N(t) >1)=1-P(N(t) = 0)
L f(t) =P(N(t) = 0). W{EEs,t > 0, HFRAMIEEMELL K FKIEN(0) = 07 #7
fs+t) =P(N(s+t)=0) =P(N(s+t) =0, N(t) = 0) = f(s)f(t).
HTN@O)AESHAERNO, 0 < f(t) < 1LHAES:. Hik
f(t) =0 BAFEN > 015G £ (1) = e M.
Fft) =0, MP(N(t+s)—N(s)>1)=1— f(t) =1, ANIEREL > s >0, 1

(IN(1) = N(9) 2 2) > {N(1) = N2 > 1y (v (2

)7N(S)21}7

2
AN
P(N(1) — N(s) > 2) =
Ls— 115
P(N(1) = N(1-) > 2) =
XENNERTBOI T G, Kt
t
P(Ty <t)=P(N(t) >1) = / e Mds, (2.3.13)
0

Bin = 10 (2.3.12) k7.
Tn =m — 1N (2.3.12) WL, IAn = mif, HHZMRIX
P(Ty < tr,1 <k <m) = /Otl dsy - /tm_l A—leAsm—1
xP(Ty, :L;;Tk = s, 1 <k <m)dsy_1. (2.3.14)
T NR2YME AR B O A2, BAA PRSI &, o] #E7.7/0(2.3.13) nf A1

P(Ty, < tm|Ti = sk, 1 <k <m)

P(N(ty) > m|N(sp) =k, N(sp—)=k—1,1 <k <m)

tm - Smfl) Z 1)

P(N(
tm —Sm—1 tm
:/ )\e_/\Smdsm:/ e AEm=sm-1)qg,
0

Sm—1




AN (2.3.14) B3 J5 BI1H(2.3.12). O
P 2 FR7.ARN7.5 0] F1ASFE NOR) T 0 2N 58 S AR I R e R S HACS N2 YT
NOTRT RO AR B PRSI &, RN (¢ + 5) — N(s)IRMIHA AP ().
7.2 A8 1 i AR AT I 44 R BE N A RA S FEIN Bk, AT %) 31 53K 4R AT 1 8 % 4502 10.
1] (1) P Gt B TRV, S8 25 161 59K (2) B 45 500 25 1) F- 2 1 [ .
2 (1) FrR#rfmizs P %e = E(N(2T) — N(T)). s PRafisr gm0
c=E(N(T)) = M.
(2)%&%% AN(t) = N(t+T) — N(T). W2 NEFRasbor B al N 7958 B4 P
B, TSR SR NE A L. DI B A G5A U X N 1T 5 B I B 5 35
Fr LA SR 0 [8]t = B(Ts). EHTs AT (5, \) 2 A il Ait = 5/ O

2.3.3 FAREZKHE D

EIR7.8 B{T),,n > 1} RMEENNKIAMEFEN = {N(t),t > 0} EIER 2551, AAXHE
BO<s <ty <---<s, <ty <t
P(T; € (sj,t;),1 < j <n|N(t) —?—ﬁt—sj
WERA ATH0 = tg <51 <t; <sp < -+ <5, <ty <t, -
P(Tj € (s5,t;],1 < j <n|N(t) =n)
=P(N(t;) = N(sj) =1,N(sj) = N(tj—1) =0,
1<j<n,N(t)— N(t,) =0|N(t) =n)

- e Mt Al—ta) (AD" R s P
jl:[l (tj —sj)e Ve /= - e ]_tn]l;[l(tj 55).

TR -
SIS (0, 1] IS TRENAEE X, Xo, - -+, X, RF S
(X, X2)om o5 Xm))
plxy, - xp) =nlt™", 0<x) <x9< -+ <xpy <t
MITAHEREO < 51 <ty < -+ < s, < tp, < t, X

P(X(j) € (s5,t),1 <j<n)= Htfsj




tbi ER G e 784518, FATATEfE A & LR
(Ty, Ty, , Tu|N(t) = n) £ (Xy, X2y, X(m))s
BPAE&EN (L) = nfa, T, -, T TEAERAN SRS (0, 6] L3 5] 53 A BEHLAS & HIR 7 Se it

=

H.

B17.3 ($4517.2) 3R 55 1O IR T 325 FAY IR 1] 531 RIS 257 1 1]

R RTS8, RN (T) = 10°F, 10N BIL N 8T 5 10MRSL (0, T] L34 53 73 A
BEMLAZ B s KO et AR L DRI o % E iR O

2

SP-¥5 st ]
T 1 10T
E(Tyo) = dz = 10T 10 gy = ——, O
(Tho) /0 xf(z)dz /0 T
{E N7 SN, FRATA W FHER.
HERT.9 Wn TR S (w1, 2o - -+, 2 ) IR TAL R — RS (81, to, -+ 1) HBAE
f(x17x27"' ,$n) = f(xtl,xtz,"' 7xtn)~

4

E(f(T1, Ty, -+, T0)|IN(t) = n) = E(f(X1, X2, -+, X0)),

Hrb Xy, X IR0, 8] B350 23 A B A ST BEATL A &
ERR e #L7 .8 W] A

E(f(T1,T2,--- ,T,)|IN(t) = n) = E(f(X1), X2y, s X(m))-
HTXRFGitER X, -, X, BFI—FHES, 1 F IS B % a5

E(f(Xq), X(2), X)) =E(f(X1, -, Xn)),

T 4518 BT O
7.4 iR MK E B NPIARA S AR B 2Rl 5 K EAE I Ze Bk, SRAE(0,¢) DX 1) A 338 iR
A R I,
i 10 AR BIE N ZINT,, tZHJ@JIi'ﬁﬁﬁgiﬁhN() T A B AR5 B )y

T:Z(t%).

JIT SRV 38 S SR I 1]

N(t) N(t)
T = E(T) = E(Z(t 7)) = ]E(IE( > (- Tz‘)|N(t))>

Z (D_(t=T)IN(t) = n)P(N(t) = n)

i=1




BIRAET IR ?Ké—‘%ﬁﬂﬁz (= T)IEER, HERT.,

Z IE( ) Niy=n)=3" (nt =0 Xi)>IP’(N(t) — n)
n=1 n=1 i=1
-3 %P(N(t) —n)— f]E(N( ) = % 0
n=1
B7.5% BLARA LR N SR AN, Tkjj@JIiHT?J k> 1. %fg’" |f(t)|dt < oo, UEW]
Z F(T)) = A / 0

UERR SE i fARL. JH:HT Hﬂ%lﬂ%ﬂl%@(i@zl 14)

IE(le( ZE Z/ £(t) Anti oMt
> Angn—l o
:/O f()Z(n_1 Mgt — /f

n=1

N—RHf, EERf = ft - f = va— (—f) V0. HfIAER] mm PR

E(Y If(T0)]) < oo, EZﬁ ) < oo, IEJZf

n=1 n=1

KEBIASS F(T), i’f FHT,) A z F(Ty) #5JLT A,
n=1 n=1
YoHT) =) (U F(T) = Zf*(m = > (T
n=1 n=1 n=1 =
JUTAb AT, T

B> £(T) = E( Zf+ i

:A/O [fT(t) ))dt = /f O

2.3.4 WHEIZ

XTI RN = {N @) HEK B BENL 1, G B 3RATT L0 BE L3R 47 70 28, Lt
AT T BB AT ML, T DA 2 42 1 43 BT S, %ot IR M T e R g 2 4 A . R
A, AR BATESRGAF AR T H R E G DS, FOASREMN, K i =1, mA
S = 1, I ARRATARIC R B iR B R AE T BOE FE N, = (Vi (¢) AN M i i 2.
TSN 5 e MBS RN, Z 2 SHER,

9-3 w0
ST s < t, TELRE (s, 1] B éﬁﬁMﬂ%#éﬁzN( ) — N(s) %M, %X R P &2 F R A
€
(N1(t) = Ni(s), Na(t) = Na(s), -+, Nin(t) = Nim(s))




B &AM A2 Bl s - - o R BRI 70— A (2 ILBILL), T EL IS SO R AR
1% 2 BRI BT B AE SR H R, 1 < 6 < m, &k = S ki,

Kl
TRl PP P (2:3.15)
MHAEREO =tg <t1 < -+ <ty, LIARFREEREL;, 1 <i<m,1<j<n,

P(N;(t;) — Ni(tj—1) = kij,1 <i <m,1< 5 <n|N(t) = N(ti_1),l =1, ,n)

P(N;i(t) — Ni(s) = ki, 1 <i <m|N(t) = N(s) = k) =

= ﬁ (tj—1) = kij, 1 < i <m|N(t;) — N(tj-1)). (2.3.16)

FIBT10 2N I AMESTER, 34 S IRHIL RN, Ny, - Ny LSRR,
SR ADL, -, AP
MERR* FRAVSCAE XTG> 1, N2 TR N Ap, AR T FE.
MAEER > 1, FEI0 = to < t1 < -+ < t, ARARSUEER Ky, - L k. HHN BOBRSZHG S
F1(2.3.16) 7] %0
P(Ni(t;) = Ni(tj-1) = kj,j=1,---,n)

= E[]P(Nl(tj) - Ni(tj—l) = kj,j = 17 R ,n|N(tl) - N(tl_l),l = 1, cee ,n)]

n

= E[J] P(Ni(t;) — Ni(tj—1) = kjIN(t;) — N(t;_1))]

j=1

I
s
=
=
=
S

= Ni(tj—1) = k;IN(t;) — N(tj-1))]

<.
Il
—

= Ni(tj-1) = k;).

I
<.
H 3
—
~
=
=
~
<
~

llttNVEﬁzﬂaz . ‘ijr_%?ﬂxﬂf%%t > s > ORA SR B Sk,
P(N;(t) — Ny( Z]P’ Y=k,N(t)—N(s)=k+7)

M

P(N;i(t) — Ni(s) = k| N(t) — N(s) = k +r)P(N(t) — N(s) = k +r).

r=0
1 (2.3.15)1%
[A(t—S)]’““ CA(t-s
P(Ni(t) — ch+rpz i) We At=s)
[PiA(t — s)]"e ‘A“ s) o (1= pi)(t —s)]"
- k! z_;) r!
_ [Pt = s))Fem M) AP (t=s) _ [pi)‘(t_s)]ke—/\pi(t—s)
- k! o k! '
Al LN AP AR B IR NG () — N (s) IR BE R ps A (t— ) ITERA 20 A . e #R7.5 AT RIN, A2

SR LN Ap; BITARA AL
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KL > TV RATREO = to < t1 < -+ < t, [EBCIETER L ;, 1 <i<m,1<j<n,
Hehok; = ST ke LA
A={N(t;) = N(tj—1) = kj, 1 <j <nj.
HI S5 AR 3 A A (2.3.16) T 15
P(N;(t;) — Ni(t;_1) = ki j, 1 <i <m,1<j<n)
- IP’(Nl-(tj) — Ni(tj 1) = ki ;1 <i<m,1<j < n|A)P(A)
HIP’ (tj_1) = kij,1 <i <m|N(t;) — N(t;_1) = k;).

(2.3, 15)%nNEﬁzﬁui FEIRA A T

P(Nl(tj) — Ni(tjfl) = ki,ja]- S ) é m,l S] S TL)

T kj! Bii gy MG DM e )
- E [klmj!kw! : --kw!pl Prm ;! ¢ ]
_ ﬁ [ﬁ [Api(t; —tj-1)] o= Api(tj—t;—1 }
ko
i=1 j=1 “J
= P Nl(tj) — Ni(tjfl) = ki,j; 1 S n)
i=1
BRI (NG ($1), -+ s Ni(t)), i = 1, -+ m AHELMOT.  p BE AL FE S M 40 50l 2% A4 (2 L 2] 7i5-
)P FIMRIEFEN; i =1, -, mBhAL. O

B17.6 J- R R L— 58 RN 20 NIRRT FR 30K, Horb10% 531k, 90% Atk
(1) AN A A F 1A BB BRI R p. (2) TR/ H A4 BB BE SR AE T,
BRI B .
R LAN (1), No ()5 ekt /7 53, i Bk NBL A4 Ny, No oy i) 2 5 2 2 F18 [
FAEFE H AR B A

(DFTREZEp = P(N1(0.5) > 1) =1 —P(N1(0.5) =0) =1 —e"!

(2)FTRMIE NN = 4+ E(No(1)|N1(1) =4) =4+ E(N2(1)) =4+ 18 = 22. O

2.3.5 IFEFFANIEIE

VAR LR SR i B O A, XA SR AT A T R 1 B 2 R B (RS B SRS I 2 UK 22
S AR AR — TR BB AR RIAA T R, B LR
XT3 BRIUHOIAEN = (N (2), t > O}E— R AN () AT JaRAE R, 251 2

(1) N(0) = 0;

(2) N EAT ST




(3) XMERO < s < t, N(t) — N(s)BRMIREEA [1 \(w)dulfIEFA S .
FH 8 SCRTFI SR A i 7R, fEAE R Zt, N (¢ )H&U\%ﬁﬁ’*ﬁfo w)du FIVAFA 5.
DAL T B0 R AN AR R A B TR Ty ) AT 2
P(Ty > t) = P(N(t) = 0) = e~ Jo Mwdu,
F(t) = A(t)e™ o Mwdu ¢ 5

G770 W 7E AN [ I TR B e U ) A R LR, fERE E11 2 00211 ¢ 30, WA
FZI0N /B B FE DT i), 11 2 30 — 12 0 0046 N //Nf (RS BE D 1], [ E1L = 00 — 12 : 00%%
A A Y7 1] IR ?

R EH T BOE AN [R] B B] B2 7 i) = A A2 BT ), T ELAS [R] B R] U5 0] 6 FE AN [R], BRIt T BA A
JEF RS FEZIEIN (¢). LABR11:00 9 B4R IS 18], 7E0 < ¢ < 0.5 [RJBL AN (¢) 3R 10,
FE0.5 < ¢ < 1 [E Bt SR N6, IR R p = 8. O

FEFFUIARA I AR B 2y B AR R IR I RA R R ARG B I AR R, T BT 1075
TEFRT.11 #5508 AN FEEAT R 20410 S S LA R p, (¢) NSRS, H 55
MR, i =1, m BT pit) = 1. BTSSR F & & R soE
FEN; = {IN; ()} —ANSRE A Ap; (6) AR I IR, M HLNy, Na, - -+, Ny A AT
TERR* ¥ %, M BRI A 5 B H, (2.3.16) 598 AOT.

SHELEII0 < s < tAIAE SRS, AEMAE B Hn,, -+ np 830, + - + 0y = 0o
fEkR1,2,- - ,nﬁiﬁﬂiﬂﬁj‘ﬁiméﬂﬁﬁﬁéﬂ*Tﬁﬁ/l\iﬁﬁj\?ﬂ%nl, No, -+ . NGFTA X B4
MREILRA. MAABOT T RATIEK = i ik, JFHL 50,1 <i < K
#or. LBi(j),1 < j<m %%%Ebii‘zﬂﬂﬁa\%ﬂ@)\%gzﬁﬁ’anj MRS S AT
B(xy, 22, @) € (5,17, EX

f($17x27" y L

Mw

pl H p?(xr> H pm(xr)
T‘EBq‘,(Q)

reB;(m)

~.
Il

1 reB;(1)
PR BRI 2

(1) ,fi‘:%ﬁ%ﬂ?ﬁ%(xh T, 7xn)ﬂ@ﬁ\ﬁ(iﬂiﬁﬁfaﬂ/‘]%%%(yh Yo, 7yn))7 Hﬂéﬂﬁﬁ@%ﬁ'\ﬁ‘ﬁ
LA R FReids i) m] A2 e ] i

K
Fynys, o) =Y T m@) I pewr)-- I pmlur)

i=1reB,(1) r€B;(2) r€B;(m)

= nw) [[ pew)- ] Pl

i=1reB; (1 'I’EBi(Q) TEBi(m)




= f($1,9627~-~ ,ZUn)-
(2) HHGRA A
P(N;(t) — Ni(s) =ni, 1 <i <m|Ty,- -+, Tp, N(t) — N(s) = n)
HorbTy, - T, RIRNAE (s, t) NniRFA R A RIS Z. G A
{Ni(t) = Ni(s) =ni, 1 <i <m}
B AVEFERA A m o] B 45 SR (R 7 B ATL 5250 o (2 S0 225 5t LK BE 2 7T LAAS [/) ), 2% o
25 B ILIRELS T A, o, - -+ BB A, DRLIG R BCZZ E BTL S40F (% F  RT e (R 2H &
RS A, AR 5 b; IRy

II 0@ I @) ] pm(T).
reB;(1) reB;(2) reB;(m)

Pt

P(N;(t) — Ni(s) =n;, 1 <i <m|Ty, -+, T,, N(t) — N(s) =n)

K
=> II m@) II we@) I o)

i=1reB;(1) reB;(2) reB;(m)
= f(ThTQu e 7Tn)
VAR AR (P RS ST G BV o, HER 7.9 A S SR A B0 S B A o AT
P(N;(t) — Ni(s) =n;, 1 <i <m|N(t) — N(s) =n)

=E(fu(Th,--- , Th)IN(t) = N(s) = n) = E(f(X1,-- -, X))

=3 8( T mee) I mx T oul)

i=1  reB;(1) TEB;(2) r€Bi(m)
nt 1 ! 1 1 t N
ol [t - S/s pi(w)dul " [t— s/ pu(wdu] ", (23.17)
S, X A IR (s, RS AL .
¥(2.3.17) B #:(2.3.15), € FE7. 10040 B A] 15 52 B4 18 .

B17.8 BB AL IR KN /N BVARS SRR B3k, RSB AL R4 152 B I ) e A =
NNFFEE A FIB MR GAEM I TAE. ¢+ dif iz 1k, BBl 4 i1 R S aiife 211
By SRS R G AN AR BN Euifi 2 X R p = 1 — e, REFHRAER
gt TAEd /NI AR I AT 2B Hom (1€ B AT 97 AH ELARSL Y ).

FR AT RN Z N 1 BB 5 B N TR U TR B RV PT84t < e, TRt e 4 81

—(Uf,—C—‘rt)/\d)) _ 1 —_ e_d(1+>\) eA(t—C).

=E(1;._ 1-—
Y43 ( {c tht}( € 1+ A




Hd + ¢ >t > o, BB R

14+ (t—c—d
pr = E(1 — e~ UeNdte—t)y — 1 — ol :

14+ A
PILAE[O, ¢ + d) iR BEA, B 42 ) (10 051 25 42 568 3 D K p IR ST DRI RR R AR BT AT 4 4% 1

RRC LS o5

d+c (1 _ e—d(l-i-/\))(l _ e_’\c) d 1 — e~ (1+N)d
m_K/O pedt = K| DY HEES WSV o

ZiSIE DU R MBN = {N(1),t > O} IR AR AR

7.1 WTy =0, {Th i1 R PARENIEAFEYA T H). MEEL > 0, 2N (t) = sup{k > 0:
T, <t}. WEHH
(1) AHERE > 1, Ty =inf{t : N(t) > k}. (2) N(t) + 1 =inf{k > 0: T} > t}.
7.2% F T 20 ERA IS FE N RN RN, 14 NIRRT T I B T SR A
73 WMEZO < s <t, n>1, IFHA
k n—h
P(N(s) = k|N(t) = n) = C* (;) (1— ;) . k=01, ,n
7.4 BN BT S NS HSHERZL > 0, P(T > t) = e Mt JEH]
P(N(T) = k) = Aiﬁ (Aiu) , k=0,1,2,---.
75 MAEEE > 0, TR A HEKBENLFMA R LM EFH. WAERE > 2 > 0, K(1)
P(t — T, > 2|N(t) = k), (2) P(t — Ty > o).
7.6 MAERE > 1, AW, KR BLR B SERE E], XHMERE2 > 0, K(1) P(Wig1 > z|N(t) =
k), (2) P(Wn(t)+1 > ).
7.7 SR AR B3 IR AN 5 B 50 N /I T RA I AR, L rh40% 2 B, 60% 42 k. fRE
AR BNIE S TE A ML, (1)3RAT = A EE MR LR 2 (2) CAE 5 P 4% WARTE
TR FTS 438 P Bk, T AhAT T OB AT PR 23 B BIA FOREEE 2 (3) e WLARB0% AT R AN S KA,
30% FUSBRKTE, 20% KB SBKTE. BANg, Ny, No /M BIE R — /NI 3% 1, SE—48 ) SEH4S
BT NEL, SR (N, Ny, No) A2y
7.8% UEH] 5] #7610 EEE.
7.9% ZZN(0) = OHXHMEEn > 1BLIR0 =tg <ty < - < t, FHAEFIER L), - Ky, (2.3.5) 8
FRAL, AEWIN = {N(t),t > 0} PR3 it 8 HAHE L s > 0, N(t+ s) — N(s)RM
JEE I NERTIERA 53 A
7.10 & — AR SR P0 e  A BEON IRBERY B SR 2 LU AR A A 4 SR I Y A o R A e
AR N O, 3N &8 G BRRVR 2R L BT M LL0% 1) AT e 2 ARE, 60% 1 ] g 234 )




R (B, F FL A 41 20 A 148 (80, 120) 11 13— FBE AT FAT B (1) M 220 1 5 0
5 1 2 8 T A D AR R, SRS BN T P B KB (2) 57—/ A 00 B A RS
ZE1004, 1 151 — /N PR — HTH AL B Y 4 B3 N 1 (PRI 17 (35— AN P
HAEBHIIZE, WICHFIRI50) (3) H24 M N T HEN B35 LL100 2 FLAG AN 34 i
FTFEBHY, SR04 o R 1220 B B 25 e 07 4 B T3 %







E=E BSHEEDRKE

b E AR S BN AR A LA P AR I R . IR R4 BA T R A R AR K
T A, AEAEILSE i R X R RO PR B A H A ANATTSE A 5 L8 a5 RE S AL 42 21— F T 18 14
SRAFARSIAE. XX AL G AR RT LU BB i L IR R A A g b — Sy B A Y ——
2 RO T B HOIRAS (1 5 IR AR

3.1 LGIRHERE X 5%

3.1.1 HHMI5SKE

TE N 8.1 FREENLFEMA, BEEFMC(ZERP(C) > 0), KAEFATMAL,
P(AB|C) = P(A|C)P(B|C).
fE AR A, BT
XA AF AL, G PR L
MR8.1 WA, B, CHIAMRAROS A, A4 LU =265
(1) A, BIEFAFCF A4 0T
(2) P(A[BC) = P(A|C);
(3) P(BJAC) = P(B|C).
iEBA (1) = (2), (3): HIP(AB|C) = P(A|C)P(B|C) Al 5
P(ABC) = P(A|C)P(B|C)P(C) = P(AC)P(B|C) = P(A|C)P(BC)
NI
P(A|BC) = P(A|C),  P(B|AC) = P(B|C).
(2) = (1): HP(A|BC) = P(A|C)AT 4N
P(ABC) = P(A|C)P(BC)

PiLBR LIP(C)EP(AB|C) = P(A|C)P(B|C).
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FAUFTAH(3) = (1). UFEE. O

K S AR ST AR B BE AL AR Ll v 5 SO 1 5 IR (Markov Property). LT

B R ZERIE BN AR CAE— B 2 B IR A S, ¢t 25 KA M BENL A St mT i BEHL S
AR Hdn
518.1 {B5E 151 7P (¥ I AETE SEA IS 200 (IUAE ) T 480 e, 25035 VRIRAT], MAEBL S (R oK) 1
SRR T IR B RS BT S 2 i (G 2%) A ZBERS B AR e K.
518.2 B —AMET A L0 A PIF U SL2NANER, (a0 ) Jh BRI % 5 4Bk Bl
DA NFE AT R — AN BR, W SRR ZLBR BN — AN K, W R 2 A BRI —
L3R, DLX,, R EBn IS I R EREL A AR R CIAE ) U IBUS 0 LA m AN ZLER,
Ak (ARK) GE I 2T/ A BRI 0 5 k2 A (I 25 ) BG40/ BRI DL e K.

FREAT IR 5 IR BEAL I A o RO R, AR R A3 o AT BSOS B B HOIR S
(A T, BRATTRRIX T Iy PO ARy B it 1) 5 [, IR S KBS, B T il BRI o &
AT DU & bR X 3, DRI AR 5 P 28 PR S 8 0 1) A B AL AR B BT, (A ARUR )y
i, DUF AR BORAS 23108 AR It S . 1 IR 2 LA T -

EX8.2 BX = {X,;n > 0}RMER2N(Q,T,P) LHEILLRE, RESZHES Cc Z, KX =
{Xn;n > 0 B HUN [A] 5 IREE, ORI EEn > 1, ig, -+ in—1,4,5 € S,

P(Xpi1 = j|Xo =0, X1 = in_1, Xn = i) = P(Xpp1 = j| X, =1). (3.1.1)
BI8.3(FEMEIRAY) BE; 0 = 1,2, - - AL oA AR SO BB BN AL B, 4

O\/(Xn—l —fn), k‘<Xn_1 SK,
Xo =K, Xn = n>1

Ov(ngn)v Xn—l Skv
Hk < KRG BRI IEREL. BAX = {X,,,n > 0} B BN H) 5 .
WERR WARX PPREZ S = {0,1--- , K} AHfEEn > 1 Uiy, -+ ,ine1 €S,
P(Xnt1 = tnt1|Xpn =i, -+, X1 =11, Xo = K)

]P)((K—fn+1)\/0:ln+1‘Xn:’Ln,7X0:K>7 ankv

P((in — €ns1) VO =ipi1|Xn =tn, -, Xo = K), k<in<K,
MAERD > 1, BIXGHE AT FIX X, 56 R AL, an it i 9 AR 5 AT AN 2 BE AL AR
Wy, GIMERELL X RIS
{(Xp =in, -, X1 =i1,Xo = K}




RIS, -, &, Fl{&, i > 1Rt
P(Xpny1 = tn1|Xn = in, -+, X1 = i1, Xo = K)
P((K_§n+1)\/0:7;n+1)7 iy <K,

P((in—fn+1)\/O:in+1), k<Zn SK,

P((K - §n+1) V0= Z-n-i-lp(n = in)7 in <k,

P((in — Eni1) VO = ing1|Xn = in),  k <in <K,
=P(Xnt1 = tng1 | X = in).

it LA XA G IO 1] 2 EQ . O

R IR B U R, g FOR SN A T Tk i, X 3oR 850 A
RITE A AR, KONBORPEAF B, kAR BERIGI FR, RV 7R A IR 7 il B il R
TRMAKGE, FAK Tk, WAET — A WIFIR R AL BB (eI B 1A A e D%
Fy I A 8 2 3 M e, MRS A o A /.
8.2 il EAR HH AR AE T IR R i AP 2SR A ) 1 DUAE Iy ZURPIRES. 7 DUAE RS A
ME— T, T RIS 1 PO, S P PR AT BE A L. 900, H >3 6. 17T 41 (g, p)- BEAIL
EW RS IREE, AP(Xo=0)=P(Xo=2)=1/2 Hp#q, M

)= bt

p=P(W2 =2[W1 € {1,3}, Wo = 0) # P(W = 2|W € {1,3}) = 5 —

3.1.2 SBR#HFNZIE

FE 5 A FRATTIE T PAXAR T 25 55 AR M BEATL 54 F B 58 32 I T AR
EIE8.2 X & L IREE Y HACU XM AERn > 1, FERBHO0 <t <to < -+ < t, < t, LIE
Bir, - ipp1 €8, #H
P(Xy = in1|Xe, = i1, Xoy =2, Xy, = in) = P(Xy = ipy1| Xy, = in). (3.1.2)
MERR* N ELE LB, EORE R R R AR A XM (3.1.1), XHMEEn >k >0

]P)(XnJrl = in+1‘Xk =g, s X1 = ip—1, Xp = Zn)
_ P(Xn+1 = inJrl»Xn = iny T Xk = Zk)
P(X, =ipn, - Xk =ik)

Z ]P)(Xn-l-l - in+1aXn = in7' ' 'Xk = iknxk—l = jk—lv' o 7X0 :.70)
P(X, =in, - Xk = ix)

B Z [P(Xn+1 =lnt1, Xn =ln, X = g, Xo—1 = Je—1, -, Xo = Jo)
P(Xp =in,  Xp = ik, Xp—1 = Jr—1,-"- , Xo = Jo)




P(Xp =i, Xp = ik, Xp—1 = Jr—1,"- , Xo = Jo)

=P(Xpt1 = Z-n-i-ll)(n = Zn)

FHEEARERXSAEEm > 1, n > 0,

X

P(Xnt1 = g1, Xogm = ingm| Xe = g, Xpg1 = py1 -+, X = in)

= P(X?’L-i-l =lpt1, " 7Xn+m = i7z+77L|X = in)a 0<k<n.

(3.1.3)

(3.1.4)

Pm o= I (3.14)BRMAEREn > 0OLLKO < k < 07, #m < 1 — 18(3.1.4) B RXHT

En > 0PLRO < k < nfor, A Ym =10, $HEEn >0 LLKO <k <n, id
A={Xr=ig, , Xn-1=tln-1}, B={Xn=1in}, C ={Xnt1 =ins1},
D ={Xni2 =tiny2, s Xnyt = inti}.
SIS H VA g5 AT 45
P(D|ABC) = P(D|C) = P(D|BC), P(C|AB) =P(C|B).
P
Lh.s of (3.1.4) = P(CD|AB) = P(ABCD)/P(AB)
= P(D|ABC)P(C|BA) = P(D|C)P(C|B) = P(D|CB)P(C|B)
= P(DC|B) = r.hs of (3.1.4).
H A IEAE T A (3.1.4) AR AERm > 1, n > OLA R0 < k < oL,
BJEEATEE S, h e

P(X; = iny1| Xy, =1, Xp, = G2, , X, =in)
]P)(Xt = in—lth = Z'l,th =g, - ’th — Zn)
P(th = i17Xt2 = i27... 7Xt — Zn)

n
sFELL, it

- Z P(X; =ips1, Xop =i, Xs = Js,t1 <5 <t, 8 # g, 1 <k <n)

Js€8,0<s<t P(th = il’th = i27 T ath = ln)

FH(3.1.4)15

P(Xy = int1| Xy, = i1, Xy, = d2,- -+, Xy, = in)

= Z P(Xt = lnt1, Xs = Js,tn <8 < t|th = Zn)
Js€S,tn<s<t
sFtL, e tn

3 P(Xy, =ik, Xs = jJo, 01 < 8 <tlp,s #tp, 1 <k <n)

P(Xy, =11, X, =19, , Xy =1
Js€5,0<s<tn ( t1 1, Aty 2 s Mt n)

=P(X; = tng1| Xy, = in)
PRI X )

X




3 141(3.1.4) SR B — B 2 o BB HLAE
A ={Xntk, =tnt1, s Xngky, = inti},
AMUERE—nZ BT BEAL A
B={X, =i, X, =in}
HA0o<t; < <ty <n, #AH
P(AB|X,, = in) = P(A| X, = in)B(B| Xy = in). (3.1.5)
HARUE BT 5225 58 (2 0L =) 1888 6).

3.1.3 ¥EBHREFESC-KHIE

H(3.1.2) M1(3.1.1) AT A1, X BN 1) 55 B, T 1l ) SR AR R R R AR
P(Xpm = j|1Xn = ).
RN 8.3 RN MHEP( X,y o = J1X, = )T REEX N 2tk 250 m S5 B BPR A5 1 #
B, 12 (0, i 0+ m, §). FRHER, j,m, p T STk, B
P(Xpim = j| X =) = P(X,, = j| Xo = 1)
SEAE R, 7, m, mRE, TUFRES B BRI 5% (0 (3P R ). B 40 T R ep ),
2 RWIREERAS S BB M. i) Api s, IR IR A BLRES 6

L ie

. 25 = o, Y
0, i#j.

TE M 8.4 TRy FRBE XTI F5 /9, AR X AR B2 AR .

TEIE8.3 WX = {X,;n > 0} M7 5 [REE, MXHMEREn,m > 11K, j €S

pm =3 pln ) (3.1.6)
kesS

LAY = 3 o 5 pippige Piaad-
J1ES Jn—1€S
IERA RFEH(3.1.6). HaiRAR
p573+m) =P(Xnm = j[Xo =) = Z P(Xpim = J, Xn = k| Xo = 1).
kesS
FHAMHRARES S KM(3.1.2)

IP)XTL m — ‘aXn:kyX =1
P(Xn""m =7, Xy = k|X0 = Z) = ( + J 0 'L)

P(Xo = i)
 P(Xppm = Gy X = ky Xo = 0) P(X,, = k, X = 7)
P(X, =k, Xo = 1) P(Xo = 1)

= P(Xnsm = j1Xn = K)P(X, = k| Xo = i) = p{"pl"y




FH G AT R (3.1.6) B L. O
I8 % FR(3.1.6) Chapmann-Kolmogorov(C-K) 7 F2. 1iE B C-K 75 #2 H it A 4 i % 2 2.
AT MEZE A UL T [P (R 25 77 VR it 70 5 R PR AR 405
DA TOARE 0 B, A URAR BT S IR e X A B 5511
EN8.5 M LREEX = {Xn;n > 0T A R R H R FETE P = (pij)ijes, PRULELRE
NX HERE IR TP = (oY) jes X (M (G5 RS MR AR
E8.4 H A WA AE R 12 -

(1)pi,j Z 07 17.] S Sv (Z)Zjespi,j = 1a 1C S.

— BRI ALK PR AR AR AE B S BEATLAE .
8.4 12116100 K (2.2.2) W K ELZL 10 (g, p) BERLIF B2 — I 55 15 IREE, HB MR

- 0p00O ---
-q0p0O0---
P=]|...0q0po0---
- 00q0p---
-000¢q0---

MS HAARARSH, thins = {1,2 N} HC-KJ7 2, ¥HMEEn,m >0
p+m) _ p£+m) (Zpﬁ)pm))NXN
= ()5 (83) = POIPI =
FIER AT B SH LT 2 MRS HE. BRI
ptm) — p)p(m) _ prtm_

BAR, APIRSH BRI D IEE, 27 M Hn DR R MR A M, wT LI 2R MR 2l (e
e A STIR
8.5 Ji FATHEAL R4 A TFAWZE, eln b N3R5l LA, 2, 3% oR. N T T4
SRR SN, RIERENFIE. X, RREFEEn ARFTEIIAES 02— A 6 1
A in + VREFE S A R B T H AR A 7 5 0E

P(Xpp1=1X, =1) =08, P(Xp41=2/X,=1)=0.1,

P(Xpi1 =3|X, =1)=0.1, P(X,1q =1|X, =2)=0.3,




P(Xpi1 =2|X, =2) =04, P(Xn4 =3|X,=2)=0.3,

P(Xpi1 = 1|X, =3) =005 P(X, =2/X,=3)=0.1,
P(Xn41 = 3|X, = 3) = 0.85.
TR X PR R — AN T A, RS MR B
0.8 0.1 0.1
P=1| 0304 03
0.05 0.1 0.85
e S AREU R AT AL, P = ADANFRFAEAE1,0.3400.75, X RERFAE 7] & A B

(1,1,1), (1,—6,1)" F1 (—26,—6,19)".

At
11 —26 10 0 108 45 162
1
P= 6 _ - _
1 -6 —6 003 O 315 25 —45 20
11 19 0 0 0.75 -7 0 7
MR > 1,
1 1 —26 1 0 0 108 45 162
P — pn — 6 _ n —— _
1 -6 —6 003" 0 a5 | 25 —45 20
11 19 0 0 0.75" -7 0 7

TG A fin D R AP ()
108 + 25 - 0.3 + 182 - 0.75™
108 — 150 - 0.3 + 42 - 0.75" 45 + 270 - 0.3" 162 — 120 - 0.3" — 42 - 0.75"

45 —45-0.3" 162+ 20-0.3" —182-0.75™

315
108 + 25 -0.3" — 133 - 0.75" 45 —45-0.3" 162+ 20-0.3" + 133 - 0.75"
tbtnn = 50,
0.480 0.143 0.377
PO = | 0373 0.145 0.482
0.243 0.142 0.615
FH ]

p(f% =P(X5 = 3| Xy =2) = 0.482.

FEAZAEIN ) A & PR B S RE 2 b 8 IVIEA 48 2% R A TAE 2 TR,




3.1.4 BRED

FIBS.A WP = (p,)sses T I BEX HBE B ARIE, HLRP(X, = i) = pi, ARHE
BO<t <ty < - <t PAMiy, - ,in €8,
P(Xy, = i1, Xy =90, Xi, = i) = > paplt)plt2 ) oo plln ton),
SRR T 26 PR A 1 T [ 163
]P)(th =11, , X, = ’Ln)
= [P’(th = in|th71 =lp_1, ", Xt = il)P(th,l =lp_1, ", Xt = il)

_pgin 1tzn71)[p>(Xt, =ity Xy, =) =

1

_pgi :tlnil)“ E?wtl)zp th _7’17X0 —Z)
i€S

t1), (ta—t1 tn
:;pzpﬁh)pﬁl e pln Ty, O
S8 B8 A7 W I FOBE AT R 4 53 ATl )46 43 A LA e RO AR R ME— B e . BB 1T, WAERE 4R 58
RIBEHUE P UL UG 5 A = {ps,i € S}, HiKolmogorov & A fIAEAE — /N T RO X A JL
RS AR NP,
518.6 (HERAEEAY) B&;, 0 > LAMMALIE 3 A (K AE OB BB RENL AR &, 573 e X oo —JF B3
HEEHLA R H5{g,1 > 1107, Sfn > 1, 4
Xpo1—=1+4&,  Xpo1 >0,
&n, X, 1=0.
WEHX = {X,;n > 0 N SN 5 [RBE. 5 ikpe = P(& = k), SRXWERBMREME. dt—
B eu, = P(Xo = k), RP(Xo =1, X, = 2, X3 = 4).
JEBA BARXHPIRAS S = {0,1--- ). WHEREn > 1 LLEAER S Go, -+ L ins1,
P(Xpi1 = ins1|Xn =in, -, X1 = i1, Xo = io)

P(Zn_1+£n+1 :Zn+1|Xn:Zn7 »XO:Z.O); Zn >07

P(€n+l = in+1|Xn = Z.'ru tt ;XO = iO)y ’Ln = 07

518 3K T T K1{ X, = i, -+, X1 = i1, Xo = do } HFENIAE R X, &, - -+, &, BT,
U R ST AR K,

]P(Xn+l = in—‘—l‘Xn = ina to 7X1 = ila XO = ZO)




P(in -1+ §n+1 = Z.n+1)7 Iy > 07
P(£n+1 = in+1)v iy =0,

P(in — 14 &na1 = tnt1| Xn = in), in >0,

P(§n+1 = in+1|Xn = Zn), Zn = 0;
== P(Xn+1 - in+1|Xn == Zn)
T CAX O Bt 18] 5 B, BB SEATn

. . P& =j+1—1i), i#0
pi; = P(Xy =j|Xo=1) =

Pit1—i, 1#0Hj+1-i>0,

=90 i£0Hj+1—14<0,
Dj; 1 =0.
IRl e X 1) 3 R MR A P
Po P1 P2 P3 P4 - 0
Po P1 P2 P3 P4 - 1
0 po p1 p2 p3 -~ 2
p_ 0 P1 P2 P3
0 0 pop1p2--- 3
00 0 pop1 - 4

Hi7E 8.4, A PRYES i
P(Xo=1,X; =2, X3 = 4) = u1p1 205
= u1p2(P2,1P1,4 + P2,2D2,4 + D2,3D3,4 + D2,4P4,4 + D2,5P5.4)
= u1p2(popsa + p1p3 + P2p2 + P3p1 + Papo)

= u1p2(2popa + 2p1p3 + P2p2)- O

2R

8.1 E R RP(E = 0) = 0.1,P(6 = 1) = 0.2, P(§; = 2) = 0.3, P(§ = 3) = 0.2,
P& =4) =02, k=2, K = 4. RiZHEE AR




1 0 0
8.2 W IRHEEMIRB WS = {0,1,2), BBMEBIEEP = | 1/4 1/2 1/4 |, Rk R4
0 0 1

FEP (),

8.3 BN = {N(t),t > 0L RIFRAILRE. (L8t > 0. WY = {N(nto),n > O} TS (5.

8.4 (Wright-Fisher 1) H58— M1 NN 0 E RE, JEP R AR PRI, X
AMBEPR R + 1 B IR PR A A 2 (R A3 8], i — BB AR R AL 5 10
BLERAETTREN), AT NI Jop, Ha 2B AA BIEE g, LLX, Fomn i ZI2E R f A
AR, TSI {0, YRR A T TR, 05 2R O R M

8.5 WX RARTS 2% ) Jy SEIIY 55 T FCAE, IEWIXMEREn > 1,0 € SBUKS,, € S, m >0,

p( ﬁ (X0 € Sin) an‘,nﬁ{xmesm}> ]P’(ﬁ{XmeSner}’Xoi) .
m=0 m=1

m=n-+1

8.6% WIER(3.1.5).




3.2 RETE

UTFBRSREX = {X,; n > 0MERBBMEBEENEP = (pij)ijes. ATE, 59
LE(| X = ) MIP(-| Xo = i) NE;(-)FIP;(.).

3.2.1 H@E. KRSEARTY

ENX9.1 WRAFfEn > ofi?%pg”) > 0, MFRARAATIERASS, e — 5. RZ, WXHE
HEn >0, p” = 0, FRRSIARTIEIRE), el A 4. #5i — jH5 — 4, MR, jHIE, id

fEi 5 j.

1, i=
HFpl) = 0(i,j) = | BRERHE R A, 5 O EE .
0, i#J

RL9.1 HiEE—MEM R, Bl EER RS

(B i QXM iei=jen QEtiojjeok=>iok
UEBR R FRUEB 3L, Hi < j, 5 < kAR, AAAEAE S, m, r, 115

>0, p >0, p) >0, p)>o.

I C-K J5 #Em] %0,

p(n+r) > pgr;)pglz > 0; p(l+m) > p](cl)JpgT) > 0.

Riti < k. O
ENX9.2 10C (1) = {k € S;k + i}, MO () N ERE MEEZE. HEIEFENERTRIC6) T
=N R ATTRER

C(i) N C(j) # 0 = C(i) = C(j).

FEAN, Fipi = 1, WIRRCNIRISI, BERTC (7)) = {4} RIER, BHC () = {i}AREHE i 2.
9.1 45 5 [REE X R MR A6 RN

1/32/3 0 00\ 0

0 1/21/200 | 1

P=|3/41/4 0 00| 2

0 0 1 001 3

0 0 010/ 4
HAH0 — 1,1 — 2,2 — 00 H1{0,1,2} C C(0). FHO 4 3,0 4 4ﬁ’ﬁn{0,1,2} = C(0).

FIFERTENC (3) = {3}, C(4) = {4}. BULXBPIRFE = H A 534 HiEZKC(0), C(3), C4). ik




o X AR AN A 2 5 (B O
ENX9.3 FORERATN, HAMER) € S, Hi — jAlfF)j — i.
TR AR, HE— D25 5
MERR9.2 AR ARN, IAC ) hATA RS AN, R ERAIFRC () AT .
HWERR (THL € C(i), #55 — k, Wi — jAT50i — k, AR, k — i, Wik € (i),

k— j. Bl ARTH. O
ENXN9.4 HLREEXPAREEMETIEN, PER € S, S = C), MHKXEATL
i (irreducible).

ANATZVEE RS H R A 1.

f519.2 5 5 [RBEX AR A6
1/32/3 0 0 0 \ 0

0 1/21/20 0 1
P=|[3/4 0 0o01/4]| 2
0 0 100 3

00 010 4
MAHO - 1,1—-2,2—50,2—4,4—3,3— 20K, XEANATLMH. O

f519.3 5 5 [IRBE X MR A6y
1/32/3 0 00\ 0

0 1/21/200 | 1
P=|3/41/4 0 00| 2
0 0 001| 3

0 0 010/ 4
MAH0 — 1,1 — 2,2 — 0A %1, {0,1,2} C C(0). FEHI0 4 3, 0 A 4 %1{0,1,2} = C(0).

FEFEATHIC(3) = {3,4}. X HPIRE R A2 HIEZEC(0), C(3). I X ASZATTZ1)
I R O

3.2.2 [EHAM

ENO.5 Wik T REEX I — AR, & IEBHE(n > 1; pl7) > 0)Ik%s, Hobh T &AL
[ 8 BN IR A5l R . 50 T fn > 1, ply) = 0, TIAIEif A M oo, H5il A INL,
Bild; = 1, W AR .




bR 1 SCAT S, 25+, Mp(Y = 0.
WRR9.3 [F—/N EIEE P PR A, BIHERS € C), d; = d;.
SRR Hi < TR £ 7EIE B K, m > OR8> 0, p\) > 0. WIHC-KI7#,

pitm > plpl) g, plni) > pmpin) g,
Bt di|n + m, djln +m. A4, HEE > 0, Zpl) > 0, 1
Py " 2 oy > 0.
REMd; |14+ m 4 n, NTiid,|l. RIEW5d;]d;. KRR |d;. Fitd; = d;. O

EX9.6 4 5 INHEX I MR HAH MR I, B XD I, 4551, Fd = 1, 1l
FRXRAR S 5.
19.4 (¢,p)-f L BEHLIF AW RA I = 2RI L T [BE. F52 EXHEREG,j € Z(AY)
By > i),

p =y >0, PV =g >0
FTLAi « j, BIZ = C(0), AIIW RATT L1, WHER € Z,

o ) 0, n=2k—1,
Chookgh,  n =2k,

AT H1d; = 2, BTV & ld = 2. -
519.5 % [EF17.67 & SUIHERERL X, 250 < poHpo +p1 < 1, A4 XZART L) HIAE R S K
B

WERBA B0 < polA KO0 < po + p1 < 1AJHA, LAF1ER > 2ffifdp, > 0. X AEEd,j > 0, AU
¥ >0, Hpl ) = g > 0TI .

Sk, i # O

(=D (G=1) & (=) ((k=2)(j=1) =i (k—2)(j—3)
Pij 2 Pt (k-1) G=)Pit (k-G -0 2 Pk PO

B3 — 45 10244 = OB, HHps > ORTEN0 — kLA KKk — §RTH00 — 4.

Rk, ST, j € S, i ¢ j, NTIXRAALH. FEEFpoo = po > 0, RAOKIF 1)
Hdo = 1. HA O 27T HIX A FTATIRAS B L, R X AR 39010 O
EIL9.4 BORZSIHI AW A d, WA 1E E BN HATRT B > N, p{t? > 0.

SRR BRIE X, AFEL < ny,eoe B8P > 0,k =1, s, T Hny, o ng BIBORZ
RO, S, (A IESEN, SER#n > N, (A ER - vy (575

>0,

nd =riny + rong + -+ + ren,.




M

nd) > H (nk
ﬁ%énlbﬁj. O
FIE 5 0 R A i
9.5 1R I A, #5p(T) > 0, AHEN > ofifdpl ") > 0, n > N.
9.6 HIREIRIFWIN, MAKLEN > 0¥ ERn > N, plY) > 0.

3.2.3 BER5IEEEIR

ENX9.7 SHERIRE € S, R

=inf{n > 1;X,, =i}

SRR YR RV [A], FrhRE g 0 = 4o,
9.1 7t — AT REHUE oo B AE &, B4R A 2Um]
{ri<n}= Lnj{ri =k} = O{Xk =i, Xp1 A0, , X1 # i},
A ERER > 1, FE{n kgz 171}%75%:%;: %XEn&n‘zﬁﬁEWt#&ﬁ Kilibin ZJEHPRETS
x.
TR, j € S, &

9 = Pi(ry =n) =P(Xp = j, Xuo1 # o+ . Xa # j|Xo = 0), (3.2.1)
fi,j = Pi(Tj < OO) = Z f,y;) (322)

n=1
B SCATA, 45 # i, f7D 3R Math R Sinsb o Ik R, T f 3R MR At
%, 1A PRI 1] P4 FPR A MERE. % = I TR M R R Snb ¥ U Bk
6 T £, 5 3800 Wit R A FRERE 1 P9 [l SR A0 (OMEE. 4R, M, 5, % A 4, Wfi; = 0. ik
Shi

fig= 3 P(Xy=j,Xo1 #j,  X1 # j|Xo =) = U{Xk—J}
n=1 k=1
0< W <pl™ < fiy <1 (3.2.3)
T X 9.8 TR A& H iR [ (recurrent), MRS = 1; 3 WY AR IR 10 808 B 10 L
f]) (transient).
PERR9.7 FiEHIRE, i — j, Waf; = 1.




MERR € X
o) =Pi(Xn=j, Xy #i,0=1,- ,n—1). (3.2.4)
ERRM K, IR E b BIE MR (S R). B vi — 4, 77k > 0, fil
el > 0. Ffj. <1, B4
Pi(1i = 00) > Py(Xy = j, Xp #4,1 <n# k)
=Pi(Xp =4, Xn£i,1 <n<k)P(Xy £i,0> kX =j, X, #i,1<n<k)
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T=myp=min+1l=2+1=2"-1 O
B110.7 WX R — A S BER (g, p)-BENLIFS), BIFERI10.4%rg = 0, po = 1; TXF—li > 1,
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P((i — &) VO =7) =0, k<i<3,i<j<3

AR XA BRI ) 5 IREE, T IEFR, 3P R i
™= (7‘—07 1, T2, 7T3)'

B 12,3 e B 1 2.1 /] A0~F- 3 R iE

1 n 1 n 3 3
E Tm = ﬁ Zg(Xm—th)%r(k)zzzg(%])ﬂ-z pi,j
m=1 m=1 i=0 j=0
k 3 3 3
=33 (36— Mj)mips—j + Y > (12 — 14j)mpi ;
=0 j=0 i= k+1j 0
k
—9427@4—12 Z im; — 14 Z (ijpZ j)
i=k+1 i=k+1 j=1
HEHR AT, 4k = 2HT
2 3 3

r(2) = 9.4Z7Ti + 3673 — 14mg ij?)—j = 9.427@- =9.4.

i=0 j=1 i=0
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Kk = 1K H
0.1 0.2 04 0.3
0.10.2040.3
(pi,j) =
030403 0
0.1 0.2 04 0.3
ARG PRS0
m = (19/110,30/110,40/110,21/110).
BER P I U A5 A PR
r(1) = 9.4(m + m1) + 12(273 + 373) — 14(ma + 1.973)
= 9.4+ 0.6 = 9.62.
Mk = O iH
0.1 0.2 0.4 0.3
0703 0 O
(pi,j) =
030403 0
0.10.2040.3
A RIS PR A
m = (343/1070,300/1070,280/1070, 147/1070).
I I P E A 7 0 PR
7’(0) = 9.4my + 12(71’1 + 27wy + 37T3) — 14(0.37T1 + 7o + 197‘(3)
= 9.4 —1.6m + 0.6m3 ~ 9.11.
DRI (1, 3) S5 B 2 A S~ 5001 J01) T 1 e A0 S s O

4.1.2 HBARR!

FRATVIAE % 18 5 IRBELE RS R G R 1. AEA GHIX AT Z HTFRATT 7 BRI
RS (IE)HiRM T A.
RTE12.3 BRI LB XHORA S = (01,2, -}, BT (s i € S)EIEAYA B3R
fERi # j,
> pikyr < vi, (4.1.2)

kes
Tfﬁﬂiﬂm y; = +oo, HA X NHIRM.




115

Di,s; Z#Ja
WERR AR — MR R € S, v > 0, Bpis = . YR W R W AR

0js, 1=
AP = (p; ;) HIB 55 0 R, %Y i &5
(1) fij = Pi(5(Y) < 00) = Pi(5(X) < 00) = i ;.
(2) FAMIRES. XHERD € S, i # j, Hi — jalFidER iR, H11L1IERMEIMERL € S,
) = 0y i = j, HSIBSTAIE) — fij.
ST € S, 0 # j, %A% (4.1.2) 7] 15,
ST < i

kesS

XHERe > 0, Hy, — oo™ Hl, FFAETEIT RN > 4, 675

> e

i
inf g, > B < Y B < v
"> k>N k>N
CIES
Z ]55?2 <e.
k>N
[l it
Z ]55,7,? >1—¢
0<k<N
Lo = codF G LML) TS, > 1 — . Fide — Off,, — 1. t1 L0 MMEL(1) K5k
101 AIHf; = 1. PR R W IR, SR AN AT 205 X R IR . O

RI12.4 FOTAGEX IE R T B AR 0O (21; i € SPR—PRE(ERIT R
&)t

Yopikze < zi— 1, i # 7,
kes (4.1.3)

> pjkar < 0.
kesS

MERR“DhEEMEY s Bz; = OBLJez; = myj, i # j. HIERR10.3.

ij,kzlc = ij,kmk,j < Mmyjj < 00
kes ey

MXAERD # j,

> Dkt =D Pk =mij — fij =my — 1=z — L
Kes Py

EIAAAE () VIR B R AR T LS 25,0 € SHEAF(4.1.3) BT
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“TAVE": 106 =3 cqPikzr, WO < 6 < co. MEHU # j, WAEERn > 2, #%K(4.1.3) 7]

1=,
0< ZPEE)% = ZZPH PLkzk = Zpgﬁ_l) > purz
k keS l€S les kes
= Zp 21—1 —i—p” V5 = pgﬁfl)zl—lﬁ-pngl)(lﬁ-é)
I#j I#7
<SPy 1 pm (14 6) <
les
n—1
<zi—n+ Y p(1+0).
k=1
xR
Zp (149)>n—2z.
PILRENn I n — cof
I~ ) 1
JLH;OEZ% e R
FHAFETR 11677 R IR H SRR, AT X2 I IR . O

Bl12.2 WERFRZGH L DGO, FFH2E 20 NEHBN? & 08 BRE 5 2K
tetsl 2

TR B IR RSB ) B, SRA 08 75 B e, BOBTA A ARBE AL RIS, — AR ILE
FTRF 1% 1] B A B — B ST [F) AT I BE LA B 7 91, B B3 Je 3 4% “ SR P e ds ™ B R U
PS5 B IR SS, BB RN (14 i 55 16T [ 2 AR 57 7] 934 (K BE AL AR B HL 5 % 213 1
IS [ T R AH ELBRST., Pt /L 3K S IR RRNG /G s R G, b 3 — A GRIRII% ik
(RIS RJ 18] B 7341, 25 — AN GRS IS 80 A, s eSS & (B 1) .

N Y i B, BUABCBER 2 23 i 18] 18] B8 50 A iR S BN NRIHR B0 A, AR 55 I 18] A A3 P52 R
BORgHBELE N A, RFBE DA, ULX, FoR SN I 55 58 SR BTN, 7887 1Ak 55
B 5, RIAaI ZIBON 5 — AR RIAR %, B X = 1. BAWRIEX = {X,; n > 0} N
#6270 5 [RBE. L L LIU, KRB NP EAZ RS K, &, RmIERn NP2k
S5 BIK B 5, RSO A AR E AT R { & 0 > 1} SRMSLIF A I BENL A &, 70 A
5N

P = B(éy = K) = E(P(E, = k{U,)) = / h
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i H.

Xn—l -1+ gru Xn—l > Oa
Xn =

&n, X, 1=0.
UL X (0 56 RS M Rp, 36 R S5 F: WHATERES > 0, poj = pj. 1Mi > OBF, XHEEF > i—1,
Pij = Djiv1, IR0 <j <i—1, p;; = 0. — M, AKX WM (N)/G/1HEBL RSN
B, foRin AT LLE TR I T gt = RE A E R
) tim - ZX @ Jim Z Lox=oy-
THFRATEEO < po, po+p1 < 1, p= ZZ" L kpk =E(&) < oo. Xﬂi*ﬁs €[0,1], &
st
7 M 55 3 TR) 380 35 Ji 2 53 A 1 BE 2R 4L ﬁﬁkp = A1) H i > 8470 5, p > 1, 5
FEA(s) = sTE(0, 1) AAFTEME— . FRATE Jedk
WEL12.5 #p > 1, XAEHIR; #Hp =1, XEFHFIR; Hp <1, X EHIR
WERA p > 1HF, iR A(s) = s7E(0, 1)435@!1&*@%%3% IBAFERT > 0, 2z = u', B4

2 —ut=u i— lA E pkuk:Jrz 1

(o)
= Z Dk—it12k = Z Di k2 = Zpi,kzk +pio, 1#0

k=i—1 k=i—1 k+#£0

Ehﬂ:{fi,o}i;éoi%jj%%éﬂ
= Zpi,kzk +pio, 170

k+#0
I /NETE, B 0 < 1. XRPPRZS0IEHF 1R, A X IR 1R
Yp < 1B, WHERD > 1, Dy = 1,

yi=i—1+1>i—1+p=i—1+ kpy= (k+i—1)p
k=0 k=0
Z Prt1—ik = Zpi,kyk~
k=i—1 kes
FH 2 12, 37 S LA X2 5 IR 1.
Hp < 1, B
o0
i—l4+p=> pixk, i>1
k=0
CIEES

k
= ZP@ kﬁ

k=0
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A

oo oo

k ok 1
S gt = 2ok L
P 1—p 1—p 1—0p

HHEFE12.4 7740, MR X IEH IR,
Yp = 1B, HFXIEFIR, WHEHABME AT = {7} beso. XERESs €]0,1], &

m(s) = Z s

k>0

A H

i+1

™ = E TPk, = ToP; + g TEDit+1—k
kesS k=1

AIFIAEREO < s < 1,

m(s) = Z mst =7 Zpisi + i i TEPms™TF1

i>0 i>0 k=1m=0

= moA(s) + %(W(s) — 7o) A(s).

EENEACIEES
_ mo(s —1)A(s)
()= o 0 (4.1.4)
LK
A(s) -1 1 A(s)
s—1 (s
Ls — 1-13
p=A(1)=1-m (4.1.5)
Hlitbp = 1EWH 1o = OMMARES0IE IEH IR, X5 X IEH IR BT E. O
TERFIX EHOE M F (4. 1.4) R PR 0 BRR S, 4540 (4.1.5) A0
_ (1—s)A(s)
m(s)=(1— P)m,
M
oy (s —1)A'(s)  Als)[s — A(s) — (1 — A'(s))(s — 1)]
w(s)= (1= ) s A(s) (s— A(s))? }
mEiL12.2, #EiR11.6, Hp < 15}
lim %ZIP’(X,C =0)=m=1-p,
k=1
H—BHERA(1-) = E(€2) — E(&) < oo, Hs — 1fs — A(s) ~ (1 — p)(s — 1) 71§

i 23" K= 3 b = (1) = p )
m — = M. = T —) = .
n—oo M 1 k =0 k P 2(1 — p)

2
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12.1 BN 1L po = p1 = pa = p3 = 0.25, FAMKHAAR, KRR (K, 3).
12.2 XM (N)/G/URNBEX, 45 155 & B S5I RIG AR S B p iR B A H < e SRK
B 1] 78 P~ 389 A N 7 108 A PR e ] B 5.
12.3% BAST] 29 1F 3 3R ) [CHEX 10 55 B WE R T BE N (D )i jes, ™ = {mities N TR AR
BY, = (Xn, Xpt1). WEMY = {Y,,,n > 0} RREZEAM = {(i,]),i,j € S,pi; > O}HIA
ALY IEH IR B IREE, PR A 9 {mipi iy em-
12.4% WX RAREAS = {0, LHOPPIRAS I 55 5 [CHE, #5 ME5 A 1

P p 1-p ’

I-q ¢

Hr0 <pg<1. HOHXo, -, X, M—HWEHao, -, z,, FARKESE LS KT AREEH

PN MEAE H00, 01, 10, 11HI53 936 noo, no1, n1o, i X
(1) UEMp, qBIBRAUSRAL 153l &

~ o0 N ni11

y QOn I EE—
Noo + No1 ni1o + N1

(2) iLFEU?nli_)rr;oﬁn =p,a.s.
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4.2 FEDR#ESRTFTEU

— M MarkovEEREIR I RS, H R UM S R 18] 5 (RS E 70 A, AR NS HU AR
SEVCTT I RHE. FERTIIRATCEH 2, EIRTEHIZFAM T, AL AR FE . TRA
AROP AN EME—AITE, —ROR UL TR EAR KK TAER. Praa s, 78 SEhrh A R 2 a2
AR AR A BB R R SR AR 0 T R AR AR A I Markov B, A — FORANAZ 7345 1Y
BT, AT, BATRRE X 5 T R B R A .

4.2.1 FAIFEDKHE

EX13.1 UP = (pij)ijes NEBMIE R MarkovE X, FRONFTIE, W RAFLEMER D Ay =
{pi i € SHERXMER, j € S,

WiDij = MjDji- (4.2.1)
PR X TSR] 53 AT, FIRR AT 0 A, A3 2 PR (4.2.1) A AN ECT i 5

Hi G ST,
D Hibig = D HiPii = Hy.
B o X PP R At X R I XOR w0l 2, TR 1 w38 A M — 1y ELSP AR 4 A 1] A
FIFH 5 (4.2.1) 3R H.
B13.1 HERES = {0,1,- -, M}, RN
0<piimi=ai=1—pi; 1 <li=1-- M~-1,
0<poqi=ap=1-poo<1, O0<puym=apm=1-ppmm-1 <1,
15, FCAE X, SR XIS Ra o0 A
i AOEHXRATAN. AMEEM > i >0,
ViPii+1 = Vit1Pit1,4,

BIXHERM > i >0

Vit = Vi—l—l(]- — ai+1).

. M
HIE AT, SHEEM >0 >0, vy = [[10) =Ly, ﬁé\;}w — 1775
B 1
Uity = (vo, v, - -+, var ) R X BRI S0 A, 3301 R 2 X (P R2 40 A5 O

Vo
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WREL3.1 AP D [REEX R A A = {p; : i € S} IBAXERI € S, ;> 0,
ﬁﬁx‘j’fi%ﬁj S S, Pij = O%Hﬂi—'lpm =0.
WUERR HH(4.2.1) PLRECE AL GHE AT En > 1,

wipl) = i > piwnyy D = > wipiapy'

kes kesS
:Z'u'kpklpk:j Z.Ukp;” DPk,i
keS kesS
—1
= it o = gl (4.2.2)
keS

HI TR o i LR XA T, A7 (i € ST u, > 0 BLEXAER # i € S, f£7En > Off
Ep") > 0. FIAN LRI

wips) > 0.
RRWp > 0. HHE2. ) HMNER) € S, piy = 0 HA Hp;,; = 0. 0

FH 2 HE10.8 7] FN AT WA AT 4 5 [REE— R IR H IR I, RZAH.
— M, X TR TT A B REET S, (B, € S, MR € S, fEfE— KA
g — j. DRI N
19 <> 11 <> -+ > Ty > 7,
EKH SRR PR WA
Dio,irPiryio " " Pin,j > 0
BEE A 13,2 1] A
Pjjin ** Pis,i1Piy,io > 0.
FEFIF (4.2.1) 145, MR A = {p,,i € S},
HioPig,i1Piy iz =" " Pin,j = HiyPiy,iz " Pin,jPisio
= MiyPisiz " Pip,jPis i1 Piy i
= = WiDjiy c Pig,ii Piy ig -
e
Dig,i1Piis " Pin,j c (0’ OO),
* Pig,iy Pig i
%B/Av(io,io) = 1EXTJ-’{£%L~] S S, My = /,Liov(io,j). EE

I_Z“]_Z ZO’.])/“‘LiO

jeSs jeSs

v(ig, j) =
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AIEINH TR € S
W= U(iOaj)
! Z]ES (7’07])
TN THIE BN FRATT A AN AT £ T R B A R AN B T

EIB13.2 AT R Ep, ;= Ot Hp,.: = OMI/R AT 2 TE 3R T FOREX, 2R AT 3 T [ 1) 76 28 4%
R R R A R 800 5 0 B 15 0 B 160 B A M R B2 B T — DR

‘;SiaihiQa"' 7171%‘

(4.2.3)

Diiy Pinsio *** Pinyi = PiyigPinyin_1 *** Dii- (4.2.4)
MERR AT 73 a7 b B, Uk k. ARG, j € S5 £ jHp, ; > 0. XHEEn > 1,
FH (4.2.4) W] %0,
PiirPirsis = Pin_1,jPjyi = Pi,jPjsin_1 " " Piz,irPin i-
KEF L, i1 RANG
PEZ)Pj,z‘ = Pi,jpg?-

BB KT R NIRRT 5

T XA HIER IR, HifER11. Gu&mﬂu 87%[1
TiPj,i = TiPij,
Hrbr = {m,i € SPRXM PR, BILX Ai. O
EIE13.3 EI A B HU A ] H T A BUE MO8 IE K R & 8S, Bl = {m,i €
Sy, > 0BY, cgm = 1 —EAFAES IR o] 29 5 [REE X, (845 m 8 X (P AR 40 A
JERR AR —/NS BRI 5 [REEY LR MR A MR NQ = (qi))i jesTHi 2
gij =0 qj;=0.

SHEEi#£j€8, %

Tiq;

.. 345, _

@; j = min{ 1}, Pij = Qi,j0% 5,
iqi,5

LK

pzz—QZz+ZQZj az]
J#i

BORP = (pi )i, jes e NBENIHE FETT H H A af ROHE R # 5,
Pij > 0 qi,j > 0.

DY AN TT 29 PERT L, AP R 8 MR A MR I 5 IRBEX & AN AT 2010, 20, XHE
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i, H
TiDij = Tidi,j i,
AL Fa ;< 1, Ma;; =1 H
TiPij = Tjdji = 75450, = TjPjis
Moy j = 1N, #Fmq = miq5 W, =1,H
TiPij = Midij = Tjdji = 75455
Hmiqi; > miqis Moy, < 1,H
TiPij = Widi,j = T;q5,(J, 1) = T;5.:-
B2, BBy XA o A, AT X SRR A 0
E13.1 # AL [REEY IE R AFAE A s > 0, IBAXIER AR IR, i i E
PH11.9W] Hlmid 2 X AR 43 A, BIX, 1 23 AU s .
7E13.2 PR H1 3. 3E B A R 3 B R RE Pt 1 45 21 mT 300 ) [QEE 1) 5 75 W Hastings-Metropolis
Bk, MERIIEQ = (¢5,5)i,jes N IUERFE.

4.2.2 SGR#EFHFFT (MCMC)FHZE*

FES A Geit 1) B rh Y 2 Gt S AR M B AT B0 20 T st 5, 75 A B B AL 58
J. b, M IRATE R RE AE (R (X)) IR 1 B U AR, —Fh B AR I 7 A B B
e, IR B X R A AR B LR, 2o, -+, @, ARG h(wy) /niE L. {H 2444
JX (R BEALECR TR AERS, X P 7 S8 LR A — @ M. D RS~ P/ (MCMC) i 2
B AR 3 2 ) R ) — T BEALASE AU, 77 9. 2752 1 3 S R AR R R 8 0 A 1T R T PR 1
SRR, BT I RBE A AR PR s B (o BE11.9) Ak 7 PE 2 B G B2 1A HER 12.2), B AR
Ty PR A TE (SR, J LA A= JRS 7 40 A (R BE AL BB v P 75 B2 & Fh e vk & R RA4s
£ W e IR SR J7 VTR A M CMC 7 V.

(A) MetropolisFtf

Metropolis i Ff i & 3 T Hastings-Metropolis & 12 42 il — > 7] 38 T PG FE A B 1)
FEJ7VE. B FE13.3, ERLILX R 10 1 (R B, OB B B ALE] (p, ), BRITEL EX, =
iES, B A5 ps 5,5 = 1,2,--- Y. FEER £ ilp,; = gy, BYRMAD A
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ﬁu((h’,la qi,g, e ), Z ~ U[O, 1]&5)/'3@\1 /&\

Mg # it
P(W =j)=PY =j)P(Z < ;) = ¢i,j0i; = Pij»

TPW =) = 1= 3, ;i = pi- MW RIBAS AT (pi1, pro, - HOBEHLAE L, [T
U R SR S R AL (s ).
(s1) BCHHTN 21X, = i.
(s2) FEE—ANATIVN (g1, qi2, - - ) IBENLEL, (B
(s3) 5o
(s4) FhArHEEL—AN RO, 1] B3 53 40 AR BB AL Btw, W1 Ry < o, WPRORASTERNX, 11 =
JIFEIE(s1), FBNPAREATEH BIL X, 1 =4, HFEIF(s1).
&R, ; = % A1, FATAT LU B3R VE R (s3),(s4) AL R
(s3) # ezt > 1, WARIREHEH N X, 41 = jIFEIR(s1); AT (s4);
(s4) HOLIE— RO, 1] ES I3 AT I BEN KL, DR < T2 MPREIRES BHT A X1 =
JIFEIR(s1), BIMPARESATH B4 X, 41 = 1, FFEIF(s1).
B113.2 ¥ P n RS P4 R A TEAE —MEA R 8], AEF L AT Lhsg SC— i i o Al
AMERY € §, mp = T(v), BT () RAHFoh BnIALE, ¢ = (n+ 1D/ 2HT (v) 1
AL betnn = 36, K3 HFIK UL AR
v) = 123; vy = 213; vy = 231; vy = 132; vs = 312; vg = 321.

HE = {v1,v2,v3,v4,v5,v6}, M H

T(v1) = 3; T(va) = 3; T(v3) = 2; T(vg) =2; T(vs) =1; T(vg) = 1.
B A R = 12, BEfinh

m =T (v1)/12 = 1/4; my = T(v2)/12 = 1/4; 73 = T'(v3)/12 = 1/6;

74 =T(v4)/12 = 1/6; w5 = T(v5)/12 = 1/12; 16 = T'(v)/12 = 1/12.
i H MetropolisKFEIE A Bin = 50 73 fii i) — M.
BRI N T R Metropolis R FE %, AT BB — /ML FE, T & — 5044
Hlv € §, &

N() = {u € S, un] Mo % 41— A B0 HefF 2]}
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FHE R, u, 2
0, u ¢ N(v)

Quu =
1/|N(v)| = 1/50, u € N(v),

AT N (0)|[RFEAN (0) FIRTEEANE T AR EPIANA R 65028 HE 51 i AT 38 ik A 45 % 4548
T, BT LRI L (g, ) MR RS MR AE R 10 ) BB AN T 21669, 1 FL
q(v,u) =0 & q(u,v) = 0.
T AR i i EAHE R € §, o = T (v), Hrheh# s Bk
a(v, u) = min (ZZZZZ , 1) — min (?Eg 1) .

i Flg,,, > 0, HHHastings-Metropolis5 ¥ 5 5| ) T [QHE X & AN ] 2 3 J4 J ) 3 1 [ 4,
T X IR BR 43 A

T BAT I Metropolis AL B T [ B X 76— MEABUE FIFFI{X, ), %4k BBK
N, X FRMEDRE R ) — AN AL URE . B AR AR S0
(s1) %A XofERI T — 502 HEF.
(s2) BEURIZIX, = v, vFR— A ndHEs.
(s3) P2 —NEOIAOBEH S I SIMATIIBENLEL, FBEA S, Sudmatodi 3 Mj + 1

B RIS BIRHES], 245 = Ofu = o;
(s4) HT > 1, MAPREEIN X1 = wIFFIFI(s2); T (s5);
(s5) MSLHER— U0, )BT, WHRU < F04, MACREEH A X g y1 = wIFFIH(s2),

EMPRE R EH W4 Xy = v, HEF(s2).
TR EEA R, AT DAG 5 T SRR SE B A A KRR, W E SRR

(B) Gibbs F#

Gibbs RAFZMCMCHEIL -3 FH i ) I2 10— Fh 5 IRBE PG R 7 ik, AR BT
— PR [ Hastings-Metropolis &y, AT A F:

WX = (X1, Xo, -+, X ) /2 B HENLIA B 1L ATA T REIEUEE S NS, ik
(h1) XA 2 SHEEr = (21,20, ,20) € S,

Hoe Ay s
(h2) XMERET <4 <n ULRAER;, i1 <j <n Hj #4, K010

P(Xs = | X = x5,j # 1)
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fAAEH B
FE13.4 RS AR fle = [, cg g(x)] 7, MALER Z B g (2) IR ATT H ALK 5
SEIL, BEETFATAT LA g e AR EN 1.
F13.5 LR (h2) R M T XMMEEn — AN EEUE S, AT L— & 15 Aii
SE X [HUE.
FELL AR R, Gibbs RAREBIUAE U ) 8 D IREEY = {Y,,n > OHZW R 1%
07 A A
(s1) R HATIPRERY, = 2 = (21,72, -+, Tn);
(s2) BEHLHBAELSBn g B —AN FFR, Hlnjei;
(s3) BT Haj,j # 4, WHE, EESMHPX; = | X; = 5,7 # 1) B WBEHLEL, T
Wz, = y;
(s4) ¥Y WEEURyY = (21, 21, Y, Tig1, - -+ 2n) FEEIFI(s1).
1040 07 AN T IREEY (0 — DB MR g (2, ), B4
(ql) Hz, yZPHWAN I EARN (2, y) = 0;
(q2) Hz, y AA— Do EARN, BEARK S & TR,

1 - cgly
d(z,y) = “B(Xi =yl X; = 25,] #1) = )

TLP(XJ‘ = .’I}j,j 7é Z'),

(q3) Yz = yht
(I(x7x) =1- Z q(xay>'

y#T
BRI ILTY & — MR A5 [KEE, q(r,y) =0 < q(y,z) = 0 1 He(z,2) > 0. d#t—2,

A Hastings-Metropolis 575 A1 1 bR %1

X R W GibbsHliFE 245 21 ¥ 5 [WHEY 1 /2 #4Hastings-Metropolis 5 i 14 1 (1 = J& A ] £ )
W05 REEI LLX B0 9 T Ra o A, BRI 2 BE40L i) 5 IREEY S8 47 298 2 D R A, RIE 298 K
Ja, Vi B RT DA AE X 20 A i — N BORE R

513.3 SHIEEBEILAEX = (X1, -, Xs0) N0 2R AT REBUE A Z TR —1. 5T X1
AU = (21,22, 750),
P(X = z) = ce™ % Zit1 st
U Gibbs AL H X A7 (1 — AN AR
BRI SRR
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(s1) X fERBT M, 20, 2l);
(s2) B HAHPRESRY, = x = (21,20, -, T50);
(s3) BEMLHLLELRI50H B —A T hx, Lol
(sd) F5EFT ;5 £ i, WIE, RS PX; = |X; = 5,5 # 1) £ e WBEILE, B
Wz, = y;
(s5) HYi 1 EBURY = (21, ,2i1,Y, Tis1, -+ 50) FEFEIH(s2).
HIAWREFMS, EiEs H O
B Ja FAT T4 H A MCMCT5 i AN AT DA SR AL ADL 2 B 73 A1 iR BE AL &R, 38 W] DL K
TSN 43 AT P BEALE AN 0] DU BE AL 0L 0] LLES & Bayes 77 V5 il 112 L L KOR 5 44 4%
A% ) _E BRI I 2y 25 R K B2 T B B 55 S0k, A BN TEIR

23

13.1 WEM Hq > pitf a7 S 0 7 SR BE AL SN 2 AT R, I HT SR 0.

13.2 3 em A FERFIm A BIR P HBAEA B AMZ T 0, M2 TAm AR, BIRAIXHAIZ
T S B LI — A BRI AT B G Rl PLX, R G n R ALE R ERANEL. SRX,
13.3% RIE T G A5 13.2(n = 50) A4 13,37+ S AL _E S
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4.3 SRIIIE

R EATN A — IR 5 A —— 7 B R R R IR T R i IRV T i Ge it
A, ALY, 26, S22 ESUA ) 2 M.

4.3.1 Galton-Watson3 #7135

— K EARI 5 He B U
BN Y, on > 1,k > 1} J9— B R 404 (03l 8 M (A P B LA d, i 52 S L
SR X, n > 0} IR

n+1 Z Y7L+1 ks n Z 5

Horb Xo A AT EREMIAE R B 5 (Y, 00 > 1k > 1O FREEVERE{X,,,n >
0} NG-W(Galton-Watson) 7 i F2.

X, BRERIIAMEEL, Y o MFRR B SEE N AME G R EL BEWE, G-W
Gy FEE AR MR R T K SR PR AR FEAR AT e — RE I HA IR TG %, 25 B TE B ik
B X = {X,;n > 0} & — 555 [REE, HBMR

pij=P(Yi1+ -+ Y1 = 7).

HIRE AT #lIpo o = 1, RPARZSONMRILES. i8pe = P(Y = k). NG T M, BL T Edp, < 1.

#ipo > 0, WIS, pio = ph > 0, XKW — 0. BEX, =1,
70 = inf{n > 1, X, = 0}
T2 Fie SR Mg 2

qg="Pi(10 < 0) = fip = hm p( )

TER B WA N 2 kA, SR [ T2, B B R LR R Ik IR T2, X
HI TR B LR AR R R 2 A B SR, PRt
fro=Pi(ro <o0) = fly =d*,  p) =Pi(Xn =0) = ()",
R14.1 BN R AR FAEAENLL, Bm = E(Y) < 1, BAX, BRET,
Blg=1.
MERA HH5E #H10.17] A1
q=fro= ipl,kfk,o +pio= ipqu + po-

k=1 k=1
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LA(s) = Y ieopest. WaqiliRIT g = A(g). HTO0 < g < 1, 1 H > B4.7R] H11Z% 5 72

FE[0, 1) W ERE. BRI RIg = 1. 0
WER14.2 HRNMEPE R R FEBEL Bim = E(Y) > 1, BAX, UEBRARHET,
Bilg < 1.
ERR 12, 6T%quA( ) = stEXH][0, HL M ERBIORBHCRE, MAERR > 2
iy = Zpl il PLo = Zpk F o= AR ),

Hrbpl) = po. mﬁfs = A(s )E’JE%ﬂEﬁﬁ’iuu&EEn, A
u = A"(u) = A" (A(u))

> A" (A(po)) = A" (p2 )

> Ap{Y)) =i,

Ln — oo, g = fro < u. XERHgts = A(s) I/ DAESAE. )B4 777 H1 9m > 18]
A(s) = sfE[0, 1) WA ME—IEAE, A0 < ¢ < 1. O

4.3.2 HERAGalton-Watson43 #7132

X G-WHEITH E, 02 WA T BT A FEZREHZ AR IR (S W1 814.1), B E XA
KA R X, B IR 55, B S SR N DRI X PRI R 28 5 AT
B IR AN A — 3. — P G-W BB BB IR R ST IR “B IR BRI TR
RG-Witfz.

EN14.2 WY, j,n > 1k > VPRI R o A 1) AE SO BUE BN AR &, {1,,n > 1B
— AR [F 3AR (AR R E BN B A 5 (Y, 5, n > 1,k > 1} HO7, FREENLERE{ X, n >
0} N B RMG-WiLFE, Wi

Xn
Xnt1 =Y Yorin+Inp1, n>0,

ﬁtﬁXﬁ%mE’HEﬁ%&iﬂEﬁﬁﬂ}‘zgﬁj 5{Y,kon > 1,k > 1} 5{1,,n > 1} 37,

HWE, % RING-Wi BB A T 1, 2o SEn B NI D 0T BB ANBUE S5n2 i
MIRN OB, S8 AR DB IEE. MRS, RS RIEHNX = {X,,n >
OIS F+ 5 REE. ilpy = P(Y = k), qp = P(I1 = k). NfH, FATLEL > po,qo > 0. X
=i >0, H

pio =P+ +Yii+ L =0) =pyao >0, po;=P(L=i)=g;
FIRILX AN T 23R Y (L 2] 14.2)
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idm = E(Y), 02 = Var(Y), A = E(I}), 8% = Var([;). BH>J#814.30] %]
RR14.3 XM RIG-Wr B R X, a1 F 1) 5 A5 A 2 ar.
(1) E(Xp|Xn_1) = mXp_1 + A;
(2) E(X2|X,—1) = (mXp1 + N2+ 02X, + B2
El14.4 £m < 1,0 < \ < oo, MAXIEHIR
WERR 35 XA IEH IR, B4 HiELLIA &, WHAE & > 0, p(”) — 0. X BRI IEH
HM = 2+ 2, FERH KEIn, BAEXEEO < k< M, p{Y) < 5. Bk

M—-1
Pi(X, > M)=1-Y p{% >1/2,
k=0

MIMEL(Xy) > 1+ 2. 55— 7518, Hdr14.30 (1)l %0
E1(Xy) = E1(E(Xn|Xn-1)) = mE1(X5—1) + A

== A1+ Fm" ) m < + 1.

FIERHUX —E EFHIR. O

4.3.3 PEIIIESH LT

ENRRE S N, ATER GO B — e s BBk, b & )5 40739 3
(1S Hm AT AU S5O

NIERATLE 2 F B2 BRAEAT T 2% fEom, NS HUlt.

M¥Em < 1,0 < A < oo, PR NT = {mi}iso. B X, 1 DHFLET, X,
() A At T2 SR 1 I

E(X0|Xn 1) = mXn_1 + \.
(SRR X o, - | X, 0, IR H A 22 O B 5
Q(m, ) = Zn:(Xk —mXy—1 —\)?

k=1
SEERME, AT LU B2 8o, AR FR, BRI (m, N IR — TR fil. S

Him, NP/ 3R Ad TN
P Y ey X1 Xe =D p Xec1 D opq Xi
! nZZ:1 Xlgfl - (22:1 Xp-1)? ’

An = %(Z Xy —1in Yy Xpo1).
k=1 k=1

L&
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FEHE1212.200 & 2] 12,3 7] %0
22:1 K1 X5 _ ZZ:1 Xe—1 22:1 Xk

Zzbzl X3 . (E}?:l Xk—1 )2
. Dm0 i 22 g dPig — (g imi)?
Zz‘oio iy — (Z;‘io mi)z
Y i(mi 4 Ny — (32 im)?
B Do Pmi — (302 imi)? ’ ' (4.3.1)
FHERATE S ims B S 2. e VBB X (I A S, TB4 Xo, X (R4 A5,
1=0 0

1=

My, =

T E A 14.3(1),
> imi = Er(Xo) = Ex(X1) = Ex(Ex(X1|X0)) = Ex(mXo + A)
=0

EJi:e

S im =
. T 1—m’
=0
[ A 14.3(2),
Y itmi = En(X3) = Ex(X3) = Ex(Ex(XF| X))
=0

= m?E,(X2) + 2Am + 0*)E,(Xo) + A2 + 52

A
o] 2 9
2 0')\ 9 1 )\
;z m_(lfm—i_ﬁ)l—mQ—'_(lfm)?'
[A] it
o0 o0 2
2 SN2 o\ 9 1
;Z i (;ml) _(1—m+5)1—m2’
S i+ A — (3 im)? = (-2 4 )"
= ’ —~ Yo M —m 1—m?2’
KUl ESRAAN(4.3.1) 77
My —m, a.s
e E #E12.145
A — A A =, a.s.

n -m

1—-m 1—m

iy, An 2 BREMANTE JLT- 2 RIS R HIAR & T
Zx )RR

14.1 Nilpo R NZE, IFHGalton-Watsonti F FiG A ZIRSH 2 IEF IR 1.
14.2 WEBH1 > po, qo > OW 7 #% (R4 R R A A i AN T 249 (1.
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14.3 UM RRE14.3.
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4.4 FRSRMKHE

ASTTHATT T EEA 4 R O 5] B R A OB S AR B AR,

4.4.1 BRE/RBEREREMR

EX15.1 %X, Y,,n > 0, 20 BETFEASHW LM EHEITE. KZ = {Z, =
(X, Yy),n > 0P NEE G/RBHEREE, B AFERNUEREP = (pi))ijes MQ = (qr1)kesicw 153
XHEER > 0
P(Zn1 = (ins1, Jnr )1 Ze = (g, 35),0 Sk < 0) = Di s insr s » (4.4.1)
SAE R0, 51, ying1 €S, G0 J1, 0 g1 € WHBEAL.
FIHEMHR AN, HiE XA
P(Znt1 = (in+1, o) Zk = (ik, jr),0 < k < n)
=P(Znt1 = (in+1, Jn+1)|Zn = (in, n))
=P(Zn+1 = (int1, Jn41) | Xn = in). (4.4.2)
DRI M 8 T PR — bl LA R A A L1 1 i (1 ) 57 0 [, LB RS SR
P(insjn)s(int1,dnt1) = Pinsing1Tins1,in
I BAE S AIX R ZIE N, Z 0 “J7 507 55 AR T,
Fob, A A A1
P(Xpp1 = ing1| X =i, 0 <k <n) = P(Xnt1 = ins1|Xn = in) = Dirin.r-
HIEX = {Xnyn > O} R—ABLP = (pi,) 56 B ME2SE BE O 6 23 [ 6. %0 £E 20N %,
FBY = {Y,,n > 0} 2
P(Y, = jnl|Xn = in, Xk =ik, Ve = Jk,0< kE<n—1)
= P(Y), = jn|Xp = in, Xp = i, 0 < k <1 — 1)
=P, =jn|Xn =10, Ye = jk,0< k<n-1)
=P(Ya = jn|Xn =in) = Gi, j.-
BRI, YA B ] DLAN I 5 B, EAEARATIN Z02 — M T R X U — By &, JFH
AAIIHHIEQ = (qr) AT IR RS
FESEBR N I, B3 Z AR A I RRY A2 DI ACsR ), T FOBEX R R A .
ANET I, X AR FRATIR Z e By IR ARk 5 B 1) 5 L A
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f5115.1 LY = {Y,,,n > O} dt R 5t H 0k BRIE L. Y& vl i, 25 5 AR i 2, I
SRR R 5 R <A, CREV R UIARSR, B SRR B ETR(1)y R (—1) B AL (0) 50K
AR BX = {X, ) FRBES PR RPRE, SARX AT B M. — A 8 0 i
SR B AN AORE (1) 5 H B S Bk B 1F 2 24 H R SDIRAS I BENL R I, BPh 2 H R SR
B2 )G, BB IR B SHGRIBENL A0, 120058 (q:,0); (2) B HIBCEREPIRES
HREXEERL (N FF) S R, MR (p: ;). HMERRILZ, = (X, Y2
— A0 R SR A B ) S A R T PR
B15.2 Vil — SHLE M A PR, FHLERRE X, 20 NI CIRAS 1) 12 CIRA52) WA, ZERAK
PEALES AR 7= it 1 BT R AR LY, SE R PR UBL 38 AR AR PIRAS. B8 7= i 4 5 = 3 A R T L
FH AR, THLERRES MRS IREE, BAZ, = (X, Vo) BT — A
IRBFRHBE.
B115.3 WX, ZHUE TIREZMS = {1,2,- -, L}IMarkov 5, HREAA R S2Frill &35,
T eI & B2 0 R IY, IR,
Y, = g(Xy) + wn,

Horbgo — AN RAREL, {w,, RIS 5340 I BEHL T, R BCA BRAME, H 5 BEALE FE{ X, }
S WA X, Yo )Wt — N Markov FE7Y.

DT RZ, = (X, Vo) — AR T /RBHEREE, & CRX RIIR M in = (m,i € ), T
O IRBE A PREE 7 AT s T A0, XHAERE R > 0 LG, 41, -+ ,in €S, Jos g1, 5 Jn € W,

P(Z = (ix, ), 0 < k < n) = iy Giy 4o ﬁ Dinrin Qi - (4.4.3)

KRNI A AL BE LA P, QméﬁﬁmTzﬂ’J%fr%ﬁ WHFR (T, P, Q) N T /R A
REEZ M SHA.

Y580, g1, 5 dn € W. MEREO<m <n, &

Fp(i) =P(X;, =i, Ve = j1,0< k<m), i€S8.
A4 H (4.4.2) F AR A 5K
Fo(i) = migi o

Fu(i) = Y P(Xp1=im 1, X =4, Y5 = jz, 0 <k < m)
im7165

= Y [P =0 Yo = ol X1 = i1, Ve = 0 S R <= 1)

im—1€S

XP(Xpn 1 = i1, Yy = i, 0 S k <m—1)]
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= Qi Z Piy1,iFm—1(tm-1), m > 1. (4.4.4)

im—1€S

YHEEO <m <n, &

Bm(z) = P(Yn =Jny ’Y’m-i-l = jm+1|Xm = i),

bty FiH(4.4.2), KRR AXM MR AKX H

Bm(l) = Z Pijimqa q¢m+17jm+1Bm+1(im+1)7 m<n-—1 (445)

7;'m+1 es

Hp2%EB, (i) = 1.
TARK(4.4.4)F1(4.4.5), AT LUE IS 1B HE ) TVEAS BN E,, (1) F1 B, (4).

Fo (i) R By (i) 952 ST 7

P(Yi=ji0<k<n) = P(X,=i,Yi=ji,0<k<n) =Y F(i) (446)

€S €S

=Y P(Xo=14,Y = jr,0 < k < n)
€S

= Zﬂz’qz‘,joBo(i)- (4.4.7)
€S

Bt SRR <m <n, IR

P(Yi = jr,0 <k <n) = P(Xp =4,V = ji,0 < k <n)
€S
=Y P(Xp =4, Y = s, 0 <k <m)
€S
xP(Yy = jg,m < k <n|X,, =4, Y, = ji, 0 <k <m)

=Y Fu()P(Ys = jr,m < k <n|X,, = Fn())Bn(i).  (448)
€S €S
P(Xy, = i[Ve = 5,0 < ks < n) = L (OBm() (4.4.9)

>ies Fm(1)Bm (i)
P(Yos1 =4Ye = jr,0<k <n)

= Y P(Vap1 =5 Xps1 = ing1, Xp =iV = ji,0 < k <)

iyin4+1E€S
B Pijipia qin+l1an(i) 4.4.1
) (4.4.10)
i;zn+les €S

B115.4 REHI15. 1R EM SR EIFRr—1,0, L=NEIR, EREDRESRE -1, 1HMIEE. £
B ERA L B, BEEEAN RS SR 4 —1,0, 1 FIMER4373°40.2, 0.3, 0.5, T7ER SRS N —16T,
T ZEM AR I B 5y —1,0, 1 [FIER 50 51°50.6,0.2,0.2. 8 R EIRSHEBM RN

p_11=1/4, p_1,1=3/4, p11=4/5 p1,_1=1/5.

HEHP(Xo = 1) = 4/5A BRI BB RYy = 1,7 = 0,Yy = —1. il (1) 5 =W
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HBCEEAERS LA, (2) 14 TH 58 DU AN ISR H S M ik 20 B mT RE I 2K
& (1) #Ejo = 1,j1 = 0,2 = —1, EHIAK(4.4.4), iH5ATHI
Fo(1) =mqi1 =08x0.5=104, Fo(—1)=n_1q_11 =0.2 x 0.2 = 0.04;
Fi(1) = qiolp-11Fo(—1) + p1,1Fo(1)] = 0.099,
Fi(=1) = q-1.0[p-1,-1Fo(=1) + p1,-1Fo(1)] = 0.022;
Fy(1) =q11lp-11Fi(=1) + praFi(1)] = 0.01684,
Fo(=1) = g_1,—1[p—1,-1F1(=1) + p1,_1 Fy (1)] = 0.02178.
KItE H (4.4.9)(HBUm = n = 2, BT B, (i) = 1),
P(Xy =1|Yp=1,Y; =0,Y; = —1)

@) AT HEIE, RA14

0.01684 842

= = ~ 0.4355.
0.01684 +0.02178 1931

a(l) =pi1q11 +p1,-19-1,1 = 0.44, a(=1) =p_11q11 +p-1,-1g—1,1 = 0.275;
b(1) = p1,1G1,0 +P1,-1¢-1,0 = 0.28, b(—1) =p_1,1q1,0 + P—1,-19-1,0 = 0.225;
c(1) =pi,1q1,-1 +p1,-19-1,-1 = 0.28, (1) =p_11q1,-1 + P—1,-1¢—1,—1 = 0.5.
H1(4.4.10) AT /53 (Hln = 2)
a(1)F(1) + a(=1)F>(-1)
P(Ys = 1Yy = 1Y, = 0.Ys = —1) —
(Y3=1Yo=1,Y1 =0,Y2 ) ) + B(—1)

b(1)F5(1) + b(—1)F3(-1)
Fy(1) + F>(-1)

c(1)F(1) + c(=1)F2(-1)
Fr(1) + F>(-1)

~ 0.3469;

P(Y;=0[Yy=1,Y, =0, = —1) = ~ 0.2490;

P(Ys=-1Yy=1,Y1 =0,Ys = —1) =

DR E 55 DU AN WL % B S0 i s o mT BE R JZ O — 1.

~ 0.4041.

4.4.2 REMHH SN

Xt e Markov FRY, #E 2H b A8 RE BIXAE 1 ) AL AT 24 (r, P, Q) A1 — BUULI
PV, k < n}, T8 B0 TEX,,, m < nfmcEAE. T BA T TR 1) B AR 183X 2K )
L, A BIBA TN N X, B B A R AE 2 € B P S AR R Xy, DL R IR ) {5

4 —BUF I Y, k < n} IS Ao, -, yn. AN T BT — AN Zm ) 55

B, H(4.4.9)
Fi (1) B (1)
Zz‘es Fm (Z)Bm (Z)

P(Xpm =i|Ye = ji,0< k<n) =

FIR, X B S BB AU (AT Fon () B (1) BUE BRI
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A BT EAL 0 Son 2 BT FTAT I Z1 00 AR AE, B4 i

max = P(Xy =i Ys = jg, 0 < k <n)

1R €5,0<k<n
= . o s P(X. =i Y = <
ikegoagxkgn[Pznfl,znan,gn (Xk = i1 Yr = jk, 0 < k < n)]
= insd i1 =iV = j3, 0 < A.
212’5? {q%myn ike%agxkn [pznfl,znP(Xk 1Y = J1, 0 <k < n)] }, (4.4.11)

AR RO <m < n, HL

M (i) = P(Xp, =i, Xy, =i, Y = ji, 0 < k
(Z) ikesr%aé)i<m ( bk Uy Tk Jk < m)
= , ‘ iy i o<
ikeg(l)ag)l{mm [pl’”*wp(Xk Yy =Jk,0< k< m)],
] H 5 [ mT 1S
Mm(z) = 1Hé%X [pimﬂ,iQimﬂ,jm,lpim,27im71P(Xk = ikYk — jk,o < k<m— 1)]
UkSk<m
= max _[pi,, 1,i%im 15w 1 Mm—1(im-1)], (4.4.12)
Z'm—lES
HHH(4.4.11)77 15
eSS, PR = 0¥ = G 0 < K < ) = mmexlgi g, M () (1413)

HEREEMER € S, My(i) = m R X046 5 A, R (4.4.12), HEHTHE AT R
(9 My, (i), 3T AT En o 2 110 BT B 200 X B R 5 Y 1RO UME 1A 5.
N T AR Sen 2 W BT 200 X B HEAE, H(4.4.13) Rl (4.4.12) 3F— 25 0] Hin Sn 2 1T BT
A2 X R AE o, i1, - L T
(1) in R fE R H G j, M (3),5 € S, BB — RS,
(2) SHMERL < m < n, B Cim, im_1 B M1 R
Divin Qi Mm1(i),  i€S,
WU RAA 1 — MRS
SHERO <m < nblfu € S, itl,,(u) € S 15
Pl ()0l () Min (L () = 08X P3G, M ()
M4
in1=Tn 1(in)sin—o=In_a(in_1), - ,io = Io(i1).
2558 T WL A LI, TS 4R R T R ARPIRAS B 1) 5 2R N Viterbi V.
B15.5 (F115.4) 1) AT =S8 H %M 55 T RERRE 7502447
& 458 jo = 1,51 = 0,0 = 1. BB EIM(1) = 0.8, Mo(—1) = 0.2,

My(1) = max p;14ijoMo(i) = max piigiiMo(i) = 0.32, Io(1) =1
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ENVRIPS
Mi(=1) = igljlfilpi,—lqz',joMo(i) =0.08, Ip(-1)=1.

_znfuf(lpi,lqi,lel(i) = 00768, Il(l) =1.

My (1) =
MQ(—l) = 4I_nalxlpi)_1qi7j1M1(i) = 00192, Il(—l) =1.
HF max gij, Ma(i) = max q;, 1 Mp(i) = 0.01536Ei = IR HUCENE A, Pk RT = A>3
O

Az S i T BRSSP B i = 1,41 = I1(1) = 1,40 = Io(1) = 1.

4.4.3 [FaMarkoviRBIg9ES#{hi*

JS2 FHY I % B Markov #E7H BATTIE H 75 2N — BOWI 7 5{ Yz, b < n}th R AR S

0 = (7, P, Q). XA ENFRAY TG, J&T S HAG .

FARRA X, k> IR RO, WNEN S REEZ = {2, k > b2 B2 0 RT. B4
R T KIIREAR, ST, j € S, X P ACIR AT — AN 2R 455 M EE M A, 5,
R R LAH

FIRZS B AIIECCAE Ay, i >09.10 DAL K HsE A m] LUIER,

R Aij
Dij = A,
VERp; ;ARG A T, RIREET DL B, 37 X HUE )[R Y BB R, D ALk mT ik B
Bi;

iy =
) A,
CHRAE ), IR OR S B AR AR H XA A S AN R
. BRRALAR A5 R FRATI0M) B K ALSR A

REqi M AT SRR AR % A A

MRS EY ) — 4D L, I, - -

o 2
P(Yy = 1,0 <k < N|§) = maxP(Yi, = I, 0 < k < N0),

SP(-|0) FRA BB T .
R, R AR AR R A — R SR M T B A 0R s
S LE RN

=cn

%, 2 BB M AR AR P(Ve = 1k, 0 < k < NI|O)RIHUE, R IEAES I 5

SROWIMG . B BAR S BT
= (gi,1(n))iesiew);

(s1) L€ Z M0, = (7(n),P(n) = (pij(n))ijes, Q(n)
(s2) WHMEEO = (7, P = (pij)ijes: Q= (qi1)iesiew), 2
T(00,) = Y |P(Xg =1in, Vi =1k, 0 < k < N|6,)

i, €S,0<k<N
X IH(P(Xk = ik,Yk = lk,O < k < N|9))
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(s3) ROEFT(0%0,,) = maxy T(6]6,,).
(s4) 2 0ny1 = 0% FFEIF(s1).
% LR EE,

o
IN

T(0n+1|9n) - T(ann)

3 {]P’(Xk =i, Y = 15,0 < k < N|6,)
k€S, 0<k<N
= ) = < <
% In (P(Xk ’Lk‘,Yk lk,O_k:_N|0n+1))}
]P(Xk = Zk,Yk = Zk,() S k § N|0n)
R ASHEEx € (0,00), Inz < x — 1, H LA AT

P(Xk = ig, Yo = g, 0 <k < N|Opy1) > P(Xp = i, Y = g, 0 < kE < N|6,,).
X R PR EEAS B B S 400, 10 L R A SRR P (Y, = jk, 0 < k < N|6,,) B H LR AT
gt Ae (3 ).

KGR (0]6,) RIS
N
TO0,) = Y [P(Xk =ik, Ve = 0,0 <k < NJ6) Wiy ity [] Pir1in )]
iL€S n=1
0<k<N
- ¥ {]P’(Xk =i, Y = 15,0 < k < N,,)
ir€S,0<k<N

N N
x(Inmi, + > g1, + > hlpz'n_l,in)]
n=0 n=1

= > P(Xo =i, Yi =y, 0 < k < N|0,) In,
i0ES

N
+ YD P(Xy =in, Yi =1k, 0 < k < NJ0) Ing, 1,
in €S n=0

N
> D PNt = i1 Xa = in, Vi = 1,0 S K < NJ0u) Inpi, i,
Gn—1,in €S n=1
oSy
T(616,) = Z]P’(Xo =i0,Y, = 1,0 <k < N|f,) Inm;
€S

N
+ Z ZP(Xn =1,Yp = 13,0 <k < NJ0,)1gy, -y Ingiy

i€S n=0
lew

N
+ Z ZIP(Xn_l =0, Xp =5, Ve =1, 0 < k< N|6,) Inp; ;.
i,j€S n=1

S 15.10 %0, 240 = (o, P*, Q)T (9]0, W2 & KAE, H, *{EZi,j € S,l ¢ W,




™ = (1), P* = (p},;), Q" = (¢} /L

=1 = <k<
ar = P(Xo Z,Y;? 11,0 < k < N|6,) 7 (i)
Sies P(Xo =14,Y), = 1,0 < k < N|0,)

SN P(Xp1 =0, X, =5, Y = 13,0 < k < N|6,)

Siies Somey P(Xno1 =i, Xy = j, Vi = 14,0 <k < N|6,)
P(X, =4, Vi = 14,0 < k < N|6,) 1y,

Yics YnsoP(Xn =1,V = i, 0 < k < Nf) Ly, =y

Zbpi1 = (7%, P*,Q), AR H] T Z40,,11 50, ZIARISEHEA

— AR (4.4.14)-(4.4.16) Welch-Baum A . R FIEVEHFRNEM 8%, HAPEMMS
AFRACE IR (s2) F1(s3), SREXFIAEE 5 3Rk KA. EMEE R F 0 72 2 2088 A 52 1 Sk 24
(P S KA T G T 7k, BaMarkov AR S EKfh T, REM Sk —Fh i 7
BH.

Xf BaMarkov BEAL NATTHE B B I8 £ 5& 0V 22 oA ) n) A b Gn o T — AN 457 1R 08
HE{Yy, k < n}, CRIEF AR B CA 5 S I I TEA 2 — FrA3 OB, 22 ok e souil 7t 3
e A B AR — AN A XK IR R AR IR 1), 8 T SR Vs, 0TI L ) R, FRATTAN R
TF, WO 3 7] DL AR OC Bk, 3E— 827 21 F T i

Pij = (4.4.15)

G = (4.4.16)

2R

15.1 %z >0 (i € T). iEY

2
i1 ( : ) = n s
ZZz n ZieT 2 sup Zzz nx;

2;>0,i€T “
T el iEeT

15.2% WL L AR, FIKMarkov BUBERBUIF i 5B A .




I A8 7 ZEAC IO ZERAE QMBI IRS I 26 AF B ARR S Rk, AEAAHI
SO AR, A Poissoni FEAUHES T — il 5, R REA A S IRk, (EX LR E I Z1 40
A HH AR

5.1 BEHMUESEMAE

YRR A (Q, §, P) M H B BOEFEN = {N(t);t > 0}. M5 = =050, MHE
R > 1,
T =inf{t >0,N(t) >k} WK  Wip=T,—Th_1,
HrhTy = 0, 205 B kIR (BERLFAF) & A I 1) A0 S RAS A5 I 8], PO RN 5 B1E I 21
{Ty; k> 1MW TR R
N(t) = sup{k; Tp <t} = i Liro<t}s

k=1
T HXHMERE > 0LL Kt > 0

(N(t) >k} = {T} < t}, (5.1.1)
(N(#) =k} = {T <t < Topr}, (5.1.2)
N(t)+1 = inf{k, T} > t}. (5.1.3)

5.1.1 FEFMEESEFHM
FENX16.1 HIMEIFEN = {N(¢); t > 0} A MAL[E /A7 SRR 8] 751, BEAFAE A A7 [R] 43
I AE A BENLE R T Wy k> 1}, {615
k
N(t) =sup{k >0: Y W; <t} (5.1.4)

=1
WARN Y EHOERE. FRW (197341 (BRE) FONRERF I 8] 3 A1

141




142

AR IR — AR SRR, IR S R T A MR Aa AR ). BhAh, S T
BN (t) = colX P NAETE, B&EF(0) < 1.
YT R > LA S BER %I T,

N(t+T)—n= Y ln-r<n= >, gt wen
k=n+1 k=n+1

VERFIW,, i > 1, RACLE S BN, T, = S0 Wi SR na2 BT IW,, BN (6 +
T,) — n5T, 457, H
(N(t+T) —n; ¢ >0} L {Zl{zk W<ty t>0} — [N(¢); t >0},
ERYI MG IF R A BB I ZIT, ﬁi}:ﬁ BB FE 3 & 5T, Mo HE R BEAL ARG
e MERZIFFEIE RS, B, T, 2 )5, TREN@OM “FH” Fah. AT FE
JRFR AR, FATHEFRT, 9 (EEn i) SR %)
f5116.1 %X = {X,,; n > 1PNASFIEFE, N, RO 2 /1 (& Sn k) Ik EL, 7
MENy = 0. XERL > 0, #N(t) = Ny AN = {N(t); t >0} e —DEFLRE. B
B B 21T BE W H AT LART 43 A =
P(W,=k)=P(X; =0,---, X1 =0,Xp =1) = (1 —p)"'p.

5116.2 FALRE i £ 25 RN (s, S)-2IE B0 fih SIS, B R o o SOAS s R T R A
BISAS, AR I T AR B JE AT S i it i EL b 78 16 i il BESZ R BE B . 25 B 4% 5 B N (s il
FEN () B3k, T HARA R SE 1) fbEOR ML R BN AE RS, 2C(4) R R0, t] B

PN B IR B, TS AC(t) 2 — AN BRI 2, ﬁﬂﬂﬁﬂwﬁj\ﬁﬂj
P(W > t) Z & <S—5s)
tean, #FHidBwR{&H SN, s =2, S = 4 aﬁx
P& =1)=p, P&=2=q=1-p
WA T3
P(W >t) = P({(0, ) NE&A I} U {0, ] RA LR HRSKET1 AR}
= e M4 prte M.
EBEEIT, = Y0 WS EHLAS B2 R, s T
T,/n— p=E(W), as.
KT, — oo, a.s. 1A

B(T, < t) = F*(1),
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1, t>0
HepFot) = , BEMN (8) I3 A6 5N

0, t<0
P(N(t) = k) = P(Ty <t) — P(Tpy1 < t) = F*(t) — F*E+HD (g,
HHEX—YIt >0, neN,
P(N(t) < o0) = lim P(N(t) < n) = lim P(T, >t) =1,

n—oo n—roo

tlggo P(N(t) <n)= tliglo P(T,, > t) =0.
R, N (6) B RAE H e R AR FEVE AT 158 — oo F N () — oo, aus.

EIE16.1 FHFEN = {N(t); t > O} A AFLE, BIXHMERL >0, k> 1,
E[(N(t))*] < +oo,

BH, om0 =BNVO) = 3.
ERR XTI 2 It > 0,

= anP (T, <) anF*”(t).
i lim P(T, <) = ORI, f74E P‘%iﬁzmﬁﬁ
a=F"()<1.
XAk —YIn > 0,
FrmEn)(g) = / t F*™(t — s)dF*™(s) < F*™(t)F*™(t).
FiUSHEREL =0,1,2--- , r = 0,1,027--- ,m— 1,
Um0 (i) < (F(1)! = a.

[l bt
]E[(N(t))k] < anF*n(t) _ Z (lm + ) F*(lm+r) (t)
n=1 1=0 =0
< mht! i(l + D¥a! < +oc. (5.1.5)
Bt =0
+3 = (n—DFT () =Y F(t) O

n=2 n=1
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R, ENE/EW N NPT v
A\gn— 1

ZF*" Z/ D) —“ds—/A—“ /\nn)lds—)\t

iz5u57371‘59§ S'E .

5.1.2 BEHEBEEHFHHIE

ENX16.2 Fim(t) = E(N(&)NEHLFEN = {N(t); t > O} H kAL 4 N HIZEF5I 8] 5
A9 P, A0 FRm R 4 F 1 ST R 4
SE16.1 9 T AU, 5 TCA% UL, 2% 25 0 B 74 R A S 1643111 40 A2 B Ok 2
A (5 W5 REL8) B (0, +o0) b IS4 A LA JR 3 T (BIEAT — A3 FIX i) L #4551
R AGE 256 %5 7 pRI 4.

4 P A5 A B BORS T S5 A BN Eh ST RL6. 70T S (1) 9B 6 8, A
BREBR 457 FOR Find 7% X,

B PG, BRI RN, B ARHERE > 1, B

F(t) = / F-D(t — 5) f(s)ds
T L (£ (86 B B BAEAE, AT fu(t), 3L (1) = F(8) L
/ Fooa(t — 8)f

EH6. 125 U%&ﬂﬂ)ﬂiiﬂzzn () KT AT A A LR Bl R
B IR AT e, i

S ) = [f +Z/ farlt—s)f

n=2

sup f(s 1—1—2/ fn(s)ds]

0<s<t

IN

= sup f(s 1+ZF*”

0<s<t

AR

nid) 2 L an
Bl (¢) /21 ST T
REX16.3 Bb(1) 1[0, 00) 1o i TR ML, Fcln TR 7%
B(Y) :b(t)+/OtB(t—s)dF(s), (5.1.6)
TR, HdB(t) NARINREL, F(s)s2&dE 57 BEHLAS 5 1) 50 10 B £LL
S¥16.2 — Mt J7F2(3.2.2) FAILIIRS [ B(t—s)dF (s) 2 FTIHHIR-S(Riemann-Stieltjes) Bl
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gy, SR ARPARRIFAAH. L6156 T %A 740 BIRE RA B HCR A 2R 3645 e
KIS UF RSN, 2 2
> Bt —a)pk,

odonet
Hora NFCHEE NS I TCE,; M F 2% B RECN fIE S A, 28 0 A4 3%
A JERAR5)

/OtB(t—s) F(s)ds.
B ) Bl W A, 1S BRATA X PR SE SR8 R B B A, G — FIAR Y [ o(s)dF ()37 %) B
PSR AN A - SR AT JE R AR 4

EIR16.2 TR Em (¢) W 2 W R A e
t
+ / m(t — s)dF(s). (5.1.7)
0
WERR AR A
m(t) = E(N () = BENOT) = [ ENOIT = )dr()
Y5 =T, > thf, N(t) = 0; Hs = Ty < tih, B 5,
Nt)=N({t-Ti+T) - 1+1 214 Nt —T)) =1+ N(t—s).
0, s> t,
Bt E(N@®)TL =s) = H LA 7
1+EN(t—s)=1+m(t—s), s<t.
t
m(t) = /[1+m(t s)]dF (s / m(t—s)dF(s O
7E16.3 18 R H AR o ORI B P S SR AR I T AR O T T (7).
5116.3 B HHTEFEN (¢) SRR (8] 20 A FoON(0, 1) 09353 70 A5, SRAE I 1 587 bR Eom (), 3
0 <t < 1.
R AHMERO < ¢ < 1, FrREEHT R 500 2 1 5B T FE N
t t
t—s)dF(s) =t d
t—i—/om( s)dF(s) +/Om(s)s
PIAK TR B (1) = 1+ m(r). Pk = dt. kTR

In(1+m(t)) =c+t=m(t) = Ce — 1.

Hm(0) = 0ATHIC = 1, Blm(t) = ! — 1. O
R FH ST B RV AT DA L B g R — ) A R 1 s 2K, F B AR
EH16.3 Wb(t) N RHA S E, THITHE(5.1.6) A ME— R SHE
/ b(t — s)dm(s (5.1.8)
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Horbim (s) 2 FH) S 4.
7£16.4 (1) FFE(5.1.8)F HIFL éj\fo b(t — s)dm(s)ER-SFr. fE1E16.1461F N, BFREA
JRI AT TR T R AR IR ZE S A, m(s)IEZE AT, 12 AR 540 R AR SR JE KA 4 — B
| b= sy (s
HF R KNI T R AT, m(s) MR, BER e kd, AR 73 2 SRR A
> bt — kd) (m(kd) — m((k — 1)d)),

kd<t

N

HpZEm(—d) = 0.
(2) HIN(t) Eﬁﬁﬁﬂklﬁﬂ%%@ PERT Km(t) E$1H1F5¢E@ 5 R
dm()—d(ZF*" Z]P’t<T <t+dt).

(R e dm (t) 7T Em@@ﬁtpﬁj\fﬂﬂm l: 5] (, ¢ + d?]?;lziytﬂfcmm1
HE 2 16.2 5 € #16.3, FATAT LL1F 21 58 ok Fom (¢) 19 53— FhRoR
m(t) = F(t) + /0 "Rt — s)dm(s) (5.1.9)
5116.4 XHL&t, s > 0, RE(N?(t)).
iR LK (t) = E(N2(t)). HelRAR
K(t) = E(E(N%(t)|T})) = /Ooo E(N%(t)|T) = u)dF(u).
H BT

0, u >t
E(N?*(t)|Ty = u) =
(1+N(@t—-u)?), u<t.

u>t
] E(N=*(t)|Th = u) =

1+2m(t—u) + Kt —u), u<t.
FITEAK (t )i 2 T7 1%

/1+2mt—u +K(t - w))dF ()
= F(t +2/mt—udF /Kt—udF

= 2m(t / K(t —u)dF(u
mﬁfimi%%nf((t)%)%%ﬁﬁﬁm& 1 #16.3L 22 (5.1.9) "] 15

K(t) = 2m(t) — F(t) + /0 (2m(t — s) — F(t — s))dm(s)

() + 2/0 m(t — s)dm(s). O
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5116.5 KT T FER RERE SR

glt) =t + /Ot g(t — s)2e%*ds.
iR AdF(s) = 2e=2%ds, I FZSECNMIREUI L. FE2b(t) = t. HEREE16.3, Bk 7 #4210
— RSB RN

o) =000)+ [ i~ sjam(s)
Hrm(s) 2 FI SR, BT CLE S5 e TR (1) 53T I FE A2 5 FE N2 yaia i 72 iy
BT 30T Kim(s) = 2. PIE

t
g(t):t+/(t—s)2ds:t2+t. O
0

5.1.3 BEFEEN/LANZIT=E

ENX16.4 &N = {N(t); t > 0OV NFEHILHE. 4
Alt) =t =Tnw, RE) =Ty —t L) =T+ — Ty,
G RFRA(L), R(t), B(t) N SEHTS LN TE B 21 A ol 42 75 i L 5 i
BAR, 0<A() <t, t>0 HIHMEZE2>0,0<y <t,
{R(t) >z, A(t) >y} = {(t —y,t + z] P NEBKEK)}
={R(t-y)>z+y}={Al+z) =z +y}
Py = 013

(R(t) > 2} = {A(t + 2) > z}.

EHE16.4 BNIEERFIN I3 FEAR. ©F =1 — F(t), WXHERz, ¢t > 0,

P(R(t) > x) = F(t +x) +/ F(t — s+ z)dm(s), (5.1.10)
= t)dt +/ / u)dudm(s (5.1.11)
t—s
MERR R EIHTET > 0,
1, s>1t4x;
P(R(t) > z|Th = s) = < 0, t<s<t+um;

P(R(t—s) >x), s<t.
A EH 5513
P(R(t) > z) = E(P(R(t) > z|T1)) :/0 P(R(t) > z|Th = s)dF(s)
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oo

= dF(s) + /t P(R(t — s) > x)dF(s)
t+x 0

=Ft+x)+ /Ot P(R(t — s) > x)dF(s).
HHE #E16.37] 1(5.1.10) L. FHERRINMERL > 0
s—t, s>t
E(R()[Ty = s) =
FIFH E BT
E(R(t)) = E(E(R(t)|T1)) = /Ooo E(R(t)|Ty = s)dF(s)

_ /t = DdF () + /0 E(R(t — 5))dF(s)

- /OO F(u)du + /t]E(R(t — §)dF(s). (5.1.12)
t 0
IEAbH (5.1.10) AT #3

)i
E(R(t)) = /OOO P(R(t) > x)dz < /OOO F(z)dz(1 +m(t)) = p(1 +m(t))

e R A R . R BE16. 30 B R (5.1.12) B4 3 (5.1.11). O

KT A(E), L(t) WA v SRR, 08 2 g 3 B CEk.

EREHE, SMEEr > 0, HA(X) >z, BAPL(E) > z) =1; £0 < s = A(t) < 2l
TR U ) R 5 i — 58 KT, BRI B ST

P(L(t) > z|A(t) = s) = P(L(s) > z|A(s) = s) = P(W > 2|W > 5) > P(W > ),
HoA W R H R AT — AN SRR ). AN IR e 2 SRR A0 gy, A8 AT

P(L(t) > x| A(t)) > P(W > z),
N
P(L(t) > z) > P(W > x). (5.1.13)

TX 3% B FRATIAE HEA ] 5 ¢ 20 M0 4 38 1y 25 5 BF 1) 2 BGOE < B I8 B 10 55 R I ] 4 48 —— 5%
AR R FRAT AT LAGE H S35 (Z WL ST T .6M116.4) . I 0 I SAB R K B A 2 B
Ff (length-biased sampling) SAGIEAFEE. EAEG TR FIEWMAREZ: TR ISR
B P S5 AR B ) 5 T B 4 v (RIS e, [RIIbe B 2 W 8 3 ) S B ) 23 B A

2313
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16.1 BT FEN (RGN (8] 7347 F V% BERBON £ (t) = te™, t > 0,
(1) AMEREO < t1 < to LKL IEHEEHn, m, SKP(N(t1) = n, N(tz) = m).
(2) XHERE > 0, KEHTREm(¢).
16.2 3kK4116.3%m () H it € (1,2].
16.3 SR T7RLg(t) =t + [ g(t — s)3e~25ds KR T T
16.4 3KP(A(t) > z), E(A(t)) LA EP(L(t) > x), E(L(1)).
16.5 BN 58 BE AR VAR i 72, Wit S L AE I 20y R W A(t). IR 77 frR(t) A B2 2 73
L (t) U .
16.6 BN & HOFT R, AR5 a0 A R e, IEIE(Tn () 41) = (1 +m(t)).
16.7% WF =B K NI T 530, m(t) /& FIR SR R, TE B m(t) =2 Fbh s 8, BhER S b fe
WdHERR, T HAFTER T KN, Hn > N Bnd/@BEEE A
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5.2 FEHRIREE

b AT BT AR S TR R B S T R R, N I BRATIRE U ST AR AR
SRR 5 - ] B0 I 2 P 2

5.2.1 X¥EESHORIREE

EIL7.1 XN EHEEN = {N(t); t > 0}
N@t) 1

lim —= = —, a.s.
t—oo t I

Hrp = coltf1/p HO.

JERA HﬂTnEGiXﬂ%DTN(t) <t <TNy+1s M
T t Ini+1 - Tnw+r N(t)+1

N() = N() — N@)  N@#)+1 N(@) (5:2.1)
HEERBIN() — 0o, as.LAKT, /n — pu, a.s. H>J@4.20] %1
lim I =L a.s.
t—o0 N(t) T
P s RS T (5.2.1) il 5t /N (t) — u, a.s. MIIN(t)/t — 1/pu, a.s. O

I HPRL/ po EH IR AR

BI17.1 A SR S8 R R Jup, RIMIBER g = 1 — p, ST TSR E R
LR BRI IR BELE RN B, 18] T35 SEB CHL.

(5347 LIELE D) SO S R MR O — U B R A, BUE A S A SE A TR AR R R
MHTHUE, PAN (n)Ros B Bk LA I A LR, AN 22— AEHERE. & LLE
BRRINEUON— R B, AN, ()RR B n X LIS SH0F BH BLAIREL, R4 N B —
ANEFTLRE; R DU SRR SO — R C, BLN, (n) Rom B Hn ik SIS FAFC H
DUIIIREL, AN R — MBI RE. BN = Ni + No. HEH13.1, NEEHEE NN,

No [ S H s 2 il
R FR OB ST E SN, Ny, No. B BI2.30 51N, Ny HIFHEERN K58
_ 1— pk _ 1— qk
T R
IRl eV () B R IR

1_p-p (-9
poo 1—ph 1—g~

JIt AT B S KO
= (1-p"(1—d") 0
pa(pF~t + gt = pFigkt)
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EIB17.2 WHEIHIHEN = {N(t); t > 0} 25 AF
E(W;) = p < 0o, Var(W;) = 02 < oo,
s — 1 ¥y,
s P70 <
Hr® (y) b IR 70 A7 R £
WERR 21y = t/p+ yo/t/ud, 7 = [r] + 1, M
IP’(M < y) = P(N(t) < [re]) = P(N(t) < )

o\t/ud

y) = o),

Tp, — et S t— ftu)
o/ oV )

‘}f%’f?”ﬂ — 00,

A 7 —yo\/t/p _
lim — = lim =Y,
t—o00 O—\/7Tt t—o0 o /t//.t + yO’ ﬁt/ui”
DL A
Ts T 1
- = = Wk — M),
YR S SULD
FH O A PR 8 BE AT AN S5 10 AT O

B117.2 — G LA AR A B Wb T2E — R 0F, e I T — R I Ta A AT 203 70841
B85350, Ak TH1004~ /N P9 LLO. 95 FIAE R 22/ N L fR A1 AL

F#: LLOY IR [E) AT, N R AR I (A R B A2, J7 22091 /3. BAN (1) Fon Bt 20 158
B ZATEL. HEBE7.2, MR K N (0)E AR IIME Nt /2, 75 72t /24K IR 70 4. BT
REFN Oz, W4

N(6000) — 3000  z — 3000 x — 3000
0.95 = P(N(6000) > z) =P > ~1-— .
(N(6000) > 2) ( 6000/24 5\@) (5\@)
AT %4z ~ 3000 — 1.64 x 510 ~ 2974. O

5.2.2 FEHEHE
"I 0 7 X S i B T 9 95 5 M58 e 1 3 T
EIR17.3 VP NAEG BN R 1O 51 B8, 12 (7 Bh o), m(t) PO BT B8 h(t)
[0, 00) FARSUTRER L. B AT BT AR A TR,
B(t) = h(t) +/OtB(t— s)dF(s) = h(t) +/0th(t— s)dm(s). (5.2.2)
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(1) AEPRFRA KNI T 1A, IBARMER0 < ¢ < d,

Ao ohlc+nd)/p, p<oo
ILm B(c+nd) = .

0, [ = 00
(2) & FEA A L5 E R AAFIEM > 05 h(t)TE[M, 00) LB, A4

tQ&B“%:ﬁg):h“—sdm = [
Hrp = oo, ExUASmELE 0.
MERR* (1) HFRP K NdIIRE T Ay, SRR, X ERn > 1

B(c+ nd) = h(c+nd) + zn: B(c+ (n — k)d)v(kd),
Hy(kd) = F(kd) — F((k —1)d) = P(X = kftj.o NTTAE, MHEER > 0, 12

an = B(c+nd), b, =h(c+nd), u,=rv(nd).

1

i = by + 3 a g
FeR%, s 07 S R AFTTRL, 5 8Emy, ma, - (670
Uy U, > 0Hmy, - m, HEK.
(HSTBILO, AE(E TE AL, WL E RN > T AE{EE SORA - 1y, (19
j=lmy +lomo+ -+ lm,.
FERAE 5 =%

FE—, EW{a, } VA FH.

HEREEY 2 gur =1, u(0) <1, &
_ ZZ:O |bk|

, n>0, c_1=0.
1—UO

n

FH R R AR T 2% A FT
> bkl =Y Ih(e+ kd)| < oo.
k=0 k=0
VER Blog NI IMES, HECFIAGNES Gk, XHEEn > 0,
onl < 122 e =
Rt {a, ) NE LS. iEM = sup |ay,|.

n>0

d > h(c+nd)/p, p<oo,
20, iEMlimsup a, < n=0

n— oo

0, [ = 00.

(5.2.3)

(5.2.4)
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HE(Y;) = 1/p; U@ B — DA AR 55 56 31 856N 2112 1oy Bk 5 TR R, b i 000 A1 10
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FMIRS RGHZE — AR, EHRAN—ANEAENKAW, =Y, + U;, “FERRK
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17.1 P S LA SRSLA A it i T2 A, 5 b — SRR T IR NS HON1 /2 FE 0
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SOFERE AT AR 2 HE) T, AT R 2 A B SO AR S T R R R
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0
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AT AR %
N(t)
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t
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CIFS
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FHOTT O SR T AR AR A 9 F BT AR, SRS £ — 4 F 30 A e 1A
I,
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18.5% CLRIX = {X,,,n > 0PRSS = {0, 1HINAT 56 5 [CRE, HIEA0, HoRs MRS
1 —
P = P b , 0<p,g<l.
1-q¢ ¢
WYy, n > UR—ESE N p s [F o AL AR & H 5 5 IREE X phor. 4
Y., Xi=0;
Wy =
0, X, = 1.

EH

- 1Zn (1 - q)
1 — W: .
nl—{go’nkzl k Z—p_q




164




FRE MBS

PN —FREEBLR , A BE ) 19 2020 4 AR DS [ FL 2% 5 Robert, Brown {E W8 R IF 1
SRS T B AR T HOAE B3I B 19054 Einsteing 1 7 7 BIEH) 10 W HL S RRERT J7
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B(t1), B(t2) — B(t1),- -+, B(tn) — B(tn—1)
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WEBR #AT BB E S, AMERAE RS AAL. NIELA(4) ABIERI T 4
X(t) = B(u) = Bu—t), 0<t<u

(a) BARX(0) = 0 H XHLIEES:;
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(b) SMEEO <t; <tg < -+ <t, <u,

(X (t1), X(t2) = X(t1), -+, X(tn) = X(tn-1))

= (B(u)—Bu—t1),Blu—t1) — Blu—t3), -+, B(u—ta_1) — Blu—t,)),
H AT A S Sr 3 BT, S AR AH BT
(c) XERO < s <t <u,

X(t) = X(s) = B(u—s) — B(u—t) ~ N(0,t — s).

R{X(t),0 <t <u} ={B(u) — Bu—1),0 <t < u} Wb iz 5. O
E19.1 (2),(3),(4) 73 B ZE7- 0 Fn AT W AE S H0ES s e ffe, RUBEAR 4 DA B I TA) 5 1] 2 46 J 7 /2
FRAEAT WS S0, WA BRATE R LIAEBI{tB(1/t); t > 0} (Hrbt = ORFEUE ~0) th 2 br AT BiE
.

6.1.2 FHEIEIINSTH

N E AT SR HEAT IS AT IRZE AL A, BB = {B(t); t > 0} briEA g
It

M

EIXHERa € R, t > 0, ¢(z — a,t) R IESDN (o, t) 2 EREL 55 %AE
(1) T &a,b € R,s,t > 0,
oz — a,s)p(x —b,t) = ¢pla —b, s+ t)p(x —
(2)%{EEz € R,
| oty - atiay - / ia)/ﬁqﬁ(u, Ddu = ®((a —2)/Vi)
Forh @ Ay hr e IEAS /A1 SR AL
EIE19.3 SHEEn > 1,0<t; <ty < --- < tyn, (B(t1), B(ta), -, B(t,))EHME N0, %
RN

8

N

d(z,t) =

ta+sb st

—_— ). 6.1.1
porrallred) (6.1.1)

titity -
t1 to to -+ 1o
D=t Aty)ij=1,n = | t1 b2 t3 - 13

t1 to t3 -+ 1y
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findE IEASHENAR &, B (B(t),- - . B (»mﬁAﬁﬁ ol
p(-Th'" ,xn;tla"'a $17t1 H¢ i Lj— 17 _tl 1)

SR XHERO < 1 <t < v <t Arye o s Ao € R G BEEMT AL I ML B

i

E(exp {izn:/\kB(tk)}) = E(exp {iZ(B(tk) — B(tg-1)) )\j}>

k=1 k=1 j=k

3

>
Il
—

=k

BRI UE AT A B
S () = g ) - Ea( 3 )]
j=k k=1  j=k k=1 j=k+1
= [Zth}\k Z Aj +Ztk)\2]
j=k+1
_ A1, A)D (Al,"',)\n)T
5 )

I (B(t1), - - -, B(tn)) IRMIIE A0 TT Z R DRI ndEIEZS 73 A, 55 BE B2
1 7(«’”1v’”vmn)D71($1=“'>wn)T
H R SR T S AT AID AT R OR

1-1---00 = 0 - 0 0 10--- 00
01 ---00 0 - 0 0 —-11--- 00
2 1

0O ... —1 0 00---10

tn—1—tn—2

00 ---1-1

00 --01 0 .- 0 T 00---—11

0
0
Lxg =0, to = 0, FD~ {_EIRFRIE SN A % L R 515

(zi—2i_1)°
—El ey

p(xla"' ,.T}n;tl,"' atn) =

27T(ti - ti,1
= ¢(ar,ta) [[ dlai — @ioa, ti — tioa). U
i=2

HE19.4 HB() = o, (B(t), -+, B(ter), Bt -+, Bltn)) M RALA
o(T1, T, Thot 1, Tty 1y thg1, o s Enlas )

:p(x17”' 7xk—17a7xl€+17"' ;"En;t17.'. 7tn)/¢(a7tk)
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il o(me, -+ anita, - s tola,t1) = ¢lae —a,ta —t1) [[ 3¢(;cl Ti_1,t; —ti 1),
0@, s nts s tnotlastn) = 28 z;(l’ ~tn-1) H¢ i1t — ).
MERR HI SR AR A 5, FAT A T IEM]
/ dyy -+ /OO P, Yh—15 G Ykt1, S Yns by tn)dyn = @(a,ty).  (6.1.2)
9 L N

Lh.s of (6.1.2) = / ¢(y17t1)dyl/ d(y2 — Y1, ta — t1)dys

o0
X / O(Yk—1 — Ye—2:th—1 — te—2)0(a — Yr—1,th — th—1)dyr—1
— 00

o0 o0
X / A(Yrs1 — @y tpgr — tr)dyps1 - / O(Yn — Yn—1,tn — th—1)dyn
EIE:|

Lh.s of (6.1.2) = / d(y1,t1)dyr - - / A(Yr—2 — Yr—3,tk—2 — tp—3)dyr—2
X / A(Yr—1 — Yr—2,th—1 — th—2)P(@ — Yp—1,tk — tp—1)dyr—1
o) o o)
= / d(y1,t1)dyy - / A(Yr—2 — Yk—3,thi—2 — th—3)P(@ — Yr—2, tk — tp—2)dyp—2
—o0 —o0

= /Oo d(y1,t1)p(a — y1,t, — t1)dy; = r.hs. of (6.1.2),
S AR T AR (6.L1). -
B119.2 76 H 2 NI E AT ZE LS8 LY (¢) 275 24 78 FR100t % 1 L 38 R A PR 43056 P B 1] (LA
FiR). LY ()R 4 2 Mo A IZE), 457 Do B Fse g LL 38, 1) P78 BR R o S 02 11
RS E YN
B IERZBIB() = Y(t) /o AbFHEMMIZE), FRMEN
p=P(B(1/2) > 0|B(1) =1)
HTEB(1) = 14T, B(1/2) ~ N(1/2,1/4), Kt
p=P(N(1/2,1/4) > 0) =P(N(0,1) > —1) = &(1) ~ 0.8413,
Hor @ I hriE IEZS 0 AT BR L 0
FELS TE AN ZUBUE I 260 T, AT W FINZE 8, IEM AR,
#i£19.5 B(s) = z, B(t) = yIf, AEMs <ty <to < -+ <t, <t, (B(t1), -, B(tn)) 2¥MA
A
(:c + ‘z—ﬁ(ti - s)) ,

—s 1<i<n
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W75 =R

P (e

e IEABENL A &
119.3 7E{B(1) = 0, B(3) = u} 5kt T, RFEM{B(2) > u, B(4) > u} KA.
i HASTIIG R, ORISR
P(B(2) > u, B(4) > u|B(3) = u, B(1) = 0)

= P(B(2) > u|B(3) = u, B(1) = 0)P(B(4) > u|B(3) = u, B(2) > u, B(1) = 0)

= P(B(2) > u|B(3) = u, B(1) = 0)P(B(4) > u|B(3) = u).
HHEL 195 FI (R R ELs = 1,6 = 3,8, = 2, 2 = 0, y = u), {B(3) = u, B(1) = 0} %1%
TB(2) ~ N(u/2,1/2). ArLA

P(B(2) > u|B(3) = u, B(1) = 0) = P(N(u/2,1/2) > u)

= P(N(0,1) > u/V2) =1 — ®(u/V?2).
#1219, 485 A IS s AT 8 S T A { B(3) = u}2&FF, B(4) ~ N(u, 1). Kk
P(B(4) > u|B(3) = u) = 1/2.

KRR Hp = (1 — ®(u/V2))/2. O

6.1.3 FuEMmi*

EIE19.6 WM BIZEEIB = {B(t),t > 0}FAE.
(Kolmogrovi& %44 £ 52 32 ) % {X (t),t > 0} A FAELMM AL, H A EANSHK X [a,b] ([a,b]T
R0, 00]) LB & EF S, e FIHEEL L+ h € [a, b]
E(|X(t) — X(t + h)|*) < const - h*T¢,
AR 2{X(t),t € [a,b]} B 42— ANBil 4L 69 15 E.
EFE19.689IERR WHT R 2 % ho? = 1, B(0) = O iz s)), BA1H
E(|B(t + h) — B(t)|*) = 3.

H Kolmogorovi% £44 1E & BE AT F1 4518 BT

EI19.7 FFHATBIEINB — {B(1); ¢ > 0} LT-FrA Bt b b A FT .
SERR R € [0, TG, (R, & B(,w)fEs T, MAEAES € (0,1/2) 585 >
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V#E#4|t — s| < o
[B(t,w) = B(s,w)| <]t — 5.
SRR > 4/6, Xi=[ns]+1<n+1, Xfj=di+1,i+2,i+34MA
[B(j/n,w) = B((j = 1)/n,w)|

< [B(j/n,w) — B(s,w)| + [B((j —1)/n,w) — B(s,w)|

<Ilj/n—s| + 1 —1)/n—s| < 7l/n. (6.1.3)
A AL = {ws MR 1,4 (6.1.3) 8 j =i+ 1,0+ 2,0+ 3,800 j =i — 1,0 — 2,i — 3L
WARBEAR IR, AL BRARE FRHIHG = 1/m, m=2,3,---, I

Oy = {w; f71Es € [0, 1)EFB(-, w)7Es £ i}

< U N U
1>1,m>2n>4dmi<n+1
{HIZ Y — ocofif

P(J 4.0) < (n+1) max P(A]))

. 1<i<n+1
i<n+1
3
< 2(n+ 1) [PB(i/n) - B(( — 1)/n)| < 7U/n)|
Tl/n 1 ) 3
_ —ny*/2
2(n+1) [/_”/n 7\/%6 dy]
< 2(n +1)(141/vV2mn)® — 0.
HIP(Q,) < Jim lim P( Al ) = 0. B L8R iw, B(-, w) A AT O

—ooN—=00  iopg

A W B EIE BB (-, w) AFRATHR it T IEELAB AL AR AN R ) B8 2S48

S LR AR = {B(), ¢ > 0V IhRE A HZ S,

19.1 SHEREO < s < t, RB(s) + B(t) 153 Hi 2% B B 5L
19.2 BHIB(1) = z, MHMERE0 < 51 < 59 < s3 < 54 < 1, UEH
(1) E((B(s4) — B(s3))(B(s2) — B(s1))) = (54 — 83)(s2 — 51) (2 — 1)
(2) E[((B(s4) = B(51))?] = (s4 = 51) + (54 — 51)*(2* — 1)
19.3 1EB19. 271 %5 FIAE — 2L FEREIN 1% Lo kD, 0] L ZE 45 AN FH 455 O =2
19.4 AY(t) = B2(t) — t, R(t) = eBO=C1/2 Jhrhic > 0% EWIREZO < t < s,
E(Y(s)|B(t)) =Y (t) AKE(R(s)|B(t)) = R(t).
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6.2 REREBSHREDH

XAERa € R, 5EX

inf{t > 0; B(t) >a}, a>0;

)

Te = inf{t > 0; B(t) =a} =
inf{t > 0; B(t) <a}, a<0.
Wi7o B IR BEAR S I 2, AR A a ) ¥ IL I

6.2.1 KRETERIE

) A BAE B B ARV RI L 3G e, AR a0 S SR R
513820.1 (S EH) $HEEa € RN > 0,
P(B(t) > a+ 2,7, <t) =P(B(t) <a—x,7, <1). (6.2.1)
S 5 HE 1 B B AR G

. w’f\v\
Hﬂhﬁ“ﬁ%%&ﬁ

EHEENRE RS

X B REA T A% MR RS IR Br K AR BN F (s), A

P(B(t) > a+x,7, <t) =P(B(t) > a+z,7, < t)
t

P(B(t) > a+ x|m, = s)dF(s)

=Y

P(B(t) > a+ z|B(s) = a, B(u) # a,0 < u < s)dF(s) (PUEIESL)

o\o\o\o\

]P(B( ) > a+ z|B(s) = a)dF(s)

= /oogb —a,t—s)dF(s // (y—a,t —s)dF(s) (XHxME)
= ; IP’ (B(t) <a—z|B(s) =a)dF(s) =P(B(t) < a—x,7, < t).
#E1£20.2 XH{Ea € R, P(B(t) > a|r, < t) = 1/2.




6.2.2 WMESEIAFSH

EIE20.3 ILB*(t) = ey, B(u). SHMERz >0,z < z,

P(B*(t) > z,B(t) < z) =P(B(t) > 2z —x) = /200 o(y, t)dy.

Bl (B*(t), B(t)) IS B BN
(z,0) = 8(;5(22 z1) = _ 222 x)e_ (2227)2, r<zz2>0.

Oz V2nt3
MERR HEIEIESE X B(0) = 040, XHMEZ 2 > 0,

{B*(t) > z} = {7 < t}

=>

NI e S St i B (6.2.1) AT 45
P(B*(t) > z,B(t) < z) = P(1, < t,B(t) < 2)

=PBlt)<z—(z—z),7, <t)=P(B({) >z+ (2 —z),7, <1)

=P(B(t) > 2z —x) /

ERWL KT 2, 23R R G R T RSS2 R A (2, ).
120.1 RP(B*(t) > z|B(t) = B*(t)).
R HRERIR AR AT A {B(t) = B*(t) Y244 N B*(t) 1L bR FE s BN
h

g(z) o (Z,Z) N ze 2t . 567 Zi
fooo h(z,z)dz fooo e Edz ¢

ik

#i£20.4 XHMEEz >0,
P(B*(t) > z) = 2P(B(t) > z) = P(|B(t)| > 2),
KL B* () 5| B(t)| 546, B*(t) % & R 5

WERR ATz > 0
P(B*(t) > z) = P(B*(t) > z, B(t) > z) + P(B*(t) > z, B(t) < 2)
= P(B(t) > z) + P(B(t) > z) = 2P(B(t) > 2)
:2/M¥Laﬁﬂwuzpwxmzzy

27t
HEVRAFIE.
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(6.2.2)

O

5120.2 1552 — R S SRR AT AL, FURA D + TN, TTBLZE i 1
N, kR ZE R [ Fb + cToeiR % FEEET I 0 5 K T Bl 4 A B 34 7
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AR EIHEES (¢ > 0).

R MIUETFUE B BER A% S () & — b R AT IZ 3, RIS (t) = b+ B(t). FriEAREE

PRGNS AR FRLERN ZIT 21T, S()HRAMENTb+ ¢, B

Bl = B(s) <c.
" Pl <

#1820, 4 7] 01T SR BEZE
p=1=P(B*(T)>¢c)=1—-P(B(T)| >¢) =1 —2&(—c/VT).
#i£20.5 SHEREz > 0, 7. I EE R 5
z

_ = 7z2/2t
p(t) = e .
® 2mt3

|

HIEP(r, < 00) = 1, E(7,) = .
MERR XMEEz > 0, H1(6.2.2) AT Al

P(r. <t) = P(B*(t) = 2) = 2/ o2 qu = / o~ /2 4y,

V2t JVE V2T
PG T R T8
z 2
t) = e % /2t
p(t) o
1
t z 2/2
P(r, <t)= ———e 7 /%%
( ) 0 V2ms3
(A
> z 2 *© 2 2
P(r, < o0) = —e 7 /Qsds:/ — e " /Pdu=1
( ) /0 V2ms3 0o V2w
T HL
> z 2
E(r,) = e * /%05 = 0.
(72) /0 \V2rs
HEVRAFIIE.

EESHER2 > 0, . 57 A AR (> 7520.5), RIAHEZ 2 € R, 7. K% R

_ |Z| 722/2t
pt) = ome

DR HE 120,58 B 23 8] RAAE R — Rz, AT W2 3l SR AE AT RIS 8] A AT 258 3K — o 1 258

S T K R TS
£§120.3 K119 200 75 3 5 A2 RIS 5 T 2 HOMER.
1R BILBEY (1) 2 07 2 Ro AR BIE S, T B() = Y (1) fo RAREATIIES). 4

B, = min{B(u); 1/2 <u < 1}.
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SAB(1) = 1, Bk MR
p=P(B, 2 0|B(1) = 1).

HEEBIW = — B brdEAn Bz s), Ktk
p=P(W* <0|W(1)=-1),
HAW* = max{W(u); 1/2 <u < 1} iBW (1) = —1 FRIAEMER NP, B AR, I
A
p=P (W* <0)= El(IP’l (W < 0|W(1/2))).
HIHEIR19.47 F0, W (1) = — 156 FW(1/2) ~ N(—1/2,1/4) , Bk
p= /O Py (W* <0|W(1/2) = z)¢p(x + 1/2,1/4)dx.
P -
Py (W* < O|W(1/2) = x) = P(W* <0[W(1/2) = 2, W(1) = —1)
= P(max{U(t),0 <t < 1/2} < —z|U(0) = 0,U(1/2) = -1 — z),
AU (t) = W(t +1/2) — W(1/2) AbsiEAi RIS 3. 3 E ik BR
Py (W* < 0[W(1/2) = z) = P(B*(1/2) < —z|B(1/2) = —1 — ).
¥ 52 #2036 BRI a4 ] —1 — @, 1 /2713 B(1/2) = —1 — o B*(1/2) (13 br /347 % &
A
g(z] =1 —2) = 4(22 + 1 + z)e” =t + 040 5 >
EJl:
Py (W* < 0|W(1/2) = z) = /O_z 422 + 14 z)e @I (142, — 1 _ 4,
pEidli}

0
p= / (1— e4m)Le*2<m+1/2>2dz =2®(1) — 1. O
—o0 /2

6.2.3 FToHiR*

FI20.6 Mo # 0 1R IAFEATIZHIB, (s) = « + B(s)TE[0, | F A H — M E S %
el [t s
p(z) = Nz s e ds.
JERR Seika < 0, FA

e > e > — = " <
pi(x) ]P’(Orgg%(tB(u) +z>0) P(orgf}%(tB(u) > —x)=P(r_; <)
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=P, <t) = el / ~3/26= % ds.
B > 0, M

pe(x) = P( m1r<1tB( u)+x<0)= ]P’(Or<nir<1tB(u) < —x)
= P(max (—B(u)) > z) =P(r. <t)  (FN-BH2bEAiza))
_ T 3205 gs
\/ﬂ/o e d

LR PP DL AT R BT
HE£20.7 B0 < s < t, BEEWE]X[A] (s, ¢) N BADAAE— DT RIS

2 \/E
g = — arccos —.
m t
JERR HHEHE20.6

q = E(p—s(B —2/ d(x, 8)pe—s(x

t—s
:2/ du/ (Z):E,S(ﬁx,ufdac
t—s t—s
_2/ ¢(OS+ d/ oz )dx:l/ L \/gdu.
+u T Jo stulu

Mo aEfito = J/u /s):ﬁ
Q/W 1

2 2 t—s 2 ]
= —arctan(+/(t — s)/s) = — arctan = —arccos/ —.
™ T T t

S

HEIRAFIE.
f120.4 #c > ONFEL, Kp = P(FE{ELy € (1,2)fE13 B(t) = cto| B(3) = 3c).
i LW (t) = tB(1/t), AW () VIR #EAT BIZ 5l SEET
{fiEty € (1,2)ff3B(to) = cto} = {#F1Ety € (1/2, VERW (o) = c}.
BET H14HE 220, 77] A1
p = P(f#1Ety € (1/2, )ERW (to) = c|W(1/3) = ¢)
P({EHEty € (1/6,2/3) 48 (t) = 0) = %arccos \/E —9/3. O

EIE20.8% Lvy = sup{s;0 < s < t, B(s) = B*(t)}, Iav % ERECH

1
v(s) = ——— 0<s<t.

s(t—s)
IERR VEREMERO0 < s < t,

< = .
{ve < s} ={ max B(u) > max B(u)}
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E5)lie

Floe <o) = Ploges, Bl > jmix, BlW)

E(IP’( max B(u) > max B(u)|B*(S)7B(5))>

0<u<s s<u<t

E(P(B*(s) — B(s) > max (B(u) — B(s))|B*(s), B(s))).

s<u<t

FH P A2 7 3 &4 mT 15
P(v, < s) = ]E(P(B*(s) — B(s) > max W(u))),

0<u<t—s

B*(s)—B(s)
= ]E(/ 2¢(u,t — s)du)
0
HAWoRbr AT Wiz sh H 5 B, HE #19.3,
Plv, < s) = /Oodz/oo4¢(z+y,s)z+y
0 0 8

= /oo dz /00 4d(z 4+ u, 8)p(u, t — s)du
0 0
_ /O 4¢(z,t)dz/0 d(u + t_TSz (=934,

t
= /O0 4¢(z,t)dz /OO o(u, 1)du.
0 Z\/%

dy /Oy o(u,t — s)du

PIA R 15
> t— 4
(o) = [ aole oty 00
= /oo S efédz—i1
Jo w3t —s) /st —s)
SE AT m
&R

20.1 3RE(B*(t)|B(t) = z).

20.2 3KP(B(1) < z|B(u) > 0,0 <u < 1).

20.3 B EEA BHIM K LL AR M BENLIEFEY (¢) = PO B(t) NArHEAT Blig 3, CAfER %t =
1,t = 2 EAE 23 il O e, MG BLLE (1, 2) I (A BE P9 B B SRS BRI A s A 26
20.4 IEWIAERZ > 0, 7. 57— [A 7040

20.5 AHMEREN > 0, 3RE(e=27=).

20.6 340 < z — ooftf, IEMAT. — 400, a.s. (IR R ERENTRRLRGE, HEEE > 0,
P(lim 7. > ) = lim P(r. > 1) = 1)

20.7* &, = sup{s < t; B(s) = 0}, iE#

2
Py <z)= - arcsin \/f, z < t.
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6.3 JLAIFBERIEEI 5Black-Scholes/A T,

JUAT A BRI B A2 R B P2 A ks @R v g S vz s, A — AN 44 1O B 2 B E
i F 1 Black-Scholes A e

6.3.1 JL{%BAizEh

EX21.1 #B = {B(t),t > 0} br A BIIZ 3N, pMloft PR L E B HE, FREY (t) =
o B(t) + ptsE XA RENLERE{Y (), ¢ > 0} 9l R BBy MTT 2 N0 (AT WIS 3. AR
R AT Z 5.

AR, X RBCH AT 2 R o AT BRI E T 5

(1) Y(0) =0; (2) {Y(t),t > O}A TR 3 &

(3) Y ()R NISHME Jyput, J7 7 Aot IEZRS 73
EN21.2 Y = {Y(t),t > OPNWIEB K AAZS), BAFBX(E) = ¥ O LB
X = {X(t),t > 0} LI BEEh.

H 5 VA A1 B3 B 1 2T 1 B DA RGBS 0 A MR AT 47, ST Rt > wbl J i By

E(g(X ()X (5),0 < s < u) = E(g(e")[e"®),0 < s < u)
= E(g(e" eV O7Y10)[e" ()0 < 5 < w)

:E( ( Y (u) Y(t) Y(u))|eY(u))
+oo
- _ 204 _
- o= ult =)ot - u)de|
/ g(X (w)e™)p(x — p(t —u), o*(t — u))d, (6.3.1)
FHEMX(s),0 < s <uRmBRuZ BT X (s), Bt
E(X(#)|X(s),0<s<wu) = X(u) /+OO "oz — p(t —u),0?(t — u))da

= X (u)elt=Wuto?/2), (6.3.2)

6.3.2 HIWNEMNIRIE

XM ERER T S, PBTCAAE. FrifpsE —ME Y, Za LT Ra NEXR
— 5 H % H 2 i A 7 S TR DA 5 A4 sk s Hh — Bt 7 BB SIBOE S 2 R
W 1 WIBGE—FRUR. IRUE L 2= R SN NS Fr A N B EA K
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FARIHI X 55 20 WIRUEORR IO, EASERE. BUFFERSERIES, aFmem. BREER.
a7 A TR S R RO IX SRR ) “ATAE” 1, DR RRAT A Gk T H ST AR RS, AR
B, AU E ANA—E AN, BIBGE AT BL “327” (1), BIRUE LA AE B
T SEBE AR 4. DRI, PSUEISIR XU AS— @ REATAR AR Seppac 1, i R Fe 4zt 22 b 24
FCEIAT. 3. BHH . X7 2958 BSPARH R I — KA “2HH 7 | an Rzl X seErE 23
HHAT, TR BRI 0 12 080 nT AZE 303 H a0 51 B 2 5 AT AT i TR T, IR A
FAARL. 4. IBURBAT. W WAL A L0k B8 AR I B2 7= (AT FR O “BhAT . TEHIAL
ELIRLYE R, WIRERE G DA 3E s AR 055 7= (K [ e ks, B “PAT O AR B R
TENTHE” | HZE 2Nk /S AR NG K B A

A WIBLE E I RO, SRR D TE B B A A AP, B A KB IRE L), — &
Tk /& B IAAE B H B E 2 38 (P — K)TRI(K — Pt BARIBOS IS L SN T =2
— A R GHRUR], TR T 3RAG XA BRI & 20 SE N5 5 B 45 T2 07 — e A BRAN
5. B AME I A B AR X ARGE M. I8 2% e M I R AR BN R I TC BRI T A R A
JRUR Fp P

AR 17358 5 i S A SRR 23 FTB E BRI T 3, EOWI S, Ble i LT
A28 5 #ANRE AT T X B R, Bt EStiBERAT AR AEH 17 A PUE. 1%
AREAT, XFER MBS ST BRI 2 WAAE SRR, Boy—Bf
ERHL2, BE RIS BRI M ES 1 R BEER L0, E, TER
AR B 5 G Rl S AT S A, G R S 7E T 37 1 & BN R K 445 7 37 AN A7 T XU
BRI, X AR T AR B 5 f J5 Bl AR Dy B e i

FEXRER N IAFEAET, AT D R v e i 5B 5 B4 57 PR KUK o
A E T2 20 5T B o A 5 8 2 AR T 5 0 R IR P 25 B R Y, B E B UG B
FEI U ARHE R, A TESRATART f G 32 R R AR M. 5 T B B e, FE T AN
FEAEMT BRI AT REPE R 2, RUR B 7= M) 39T UL 3 SR AR IA 27 55 1 JE UKL R 2.t ST AR IIF
Fr AR AR IS T AT A 5 (KB REE SR, A8 X /MATARUE SR IO A 2 5 EAR BB 38 [ KR 25 JBE
TER, T A2 TG ARG R 2R W T 1 45 SR

SECEN 5, JEE R T 3 A0 XU b A 8t i 2 A5 5 SR 221 i T 3 G LU O
ZEA](Q, F, P)XHARART A $5 5% (10 AU B8 7 X (€)1 A2 -

E(X (t 4 s)|F) = X (t)e M=),

Horp iz T TG R 3 (R, F st Xt Z AT BT E A5 B 11— ANEE + sif
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ZIMMEAY (t + s) IRTAUESR, TEC ZIR0 M 4%

Y (t) = E(e Y (t + )| F).
AR SR 3 R A — R B 7 X () A0 —FhJE KU B3 77 (), I8t et Z BT B P A i 45 2wl et
BB IS SRR B

E(X(t+5)|X(u),0 <u<t)=X(t)ert), (6.3.3)
DA RS, B 77 AR I IORT AR UE SR 2t + sIZIT AR AY (¢ + s), AB A TELS ZI 14 A% k2
Y(t) =E(e™ Y (t+ 5)|X (u),0 < u < t). (6.3.4)

6.3.3 Black-Scholes/> T\

N T TR, AR EGE A — AN TOER RS T, i A — R o XS 557, 58
PR F R (BRI ), — PR, A AR T A X = (X, ¢ > 030K, Fl—7Fl
FTAEE R — Lz B SR O B RHIE 27 1 W R TR AL, IR 2 H N T, MU kg N K.

FIRUE L), WIRAE R H N E N (X — K)T. RILE L E R J R R R T,
(6.3.4)FHNZIAMAED < ¢ < TH NS CL

Cy =E(e T (Xr — K)T|X,,0 < s <t).

185 B A i A R X — AN LA AT BRIZ B X (¢) = ¥ ), JLHhY (1) & — MR R 3L

Ny F7 2N A IEE). H1(6.3.1) 0] #3

Cy = e T VE(Xp — K)T|X,,0< s < 1)

400
= ¢ 7T / (ye” — K)"p(w — w(T —t),0*(T — t))dx‘
- y=X(t)

y=X(t)

400
= T / (ye" — K)o — ul(T —1),0*(T — 1))da
In(K/y)
iHLAr

—+o0
/ Yo $(z — p(T — 1), 0%(T — t))dx
In(K/y)

+oo
=yl 0087 [ Gl ()T - 1,07 - )
In(K/y)

+oo
= ye(Tft)(’”"?/Q)/ é(u, 1)du
In(K/y)—(u+o2)(T—t)]/(cvV/T—t)
2

(P00 /2) (1 _ (I)(ln(K/y) —(p+ )T~ t)))

ovT —1t

2
_ ye(T—t)(u+o2/2)q)<(li +0°)(T' —t) —In(K/y) )
oVT —1t
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Fiak
“+o0
[ Koo (T~ 0,041 - )ds
In(K/y)
+oo
=K o(u, 1)du
[In(K/y)~u(T—1)]/ (o5/T—)

_ p(T —t) — In(K/y)

- K(I)( o )
i

_ T —t) —In(K/y)
b(K,y,Tﬂf)— pu ,7T—t )
il 73
Cy = e~ "(T=1) [ye”*t)(“*%)@(m/T T b(K,y, T, t) — KO(b(K, y, T, t))] R
y—
S —J5 18, H1(6.3.2)F1(6.3.3) R Al
E[X (t + )| X (u),0 < u < t] = X (£)e o7 /Ds = X (t)e".
F]lia
r=p+o?/2.
BHANER s E LR, e
Cy=y®(oVT —t+b(K,y,T,t)) — Ke " T D0(b(K,y,T, t))\ . (63.5)

y=X(t)

Hrp
T—t)-In(K/y) ovT -1

oVT —t 2
A F(6.3.5) 5 E 4 B F BRI e 2 20, 0 E 2R RSB R E i A =, 3
TREZE )G A H O HES.

HH(6.3.5) W] 1, B Tk SHRCLE ¢ ZI PR s A8 T I S AE LT 2 A AN A&y, SHAERAT (R I

[HT, BUEM MK, T o R R 2 A E NI S 802, It BARIE e 8, 0 — T ER
). TESEbrifEd, K5 RiEy, T MKHZE DT, HSHoAEEEREN. N TEE02, &

REE LRSI BIZ 3 9 R IR, 37053 AN,
X(t+A) - X(t)

X(t)
i 2L SR SEEAE (1, -+ A 5] P9 (90 38 . BT DM A A 8 e 1] X )

SR AR AT, 5 AN AR SZ IR 18] X 8] 382 AR, WAC i 93 T DA A A2 [R) 20 A1 B o2 9
R IREN R, B AT gE ATz e R s 0 A N (e, — R e
SRISRAG 2T R THEI R RBERGn A KRR S R H 2, - - -, 2. BRI B B K
BRI N ph MTT 2280 R IE RS 204, NTIREARTE R TT 22 002 h B TE R fil it

by, T t) = -

~Y(t+A)=Y(t) ~ pA+o?[B(t+ A) — B(t)].
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B21.1 CRIFEBEEIAN 1007, 3570 KU RIFA E R 28015, FAF 81— 14 5 B
A RR B BRIIRL, $AT AR 120, IR4 O HIBUILLE IR A (TR I AR A% R M
BAiWissh, mHd R 129 A1 A kg% ~0.03, 0.09, —0.06, —0.03, 0.10, 0.02, —0.07, 0.04,
0.03, —0.05, 0.02, 0.0)

fi# TAVeMhito?. 124 H ks Kiﬁzﬁ_fﬁam& S Te R 77 2N

1
111 l(x — )% =0.003

bz, R A 7 IS R, 2808 A E IR %E. Miio? = 12 % 0.003 = 0.036. $5y =
100, K = 120,7 = 1,t = 0,7 = 0.15,0% = 0.0364X\(6.3.5) 1/ 1%,
Co = 1009 (/0.036 + (120, 100, 1,0)) — 120e~ '@ (b(120, 100, 1, 0))

Hrp
b(120,100,1,0) = 0'1\5/%1'2 - @ = —0.26522
[l ik
Co ~ 1009(—0.075) — 103.285®(—0.265) ~ 47 — 40.85 = 6.15.
It CAAZ S AUIAE () BE A0 4% 615 7T, O

I IRV v 5 A S 3R AT T RASS H FLAd SR B AT A IR 27 B AN A . T TR AN AR i
EAERE T PITIE Bl B R I E i s 2K
f21.2 EEERZERNKP(E) = PO, Hrh B(t) AkrUEAT B3, B 20 N BlSaZ B 22T 5
EY), FE: CAEN Zsla AT, T AE s + T 218 54 (s, s+ T B NI SR K
#%%nfiim%ef(zwﬂﬁ’]m%( max P(u) — f)F. B8 TE R E R N1 /2, BEEAE KT
ZIN A& e . 3R PRV o v v i B S d O£
i 2 XU bt e 0 S, B RIZ N A s + T 2 FRUHIVAL 2 7E s IR 42 KU R 2 g 3R, R

d=e"TPE(( max P(u) —ef)¥|P(s) = e®, P(u),0 < u < s).

s<u<T+s
THEA
_ oK\t — ot <
E((sgglga%{ﬂp(u) e )T|P(s) =¢e", P(u),0 <u<s)
=FE B(s)+B(u)=B(s) _ oK\+|B(g) =
((, mas, e )" |B(s) = @)

— z+B(u) _ K\+ _ z+B*(T) _ K\+
B(( ma X)) = E((e eK)t).

B+ B*(T) % R N2 (y, T),
E((e" T8 (1) — )ty = /°° (e — e™)2¢(y, T)dy

(K—a)*




= 2¢” / eYo(y, T)dy — QeK/ oy, T)dy
(K—z)t (K—z)*t

o0 1 2 o0

:21+T/2/ ——e 74 —ZK/ ,1)d
‘ (—eyr—myvT 2T <K7m>+/ﬁ¢(y )

=2[e"T2O(T — (K — 2)")/VT) — " &(—(K — )" /VT)].

Hittd = 2[e”®(T — (K — 2)*)/VT) — K~T20(—(K — 2)* /VT)].

)R

21.1 TETCERE AN PR o J B R 4 3 U B A & i A 2K
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6.4 SEERESRTMAEE

6.4.1 SHEIEIESHEAF

ENXN22.1 %X = {X(t); t € TVEMEFEN(Q,F,P) LRMEEHLIIRE. KX AFEUNERE(R), &
MAEE My, -+ t, €T,
(X(tl)vX(tQ)v e 7X(tn))

R IEZS /3 A (BFE R ), TREIAEfEnZE R By = {1, -+, pn b BA S 26 1E 52 BOE & 40
MDA EEN = (A, -, \)T € R™,

(el Tio1 X)) — exp {i)\Tu . %)\TDA}.
FHUEFT A1 (X (1), X (t2), - -+, X (t,)) BI¥ME I B, W77 ZH B AD.

S AR v s R A PR A A el LI AE (RR B A 22 (R B ME— . BE EE19.2, A7 B
BB A — il R Bl 19.475B(s), BO)% €I T AAIZEI{B(u); s <u <
s S I AR
RIB22.1 X = {X(0); ¢ € THRMNR S ALY E o £ A R B HLAS R 2 P AL 5 A A
—JLIES .

MERR b EAMET: ARECA R ANBENLAEZEX (4), -, X (L) MEAEEN, -, N, € R, k4
A hy AR X (tr) FRFAE BR B
(oS MX (1)) = (s W X00)) = g fjuaTy u;/\TD/\}
AT A X (t) ~ N(ATp, ATDA).
STEE": ATEUX (t1), - -+, X (En) A B, -+, A € R TS0 Mo X () IR IE S 4341,

E(el Siot MX(00)) = exp {iE(Z Mo X (t)) — %Var(z )\kX(tk))}
k=1 k=1

— exp {i;AkE(X(tk)) f% 3 )\k)\jCov(X(tk),X(tj))}

g
— exp {i/\Tu - %/\TD)\}
Hrtp = {E(X (t1), -, E(X(t2)))}, D = (Cov(X (t:), X(t;))), , IEEBFIEE. O
B122.1 W NIRRT S, ST,y € R, A0 < s < ¢, TR € [s, 1], &
W) = W) + (5o = W) + (g = W(1)).
—IR{WY (u); s <u < tPRBAME. (s <up <+ <wp <t Ap,-0 A ER,
y y (v-ww)]

t—u uU— S

SOAWE(t) = D7 e[ W () + (5= (o = W(s) +
k=1 k=1
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_zwuk (3 =y — (30 2=y

HAHHC = zk L 2elems) () T RRIEEAT WS R R R, R BE22. 13K B A AR
R, FEEBIWY(s) =2, W) =y,

M HE A E AT AR < v e [s,t],
Cov (W2 (), (1))

= Cov(W(u) - i:zW(s) ~ =S, W) - E:ZW(S) - tw)
= Cov (W (w), W(v) - i;”W(s) -1t = %

H T e 0 R A PR 4 A1 b FE 35 M B ORI Bl Ty 222 B B0 — 1 o, X B 12 15,4, 7T 4

{W2(u); ue st}
5455854 B(s) = x, B(t) = yfAFMHEEEN{B(u), s < u < t}1HH FIRA BRYE A5, T
TEREI—ARR. TERAE{WY () MR & FRATT I B XA A1 B IS B W B e B4 ¥ 5%
1. O
#iR22.2 A{X(t); t € THERmAERE, WAIER s, < ty, k=1,2,--- ,n,

{X(tk)—X(Sk),kJ: 1,2,"' ,’I’L}

FendEIESFENIAL &
IERR XHEEN, € R k=1,2,-,n, Hamfim 1
Z)\k ZAkX (tk) +Z )X
N QEE*MIBEE zﬁfﬁﬁﬂ%o\mmz 17%[1%& ESZ_L O

WE22.3 PUEELMNEIIEFE{X (1), t > 0}EIMERO < s <t
E(X(s)) = 0 H E(X(s)X(t)) = s,
MAX ={X(t); t > 0} ZhrifiAiHIIE).
MERR R RIS UEAT BRI B i) =N 544 (a), (b)), (c).
(a) XPUBEES: HHAME(X(0)?) = 07 %1X(0) = 0 as.
(b) XHERO < 51 < t1 < 52 < Lo,
E[(X (t2) — X (s2))(X(t1) — X (51))]
= E[X(t2) X (t1)] — E[X (t2) X (s1)] — E[X (s2) X (t1)] + E[X (s2) X (s1)] = 0.
BT (X (t2) — X(s2), X(t1) — X (s1)) N Z4EIESBAE R, WSz, FIEXHMER < 4 <
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ty <--- <ty

X(t1), X (t2) — X(t1), -+, X(tn) — X (tn=1)

(B 7 ZE 0 B S AR, IR (X (t1), X (t2) — X (t1), -, X (tn) — X (t,_1))BHOL.
(c) FHMERO < s < t, HE(X(t) — X(s)) =0,
E[(X(t) - X(s))’] = E[X?(t) + X*(s) = 2X ()X ()] =t — 5
LA X () — X (s) IRMIER A AT HIX () — X (s) ~ N(0,t — s). O
BEA22.4 Yo, n > 1, B FIESHHER. e, D X, A X R IE AR, wiH
E(X)= lim E(), Var(X)= lim Var(X,).
WERR HHTE,, no> 1, R—AIESHENVE R, F1Eu,, o2 MAHMEREN € R

2

E(e*n) = exp{ip, — /\?ai}.

HE, D XATEIP(|X| < o0) = 1ifj HE(eén) — E(e*€) := W(\). FEik
B =57 5 [BO), i — S0 — b ()

EER0) = 1HHYN)IELWTHAATES > OfEREREN € (=4,0), [¥(\)| > 0. XK
BHn — oo B, o2 IRAEBAIR, idfEo? HaE

(M6 ) = exp{— -2} - expl- 0%},
RIE, — pn -5 N(0,02). i inf o, = a, Timsup un, = b, B4 g, 5 X4

X —a<N0,0?) ’ oo—b: N(0,0?)
Hlitba = b < co. pun MBRWAELE, ie/Ep. MTTX ~ N(u, o) AIESHHLA 5. O
HH A 22,475 ) 13 3 LR HER, UEBE L B D58 .

HEIL22.58{X(t); t € TYREMITRE, tF e T, (k=1,2,-- ,m,l =1,2,---). FXHEf[H
SEME, X ()RR TY (k) AA{X(t); t € TYU{Yi; k=1,2,--- mMWit@mii &, M

H.Cov(Yi, Ya) = lim Cov(X(t}), X(1})):

6.4.2 SHEAZENAEXEERD

PER RIS, AV HPI SRR T 54 B s KB

BB RATHIE), EHB< VRS, LB AHRBEL, RIB [} Blu)du BHE L
— BB AR f) B(u)dus ¢ > 0} HBH i BIER.
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BB f (¢) 2 R A E L —Fr FEURAEREN LR £, SR < a < b, BEH)
b n
[ Bware = [ Bus@a=pm > B - o),

i=1
s=max{t;—t;_1}

BABEN Hfa=ty <ty < <t, =bANla, b]E"JE*/\%J TEE LU IR A
AR TE A BALAS B, DRt ol i 022,400 0 [ B(u)d f (u) MRMIEZS 404G, i — 35 6225

B
t
{ [ Basw =}

R, HE R RMERS, t > a

E(/:B(u)df(u)) =/OtJE(B(u))df(u)= :
Cov(/at (u)df (u), / / / (u)df(v)
:// (s A )df(s)df (u)

R AT AT, 4B bR AT W SN, B AT B SN [ B(u)duf1E N0, T 2 (%
H0)H

R(s,t) = /OS /Ot(u/\v)dudv = /OS /Os(u/\v)dudv+/os /:(u/\v)dudv
3

. 52 9 t S
—§+ p  ~olpgh o=t
IR AL, T L) B(u)du ~ N(0,%/3).
it A B3 338 AT A 573 A — R S0 Gy, X BLERATT AT B0 21 f () 2 B 18— S 3
(A BEAL R B T (6 T 3 — I TR B S [4]), SHMERO0 < a < b, 58 XX [l [a, b] L FEHLEA

7

/f JAB(s) =lim > f(tia)[Blt) — Blti )] (6.4.1)

i=1
S=max{t;—t; 1}

Hrta =ty <t < - <t, =bNa,bFE—0E] FEEF

Z B(ti—1)[B(t;) — B(ti—1)] = f(b)B(b) — ¢(a)B(a) — Z B(t;)(f(t:) — f(ti-1))

=1 3
e

b
/f JAB(s) = (1) B(E) ~ 6(a)Bla) — [ Bls)AT(o).

S T ATRRZ NP B4 AR AR, Hh(6.4.1) A1, 246(6) A FEBEHLER O, 4 i e
(R34 AR IE S BENLAS B, DRI 7 f(s)AB(s) AR EASBENLAS . 33— thi#fE 22,538 AT 4

BENLIS R
{/a f(w)dB(u); t > a}
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o BT L. MBI AR AT R B, KRR < s < BR[O, (I EI0 = tg < ¢ <

<ty =8< - n==1

/ F()dB(u —hme 1) —E[B(ti 1))

_%%E(Zf i-1) zm:f B<ti—1)])

1=

—

= lim B( Z Ptia)[B(t) = B(ti-1)]?), A EEEE T R

*}%Zﬂ i-1) ti—l)/:fQ(U)dU
f5122.2 iﬁB%ﬁ‘/&ﬁ‘ﬁEﬂiiﬂ R H [ udB(u)fEB(1) = 151 F 14040
R T B(1) = 1M M i sh 2 m g 72, fH(6.4.1) w4, lH:HTfO udB(u) 12 IEABEL
ik, fAEIR19.400 K 21 19.2, 7 bIE A TH R R R A0

E(/OludB(u)B(l) —1) = /01 wdE(B(u)|B(1) = 1) = /01 udu = %
E[(/OludB ) ‘B - }:lgitilE([B(ti)—B(ti,l)]Q‘B(l):1)
_}mZtZ Lt —tiq) /1t2dt:1/3.
—0 0

B(fy udBw)|B(1) = 1) ~ N(1/2,1/3). .
EVE IR AEBHLBU RIER [ o(0)AB(8)h, BARAIEA T \fﬁmdB(t) 3R
& B(t) Sy, BN B E BE19. 7R R BHE 5 BA2 A AEAN AT . 8 R BATFRAB(t) N E
I 7 (KA B ()G AE B(t)dt, TR B(t) A M),

&)

22.1 }B = {B(t),t > 0} WbRAEA WIS, RIEY = [ B(s)dsHI 1545 B(1) = =, 7L
AT R HHEY 5

22.2 ¥ BRGMEAM BIZE), WK [ udB(u)TEB(1) = a1 FI0AE.

22.3% IERAHER22.5.




B (Martingale) X 20K B W 19 SR BIF 7C, JLM AR AL ORI 7w R4S, B
HLévyADoob & NI HGI ARG, H AT RO FERENL K — DA ) TR, A%
e 15 4t A 4 S RS TR R B A B

7.1 #B}5ER

7.1.1  #AYE X R =)

EX23.1 WX = {Xin > 0}, ¥V = {Vin > OPEFABHLIE, FREHLLRY % TY £
B(F 8, B8, B3 >0,
(1) E(|Xn|) < oo,
(2) X, X0, Yo, -, Y KR
(3) E(Xpg1|X0, Y0, -, Yy) = Xn(> X, < X,),
SE23.1 X T Y RB, 4RO IR, 5 b 4R (2) AR
WSE X EE, FHE(T, ) BRI X, Yo, -, Yo 2 EE T, X B2 15 0128 15 X, A
(X K, BX, ). B R, P44 ZnF R N ILAE, Xo, Yo, -, Yy ELRAHIBLLE 15
B, AR, bR e S ARBLLE (S B0 4 0 R T Ak S UAEAR R (B8 T-BILLE, %5 T-BUAE).
Y = XS L F YA E IR, AR FERR X050 > 0} 98 (R, L),
TEA(F, b)) BRI, BLPE RS A ) R 5 .
1231 5 S b S 5 KA R, B AEVIIE I A Aa, LLX,FR I GE R i ek i i 2
1, Yo Rm RV E B, YR WA R BT A A3 T A 15 8, 450 = a,
Sp = S1 + Xy = a+ S0, X, IAS, T 55 & e A B A
(1) ZXHEEn > 0, E(X,11]S0, Yo, -+, Y,) =0, A4
E(Sn+1150, Y0, -+ ,Y,) = E(S, + Xn41150, Y0, -+, Ya)
= E(Su|S0, Yo, + . Y) + E(X041[S0, Yo, -, Ya) = Sa,

189
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BIS = {S,,n > 0}KTY = {V,,n > 1}JE 4L
(2) EHSHEENR >0, BE(X,,41]S0, Yo, -+, Yy,) > 0, 4
E(S, 11180, Y0, -, Yn) = E(Sp 4+ Xpni1|S0, Yo, -+, Yy)
= E(Sn|S0, Yo, -, Yn) + E(Xp11|S0, Yo, -, Yn) > Sy,
HISKTY /& Tk,
(3) HXIHEEN >0, E(X,41/S0, Yo, -+, Yy) <0, A4
E(Sp111S0, Yo, -+, Yn) = E(Sp + Xpi1[S0, Yo, -+ , Yy)
= E(Sn|S0, Yo, -+, Yn) + E(X0n11|S0, Yo, - -, Yn) < S,
BISIRTY 2 bk, O
BT, ERE TR h SO RN W Jo) (1 B ) 2 AP I 5 SA R, AR (8 — AL
SR, BN R TR, REOE R T E. AL A UG, BT EARS, AR
AR BA5E 42 IR I 3 5 R AR Ak, 7R 58 SCrh 51 kM5 B IR Y 767G SER g R AR A A0 22
fry.
TR, B ORR)TEREHUL R Ty L SR .
f123.2 WY = {Y,;n > 02IRE DS B 575 KB, HREMAEREP = (p; ;). MS EER
H ARG, 20(0) £ 3 e piig(d), i € S, FEX

n—1

Xo=9(Yo), Xn=g(Ya) = [6(V2) —g(¥i)], n=>1.
k=0

B AP 5 5 I, SRR > 1

E(Xn11]Y0, -+, Yn) = E(g(Yng1)[Yn) — Z[¢(Yk) —9(Y)]
k=0

= 3 piagliy, — STI60R) — g(Vi)] = 6(Va) — SI6(Ye) — (Vo)
jeSs k=0 k=0
— (%) — S60) - (Vi) = X
k=0
BETIX = (Xosn > 0)ETFY N 455, BAHER € S, 6() = (>, gli), BAX —
{9(Yn);n > O} (R ik, k). .

5123.3 B X = {X,;;n > 1 AL RS ATFENL AL &
(1) BE(X,) = s, 250 =0, Sp = 32 X, — np, WS = {Sp,n > 0} T X Sk,
k=1
(2) HAEN € RIEFO(N) = E(eM) < 00, &

AT X, ‘
Y, =[p(N)] e ==, n>0, (HEY, =1)




WY, > 0} k. 8551, 9(0) = 1, W exp{h 35 XiJim > 0}
(8) ¥ fo. i PRI R, 4
L. :ﬁfux; n>0, (EL = 1)
BB b LA A LR KON o ML, B (Lo, > 0}
g (1) XHMEEn >0

E(Sn+1‘S07Xla e 7Xn) = E(Sn + Xn+1 - /L|50,X1, T 7Xn)

= Sy + E(Xpp1 — pS0, X1, X)) = S

FTLA{ S, n > 0} Jik.

(2)%HEEn >0

E(Ynt1[Yo, X1, Xn) = E(Yag™ (N1 [Yg, Xy, -+, Xy)
= Yo L (VE(eM ) = Y,

LAY, n > 0} N#k.

(3)FE X, FIME A0 A1 55 L e BN fo AR AT IR, SHERn > 0

E(Ln 11 Lo, X1, -, Xp) = E(Ln N Xont) ‘LO,Xl, LX)

m
= Ln/ fl(gg)dx =
AL L, 1 > 0} 9k, -
1234 (1) BN ()R HRFE NARTERARE, XHE A SUBR R (¢, }, &
M, = N(t,) — Mn.
0 1 4 A BT 5

E(Mn+1|M0, e 7Mn) = Mn + ]E(MnJrl - MnlMOa e 7Mn)

- Ln]E(

= My +E(N(tn+1) = N(tn) = Atns1 — tn)[N(to), - N(tn))
= My, + E(N(tpi1) — N(tn) — Mtnsr — tn)) = M,.
RN (t,) — My > 0} Sk,

(2)WB(t) & Z NI BIZES), MMERBO<tg <ty < - <t, <---,
/\J tn

S

M, = exp{ AB(t
R FIRE R 25 A B8 B BV o e ST 1 e 1 5 A

E(Mpi1|Mo, - -+, My)

Ao (tpi1 —tn)

= MnE(exp {)\(B(tn+1) — B(ty)) — 9

}|Blto), -+, B(t))

191
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— )\02(tn+1 — tn) }) = M.
2 "

L exp {AB(t,) — 22t bin > 0} AL 0

= M,E(exp{A\(B(tn+1) — B(tn))

7.1.2 AR EMR

FE 5 SL23 LT RIS R 55 B IR AR A R, X = (X > 0} L LS X
X EL A X BER LWL TR,
MER23.1 FREHLAEX = {Xoin > 0, Y = (Yain > 0} T {Zuin > O LR,
n

(1) B(X,), B(Y,) A3 (Fe) 205

(2) AMERIEH IS, 8, {aX, + BY,;n > O} BB,

(3) {Xo A Yo > 0} R EB{X, v Yoin > 0} T W),
SRR WA OB, FUE(3), Sl BARRL XHERn > 0

E(Xni1 AYnq1lZo,- -+, Zn) S E(YnialZo,- - Zn) < Yo,

T H
E(XnJrl A Yn+1|Z07 T 7Zn) < E(Xn+1|207 o 7Zn) < Xn.
EJii
E(Xni1 A Yni1|Zos- - s Zn) < min{Xn, Yn} = Xn A Y.
FFA{ X, A Yoy, m > 0} 1732 18k N

5|3823.2(Jessen NER) W (z) RREMEE, X NEEHLA &,

E(|X]) < oo H E(J¢(X)]) < oo,
Wap(E(X)) < E@(X)). #t—2, AL EFI{Y,, n > 0}, W{ESEn >0

P(E(X[Yo, -+, Yn)) <E@(X)[Y0, -+, Yn).
MERR FUIEfE — AL TR s, B o i FR W s i) e S R AR AE HOGHAE
Br,y € R
P(y) —P(x) > Py (2)(y — @),

Horp! (y) Ry A 38 Btk

() = p(E(X]Yo, -+, Yn)) 2 ¥} (B(X Yo, -+, Ya))(X — E(X|Yp, -+, V7).
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PR T Yy, -, Y, R A
E(¥(z) — Y(E(X|Yo, -+, Yy))[Yo, -+, Y)
> P (B(X[Yp, -, Vo)) E(X — E(X[Yp, -, Vo) [Yo, -+, Ya)
> ! (E(X|Yo, -+, Vo) [E(X|Yo, -+, Yy) — E(X[Y, -, Y,)] = 0.
BIEE (4(2)[ Yo, -+, Ye) = Y(E(X[Yo, -+, Yy)). O
EREBFEEr > La", x> O™ R EL, HJessen A5 AT fholder A 45 30
E(1X|") > [E(X])" B E(X]) < [E(X[")]V"
M BR23.3 W{X, K TH{Y, P8, () AR EEFER) MK HE(Y(X,)]) < oo X
Hn > 0# AL, HA{Y(X,),n > 0} T L.
IERR HJessen NS5, XMHMERNR > 0
E(¢(Xnt1)[Y0, -, Yo) 2 Y(E(Xnt1|Yo, -, V) = (X)) (= ¢(Xn)).
R (X)), n > 0} F k. O
HIPE B 23 3BRATA A M35 Rk, 5 {X;n > 08, NN HBENLAS &5 514 2 X
HA#R, 4
{IXalin >0}, {e*n >0}, {~In(X,),n >0}

HAE TR, 1724 > 1| X[ > O} L Tk,
WR23.4 Y = {Yusn > 0JRTX = {Xun > OJR F#, B HFE A KTXH
B{Mo;n > 0313

Y, = M, + N,

ﬁ\:EF'{Nn, n > O}%¥4\$1EZ:B%B@EJEHU?§U, Ny = OE.Nn EEY07X0, s ,Xn_ljiﬁéé{i\%.
MERR SHEEn > 1, &

Ny = nil[E(YkHWo»Xo, o X)) = Yl
O 5 T B ST RN, Y0, Ko X UL, THEL{ N, > 11—
ABERIBENLF S B4 M, =Y, — N, 24

E(M,,41|Y0, Xo, -+, Xp)

= ]E(Yn—‘rl‘YO; X07 e 7Xn) - [E(Yk’-‘rl‘}/o) X07 e 7X]€) - Yk}

n—1
- Yn - Z[]E(Yk+l|yb7X0> T an> - Yk?] = M’ﬂ
k=0

H SR R M, D9 B T 25 18 T O
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— R, FRATTIRN,, X FAE Bn P i (A B8 Hn P ARTE B (Yo, Xo, - -+, X1 ) ME—THIE 1)
BEALILFE N AR (Predictable) 8% Al 28 ¥ () (Admissible).
5123.5 — AN BE 20— B0 B0 61 (0 T8, DLX 380 SR 122 06 B (%0 e A1 0L, A T A
MX, =1, {HMX, = —1. R —mMEAE R AT, 1 HP(X, =1) < 1/2. HHiERERE
7 R 1 SR (RO R AL, S5 T R AR A AT — R Wi LR AE AT — R, A5
P PAT XA B SR ) SEIA R ? (LE X = 1)
R LLH, RoREnR B s, BARH, AT REIUE A {1,2, -, 2"~ i AXHMERE < n — 1,

{(Hy=2"} ={Xp_p1=1,Xpp=—1,-, X1 =—1}
R H, X0, X1, -, Xy IEREL, BIAEAE R B9, < 27815
H, = ¢n(Xo, X1, , Xn_1).

B Hn)5, ZWHE RIS

M, = inXk.
k=1

Mo =0, HIEEA
E(Mn|MOaXO’ e ,Xn—l) = ZE(H]CX]C|M07X0’ T ,Xn—l)

n

k=1
n—1 —
—ZHka+H E(Xn|Mo, X0, -+, Xn-1) Z
B M, X T X, ﬁiﬁﬂ% ITTTE (M) 9 AR 751 33 2 1 3 48 35 R SR, O

7.1.3 EREREEGREMR

TESE R AT, JATTSA T B BB AR 45 B s S, FRATTRR AR S 50U 1 Bt AL
A (A LB 4-o0) TR BENLIE FEX = { X, }n>o 5B (Stopping time), #5 %HF & 3E 51 5 £,
BENLEA{T = n} AT LB X, - -+, X, %R, RNV &1 o,y FTRRX, -+, X, [
BT RAEAEE ERX B, ATWERT NEn. BHE, (8 SO AR 2Rt
SRR T = n}RERAEH X, - -, X, 1S B R AT I, AR 5202 5 XAE 0.
15123.6 £ THEBIAT—E RAFES, B FA{T = n}8iFH AT ReFAOEE N B IRF
Q.
B123.7 WX = {Xn;n > OPEAIRE 0 NSHIN 55D [KHE, WATE € S, 7, = inf{n >
1; X, = i} NER. HSE L Fin =0, {r; =0} =0; #in > 0,

{ri=n}={Xp#ik=1- ,n—1X, =i}
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f5123.8 BN ()72 LAW;, i > LSRRI [ F7 I SRS AR, T, 88 n I H R A a4
XHERE > 0, NO)KTT = {Tp;n > 0} NRAFHAAN(E) + 1R TT 2FhF. FHSL b ST
En >0, H

(N(t)=n} ={T, <t,Tpp1 >t}, {N@t)+1=n}={T, >t Ty <t}
AT, FIBE{N () = )75 B A 6 38 R T En S 2 BT RS B B T n 2 5 15 2,
MAWFEE{N () + 1 =n}RERE, WA TFEMETER X ZHIHEE.
MBR23.6 7S, TR—RXTX = {X,;n > 0}ER ILAS +T,S AT, S v THSZ{FHT.
WERR H1T-S, T3 NAFI, XHMERE > 0, FFAE Dk, Y5 115

Lis=ky = ok(Xos -+, Xi),  lir=iy = Yu(Xo, - Xi).
MEER >0, H{S +T =n} =Ur_,{S =k, T =n— Kk} %1
Lisir=ny = anl{S:lc}l{T:n—k} Z¢k Xoy s X))ok (Xos o, Xn—k)-

HES + THPE. KDL,

(SAT=n}=({S=ntu{T =)\ ({S=nT<n}U{S<nT=n}),

Al 1
Lisar=n} = n(Xo, + Xn) + n(Xo, -+, Xp)
- qun(Xo,--- , Xn)k(Xo, -+, Xk)
—quk Xo,++, Xp)¥n(Xo, -+, Xn)
32 Xo, -+, X, 0 B 5K, FILS A TR, FIEATAES v TR, i 1 O
7. O

EFE23.7(Wald®% ) WX = {X,;n > LPNMSL R A FENIE R T, E(|Xq]) < oo, TR
F X NER HR(T) < oo. HA4

ZX E(T). (7.1.1)
JEBR AMEEE > 1, T THRER, 7 Twal{T Ky = Or(X1, o, Xg).

E(;Xo = ZE(ZX:Xi]-{T—k}) iiE<Xil{T:k})

=1 k=1

_ZE(X XZgi)le, X )

M S H ﬁﬂ%f@?"ﬂ%‘&e %l {Xn,n > 1}E§E¢I_J§Hﬁﬂ’l

E(;Xk) - Z}E(]E(Xi _Xi;%(xl,... X[ X0, ,XH))
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- ZE(XAXI’... ,Xi—l)(l —E(z_:m(xh... ,Xk))>
i=1 k=1

e’} i—

=E(X1) > (1 -EQ _ 1ir_iy) = E(X1) Y BT > ).
k=1

i=1 i=1

EREY. P(T > i) = E(T), (7.1.1)80. O

231

231 BY = {V,,n > 0PRSS ENF L REE, 42X, = 9(Yn) = fyjo, FoH fijo
ARY Wi R IR ) P 02k (11 31) A5 e R A o MORRSR. BRIEX G TY 2 i
23.2 W X1, Xo, - - - AL 5 A7 BEALAL &3 2
P(X;=1)=p,P(X =-1)=qg=1—p.
SHERN >0 2Y, = 1)K
s, n
Y, = (%) | o snzlglxb n> 1.
EBI{Y,, n > 0} 6 F X AL,
23.3 WX, Xy, - - - ABSLRDABENAZ R, B(X,) =0, B(X2) = . H{E&En >0, Y, =0,
Y, = (ixkﬁ —na® n>1.
TS (Yo n > 0} 6T X . -
23.4 %X = {X,,n > 0P WE—BENLIEAE, 7 = min{n > 0; X,, = aBkb}, n = inf{n > 0; X,, <
a}. AEMT, n#l 1R,
23.5 F|H Jessen N5 :E B Lyapunov AN & SHMEEFEILIEEX, 70 < s < t, N
(B(IX ") < (B(X[")M".
23.6% 5 M T8 UE B () & DX 1) (a, b) P 1™ 56 48, U B0 B0 7E (@, b) N 7 A 5 UK A7 (2 BT
®az,y € (a,b)

U(y) — (@) =2 ¥ (2)(y — @),
Horp! (y) Ry A 32
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7.2 #HHIERERE

7.2.1 BRERTEE

513824.1 %{X,;n > 0} 2B (BB, TR —MEN, BAXHMERO <k <n
E(XnLiropy) = (S)E(Xk1{r=ry)-
MERR H SR AR S R
E(X,1i7_py) = E(E(X01 1y | Xo, Yo, -+ , Vi)
= E(Lr=r}E(Xn[X0, Y0, -+, Y2)) = (S)E(Xp1{r=p})-
5 BAIE. O
5IFE24.2 W{X,;n > O 2B (L8, TR —DHFUFH, 0 <n <T <m, B4
E(X1|Xo,Y0, - ,Yn) = () X,.
MERR ERRIX, 2 X0, Ve, -, Y, IRREL, B ECH AR 1,
E(Xr|Xo,Y0, - ,Yn) = E(E(X7| X0, Y0, , Yim—1)|X0, Y0, -, Yn)

= B E(Xplir—py| X0, Y0, -+, Ym-1)|X0, Yo, -+, ¥n)

k=n

m—1

= E(Z Xk]-{Tzk}|X07 Yo, - >Yn)
k=n

+]E(E(Xm1{T:m}|X07 YO» T 7Ym71)|X07 YO» te aYn)

Tir—my =1—1ir<m1y

KeYo, -, Yot FIBREL. 25 AR AT DA (L) 3t o vl
E(E(Xmlir=m}|Xo, Yo, -+, Ym_1)|Xo, Yo, -, Yn)
= E(L e} E(Xon | X0, Yo, -+ Y1)| X0, Yo, -+, ¥i)
= (DE(Xm-11{r=m}[Xo, Y0, -+, Y2).
EJi:e 1
E(X7|Xo,Yo, - ,Ys) = (S)E(i Xplir—iy|Xo, Yo, -+, Yn)

k=n

AE(Xm—11{r=m} X0, Yo, -, V)
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= E(X7a@m-1)[Xo0, Yo, -+, Ya).
FE LR T A (m — 1)BEER T L) B AR 17
E(Xr[Xo, Yo, -, Yn) = (S)E(X7pn|Xo, Yo, -+, V0) = X,
5] #24. 2454 O
EIR24.3(F U EH) B{Xnin > 0P ()8, 58, TAWH FUFINES < T as. B4
E(Xr) = (S)E(X5s).
MERR AWIBES, T < m, t5]324.2,

m

E(X7) = Y E(Xrl{s—ny) = > E(Xrvnl{s—n})

n=0 n=0
m

= > EEX7ynl{s—n}Yo, -+, Yn))

n=0
= Z E(l{S:n}E(XT\/n|Y07 U 7Yn))
n=0
~ (9> B sn) X) = E(Xs).
n=0
TR =

7.2.2 —RRIEFEE

513824.4 WHEHIEEWIHLE(|W]) < co, HTHAMRFH, BIP(T < o) = 1. M4
lim EWlgrs,y) =0 B lim EWlire,) = E(W).
IERR H IR IS, 2 — ool
BIWD = E(W[Lren) = 3 E(WILiro) > 3 E(WILiry).
HTP(T < co0) = 1, H5IHE3. 137 %1 - e

E(|W|1{T2n+1}) = Z E(|W|1{T:k}) — 0.
k=n+1

M
0 <[E(W) —EW1lir<n))| < [EWlirsniy)| S E(W[lir>ni1y) — 0.

U155 B4 it O
EIE24.5 W{X,;n > 0 EL TR—AA RS A
E(sup | X1an|) < o0,
n>0

W AE(X7) = E(Xo).
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'IIEHH /Q\W = sup |XT/\n‘- EE{]P(T < OO) =1,

n>0

X = ZXkl{Tzk} = ZXT/\k]-{Tzk}~

M| X | < W. FEE(|X7r]) < ’IE:((I)/V) < o0. LE[:EﬂLkETH()%[IElSA
IE(X7An) — E(X7)| S E([X7An — X7|1i75ny) < 2E(W1ips,y) — 0.
PTUE(X7) = lim E(X7h,) = E(Xo), FA B — 455 dify S e Hal 43, O
Hi£24.6 W {X,;n > 0PN, TR—NMERISE, HET) < co BAFTEK < coffif?
E(|Xn+1 — Xn|[Xo, Yo, -+, Yn) < K,
TAE(X7) = E(Xo).
WEBR 270 = | Xo|, Zn = | X0y — X 1|, W =Zo+ -+ + Zp. MW > | Xp|H
EW) =3 E(Zklir—n)) = > _E(Zilirs1}).
FEBIL opy — 1 — Lra o WVoe  YoosBORREC, th A PERE
E(Zklir>ry) = E(1ir>p E(Zk]| Xo, Yo, -+, Y1)

= E(1r>i E(| Xy — Xp—1]|Xo, Yo, -+, Yio1)) < KP(T > k)

M
E(W) <> KP(T >k) < K(1+E(T)) < .
k=0
RN X pn| < WHE—VInlior, He23.5 o] HL5 18 T, O

EIE24.7 W{X,;n > 0P, TR -NHRER, HE(|Xr|) < coH
Jim E(Xn1(rzny) =0,
WAE(X 1) = E(Xo).
JERR VR
E(X7) = E(X71{r<n)) + E(X7L{r50}) = E(Xranlir<n)) + E(X7L{750))

= E(X7ran) — E(X7ranl{r>ny) + E(Xrlir>ny)

A im B(Xranl(rsny) = 0K GRS ARIAN lim E(X71(rs,y) = 0. KL
E(X7) = lim E(X7an) = E(Xo),

Horbfg J5 55 th SHE I & BT 453 O
EIE24.8 B{X,;n > 0PN BB TSR, HAEBEHIAAEWHBE(W]) < co HXHE
Bn >0, Xpan > —W BOL, IAE(X) > E(X7).
WERA AR BUE — M EEEN, A XN = X, AN, IBA{XN,n > 0} 2 L8, Wit df S
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R
E(Xy') > E(XTh,)-

B ARG AT XN, < NV W < W]+ N. BENT A BREFIT,

XN = lim XN .. as.
MITXN| < N+ [W|. 240 — ooltf, 15| #H18.4,

E[X7nn = X7 | SE(XPrn — X7 [Lrsny) < 2E((N + W)lizsny) = 0.
L lim B(X7,,) = E(X7). HIEa
E(Xo) > E(Xg') > E(X7).

PKUNE (XA ) B N FF 1 i S 8 484

E(Xo) > A}i_r>nOOIE(X§V ).
SOl M Xy = lim X, REEPFREATRI X7 > —W. BTEA

E(X7rlix,<0y) > E(-W) > —cc.
M
E(X7) = E(X71{x,<0y) + E(X71{x750})

= E(X71{x,<0}) + Z]E(XTl{k—1<XT§k})
k=1

N
< E(Xrlixp<op) + Jim (ZE(XTl{k—1<XTSk}) + NE(l{XT>N}))
k=1
- 20
25 L FTIARE(Xy) > E(X7). O
#iL24.9 #{ X, P NAES B TONERIER, IBAE(Xy) > E(X7).

7.2.3 (EEEERN A

N HEATE JUA RS i #E  1]1
f5124.1 ¥a < b NIEEHL, S, /2 ML E ot R (p, ) BEHLIFSN, & X
70 = inf{n > 0,8, =0} 7 = inf{n > 0,5, =b} L& T =75 A 7.
KE(T), E(S7)LLKP (T, < 10),
R LIX = {X;,i > O}FRBENIES) P AR B IB K, T84 X, 057 R 4 A1 L
P(X;=1)=p, P(X;=-1)=gq.

B U RITSE TS, it . SHERk > b, Bk = mb+ r¥ihm > 1, r = 0,1, b — 1,
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YHEM{T = k}RAER, 1k Z AT RABII0 22 FliFEah 77 17 X, AN 56 45 AH [F] (753 0 5t 52 1 31
Ui T0 80b). ¥k atib b H G
(1,2, b}, {b+1,---,2b}, - {(m — )b+ 1,--- ,mb}, {mb+1,--- ,mb+r}.
B X IR [R] 0 A A AT ENP(T = k) < (1 — p® — ¢®)™, M\
i 1 (mb + r)P(T = mb +r)

m
o 2

< (m+1)b* = b—b < 0.
:0 p
LY, = Sy —n(p—q), BA{Yain > 03K T{S,} Ak
E(|[Yn41 = YallSo, -+, 8n) = E([Xnt1 — (0= @)l S0, ,8n) <1+ (p—q)

DL R HER24.6 7] 15
E(Yr) = E(Yp),

il
E(Sr) =a+ (p — q)E(T). (7.2.1)
IEAh, Hp £ gitf, %
g\
M, = ()"
()

Jr\“J{an > O}Hj%@{, T BHXHME =R >0, Mpan, < (1 Vi %)b, E‘ﬂf'EfEQZL.&

E(Mr) = E(Mo) = (%)a

&l
P(Sy = 0) (%)b]P’(ST —b) = (%) (7.2.2)
HP(Sr = 0) =1 - P(Sr = )IN(T 223
P(Sr = 1) = — (’q’)b P(ry < 70)
=)
NI

K HARN(7.2.1)75
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Yp =g =1/20F, H(7.2.1)W4IE(Sr) = a. &
M, =S5% —n.

W{ M, n > OHERHE. XHMEEn > 0, E(|Mr]) <V +E(T) < oo H

im E(|M|Lgrzny) < lim E((0° + T)1irz0y) = 0.
A e FH24.7,

E(Mr) = B(Mo) = a*. (7.2.3)

H(7.2.1), (7.2.3) 1T 13

P(Sy =bb=a LK P(Sy=>bb*>—E(T)=ad>
H A

P(Sy =b) = - =P(r, < 79), AKX E(T) = a(b— a). O

o
fil24.2 %X, i > 1%@1@%%8@Biﬁ*ft%‘i%ﬁ&}}\ﬁ%%%%ﬁjv(u,02), So =250, 8, =
T4 S Xp, AA = (f7{En > 0f73S, < 0}, f5iHB(A) M LR
LG /;jl: inf{n > 0;S, <0}, WATAENHA={r <oo}. HX; ~ N(u,o)4Hl
E(e i) = o t¥*o?/2,

WA = 2u/0 £ 0, 12332 ATRIW, = exp{—0S,} k. H1H FEFNEH, REMn > 1

e = E(Wo) = EWran) = E(Wr1ir<n)) + E(Wrl(rony) > B(r < ).
A — cofFP(A) < e = g=2na/0” .
B124.3 W2, B8 S ETF A K B KR, Y,y R S I AR (V400 62
R, bR K BRI R EZS, IR Z i1 = (Zn + Yoya) T A b, BlaFomK B B R e
%, AT = min{n, Z, < a}, WRE(T)IF Rk, HRRIMEEZo = 2 € (a,b) A&

E(Ynt1]Z0, Y1, -+, Yy) <m, E(exp{-AYni1}|Zo, V1, -, Yy,) < L.

i MMEEz >0 %

1l gl —e
9(z) = — (X — (=~ 0))

g(z)v0, 0<z<

b,
UL f(z) = G0 < z < oot f(2) > g(2). (I TFEL)

zu
10
o
2 -
10
o
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MHAEER >0, f(Zni1) = f(Zn + YViy1). BB BSEEM, SHEER >0, Ha < Z, <
b,
E(f(Zn—H”ZOa Yla e 7Yn) = E(f(Zn + Yn+1)|ZOa Y17 e aYn)

Z E(Q(Zn + Yn+1)|Z075/1a o 7YTL)
1— e—A(Zn+Yn+1—a)

1

= EE(QA(b_a) \ - (Zn —a-+ Yn+1) ZO;Y17 e 7Yn)
1/, 1 — e *MZn—a)

> (b)) 22 0 (7 )_1

> = (e ) (Zn —a)

Z f(Zn) - 1;

MH20 < Z, <alfHf(Z,) =0, f(Zni1) > 0050 AR, R
Xn=f(Z,)+n
NNEE H N ST N E B
E(f(Zo)) = E(Xo) < E(X7an) = E(f(Zran)) + T An.
B f(2) S E(f(Zran)) + T An. BT fEFESRE, GEFHEM > 0613
[E(f(Zran) = E(f (Z1)| < E(f(Zran) — f(Z7)]) < MP(T > n) — 0.
FSJli

lim E(f(Zran)) = E(f(Zr)) = 0.

n—oo

E(T An) = lim iP(T/\n > k)= lim zn:]P’(T > k) =E(T).
k=1 k=1

n—oQ n—oo

—A(z—a)

E(T) > (e’\(b_“)l_ef —(z— a)), z € (a,b).

1
m
&3

24.1 WHE — X, n > OPFUER TRIFE(X ) # E(Xo).

24.2 WEWIRHAERBERAR U P X, m > O} St 7, B(|XC]) < lim B(|X]).

24.3 F W R 245 068 BERR R TT BE YR R34 AR E Aupy, po. NHE BRI S, B
11 0pr, pal RN R, Ayt dh i R R0 5 R B VORI WA, — A $
TR, — NEZ LHRTT. MEGRIRIT R, U—MAmm BB B AL 5 —
TP BARAR A BOFIL BT 45 58 1 — AR, 0wt 1 ) 1 25 L o) — Fh 29
P78 T X AR ) 1 O R 2
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7.3 EAFERXSHIR
R RATR BN H I AZE R AL — N5 T 8 S FE AR e P

7.3.1 MAANFRSEDoobA " FER

EIE25.1 W{X,;n > 0} EEL WXHMERN > 0

/\IP’(OrSn]?SXn X > A) <E(Xp) — E(an{ogmx?%(n Xe<A}); (7.3.1)

)\P(Og}flg'nXk < —/\) < —E(an{og}cign Xk<*>\}); (732)

AP( max [Xi| > A) < E(Xo) +2E(X,), b X, =(-X,) Vvo. (7.3.3)
SRSN

MERR (1) AT = min{k; X;, > \} An, WTNAG TR, A F5H 2 H
E(Xo) 2 E(X7) = E(X71 max xp<xp) + E(XTL{ max x,22))
> AP(max Xi > A) + E(Xnl{ max xi.<x}):
FTi1S(7.3.1).
(2)%S = min{k; Xy < =X} An, MSHH TN, HS < n. BHA FHFH & H
E(X5) < E(Xs) = E(Xs1{ min xp<-23) + E(Xs1 min x>-2))
< —AP( min X < N+ E(Xnl( max xi>-2));
FBIi13(7.3.2).
(3) H1(7.3.1),(7.3.2) W I EL3AH I AT 15(7.3.3). O
E25.1 H{X,;n > O N FEAATHEH{| X, ;0 > O} Tk, h(2) W13, BLit
Puax X4l 2 X) < TE(Xal1 e x01200)
513825.2 FEEHLAEEC, nii RE(|C|P) < oo, E(|n]?) < oo, H1/p+1/¢ = 1. HAE|(n| <
oo H
E([¢nl) < [B(ICP)IYPE(|n])]He. (7.3.4)
MERR il M R ECAT AN, MHE R, y € (0,00), A € [0,1],
In(Az + (1 —A)y) > Anz + (1 - \)Iny.

ML Rz, v € (0, 00),

xl/Pyl/q < i 4 g
TP g
B LAX 2,y € [0,00) L. 2w = [CP/E(ICIP), y = |n|*/E(In|*), W24
[l B S (9 G S ]

E(|CIP) /P (E(|n|9)) /e = pE(ICP) ~ ¢ E(lnl7)’




PR A

cn) 1o lp ml \
E( ey ey < pEEe) * ’E(Egmq)‘l'

%Zlﬁﬁﬁﬁ?%%w@
— e, FATRA 3 (7.3.4) NHElder S
EHE25.3 (B B {Xnsn > OPVBECER F#E, X7 = max | X]. HE24
(1) SHEEX > 0Kr > 1, P(XE > \) < A "E(|X,]"). (*&jﬁ fi)
(2) WEEr > 1, E(| X" < Z)"E(|X,]").  (Doob A%
EBE #E(|X,.|") = +oo, MZH BT, FRE(X,|") < oo
H{[ X0 |", n > 0} AR R BATAR, XMERE < n,

E(1Xn]") > E(|Xk[").

NI

‘Xk|r7 k S n;
Y. =
| X", k> n.

ALY s ke > OMNAEU T B &
T = min{k, |Yx| > A} An.
SIRT A FHERS HT < n,

E(1Xn[") = E(|Ya]") Z E([Y2[") = E(|X2|") 2 A"P(Xp = A) = A"P(X;, = A).

F b 57 B m] 45
P(X* > \) < ATE(1X,]7).
EEE
E( X" :/ rXTHP(|X |>A)6M</OOo PR X L x 200 )dA
— E(|X, |/ PN = SO R(X X,
i Holder AN 253045

r

E(IXa") = (= 1)"(E(IXn\"))”"(E(\XZI"))H/"-
AT A Doob AN Rk 7.
f125.1 WX, n > LAMSLIE A6 I BEHLAS & H
E(X1) =0, Var(X;)=

205
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WS, = S0, X oAk, bR R

1 2
P( max S, > \) < fQIE(Si) =7

0<k< b\ - (Kolomogrov A°253X)

L% FHDoob AR 15

E(| max Si|?) < 4E(S2) = 4no?.
0<k<n

7.3.2 TEAER

MAERBENF X = {Xn;n > 0} AL X H [a, b, 2
Ty = inf{n > 0,X,, < a}, Ty = inf{n > Ty, X,, > b};

sz = lnf{n > ngfl,Xn < a}, T2j+1 = 1nf{n > T2j,Xn > b}7 j=12,---.

STy, k > 1A SRR ER T X, REI 51
EX25.1 Bk = sup{j, Toj—1 < n} AFI{Xo,- -, X} TEN Zn Z 87 15 X[8[a, b] X
B ACEUL[X, n).
LWL B AR, I Zn2 BT B2 BUR R P A X AEn 2 1 FE I TR, X BUE M X
8] (@, b) BT 77 F 2 EJ7 XML RS e R A IR $75E X,
{U2[X,n] = j} = {Tpj-1 < n < Toj }.
EIE25.4 #{X,;n > 0N L8 ML Zn > 1,
E(ULX, ) < ;——Bl(Xy —a) ]
WERR M SR E R, WAEEE > 0,
0 > E(X1p 410 — XTupnn)
= E((XT2k+1An = X1penn) Ty <n<Tonn} + 1{n2T2k+1}))
> E((Xn — a) 1Ty <n<Tonir}) + (0 — a)P(Top41 < 1)

Z E((Xn - a>1{T2k§n<T2k+1}) + (b - a)P(Uf(m,n) Z k + 1)

N}
PUNX,m) > k1) < 1 B(~(X — )L <ncriy.))
< B — ) Lrsnerian)
PR T kRIS
E(UL(X,m)) < 5 E((X0 ~ ) Linz) < 5 E((X0 —0))

EF . O
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7.3.3 DoobI8EE

EI25.5 (DoobSIUER) W{X,;n > 0PA(L, T8, #HM =supE(|X,|) < co. WAFLE
BEALAR B X oo fH143 1n — oot X, — Xoo as. HE|[X o] < 0. '
WERR T R FU AR R R AT S BRI . SQBRA HEAE, Wa,b € Q,
a <b. AULX)R{X,} L5 a, b] %, B

UNX) = lim Ul(X,n).
Hy b A R

E(UY(X)) < biasng((Xn —a)7) < bia

(@ +supE[X,|) < oc.
FRUY(X) < 00,a.5. &
W, = {liminf X,, < a, limsup X,, = b},
n—oo

n—oo

W= |J W
a,beQ,a<b

HWap C {UL(X) = +0o} AIHIP(W, 5) = 0, NTIP(W) = 0. BARXMERW ¢ W,
li;giogf Xp(w) = 1111111_>sot<1)p Xn(w),
B Jim X (WFETE, IMEX o (w). Frw € WA E L X o (w) = 0. Fitk
X, = Xoo,a.8.
Lp = P(| X oo ()] = 00), T4 1
Jim P(1X (w)| > €) = P(|Xoo ()| 2 ¢) 2 p
FH, Xte = 3M/pit, fFAEN, Hn > NE, P(|X,| > ¢) > p/2. HikEp > 0,0
E(X)) > 2
EE MM = sup, E(| X, )7 &, Bitp =0, BIP(| X | < 00) = 1.
A= IHEREe > 0,n > 0,e > 0A[ {5
E([Xsollfjxoi<et) = E(IXoo1xoi<eixal<ey) T E( X ool Lx 0 <c X0 >c})
< E(|Xoo| 1 xwizexnie}) + BIXn L x<e X0 >c})
< E(|Xoo = Xnll{xo<exal<et) + E(1Xn[1yxj<e})

< P(| X o] < ¢, | Xn] <) +2cP(|1 X, — Xoo| > €) + E(| X))

IN

€+ 2cP(| X, — Xoo| > €) +a

Foon — oo e = 0FE(| X |1y x . <c}) < a. e — cofFE(|Xx|) < a. O
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f125.2 FAEAPFENLEFEX = {X,,, n > 0}iHi &

E(Xp41|Xo, -+, Xn) =2X,+1, n>0.
WERA 20 — colff X, /27 JL-TF- SR USSL.
UERR FH 2% A28 5 BiE

Xnt1 Xn 1 Xn
I, - >
]E( on+1 |X0’ ’Xn) on + an — 9on
BT RN { X, /27 ) A2 Rk, T HL
Xny1 Xny1 X, 1

(2n+1): ( (2n+1|X0’7Xn)):E(27+27)

= E(X1/2)+%+-~-+2in <E(X1/2) +1 < +o0.
H 3 BE25.51] Fin — ool X, /27 J LT SR USLSK. O
f5125.3 X 2B+ AT 298 R B [EE, FERMEREREP = (piy)ijes. fiy(i),i € SATTE
H

u(i) =Y piyu(j), i€,

jes
A T, RIEWy (i), i € S, THNEEL
IERR 2Y, = y(X,), HS KRR

E(Ynt1 ‘X07 e aXn) = E(y<X7l+1)|X0’ T 7X7l) = ]E(y(Xn+l)|Xn)

= prn,jy(j) =y(Xn) = Yy
B (Y, > O} B HAT . BB BT A BB U

Y, =y(X,) = U, as.
HEEFIX, RARLH IR D I, SRR € S,

P(X, =i,i0.) =P(X, = j,i0) =1,
A fEw € QY (w) — Uw) B TFn,, n!
Xo (W) =1,  Xpr(w) =17

XEMyY() = Uw) = y(5). Biky(i),i e S, NEFH 0

2R3

25.1 W{X,,n > 0 N8 E(X,) = 0HE(X2) < oo, n > 0, WEH

X E(X7)
Plgax, Xk 2 X < gy 5o

25.2 Z5EN > 0, £ X1, Xo, -+ GRS ERER > 1, E(exp(AX41)[ X1, , Xn) < 1, 25, =
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X1+ + X, So=0. iF#A
P(max(z + Sp) > 1) < e M=) <L
95.3 WXy, Xo, - WASLHERVAER BAFAES > OFEARMERER > 1,
Y (t) = E(exp(tXy)) < oo.
L) = [They Yr(t) = U(t) € (0,00)JEHS, = X1 + - + X, JLF SRS
25.4% B E FH25.5.
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