4’@*4[#%%15%?

&2E5%

_¢lﬂ¥a*x¥u¥u¥u$

Flﬁ Pk P

(5550

kA BAH YRE




FEMFERAAFRFRFAS

fE Al 3 =

(% =)

ARA FrfL gwE

4 4 & K &
it =



mE & I

AN RENF L BRI UAEAEHLERE, minkddE, B
#, Markov i #2, “Fid . Brown iZ3l, Ito 52 XL MERENLI 2
TR MEFEE, BSEL4SARELIRETROAFRBBEABRST, HEAH
—ERIE.

APAMEAE THRFENTRENFABEHESE S, Tk
ATEHRARMSHIESNHBILEEROATISES.

EEEMMNE (CIP) 8

BEBLIE AL/ 7 kA, BHHEAE. -2 B — JE3 - B HEAL, 2004
(FERFBAR KL EE L)
ISBN 7-03-013356-0

I B . @FF @B . HHLERE - Bk - 80
Iv.0211.6

P E A B 5 CIP HiE B (2004) 5 043486 5

TR 4 K MW/ AR R
TALEPH] - bt/ H\mitit: % &

# 2 2 B oa K
LR F AL #1695
KRB 41:100717
http://www.sciencep.com

&SRR 8K 138 £ )
PR RAT ST IELE
*

1993 & 1 AP EMFEHERA S MR E—IK
2004 4E T HE = M F& : B5(720x1000)
2004 4E 7 A E—REIRI Ep3k : 101/4
EN% : 1—3000 Z% : 185000

Ef : 18.00 ¢
(A ERe B i) J, R4t S A (Bl ))



ChERERERKERFBFE AR KBS

& A2 T

WA GEDGEBEHEE)
AR HhA DEE £ F  FUA
LAk LFW

B OE MAR K W HKAB BEX ¥ A
Huk FHE K OB XEDH XOR
it ¥ F FEE BRKY tak
T O AR



H M it AP

AHM UG, BAVRW 2 BB T XA, £EAIE ZAENH
R T —EAR, FLERILSEANM T RLENEY. BEHSS5KFNARE,
FEBNFIENATE X B AR IS, M EATMEEHRS R T AN Z 028
4 R B BABLE M B9 Black-Scholes /23 Scholes 5 Merton 3k78 1997 £ [
W IUREM A ALY, K EEMRE RN Ito A3, A THEHERREN
PSR B, EXRERZBRRAITIMA THXEAZE.

A3 0 AEL i L 2 8 U 0 R O U £ 5 B

&
2004 % 1 AT&HE



£ — M ®E

ABRIEE S ERSEHA KL RABNSENFRREELORR.
RWASEETRARE, R MRS A RIS M, R R
B ORI S BOTEERT ) BUSERS. A AT LR 3R B0 26 50 P B B AL I B
AREER, EE MRS AL RIA. B8 L2 EA RN E
BEiEE 451, BEU R — MR APERIR ISR & AN R T A2 HRAEA
bR I R MR, Y R RASLTE LB 55, A MO R E S A BT AL 4 P £
HRHH A B, 230 X T TIRRER T H A MR T, KR ABHENRE.

53] KA EA A RV B MR R RO LR, HOP 25 0 T2 A S
A S, e R TR . AR, SRR, BT RR SRR R A2
AR TR R T EOR MR RS T DIBG L AEDTHE T B BB 4. Xt
R WA A RN AT,

{4 FR A Y0 B SR T SR e PR IR % R % B AR 6 SR T A M .
an, M2 2.3 95, 3.3 FithiE® 3.3 fl 3.4 WIFRH. 3.4 ¥, 3.6 ¥, 4.2 ¥ ER
4.2, 44 IR 5.3 FH0R—ARBELERR ABC S0b. F5K 8 &4 5 B %
SUHLR, (B RIS I A B 5 2 08, T UM, 1R BRI A e
WIS T B 23 .

# #
1991 £ 9 AF &AM



EIW S . - 1
L1 Bl e 1
1.1, BABESHBIT . . . - o o e e e e e e 1

1.1.2 BHRESAHEBFEMTE - . . - - - o o oo 3

1.1.3 PRdiEfmmsrgEE i . ... 5

1.2 LHEHASEFEREE . . - - . - o 6
1.21 FAEEHIEE . . . e e e e 6

1.22 SR ELEREE . . . . - - e 9

13 BBHE - o o o e 11
BT oo o 11
2%, PoissoniHIE . . . - . . . e e 14
2.1 Poisson THE . . . . . o o e e 14

2.2 5 Poisson 3BMHERKETM - - - -« o o o i e 17

2.3 Poisson RERIHES . . . . . . . 21
2.3.1 dEF K Poisson T . . . . . . e e e e e e e e 21

232 H&Poisson & . . ... e 22

233 FRf Poisson FF . . . . . . ... 23

2.3.4 %238 Poisson IR . . . . . . o e e e 23

235 BHEEFEEE ... .. e e 23

1 e, 2
SEIM MarkoviHE . . . . . .. 28
31 Markov 8HIEXFBIF . . . . . . . 28

3.2 Markov BERPIRASE . . . 33
3.2.1 EHIEWERBEBME ... . 33

322 RSB . .. ... 37

3.3 Markov BHRMBEBRSERERSMH/ .. .. .. .. 39

34

IGERR . 46



- vl -

35 FEZERFE Markov 8E . . . . . ... 49
3.5.1 HZEmE Markov 8 . . . . . . . . e e e e e e 49
352 HEARE . . . 51

36 AREER. . ... 54
3601 AR . . ot e 54
3.6.2 Kolmogorov RFHRBIMAAFE . . . . - .« o o o i e e 55

SB3 . 57

AWM FRITIE . .. 62

41 BYFBIT . ... 62

4.2 WHEBE ... . e 68

43 FPRIBOHHERRMIEEEE ... 76
431 WFERB - o o o 76
432 JINERBHESOHTEER . . . . 79
433 IRREBEE . . .. .. e 81

44 FRFFFIIT . . . . . . . 91
441 —BFEREIL . . . . . 92
442 FRFFIMTE . . . .. 95

B4 .. 106

$BS5M BrowniEFZ .. ... ... ... 111

5.1 GEX 111

5.2 BrownashMIMERE . . . .. . ... 113

53 BENLBRAOFIBEOLS AR . . .o . 119
531 B 119
532 BA . 121
533 XF Brownmshfgf4 . . . . . . . 122
534 BERBSMMEBAFE . . ... 126
535 nMEEMEMMEIBAFE - . . 130

54 TIto AR —BHMENLBS AR .. . . ... 134
541 o BAAR - . o o 134
542 —RBEBLAFEEN - o o o e e 137

5.5 Brown aafyHAh—8NH . .. ... ... 140

SRS .o 145



BWEB . ........



$1E 51 it
11 5 F
111 BABSHGIT

BEOLT R R X — & R4 ESIS X RN E R MR EREBRRIE, TR
B, H2REAOEA RSN E TR, KNARSF R S&HR. X
XU, HIR TR, RFYE. FAEE. EYKRF, BB 280K, AN
BE, 0. &MTE, ADEE, TEESREEHSFFE S TEHER
FE I BEHLE 2 K B {0 R B S & P B A,

—f, o — B AR B OB R, 25301 stochastic process. “stochastic”
— IR THRIIE “oroxacTikol” , BRE P57 . (BXTRHEAREE. 5L
LRI, A2 5 22 1 A1 AR T 4 1 0 3R 1) A ZE B O DARBE R B T R R ax e
. B AR R IE R X — 2R ik 1 BT .

BEALIFE (0 E A 5 SR T B, 4177 LA 313 Gibbs, Boltzman, Poincaré
FANEG I %A LL KGR Einstein, Wiener, Lévy % AW FF a4 TE. Er-
lang S5 WI7E B IR BFST T Poisson SEH2. T8~ 0 B S AR B Kolmogo-
rov f1 Doob BE5g ). “stochastic” X — A thE X BHRAT. AR TFER Feller 4
51 2EH). Cramer F1 Lévy BF5T T FA&id #2. Xinchin,Palm % B T HEBA IS it IR
. Doob MBS Markov FEFISL. XEAE R RWEEBEM. HAT, X—
SERMITE B ORI N W 77 T DA S AT R A S AR R R E. TR BEYLE R
1ERE X

EX 1.1 BEHLIERE —HRHENER {(X(0),t e T}, Kb t REB¥, ERTE
MEWE T, T RASEE.

—f%, t REBE. 2 T ={0,1,2,- - -} BHhBRBENLI TR M BEDLFF. X X (¢) 7T
LLXREE: BN RRE & UFESR 2 Lity, iR ¢ 5 w e 2 Tiitl, TR
BLidA X (tw). 28 E—REEVLIRR, BIBUE wo € 2 B, X (t,wo) BER—KEEAK
7 ER ¢ MRE ETRERELL, T A8 R A H T A FIBEER 0. 3 R 241 # AT
MRV R 55— J7 B T I ¢ = to, X(to,w) BER—ABEHIA R, HEVERE
ERPLRK 45 BT A — AR, W R 4. BEL R ZERT %) ¢ B



-2 F1E 3
HERR AT BRI ARE, REHEEHRARETE. #iE T ZREZEH LSRR
AT U BT 2. KRREZE A FEEREMEHERES; KSEET,
YT AR RESTHENKZ AR ESEIRE, TUKRAELESEIRE 4T EH
Hm BN X(t) RBEHLIS.

Bl 1.1 EEHYFEK Brown HREBIEFARE L ARBUNLFRE ST AN
MEZ30. XFZE S Brown i23). ‘BER>TARMEYRHEN SR ik (X(@),
Y(t)) AN TFEFEASR EOAE, B'E R FE LK Brown 23). 4+ YEH
EHERANPR.

Bl 1.2 —FFDERR BATE, DUBER p fidt—25, R 1-p BB 5. L X(¢)
MR EALE, W) X(t) R ELZ RIS

B 1.3 HEMMEMRBOMLIBE - KRME C HRENME. WM
HIRR B Ll — B BE R (Kl Poisson R) AL, ATEEMRHATE, B
DL F AR FHRERIIR B IRMAH R B 434 H(x). LM MAEXETEMEMES 0, |
WREARER. L T BN EREBBEE, Hi2 X (£) XrtZ) ¢ B40 B i 7 5,
MR — KL A 1.1 iR,

X(t

C

ol | | t

| Ty t T2 >

11 Mg

Bl 1.4 ELABBLIZE A MIFEI REY Poisson AR, 45 KR MY £ A0 E M7 9,
1T TR R B R AR AA S 300 e B 7E IRl — e ) L B sl K NP, AR E T e
3~ B 200 7 HE BAAC B DL R PR AU 1 P I S B . 3R — e HE BA A,

Bl 1.5 MATRFWBIR P AWM THE: 0% 0 BHHBRABRKNY X(0),
Y(0) RERMRIAL. BESBABBAROMEY p, WS —BAREY
J& GRZARALHE) X(0) B X(1) AR ERT Y1) H2RER. ARE
—HEEIBRAASR LXHAATHREEL. TR X() = X(E+1)+Y(¢+1),



PO +) =51 X0 =)=, Jpa-p.

{X(), t=0,1,2,---} SR EXAREEBBER Markov T
Bl 1.6 B X(t) AESH, EHMETE

X(t+1)=aX(t) +e(t),

K a HLBH e(t) AFRE. HENRFS X(¢) HATHUME. AFIFTEN

2
Y(t) = X(t) + Z(t),

Z(t) AW, JRME YV (e) A, MW X() ZEBRTIBFHEERE I_/T
R -5 98 3% 1) .

Bl L7 KPREEFREL 2 Y () 24 (¢ + 1) SFEIBKEER KR, BRI
M AR IE R BT R, X (¢ + 1) = min{X () + Y (¢), K} — min{X(t) +
Y(t), M}, o K A RIMB BT ER. 38 X (1) 5 — Markov 2. K EEEAK
AT G A P I PR AR IR R 2540,

Bl 1.8 32 X() AWER ¢ WA 3 X (1) BEGMER

Xt)+aX(t-1)+aX(t—2)+ -+ apX(t —p)
=2(t) + BiZ(t = 1)+ + B, Z(t - q),

H ox, 8 HXBH, 2(t) AWML RS HOARTHROBEHER, 0 X(E) RA
ARMA R3] — W& B BRI PR, XREL VIS 147 F i et )
SRR,

11.2 FHRESHMBFHIE

RGE T 5 AR Fx (z) = P{X <z} BABET MBEHR X. 260009, MBEHLT
B{X(®), t € T} YL Fy(e) = P{X(t) < o} X3 BRI — 454000, X (¢) BT E[X(¢))
AR EMERE, T px(t). T Var [X(2)] MgEE RN R0
e, RITETET MMEHLERR X(4) 5§ X(t) WEEA M P{X(t) < 21, X(t2) <

2}, EHMBRRNRIE t1,t2 BRI BMERBA M, IBE Fy (21, 32), ]HE

FHE E[X (81) X (t2)] F1 Cov (X (1), X (t2)) = E{(X (t2) — px (1)) (X (2) —pix (£2))} B
AR BHRRERD T LRI, HHHEH rx (b1, t2) T Rx (b, 1), BIREHLE



4 F1E 58
Borh 7 22 RBAEXFRYE, BIXHEAT 5,6 B rx(t,5) = rx(s,t) § Rx (t,5) = Rx(s,t).
ity =ty =t if, Rx(t,t) = Var X(t). &5IEH] BABXEEA U 2 K EL IR
SR, LU T Z R BB, BIXHER t1,t2,- - t, € T RATRSLHL b1, ba, -+, by, BAT
(K]

n n

> bibjRx (i, t;) > 0. (1.1)

i=1 j=1

WA 5 iz EA LR, H

Var (i ij(tj))
i=1

(Z b X (t;) zn: ij(t]-)>
=1 i=1
ZZb,-bjRX(t,-,tj)

i=1 j=1

(L) RSL, MERIAEFUER. P RAE XIS H B, TR
F‘tl,tg,“.,tn(xla"')wn)7 t17"'atn ETé'ﬁ:, ﬁq]

Fotarsta(T1,0 0, 2n) = P{X(t1) < 24, -+, X (tn) < 0} (1.2)

RAE T BEHLIE R RO AR ST A RB A T3R8 {X(2),t € T} sh4ERE n ANBEHL
REEERE O, RS T B T X LR FNHERBER FRENMHYE
RIFRUE, BS2ER X (t), -, X (ta) BHUFESE XF {1, n} KU —BH (i1, ,in)
=)

Ftixv“'vtin ($i1’ T Tiy) = Fo,otn (@1, s Tn)-

AR A AN, BER YT o — oo MRS 130484 75 540 M A1
BN AR B, A m<n g

Ftl,...,tm,tm+1,...,tn(1’1>"‘aa:maOO,"’aOO) =Ft1 ..... tm(-'Bl,"‘axm)'

FAB R — BRE E W A0 R B SR R R A M RAE T 72— B
B {X (1)t € T}, 80 R4 477 IE IR 48 52 19405 G 30 X 1931
= Kolmogorov il B i A A M3 4 e B

Bl 1.9 % Xo A% n RS HY— AN ERTHOLEE, N {Xo,n > 1} A—BEbL
THE, SHHE T H {1,2,---,6}, TRRAZHN {1,2,3,4,5,6). FF31 3,1,4,6,3,2,5,
51, - B {an 2 1} M—RATRESCEL. WEEH EX, = EX, = 35, &
7’3%@%&7@ o 5’I~, B ERHEST 0. (EAHREN Fon (@1, 20) =
F(@1)--- F(zx), B F(z) A X1 0504 R 3



1.1 37§ 5.
YRXMMEERNSTFREET, X FRESEBEVLIRE, X () ZERAAKE.
- PR ENZ B X REBRAG FERE. BIEREXZANAR, AR
BEMLT AR AN R 26 7.

1.1.3 FRiFEfsmirieie

BB R X, Xo WA RE Fx, (2) 5 Fx, (z) SHET = SHEHZH,
WFREAIR RS, 8 Xo 2 Xo. BB E— A HEHLAE X = (X1, Xa)
55 —BaHAR Y = (Y1, -, Y,) HHENBES 5, N ERENRRMEN, it
X LY. F—ARBEMHILTE, A TEMBERTERS, LEBEHKRR 5%
B X(t) ZIARIEE BIEA 2%, TS5 RAIE SRR STTX, XA RN raT
B BT S RATE 0T & 3

BN 1.2 RN X (¢) WL t,- - te € T FUEF B &

(X(t+h), -, X(tn + h)) 2 (X(t1), -+, X (tn)), (1.3).

SUIHR A 4 PR

#4F (1.3) RIBBAR SR, LLRTT R FHE R PR =M PR 5]
AT EX.

EX 1.3 WmREMIIBROFA —MEREHRE EX(t) = m RIVIERK
Rx(t,s) RA5RHAIZ ¢ — s 473, MIHRH 3552 12— B 46 PR

M F R VREE, TR —0o < st < 0o, Rx(s,t) = Bx(0,¢ — s), Bl
ATLLEZH Rx(t —s). BRXFH t, Rx(-t) = Rx(t) , BIAMEL. Hiol
R (t) MR % FASRBIX BRI, HAER S0 Rx(0) AN BRI T EE %, B
Rx(0) = Var X(¢).

RAF X (8) 2 [0 % B A RAR T ML 09, {5 AATAT DU R AR O B ) AR
ST . R 5

EBX 1.4 WMBESHEEK t1 < to-- < tn, b1, b, € T, BHLEE X(t2) —
X (1), X (ta) = X(t2), -+, X (tn) — X (tn—1) RAREISHY, W) X () B 52 M T 10 Bt
R WM —BERER t1, e, X (6 +h) — X(t1) £ X (b2 + ) — X (t), MR
A RA PR ST B R

ATLUE S PRBOSON BT R R — SR ¢ MAH R RIS E
) Poisson 3472l Brown Z3h#F R XIGTR. XA AT EATBE L+ R B E
TR



.6 - F1IE SI#
>z, niiE {Xn,n > 0} ERMTHEITE. —RIK Xn HWILA.

" EEMARATIEA Markov BER Markov 38 (&HR T 3 500 ). B
GRS FHTELEEE. HALSEEEA PN EETE, RAEAR
FR RN RE R EER. A0SR RIS R A4 R 2 B
Tt —— BTF A 6. SR P R B ARE AHTR R AR B, — 1 BT
ATLAFIRE R T S M. WIS 2 S350 Poisson MRBEA M A U8
TR, TIER LN Markov 858 — KA EF . £HENEYK
A1 A, ) Poisson {2 X (t) BEIIE RS, B X () — At, R —4 8.

1.2 W BRI AAE B R 2

1.2.1 FH#a

EHRBEH LR BRI e — BN R R T Z R X R, X ERTI &4
BERAAAHE X B ARSI TR, AW H0E B AR TR — 8 E =B
FUMBROEED —E MU 2R EEOLBEE, DL THHE B RN EH
A RERFNBE P(A| B) $T P(ANB)/P(B) . (AR EL THHILER Y HHE
JRR AR X MRS R AHRLEEHER. B ESNMEIEER X Al
Y.~ XA ME P{Y =y} >0y, EXAR Y =y Bt X Bz (AHERN

P(X=z|Y=y}=2 {);;/x,:);? u} (1.4)

TEE Y =y, X K&l E XA
F(z|y)=P{X<z|Y =y} (1.5)

HIRLH, 58 Y =y, X MBS E Y
E(X|Y=y)=;zP{X=m|Y=y}. (1.6)

M—BIELREHER Y, P(Y = y) (X 0, (14) BREE L. RAVEAKR
XA BEYE? % RIS R M EXMEAE S y 1N Ay BF P(Y ¢ Ay) =0,
WEX P(X € A|Y =y) =0. T, % P(Y € Ay) > 0, RATLUE Y

P(XeA|Y=y)=A1in{10P(XeA|YeAy),



1.2 S ERE AR "7
XHE Ay | O WEERFEES v B/NXEKHCBES/NA 0. BRTANSIBI5M G v fHiX
— RSB MR, S E Y =y i, X K& R EOh

P(X<z|Y =y) =AliﬁloP(X <z|Y €Ay, (L.7)

E F(z | y). #—%, BEEE—ERRYE GEX) fz|y) FEMIAES A
5 |
P(Xe€A|Y=y)= / f(@ | y)de, (18)
A

A / f@ | y)de =1, M f(o | y) RARELE Y =y B X MAHEE FREH
KA R SR ST A HRBEER « M —o0 5] = BB, B
Faly= [ " i | y)de. 9

MEE X-5Y MEKAEE f(z,y) BERRN 1 (9 FROFE (HEE) , &4
HHE fz|y) REEE Y =y HINEEE ENZERNXRL

| fla,y) = f(z | y)f (), (1.10)
Heb f(y) ABEHLRR Y KA%ERE. W, 8% Y =y, X M&GRHEE Y
EX|Y=y)= /:vf(:v | y)de. (1.11)

(1.6) 5 (1.11) A L R—EH, FEHE— AHREFAMMBENGE—iEh
. E(X|Y =y) = / 2dF(z | y). (1.12)

BEATSORRE RN, A2 E(X|Y) . PRl (L12) 27—l (5
yAX) T E(X| Y) MABHAER

BI 111 95— BT HBLEMO RS p , MM TR, 32 S % n Wik
Rt 9 MK, SR TLE TR T JR. FBRREE n ki
eI T —KIERIBEAAE R T 60K AR S, B P(T =k [ S =1)

— PR T T 3 — K 2 LAEFIRBLATE n KRR HOE— Kk
L, BTl T SRR 1,20 LSS, HHALFES
B ERAET R K T B . L RAC A5 B
(T = k.5 = 1} RE&—AFF, BIES & KRRITERNER. FiLl P(T =
65 =1p=p(1 -, P(S =1) = (] )plL - 5" BlA PO =k | S =1) =

P(T = k,8 = 1)/P(S = 1) = 1/n. W LH—HHRERN.



8. s1E 3%
¥ ERFEIERT, RN FHRBSHCH ) B9 Poisson 434088, BIE D
S AN EIXE [0,1) ERRFEE, WA
Ake—/\
P
] R 45 E7E [0, 1] BRI B B — LT BA T B 0 % b T ik B (8] T %%
R4 2107 SER B RSHEER [0,1) MBS0 BATRTLME [0,1] R E4
RBAEA At 89 n AN/NXE, X At = % WALl & AT n R T LA
R AAt EAG—/NXE, MAERPGEERAY 1 - MAt. @) 1.11 41
P((k—l)At§T<kAt|S=1)=%,
BURRRBPEIGE S =1, T £ [0,1] A5 04 I8 158 10 RS M3, 7
ri—ik.
U HEFHEENERBRINAS A TEHNLES L.
W11 (a) FX 5Y M, N EX|Y =y)=EX.
(b) %4 KA BT B I 3

EX = / E(X | Y = y)dFy(y) = E[E(X | Y)]. (1.14)

P(S=k)= k=0,1,2,-- (1.13)

(c) XBEHLAER X, Y HIE¥ ¢(X,Y) {HE
EpX,Y)|Y =y] = E[p(X,y) | Y =y). (1.15)
M () EEFY X 5Y MW, BEY =y i X WEGS S EL BN
R—HE. BEAHERHE. X T (b) {UES B N R s
EX = ;E(X |Y = yx) P(Y = y). (1.16)

HES B(XY =y) = ) 2, P(X = o;|Y = ye), BHABBERNOE Y, (1.16) £
J
A YD @ P(X =, Y =), %% k RAEE Y % P(X =), HEXER
k j J

EX. (c) KHEM] B4 B 1E M5 _

il 1.1 (b) HIRBAVTE X MBETUABSE, S EEE Y =y i X
W& AR, BXOX AR AT R R B S, X B —MEE AW
BA

FUENERBRG PR EBOMS, £ RERNENT, BEIHRE
TYX X WBRAEBRBH &) , HWRRERY ¢ ELX - ¢(Y)]2 i5F18/N. 7L
BTSRRI 6(y) R BE(X | Y = y). RE—BEERELOER,



