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1 $—E 5lig

1.1 4 X(t) A -HAEEAERBENLE R, R R 5 TR 2 EACY E(X (5)] 55 E[X (5)X (s +1)] #

KA 5.

Fe ok

# E[X(s)] 5 E[X(s)X(s+ s)] &AM s

W E[X ()] = #HE m, B[X(s)X (s +5)] = f(t)
L s =s+1t,

S EX(8)X(s)] = f(s —s)
o Rx(s,8') = E[X ()X (s)] — E[X (s)|E[X (5')]
=f(t—s)—m?
S X () PR
WAL
X () TR EX(S)] NEE m, BEX(9)] 5 s Tk

Il
Rx(s,s") = B[X(s)X ()] — E[X(s)|E[X(s)]

=g(s' —s)
L =5+t
M EX(s)X(s+t)]=m?+g(t) 5 s X

1, x<t,
I(t,z) =

0) x>t7

1.2 92 Uy, -, Uy NAE (0,1) FEIEATRSRLBENIAR R, X 0 <t <1 X

Hid X(t) = %Zf(t, Up),0 <t <1, X5 Uy, -, U, &K MRE. WSk X (¢) r5E
k=1




Rx(s,t) = [X(S) ()]—E[X(S)]]E[X(t)]

_ 1! {(n — W)E[I(s, U7) - I(t, UQ)]+nE[I(s,U1)-I(t,U1)]}—st

- ﬁ[(nQ —n)st +n - min(s,t)] — st

= %[min(s,t) — st]

1.3 & 7y, Zy NHUCLHIESHHAR R, YWIEN 0, HZERN o, X RN B SUIFE X (t) = Z)y cos Mt +
Zosin A\t AR X () ¥ E R BN 7 22 AL e T T AR g ?

E[X ()] = E(Z;) cos \t + E(Z3)sin At =0
Rx(s,t) = Cov|[(Z1 cos As + Z3 sin As), (Z1 cos At + Z sin At))
= Cov(Zy, Z1) cos As cos At + Cov(Zy, Zs) sin As sin At
=o%cos\(s — t)
Rx(s,t) RS s —t K, HOEHETAM

1.4 Poisson T2 X (¢),t > 0 e

(i) X(t)=0

(i) X ¢ > s, X(t) — X (s) MAIBHMEA A(t — s) I Possion 5347
(iil) AR ST IE .
BURFIE B BOR) 5 Z R B TP R ?

()

E[X(8)] = E[X (1) — X(0)] =
Rx(s,t) = Cov[X(t), X(s)]
ov [(X(s) = X (1) + X (t) — X(0)), (X(t) — X(0))]
= Cov(X(t) — X(0), X (t) — X(0)) (FhrIgHE)
=AM (s=>1)
PUEA N ER, T 23S 7= s — t HR, idET T

OERBRPMWH ZR BB s > ¢



1.5 X (t) A% 4 B Possion ITFE. it Y () = X(t+1) — X (¢), I"KRITFE Y (¢) MI1E o6 HOR 1
Ti ZE BB, IR PR

E[Y ()] = E[X(t+1)] - E[X(?)] = A
Rx(s,t) = Cov(X(s+1) — X(s), X (t + 1) — X(t))
= Cov(X(s+1),X(t+1)) + Cov(X(s),X(t))
— Cov(X(s),X(t+1)) — Cov(X(s+1),X(t))
= A[min(s + 1, + 1) + min(s,t) — min(s, ¢ + 1) — min(s + 1, )]
L B=s—t, 4B>18B< 1K, Ry(s,t) =0
HO<BLKIM, Ry(s,t) =At+1+t—s—t)=At—s+1)
B -1<BL<OB, Ry(s,t)=As+1+s—s—t)=ANs—t+1)
HON BT RS

1.6 & Zy fl Zy RMSLEFAAIBENARR. P(Z = -1) =P(Z; =1) = 5. id X(t) = Z; cos A\t +
Zysin M, t € R. RIE X (¢) 2% PRI, &= PR mng?

E(Z1) = E(Z,) =
E[X(t)] = E(Z1) cos A\t + E(Z) sin A\t = 0
Rx(s,t) = Cov[(Z; cos As + Zsin \s), (Z; cos A\t + Z5 sin \t)]

= Cov(Zy, Z1) cos As cos At + Cov(Zy, Z5) sin As sin At
= 2Var(Z;) cos A(s — t)
2 [E(Z7) — E*(Z1)] cos A(s — t)
= cos A(s — t)
[
Fy(z) =P(Z;cos A\t + Zysin At < x)
Z & F,(0) = P(Z; cos M + Zysin At < 0)
Ht=00 F0)=P(Z <0)=1
W= T Ft(O):P(§(Z1+Z2)<O) =3
Fi(z) 5t AR, 8 X(t) D™ Pt

LT W # Zo, 2y, SPRSLRMBIHER, 52 X, = Zo+ Zy+ o+ Z, W {Xon > 0} R
LI R AL




KV B, €{0,1,2, bt <ty < e < tn, B

X(ty) = X(t1) = Ziyy1 + -+ Zsy,
X(ts) = X(t2) = Ziyy1 + -+ + Z,

X(tn) = X(tn 1) =2y, o1+ -+ 2y,

R Zy, 1, 5 Zy, BARMROL,
S Zsrs o Z) (Ziggrs o Z)y (s, Zy,) HAHBRSE,
A X, n > 0} AT E TR

1.8 # Xy, Xy, -+ NHOLEENIAL &, 3BT A 560 A e IR e 2 ™ P AR A BE LI A2 7

HAX, Xy, -} PR, WAHMERIEERE m M n, X, M X, KGR, Wi X, X, -+ 251
R ARIBEHAR . T Xy, X, - & FSLFE AT P REY LR RN, WAERIERES & K ony, - g, k
EBEHLIAE (X, - Xn,) BIRECN (1€ Xy, X, -+ FIFEFRISATRECN F(2))

Fxnl,m Xy (3’517 T 737k) = Fxn1 (901) T Fxnk (fl?n)
=F(x1)--- F(xg). (—oo <@y, -+, < 400)
R T (X, Xn,) FIDARECS ny, - one TBR, 8{X, Xy, -} AR

1.9 & X MY 52 WAL P IR 2] 70 A o BE R L I — T A5 BB AR R AN AR AR. TS 2 PR

P<X2+Y2>i'X>Y>.

N A RS,

P<X2+Y2>Z’X>Y>

—M7 0

( ) T —1-P<X2+Y2>3>

/0) 2 4

1 3 1
=—.(1-2)=2
(1) =5

1.10 KL FHKSHN A 11 Possion Ak NTHEES, PURLT BRI (] RS Th, Tn, - - RMALIS
HOH XN HHRBUMGRENLA R, 12 S 2 [0,1] W B kL7 S 8. XA 1 c [0, 1), HAK BN |1).
WIEH P e L,S=1)=P(T € LTy + Ty > 1), HAHLIE P(Ty € I|S=1) = |I].

YW N | AN TSR IR %), A W, = S0 T A (S =1} = (W > 1} = {Ty €



LS=1}={S=1}={Tel, 1+ T, > 1} TRA

P, el,S=1)=P(T, € [, Ty + Ty > 1)

P(TyeI,S=1
P(Ty € I|S=1) = (ﬁS—D )
PIN(t) =0,N(t+ [[=1,N(1) = 1)]
B P[N(1) = 1]
e_)‘t . A|I| . e_Alz‘ . e_)‘(l_t_ul)
Ae—?
= |

111 X,V AWM RN E HAAHR. iE B(X|X +Y =2) = E(Y|X +Y = 2). FilRET
X+Y =2 M X MEETHR, HREFHHRIRZE E(X — (X +Y))?

XY ML E AN, HaAmAE, SEE AR R
EX|X+Y =Z]=E[Y|X +Y =Z]

HT X+Y =z X MREFRNEX|X +Y =2] =2
B, FHkiRZEN

E[X — (X +Y)]? =E|

P = {[B(X?) — 2B(X)B(Y) + B(?) = L Var(X)]

1.12 S THEE V A EAEESE V,,V,, Vs, EATERG 20405 K Maxwell-Boltzman &

HA 2 .2, .2
B 1 vi + V5 + U3
v, v, (v1,v2,v3) = (2mkT)3/2 eXp { < 2T >} ’

Hr k /& Boltzman H 4, T NAXHRIE, 435€ 70 THUESNEEN e WK 2 J5 17 (30 & 48 {5 A 3]
21H.

w2 Uf, vg

f ( ) 1 { Ui + Ui + U? } e~ 3T e~ 2kT e 2rT
’U17 v 7Uz = ex - g . .
B N O DR U ) VIR VKT Vany/kT
Vi, Vi, Vo ~ N(0,kT)

1 1 1 1 3mkT

= E Y 2 =3 ]E 2 = = E 2 2 = — . T =
e [QH@V’] 5™ V=] 5 Ve +V, + V] 5 3k 5
_ 2e
- 3kT
+o0 o2
2 +oo w2
m / ’Ume hT dU
27rkT

B QkT’ 2e
mvﬂ %TV VkT



1.13 # Xy, Xo, -+, X, BOLFEDAG. EAIRMNSECN X e A, wiiE fj X; RZHN (n,\)
i=1
1T oA, HE N
f(t) = Xexp{=At}(A\)" " /(n—1)!, t=0.

X, WERERECN

Xl,XQ,...,Xni.i.d. -.~gX1,X2 ..... Xn(t) = (gXZ(t))n = <)

ZHCN (n, \) 1 T A AR R HON

+o00 )\ewa()\x)nfl i
gl“(t) = /0 W -efdx

A" o0
— / xnflef()\ft)x dz
(n—1!Jo
u=(A—t)z A" /+OO u”_le_“
= -0 Ooop
A" 1
CE R

A" 1 L™
“ o o 0= ()
S X RBECN (n,T) 1 T 4045

1.14 B Xy M1 Xy NMAEISLHIEN N A1 Ay 1 Possion FENLAZE. R Xy + Xy 5040, Jf
THHEE Xy + Xo =n I Xy %A

LY =X+ X,
gy (1) = gx, ()gx, ()
— e)\l(etfl)e)\g(et’fl)

— oMitA2)(e"=1)



CBRE X+ Xo =0 W Xy RASECH p = 2o n = n ST

e_()\1+>\2) ()\1 + )\2)71

P[X1+X2=TL] = !
N _]P’[Xlzm,Xl—i—ngn}_P[Xlzm,ngn—m]
]P)[Xl—m|X1+X2—n]_ P[Xl—i—Xg:n] - P[Xl—i—Xg:n]
eTMAT  emAzznom
m! T (n—m)!

e—(>\1+>\2)()\1+)\2)n
n!

ATAS M0l
ml(n — m)IATAL

() ) )
a m )\14’)\2 )\1+)\2

WU 3553 A

1.15 4 Xy, Xo,--- ML HAMERLL X ASE 06, N BRI Lo A, B

P(N=n)=81-8)"" 'n=12---,0<B<1.

N
SRBELR Y = 3 X, K5,
i=1

1
tY n )\ " A n
B IV =) =gk = (525) 2a
“+o0 +oo
S gy(t) =E[E(Y|N)] =E(@") =) B1-p)""a" =) apfla—ap)""
n=1 n=1
Mla—aBl <18 gy(t) = 17;2?5) = ,\264
Y RMBECN AB KGR i
2

FIH S 1.13 (Issie

Fr(w) = 3 FoumBIN =n) = 3 X g0 gy

_ ﬂef)‘t Z A" [(1 - ﬁ)ﬂni

— (n—1)!
= (A1 = B))nt
= \ge E:l(((n_l))>'

— )\Bef)\t . e/\t(lfﬁ) _ /\ﬁef)\ﬁt



1.16 # X1, X, - MOZFGE, P(X; = £1) = 1. N 5 X;, i > 1 B HIRASECHN 8 (1) L4T 5
N

i, 0< B < 1. BREEHLR Y = S X, BIME, HEM=. TUKIE.
i=1

1
AR BERRBOE o (BHRBIZUN 2 RN, WA MATLAB &880, R0 BERRB0E K 2K 1 B2 A 1
i 4]

BTN =) = g (0 =) = (SHT)

2
avl)) =B [ECYIV)] =5 | 26>N] - i ( *';‘t)"m — By
E(Y) = g} (0) = in (= t)”_lm o] o

t=0 n=1

:g{nﬁ(l 5)n_1[(n—1)(n_2>< t+e—t>n2 (et —2e—t>3+ 3
(n—1) (et+e_t>n_2 2 ¢ _2‘3 ' et—|—2 -t . <et—|—26—t>’ﬂ—1 o _26 t]} |
E(Y?) _ ;}) (0)
R

[ee) [e'e) —+o0
= "Br2—2n)B(1—B)" 1 =3 n?B(L-B)" -2 np(l- B!

1-5 1 1 6-583
:3< +)_262: 2




il P 2 AF 3T 2R

E(YIN =n)=E <2Xi

i=1

E(Y) =) E(Y|N =n)P(N =n)=0

:n]E(X-2+2ZIE DE(X,) =n

- 1
E(Y?) = Z]E (Y2|N =n)P Zmp = Znﬁ(l — Bt = 3
=1 =1
E(Y?|N =n) = <ZX3+3 Y OXiXi+3 Y XX )
1<i<j<n 1<i<j<n
=E <2X3+3ZX X> =nE(X})+3> E(X))E(X;) =0
i#] i#]
E(Y?) =Y E(Y’IN =n)P(N=n)=0
1=1
E(Y*N =n) = <ZX4+4 Y OXiXP+6 > XPXI+4 ) X,?Xj)
1<i<j<n 1<i<j<n 1<i<j<n
<ZX4+4ZX3X +6Y X'X )
i#] i#]
=nE(X})+0+6- (2>E(Xin) =n+6- (Z) =3n* —2n
E(Y*) =) EY!N =n)P(N =n) =) 3n*8(1—p)"" —2) nB(1-p)""
1=1 =1 =1
_ 56

L E(YVY) IS HI—T S, n2B(1 — B)"~L, WAL T
> n?B(1 -y ﬁz (n—1)+n](1-p6)""
i=1

=1

=0 | —=

B T DUR IR R8st 7 E(YY) = B o0 n?(1 — B)" 1 1E (0,1) ERH—8Us, - K
AR i 5 4 P ] 22

10



= 0 a” o ([ 0> 7 a"
2 n—1 __ 7 - ) = 2 n=1
Zna _Zaa<a8a> 8a<a Oa )
9 %)\  14+a 2-3
(1—a)33 B3

1.17 BENIARE N NS ECN A 1) Possion 7304ii. 2455E N = n, FNLAE M RN n F1 p ASH
B I, AR M TSR RE R o0 A

E(e"™|N =n) = (pe' + (1 —p))" 2an

+oo no—\
aA"e
a

gu(t) =Bla) =3 a5 =

n=0

Ap(e’—1)

.. M ~ Poi (A\p)

11




2 S =ZF Poisson i1FE

2.1 N(t) A— Possion it#2, X s < t WRZMHMEE P{N(s) = k|N(t) = n}.

[N(s) = k,N(t) = n]
PIN(t) = n]
_P[N(s) = N(0) = k,N(t) = N(s) =n — k]
PIN(t) = n]

| Os)Fe e (At — 5))" e A) (At)re
B K (n—k)! [ n! }

o () (1)

P{N(s) = k[N (t) = n} = =

2.2 {N(t),t >0} N—iEE R X\ [ Possion IFE. XF s > 0 Wlir& E[N(t) - N(t + s)].

B = E{N(t)[N(t+5) - N(t) + N()] }
—E{N(W[N(t+5) - N(®)] } +EIN*(2)]
= M- As+ Var[N(t)] + E*[N(t)]
= Nts + At + (At)?
=Nt(s+1t)+ Mt

2.3 HRAKFEE R NN 3 ANHT Possion J‘i%%@]jé%ifﬁ)%, W
(1) WL 2 B O
(i) T ARSI A R 47

(i) 4 t Wi s /N, FERLR I 8:00 AL dfit %, BT >R FH4F Ak R Rl

e (3x4)°? 1

P[N(4) =0] = o) = 5 ~6.1x 107°

(ii) HCHHAF 12:00 RCIRES %, T FRoR 55—ty A AR B ik i [A]

Fit)=P(T<t)=P[N(t) =1 =1—¢"%

ﬂﬂﬂ:y%ﬁz%*ﬁmTWMﬁﬁﬁgm%ﬁﬁm

12




2.4 {N(t),t =0} N— X =2 K Possion I, i#AK:
(i) PEN(1) <2}
(i) P{N(1) = 1 A N(2) = 3};

(iii) P{N(1) = 2|N(1) > 1}.

2 e"22F 5
(i) PIN(1) <2]= ) P[N(1)=k] = =2
k=0 k=0
. e 22 222 4
(if) A = P[N(1) = N(0) = JP[N(2) = N(1) = 2] = = - —— = 5
. gt = DIV > 2AN() > 1] PIN(1) >2] 1 -PIN(1) - N(0) < 1]
TRTTTUPRNM = BNM =1 1-PN(1) - N(0)=0]
1— e702!20 _ e712!21 B 1— 36_2 _ eQ -3
B 1— 22 Cl—e2  e2-1

0!

2.5 EMEE P, (t) = P[N(t) = m] fEdrdl 2.1 BEE (1) ~ (4) Rl g

P! (t) = =APp(t) + APp_1(t), m=1,2,---,

Amt'ﬂl at

TREBIERHRAE T Pu(0) = 0,m = 1,2, RN ~——e
4 MBGE 73 3 '

(1) TEAAHRZ X [A) v R AL B0 B AR BRST BRI TR n = 1,2, - @I %) ¢ =0 < ¢, <
ty < -or <ty, WE N(t1) — N(to), N(t2) — N(t1), -+, N(tn) — N(t,_1) AHERAL;

(2) WHEATISZ] ¢ FIIESL b, BENLAE R (BEGE)N (¢ + h) — N(t) 7040 AT X A b AR
WA ¢

(3) AAETERHN, 2 h L O I, SEAERBEN h UMK Db 0P 5 — K
PIN(t+h) — N(t) > 1] = A + o(h);
(4) FEANBIL (1,6 + h] R AEPIA SR LSRRI o(h) (7T A2 i), B2 b |0,

PIN(t +h) — N(t) > 2] = o(h)

13



m

Pp(t+h) = Pn(t )PO(h)+Pm—1(t)Pl(h)+me—i(t)Pi(h)

S P (OP) _
h
S P

=2V 0 (hi0)
Py(h) =1 — p(h) = 1 — M + o(h)
Pi(h) = p(h) = Ah — o(h)
RIS h 10
Po(t + 1) — Po(t) = —AhPon(t) + MhPo_ 1 (£) + o(h)
BBERR P! (t) = — AP (t) + APy (%)

mtm
Po(t) = C’e_)‘t = e_)\t(Po(O) = 0) = Aile_At =0
m: t=0
% Pm—l(t) == %eiAa é'\
F(t) =L P, (t)eM
)\m—ltm 1 P\ 1tm 1 Amym
F, t =Xt = F/ — F t) =
(e = e () = Ty = (0 +o
P,(t) = L‘t)' e M4 Ce M
m:
Po(t) P, (0)=0=C=0 (A)™ _,,

m!

2.6 —#k 600 TEAE LA 240 NEIRIEE IR, WA A Possion i REIT AR H LS =

TUICEE RN

%t Poisson ZHN A\, H 600\ =240 = \ = 0.4

PIN(m +3) ~ N(m) = 0] = O3 L

2.7 N(t) ZHEN X\ 1) Possion IEHE. 2575€ N(t) = n, WKE r DNEM (r <n) KAEMBZ] W, 1)

FAERERE fw, N @=n(wr|n).

14




fwon@=n(wrn) - Aw,
=P[N(w,) — N(0) =r — 1, N(w, + Aw,) — N(w,) = 1|N(t) = n]
:P[N(wr) - N(O) =r—= 1] ’ ]P)[N(wr + Awr) - N(wr> - 1]
PIN(t) — N(w. + Aw,) =n —1]

PIN(t) = n]
Lo (A, of )] - AR v
(A;!)" et
WAL Aw, 4 Aw, — 0 15
_ n! (we)" Mt —w,)" "
fwevo=n(erln) = Ty, fn
2
B I
Lt 2pa (r=1D)en 1y, Tth
R R ¢
0 Ao —1 T

B2 N=B MIRRIIREZIMGEEE (7 =4aREX)

f (wy|n) a (wr)r_l ()
—n(WrN) = e T
WrIN ()= (r—1)l1-(n—r)!\¢ t t

3
PRI R I T 5. DRI 43 A5 T IR A 2 [B) T B ) (RO RS Wiy — Wy = 6, IEABTREM G 6; ~ Exp (),
FIH 118 gsie w, =3 6 ~T(r,\) B:

e ()
Jw, (wr) = (r—1)!

Fow, (w,) - B(t = w, WEEET n—r %K) fw,(w,) - BIN(E) = N(w,) =n—1]

Jwo N ()=n(wr|n) = -
Ae—)x'lﬂy-()\wr)r—l ) eﬂ\(t—uw[)\(tfwr)]nfr
- 1! (n—r)!
n!
B n! (w,)" 1t — w,)""
T =i tr

2.8 & {N;(t),t >0},i=1,2,--- ,n N n MISLHHAHFEERESE N 1) Possion . ic T NTE
A n NP DR T AR Z], B{OR T KA.

1
K@Y 1.14 JLF—F, j& Poisson Ml Exp —4&PH.
it N(t) = Ny(t) + -+ + N,(t) = N(t) ~ Poi (nAt), HXT R EIER X ~ Exp (n))
Fr(t)=P[T <t]=1-P(T <t)
=1-P[N;(t)=0,i=1,2,--- ,n)]
=1 ()"

15




L fr(t) = Fp(t) = nie™™
B T M MSECH nX a0
2

KEARZEN() =1 Ni(t) ~ Poi (nAt), B4

P[N(t) > 1] = i]P’[N(t) =k|=1-P[N(t) = 0]

k=1
-1 e—nkt

d

r(t) = SBINE) > 1) = mae

2.9 FEBSHOY X 1 Possion WAL N (t), & —FAMAH IR p $OUER], IR RIS R
LN Ny(t). W Ny (1) RATAFE? N(t) — Ni(t) B? Ni(t) 5 N(t) — Ni(t) B2

FEf=0ass
(i) N1(0) =0
(i) {N:(¢) : ¢t > 0} RphrgEd R

M, X0 < s < ,Ny(t) — Ni(s) IRMSECN Ap(t — s) B Poisson 73045, # {N1(t) : t > 0} &
Ap [ Possion i 2.

W

2.10 FAFEIHE AR F-RERMNSECH A\ 1 Possion IR Ny (¢), M EIEK/MNIERNS
N Ao 1) Possion IIF2 No(t), HIIFE Ni(¢) 5 No(t) o7z, MBI FE N(t) = Ni(t) + Nao(t)
et A i FFEAARERE N () PREE LA,

gn (V) = gn, (V) - gn, (V) = M =D Aev(e ~1) — o(AatAz)(e 1)

SN (t) 2SR A+ Ap [ Possion i 2
e Wy, Wy 430 R-RE . INRERSE —IREARE, W Wy IRINSECH N BI85 Am, W, IR SECH
A BIFREU .

]P(Wl < Wg) = // fWth (wl, wg) dw1 dw2
O<W1 <Wo+oo

+oo +oo

= / dwl/ )\1/\26711)1)\17102)\2 dU)2
0 w1

YRR

25 n AN B REREIEN T ~ Exp (\), £ (0, 7] ZIAEART2E
— Aot A t 0
P[T = t, Na(t) = 0] = (e Mt dp) - 2200 0(, ) _ Apem At gy

Al
AL+ Az

+oo
P, < W) = / PIT = t, Ny(t) = 0] =
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2.11 i (Shock Model) it N(t) AF RSB R Z] ¢ ZRIW A, E2S808 A 1
Possion 12, &8 k i RAMHEFE RN Y IRINSECN ¢ WIS, Vi k= 1,2, Jl
SLEGME. AR X(6) NRGHZ AR ST, SEEET —E NI o B RGEARRIET, Failk,
id T NRG . iﬁ*iﬁ%?fﬁﬁ‘]%i@%ﬁ E(T), F£X5 Frfsah BAk h B R

SR AR SUHLA R B(T) = / (T > t)dt

0

N(t)
P(T > t) = P{X(t) ga}:P{ZYk ga}
—Z]P’{ZYk <alN
—ZP{ZYk <alN

= ZIP’{Wn <a}-P{N(t) =

n=0
KA Y n =0 BIUH P{W, <a|N({t)=n} =1
Y~ Exp(p), W, = ];1 Yy, ~T'(n, 1)

P(W, < a)= n 'Li ol /‘X s"teTMds (n=1)
(A"
n!

. = At —At - ()\/’Lt)n “ n— 1 — s
SJP(T>t)=e+e nz_:ln!(n_l)!/o s Hsds

P[N(t) = n] =

+oo
S E(T) :/0 P(T > t)dt
_ 1 = (/\’u)n > n, —At “ n— 1 — s
_)\+Zn!n—1)!/ t"e dt/os ks ds
1 = u"T(n+1) R
- n sd
D) )\Zl nl(n —1)! /0 e s

i L8 e
1

n=1

A
MEERE, 35 XK (RGPS Mg, p i/ (R i - P B E R, o B (RGEHT
REZAK S I8 5 A BR AN, T R g1 2 5 dn i, H2 o 55T 0 I RGP 270 dr RN 88 — ke 21
PRl ETRESEE AR
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n

e He

Gp(a) =P{Y1+ -+ Yy <a} =P{W, <a} =P{Ni(a) 2 n} = i (“]j")
k=n ’

Hrf Ny (t) Z5EFEN p ) Possion EF2
ST > 1) = PIX(8) < a}

- i MGn(Q) (BRAS Py 1] 2.4)

—~ n!
— zz (/\t')ne—)\t (H‘O? e he
n=0 k=n n: k
L ()" s 0"
*Z k! : Z n!
k=0 n=0
“+o0
E(T) = / P(T > t)dt
0
o k k +oo )™
_ Z (/’L]{Cj) ef,uozz ( ‘) e*)\t dt
k=0 ) n=0"0 s
— (pa)¥ L (E+ DT (n+1)
:Z r © 1
— k! n!A
L= (1)* o | xS (pa)et
=32 e
k=0 k=1
1+ pa
DY

3@

Y1, Yo,... Y, iid HY; ~ BExp (). % S, = > p_, Vi HISZIE 341 4R E A RENLIAZECN (n, 1)
1 T 7 Ai

e (ps)" !

fs.(s) = n (n—1)!

e (ps)" !

“ H “ — s n—1
P(Snga)—/o L (n—1), ds—(n_l)!/0 e " (us)" " ds

@S0l 3 #1 Sol 4 HRIF M, HHLERA Lo HIPRERNA e Wi LRI T
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oo

e_kt )\t H “ —us n—1
1—Fr(t Z o (n—l)!/ e " (us)" " tds

n=1

- ()\t s n—

[o ]
SEBOR RRTBU 5 / Z (X)L (ps)ers s
(n+1)! n!

n=0

0

n+1

=, (us)"e

R n+1 n,—us
(()\tj_ 1)'(/L8) 'e :(ekt_l).lzekt_l
n . .

-jjz

1—Fr(t) = ue_’\t/ (e —1)-1ds = pa(l —e ™)
0

Frt) = S (1= Fr(t)) = Auoe™
+o0 oy
(1) / tr(e) e = 1

4©®
“+o0
LR AR 4 271807737, RME R H B R$ER E(T) = / P(T > t)dt, SEiER MR IE—il
0

+00 +oo +oo o
/ P(T > t)dt = / ( fr(z) dx) qt ZEBBIT
0 0 t

:/OJroodx/owa(x)dt:/O+Oome(x)dm:/()+ooth(t)dt
— E(T)

B a )\t)n—i-l (Ms)ne—us
P(T>t)=1—Fr(t) = At ( d
(>0 = 1= Fr) = [752 S as

2.12 & N(t) A RECN \t) MAESFIK Possion 2, X1, Xy, -+ N ARE] A [A] [H] F&.

O LT



(i) X; /275 [ Am;

(iii) #Hek X7 5 Xy f9540.

1
t
i () = / Nu) du SR ] Wy, W, (ES AT BRSO
0

Fyw, w,(t1,t2) = P(Wy < 6, Wa < ty), (0 <ty <to)
=P(N(t1) 2 1,N(t2) > 2)

—[m(t2)—m(t1)]

— a—m(t2)

mit2) _ mm%mmx,m@ﬂ}

=1—e ™" _m(ty)e ™)

O?Fyy, w, (t1, ta)
Ot10t5

. Wl = Xl

. WQ — X1 + X2
Cfxe s (t, 1) = M)At + to)e ™4 ) SREEEN g, (t)ga(te) TER
o X, Xy AT A

le,WQ(t17t2) )\(tl))\(t )e—m(tz)

+o0
Fxu (1) = (1) / At + to)e™™BH) gy = A(t) [e_m(tl) - e—m<+°°>} (t, > 0)
0

TN E emm()

+oo —+oo
1= fX1 (tl) dt; = / )\(tl) [efm(n) _ efm(JrOO)} dt; =1— [m(+oo) 4 1}efm(+oo)
0 0
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semmte) —
le (tl) = )\(tl)e_nl(tl) (tl > O)
+oo
fro(t2) = / A + ) ™D dey (6> 0)
0

o X, Xo AR A HH R R e K 1

2.13 FRX A ¢, BEZRE A KT 0 BIEFIR Possion I {N(t),t > 0}. % m(t) =
M) du, m(t) BIRBRECA £(t), id Ni(t) = N(t)). BUE Ny(t) 2B Possion i F2, ik

0

Ny (t) HISEBEZEL .

(i) N1(0) = N(£(0)) = N(0) =0

(i) - m(6) M, . (0) Mt
Xﬁ"ff%’z: 0Kt <ty < ty, ﬁ 0< €(t1> < e(tg) <0 < g(tn), Hﬁ

Ni(t2) — Ni(t) = N(€(t2)) — N(£(t1))
Ni(ts) — Ni(t2) = N(£L(t3)) — N(£(t2))

ON() RIS ERRE Ny (t) WM R
(iii) VO<s < t, A
P(N1(t) — Ni(s) = k) = P{N(£(t)) — N((s)) = k}
k

_ [m(e(t)) —m(l(s))] o [m(e() —m(£(s))]
k!

SNy (t) AEBEEEN 1 1) Possion i3 %2

2.14 BL N(t) NEFERE, WA dre e 32Dy -
(i) {N@) <k} = (W) > 1}

(i) {N(t) <k} = (W) >t}

(ifi) {N(t) > k} <= {Wy < t};

Horb Wy, N5k ASSAF SRR E.
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() {N() <k} = (N0 > k) = (s <0 = {Wi > 1}

(i)

(N <k} = IN() < k+1) = (NO) S k+ 1} = o <0
= {Wipr >t} #{Wi > t}

]-st 2nd kth (k+1)th
¢ ¢¢ ¢ . N(t):k1EWk<t
0 Wi 1 T W,<tfl N{t) =k

AN <Kk} = (W, <t}

(ifi) {N(t) > k} = {N(t) > k+ 1} = (Wi <t} # {Wi < 1}
RS LI (W, < £} % {N(t) > k}
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3 T =EFE Markov IE

3.1 X} Markov % X,,,n > 0, iXuF %A
IP>(AXVn—‘,-1 = .]|X0 = Z>07 o 7Xn—1 = ifz—l; Xn = 7/) = ]P)(Xn+1 = j‘XTL = Z)
L TXFAENZ] n,m ITARE i, ins Jis oo dm A

]P)(XnJrl :jla-“vXner :jm|X0 = iOv-“’Xn = Zn)
:]P)(XnJrl = jla ce. 7Xn+m = jm|Xn = Zn)

<= HfFSm=1

= [ Py7(3.4) AN

P{Xn-‘rl :j17"' 7Xn+m :]m|X0 :i07"' 7Xn :Zn}
:P{XnJrl :jla"‘ 7Xn+m :jmyXO :i07"' 7Xn :’Ln}/P{XO :ZIOW" 7Xn :’Ln}
= P{Xo =0} Pjjy - Pi_rjon Licin - Pirji [[P{Xo = i0} - Pigiy -+ Pi,_yi,

= P{X,, =i} Pjj, P 1j Pinjr /P{X0 = in}
= P{Xn+1 :jlv' T 7Xn+m :]m‘Xn = Zn}

3.2 ZEIRA 0,1,2 EH—A Markov 5% X,,,n > 0, BAHEBHERER

0.1 0.2 0.7
P=109 01 O
0.1 0.8 0.1

WIS AN po = 0.3,p1 = 0.4, pg = 0.3, IRME P{X, =0,X, =1,X, =2}

P{X() = O,Xl = I,XQ = 2} :p()P()1P12 =03x01x0=0

3.3 (5BAERML (15 RH 0,1 FiF, ANEMEMER. 5 EREIEEN 0. X, = 0
RIZEMBE S, T X, ZES o BEIBINGES. BE X, N — Markov 8, EA ¥R
P00:P11:1*O[,P01:P10:Oé,o<a<1~ iﬁ*

(a) PSEIARHASRIER P{X, =0, X, =0, X, = 0};
(b) PibAL1% 5 R B IEE 5 1%,
(¢) T Z JEAEIETEIRIIEESR P{X5 = 0|X, = 0}.
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(a) ]P{XQ:O,Xl:O,XQ:0}:p0P00P00:1'(1*0{)'(1*04):(1*0&)2
(b) P:p0P00P00+p0P01P10:(1—a)2+a2:2a2—2a+1

(c) FeRMEAIELE

N Vi B
p—|2 2 1 0 2 2
N Vi 2
3 7% 0 1-2a)\F —%
Vaoovz\ Vi
. pe) | 2 2 1 0 2 2
2 0 (1-20)°) \*2 -2

2
14+(1-2a)°
2
1—(1—2a)°
2

1—(1-2a)°

_ ( ;
1+(1—20)5
2
S P{X5=0|Xo =0} =pp - 1+(1;2a)o _
oE B

)

P{X5=0|Xo =0} = (1 —a)’+ (g) (1—a)a?+ (i) (1—a)a?

14+(1—2a)°
2

3.4 A, B WBEILHE N DEK QISR ERNZ n e N DERPSEBARMAER B RE M
A, B PHETRARIE—A, iEH A BFIMERON p, i B BIBERON g Z )5 BRI H RIERTEON LR 4 O HE v
W X, NERRIRGEN A GEP R BREL ORI Markov 12 B3 RS M F R

pﬁ_kq]\’]\?z 7j:Z
p= N i1 =1,2, N
p- A j=i+1(i=0,1,--- ,N—1)
0 Mot
qN pN 0 0
¢ ¢N-1+p p(N-1) 0
1] . | | .
i N : : : .. : :
2¢ +p(N —2) 2p 0
g(IN—=1)  q+p(N—-1) p
0 aN pN
3.5 EEMH - EHINESHBMKIER NI, e mABA0, ol AN PSS H IR BOIRE =

[E] ) Markov B, F3R Hi 43 7 23 2 D sl 4 w] BLES
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1
10 X, N n T EE

0O 1 2
0f3 3 O
HEBBRERE RN P= 11 0 1
2\0 0 1
E(T|X, =0) =
E(T|X; =1)

:ZE
>

E(T|Xo =0, X, = k) -

1

T|X1 == 1,X2 = k‘) .

> E(
k=0
> E(T|Xy =k)-
(1+
(

k=0

E(T|X, = k) -
24w

S IETAEL, M {X,,n >0} I— M.C.

P(X, = k| X, = 0)

P(X; = k| X, = 0)

|

P(X, = k| X, = 1)

1 1
) 5 +0+5x2

2 2
filtf3 E(T|Xo = 0) = 6, “FIIFTEI 6 k.

2
HEBMERE, § Po =3, Pn=3,Po=13P2=3, Il

M 5
=~
Il 3
o
/N
3

=
2

k
1S3 IS /n) /1)F
-2 G) (
n=0 k=0
= % X 24 =6
BB R IXIERER IR, Ak

1

4

)P&(POlPIO)nk[k +2(n—k)+2]- Py Pra

)” [k +2(n— k) + 2]

f 45 B & Mathematica 5] (doge)

3.6 EE M. RN RN E NSRS S wls, T B, EREREE T S5MENBCE
KRB 8 S/ NN AR E. BUE AR RALTHMEA kA ORI &, e s

R AN, N 1/k. JRBRER — IR

WREHRAHAR I M 2. 21 X, NS R AERS

Z) n W FrAE /MG B S, U5 X — Markov I FERI R MEZRE, 5K th 5 B 728 B i T B RE R 3

BV,

{

sho Ckl

-+
k++4

7
food

l
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012 3 456 738
0f0 3 5 00 0 0 0 0
1{§ 00 3 000 3 0
213 00 £ 00 0 0 3
310 1 $ 0 1 5 00 0

P=4f0 00 5 00 5 3 0
500 0 0 5 00 % 0 %
60 0 00 2 1 000
7{0 00000010
8\0 0 0 00 0 0 0 1

W, NERM kRS B ST R B M2, B8 ur = 1us =0
W T AE ARSI Z], W 0 < k<6 1,

Uk = P{XT = 7|X0 = k‘}
8
= P{Xr=T7,X, =i|X, =k}

=0

8
= P{Xr =7,X, =i}P{X; =i|X, =k}

1=0

UO*%(U1+U2) UO:%
uy = 3(ug + us + ur) uy =3
uy = 3 (ug + us + us) Uy = 3
U3:i(U1+U2+U4+U5) ’LL3=%
U4:%(U3+U6+U7) = U4:%
’U,5:%(U3+U6+U8) U5:%
ug = 5 (us + us) ug = %
U’?:l U7:1
U8:O UgIO

3.7 it Zy,i = 1,2,--- N—HBMILFESMSHENEEP{Z, = k} = pp > 0,k =
0,1,2,---, Ypp=110X,=2Z,,n=12,---. WRIFE X, FIFEFEMEZRHIE.

k=0

P{Xn-‘rl = in+1|X1 = i17 o 7Xn = Zn} = ]P){Xn+1 = in+1}
P{Xn-H = Z>n-~-1|Xn = Zn} = ]P{Xn-i-l = in-{-l}
P{Xn+1 = in+1|X1 = ila U aXn = Zn} = ]P){XnJrl = in+l|Xn = 'Ln}
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cAXRY 2 MLC, AR RN

Po D1 D2

Po D1 D2
P p—
Po P11 D2

3.8 X 7 AN Z;,, & X, =max{Zy, -, Z,},n=1,2,-- HLE X, =0. X,, 5N Markov
B e, BRI AT

XnJrl = maX{Zla R Zna ZnJrl}
= max{max{Z1, -, Zn}, Zni1}
=max{X,, Zni1}

S AX, ) 2 M.C.
0 ,J<i
pj 7j >
Pj=9 d .
Yok j=1
k=0
0 , HoAth
HIEFE MR N
Do D1 P2
0 po+mm D2

P:
0 0 Do + P1 + D2

3.9 U 0 BRI i HURTE n BRI B KELE j KRR, W EY]

n

(n) _ (k) p(n—k)
P —Zfi'ij :
k=0
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W T; =min{n:n>0HX, =j}

S PY =P{X, = j|X, =i} = Z]P’{X =4, T; = k| Xo = i}

k=0

=Y P{T; = k| Xo = i} P

= P{Xp =j X £G(s =01, k—1)|Xo =i} P "
k=0

Zf(k)P(n k)

k=0

2(KBZ M%)

P =P{X, = j|X, = i}

] ] ; X : . ., P(BC|A)=P(B|A)P(C|AB)
W—/H,_/HA,_/
C B y

=P{X, =j|Xo=14,X1 =Jj}P; + P{X,, = j, X1 # j|Xo =i}
—fOPO L P{X, = j, X1 # j|Xo =i}
f<”P" Yy P{X, =i, Xo = §, X1 # | Xo =i} + P{X,, = 5, Xo # j, X1 # j|Xo = i}
—— —— N——
C B A
=PI 4 P{X, = 4, Xy # §|1Xo = (YP{X, = j|Xo = i, X1 # j, Xs = j}
= z(jl)Pg(]n_l) +f1] (” ? +P{X _]7X2 #jaXl #]'XO - Z} -

=S THPPETY L P(X, =5 X £ 5,k =1,2,..,n — 1] Xy =i}

n—1

_Z FEPER | o plo)

_Zfzmpm k)

3.10 X 7 @A Z;, HEN X, = i Ziin=1,2,--- Xo =0, Wi X,, N Markov $#. Jf3RH
=1

Xn>0FH

P{Xn+1 == ’L.n+1|X0 == ’io, e ,Xn == Zn} (ZO == 0)
= P{ZTL+1 = i’ﬂ+1 - ln|X0 = iOv o 7Xn = Zn}
== ]P){Zn-‘rl == 7f.n-‘,—l - Zn}
PinJrlfin ZnJrl - 07 17 27 :

0 , OW
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{Xn+1 - in+1|Xn - Zn}
:]P){Xn + ZnJrl = Z.nJr1|AX'n = Zn}

:P{Zn+l = in+1 - Zn}

Po D1 D2
0 po p1
0 0 po

3.11 — Markov 8EAIRZS 0,1, 2, 3 FIFEFE B2 AR

0 5 0 3
00 1 0
P:
000 1
3 00 3
ﬁﬁj‘z fég)an:1727374757"' ) /H\:EP fég) EE
P{X, =i, Xp£i k=1, ,n—1Xy=1i}
T
1 2
s =P =0, éo):e 0 %)(0 0 %) =1
Stn>28 )
010\ (o
=5 0 4o o 0
00 3 :
NG 3
Y =30, £ =4
X >4 0,
00 55\ [0
Wo(r 0 Do o g |fo] =
00 — \2 2 on—1 on on+2
00 ) \2

A R 3ME. FF IR IX — Markov B MIPRAS AT 4025

3.12 TERUMCE B ARG, B UCGRIGSE BT (S) BURI (F). [F]— 25 SR AR 4% Hh IRk —
2 (run), tbn—258 FSSFFFSF TG RA IR, =RV, B3R p, KK
%R g =1—p. it X, AHE n KRBERIDFREIKE (F5 n KikE, W X, = 0).
{X,,n=1,2,---} H— Markov %, J#fiE HEBMAEE. 10 T AIRFEARE 0 MrfE, 5k T #5
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Xnpr 5B n4 1 K8l J=i+1
Xpy1 = +1 oL = {X, & M.C.. P(X,41 = j| X, =) = psJ
0 H 4+ 1 KRR I 7,5 =0
01 2 3
O0/fqg p 0 O
1 0 0
P q p
21qg 0 0 »p

T=min{n:X,=0,X,#420 (s=1,2,---,n—1)}
P(T =k)=pr g (k=1,2,--+)

E(T) =302, 0" gk o pE(T) = 3202, pak

S (1 =pE(T) = ¢E(T) = q+pg+p°q+ - =%

1-p
SE(T) =1 = = g, BTERE HIE, A—
Myl fég) = P lg=1= foo, B0 NFEIR, HRNIEHEER (1 = ﬁ) A M.C. ANH %338 )7
7).
(EJZ%LEE m=nP & Z;ioﬂ'j =1 ﬁt’?—ﬁﬁ%ﬁﬁ}?ﬁ?ﬂ ™ = {wn,n > ()} = {q,pq,qu, .. ’pnq,” . }) E\'EUHZ

HI M.C. NIEHIR

1

1: 3.12 EfiR

3.13 UL 5 7 i 3 (R 5 AR S5 (A6 FRBE ALl B 4E — 4RI & 5K 1K), 10 7E = ZE A2 Bt (1.
(HEAL B S 45 th B O, =BT DAL ER (3%))

1(jkadbear S AS=E %)
W A{X,,n > 0} N Y4B FREENLIF N, HARAS A = 4E 911 ERTA B EUR (&R, Z iz M.C. A
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RETLIH0, ST % RRA 05 (0,0)) MMM, HALFHHRE PO
om) _ (2n 1 2n n m n 2
R =S e (1) - (1) ()
k=0
_ 1 2n n n
-(3) (n> (k><n-k>
k=0

=)

2
(N 20\ T T20)!)? sening, (1) [ (20)202em2/2m
- \4 n) \4 (n!)? 4 n2ntle=2n2m

1
" oam
ﬁ%ﬁ})inﬂﬁﬂéﬁznl(?EﬁuMﬁﬁmﬂl%ﬁﬁ%;&~ﬁﬂuﬁ%L&m>o}ﬁ$
IR, ELE Y 2
2
AT K2 R 2.

2n 1 = (2n)! 1
k,kn—k,n—k) <4> gk'k'n— k)(n— k)2

(n+1)---(2n) 1 = <n>(” D) -on
k) Kl(n k;) 23n

1 " 1 " 1
e () w1z -

k=0 k=0 k=0

AN P S T 1= oo = i ERI, LR T HEBENLI AT BORAS TIA, #% Markov B

3.14 B Xz AL AR B = R R A A BN 2SI T EATIASE Y Markov AR
MR R IBHE A, B, C =M RS (8] R RS LR R R 70 A O R B R, 3 X LR [ P
PERE BX KRG T A, B IR AL S (& .

100 0o 1 1
Wlo 1 of. @@L o0 L],
000 110
1o} 0
Bls 5 5] @ 1
2 03 0

(1) (a) FRMERERIENE, H=FFRAN 1.
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1
(b) FZIMHEL SR LSO P = | 0
0

o = O

0
0 | HMIIEER:A, B,C ZAREHNHIR, HEY
1

RS, FRE 2 AR AT, 800 = B h AR LU e, I A IRASSE, 1H A 15 B 67—
BTk HA
(2)
2
0 5 3 3 i d
Polyo b =1
11 111
2 2 4 4 2

A B, C ZIRE M, Fra RS .
B = (ma, mp, me) NI RJG =A7 dh T2 5 A 80, 0

:(TFA,’]TB,']TC) 1
= A =Tp=Tc = §

(7TA,7TB,7TC)

= - O
= O N
O W= N

TA + B + TC = 1
S EANMRSER IEAZ, WA (H R MR AR A, B A it 2 b
(3) HVAGNERT HI

1 0 1
2 2
Pr=130-%) & 3(1-3)
1 1
3 0 2
LI/ )
= tim (5) =0
11
(ma,mc) - 202 = (ma,7c) 1
% % =Ty =T ==

A+ T = 1
o BORIBERR MY, ERUEIRA B, 5K A A, C HIR,B LA, B UL, B A
FFHE% A, AAKZR A F, BEiE% B M fettiia %, ikl A,0 0 Kh.
(4) - A, B,C =IREHIE, PraikEs .

01 0
(ra,mB,mc) |0 0 1| =(7a,7B,7c)
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100 3
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A B, C T AR, ALK, 5 (2) 17

32



Kl 2: 3.14(4) KR

3.15 FE—FHIIRER Markov #. kA
(a) BDH MRS L HF IR

7['33%
(b) AR & RAR S 0 5E A2 IEHTIR .

(a) REHAIRESEIIBEL SR ZFHIR (InsRshie), WXt vie S, 47

lim P =0 (1)
n—-+oo
+oo
%%ﬁﬁgyﬁwwwm
Y4 l “+o00
k —k k —k k
SR < P S AR+ 3 @
k=1 k=1 k=l
[ 5E ¢, % n — +oo, WH (1) 19
+o00
. n k
0< lim PV <0+ £ (3)
k={

fE (3) T4 €= oo, 1T > 7 < 118K
k=1

FHATRRE M.C. A N MR, 1
N
Y P =1 (5)
j=1

(5) T2 n— oo, B (4) B 0=1, FJE = E0H - PMIREZ (IE) WK

(b) FAFEZHIBIRE 4, THIE O() = {jli > j}, W C(5) AE M.C. I~ AIAT M.C.(HHIRZ),
T O() FIEREYNEHIE, SHIBRE M.C. BAH A ERRRETE,
o AT EEAR A 9 N IE R

PICE AL 3FS)
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(a) B ML.C. HPIREZ AN S = {0,1,2,--- , N}.(RIEE) AU E, W M.C. MIFTIRE b 1.
IR Vi, j € S lim,, o0 PSY = 0, 15— 77T XA

N
YPM=1 (vieSneN)
=0

P I HR AR R A5 21

N N N
1 (n) _ : (n) _ _
L=l > R =D i PP =) 0=0
J= J=

j=0

FJE. N (a) 15E

(b) (RilFi%) #HAMAL, W) M.C. BAME—NRHIRRE. B S, C 5 NREEHIRREH RN T
%, WHIE Sy NS JRATIE, Wi Sy = {0,1,2,--- , M} (M < N). WJE M.C. Rl S,
AR M.C., AT

M
> Pylw(n)] =Y P{'=1 (VieSneN) (6)
JES1 j=0

F—JT, HEUT (o) MBI, ST Vi, j € Sy, A limye P =0, MG (6) 22 HU

i
BRAS 2):
M
— 1 () _ —
= Jlim > P = lim 1=1

Jj=1

6. T M.C. AT A7 AE S R, B (b) 4.

3.16 HEERKGREME. XK Markov HARE 0,1,2,- -+, BRI TRE @ meE TR L
W p, BB 4 1K) BAEBAEER g, = 1 — p, SEIISIRE 0(dcsk). AR “07 X% “F
EP” Eﬁ ED P01 =1.

(a) WUEFTEIRES NHE R4 2
nh_)fgo(lep?, ~pp) = 0.

(b) HBLEENHIR, BORHNEH RN

(a) HMEREREG N

o 1 2 3

0/0 1 0 O
Ile 0 pr O
P=2¢g 0 0 p
3 0 0 O

q3
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I M.C. AnZy, - RFIERE 0 ¥R & lim pipa---p, =0

n——+o0o
B2 foo) = fo = 0./ = @
n—2
O P1 O 0 Q
(")*(1 0 0 ) 00 po O - P
oo 00 0 pg - g3
=AB"2C", (n>3)
g
0 - 0 p1--"Pn-a2 0
——
n—24~
B"?=[0 - 0 0 P2 Pz
——
n—24"

—N
53) = (0 «++0p1-pr—200 "')(Q1Q2 )T =DP1 " Pn—29n-1

+oo
cfoo=a+ D P Paatna

n=3

+oo
=1-p+ Z(Zh “Pp—2 — D1 Pn—2Pn—1)

n=3

=1— lim pips---pn

n——+00

+oo

Ho = anég)

n=0
“+00
=21 =p1)+ > (P Poz =P Po1)
n=3
=2+ p1 + pip2 + p1paps + -
“+o0o
n=1

PICSEAD 2FS)
2 M.C. PR FERS B ] i

K 3: 3.16 KIfi#
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(a) H LG % M.C. NATZ) JEE . X
fél) 0, f =q=1—=p1, [ =p1(1 = pa),--- ,fég) =pip2 - Pn—2(1 —pPp_1)

M
5 —Zplpz Pn2(l = pnoy = lm (1 —pipz---pa))

ﬁ 0 &Fﬁﬁv{ﬁz&j‘jr‘%k <~ nli_{roloplpg”-pn =0

(b) KRMLNETTIEA = =P, Z m; =1 f#fe

=0

T2 = P10 1
:>7T0:2+Zoo iy » ﬁ&
> PiP2 P

Tin = P1P2 " " Pn—1T0

o X e pa < Hoo I, PR w AFAE, M M.C. N IEHR, JREAR AT 413 .
« A P2 P = oo fH lim pipy-op, = 0 B, IEHIR

o« li_>m pipe - pn = p > 0 B M.C. NBFILH.

IR BT Ho = ZZO=1 nfég) = Zf:z npipz-- 'pn72(1 - pnfl) =2+ Z:O=1 PiP2 - Pn, NIIEES
A B S5 iR

3.17 TH AR

Ll
S
11 1
6 2 3
(PIAR PR 53 AT
i& iy ﬁ\ji«z MC E(Jilzi%\ﬁj\%ﬁa T = (7T077Tl77T2)
T=0
2 5 6 3
=1 =r=|——,—
27 T (14 14 14)
P =7
5 6 3
4 14 14
HRIZ M.C. AT Haw o R | 2 & 2
¥ U 4
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3.18 REMAEZHM RS BHBEEf, FROIESATHRARERRBR  TRUTH
o4 REM Markov #: BEME R, —W—B, ——8, UAZEEHRBK, Silich
(S,5),(8,C),(C,9),(C,C). ZFENIFEFE M N

(S,8) (S,0) (C,8) (C,0)

($,8) { 08 02 0 0
p_ (8O 0 0 04 06

8 | 06 04 0 0

c,c)\ o 0 01 09

BRIX— Markov BERIFAE M. JF 3R HAR I 724 M R R £

BRI 7 = (7m0, 71, 2, 73)

7 JRET ML.C. R EAREAE IR BT o 11 2 A
co R BIRORE = 30 x (E x 24 & 4 ) =365 x .5 = 132.7(K)

3.19 ENA M BDIHIENAEMEZEIR. MERMERN (AZER) TW T mHEERS (e
=F) HAhF T L L (FIX), AWM, iR e8RS DA R (8 )
T EIERN p, W L— M + 1R Markov % LA 5T AR RUAIE AL 2.

EX Xn: B on RERFPWAE, - {X,,n>0} N— MC., % q=1—p, TFEBERIER:

0 1 2 ... M-2 M-1 M
0 q P 0
2 2
pq p*+q Pq
21 0 24+ g2
p_ : pqg  p+q
M-1 pg  P°+¢* pg
M 0 pg  P*+q

HURESHBE S 51 M.C. AT L33 P, SKREPR A (RBR ) v B 7 = (mo, my, - -+, mar) F9HE

TR
M T™O = 57 1 =

P =
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S M.C. &,
7 SR HARPR A, FLAE R IR A
1-p
M+1—-p
R LIE R J oy SO R, X5 ek, MRS . BRI XIS PE B 2] R (3],

Py = pmo + p(1 — p)mpys = 2p

3.20 IMREEFRIENZ] 0 N— DN LG, — 082 JF A MMEAt T T GE B N LR O: LA 1/4
FAE 2 ANgifE, DL o1/2 MR EA 1 N 1 A Egnie, F 1/4 PR AE 2 AN,
L E RN 240 B DA R R P A AR TN — AR A AR AR B AR R BUE BN AR AT 2
ST

(a) MWIEFRITAG n + 1 HBP AT BLA A RIBR & 2 b7
(b) A FEFFLITE LR 2 2 A7

e WZIO01...n
o NMit12...20
(b) ¥#—
. 1 1 1
_ k_ 1o, 2t Lo
@(s)—gpks =75 T35 —|-4S
1 1 1
D(s)=s 182_§8+Z:0:>S:1:>Pﬁg“‘::1
PP
1 1

3.21 3 —AMMEP AR po = q,pr=p (p+q=1), BRE n REEKEEM
5 25 R BRERE T MR = AR JE AR A AN po = 1/8,p1 = 1/2,p0 = 1/4,ps = 1/8, ik [FIZ FFEH

7] .

(i) po=g¢,p1=p
Zy N RE 1 AMENERP(Z, = k) = pr, E(Z)) = p, Var(Z,) = o2

E(Xn-i-l) = /~Ln+1

_,ntl
P, p# 1
(n+1)o? u=1

Var(X,, 1) = {
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W p=E(Z)=p=E(X,)=p"
n—1 1 p — p(1 — p"
Var(Z,) = pqg = 0? = Var(X,) = {pq b =p1=r),
0,
P(s)=s=1—p=(1—-p)s
pF*l=n=1 p=1,X,=1,7=0

(i) po=g.p1=13.p2= 3,03 = 5 = E(Z1) = §, Val"(Zl)_gZ
n —1
= E(X,) = (2)", Var(X,) =& ()" =& ()" 1 (L))
¢(3):3:>S:1ﬁ%\/ﬁ:>ﬂ_: ‘*‘2\/7

p#1

O(s) = pop1s =
p=1

3.22 HRAMEFEAESEM TN po = g,pr =p (p+q=1), FEE
BRSO RES 3 A B 0 A

AT IR AR HON 1,

3.23 —IELENf ] Markov A5 0 A1 1 BAMIRES, 7ERE 0 A1 1 FEEE B RIIRMSECA A > 0 &
p> 0 HIHEE AR, BWRERZ] 0 JORZS 0 #2468, ¢ WZFEFEAL TR 0 FIHER Py ()

Pyo(t + h) Z P (t) Pro(h)

k>0
= Poo(t)Poo(h) + Po1(t)Pio(h)
= Poo(1 = Ah+o(h)) + (1 = Poo(t))(uh +

= —(A+ p)Poo(t) + p+ o(f)

h
/\h—>0)FlJP60(t)_ —(\+ ) Poo(t) + 1
M Poo(0) = 1, f#ior 7245

, Poo(t-i-h) Poo(t)

A p
P (t) = —(A+p)t
oo (t) )\+ue + At p

o(h))

3.24 1B 23 FHWIR X = . L N(t) AEFELE [0,¢] U R,

B N () (%5,

B f(t) IRES 0(BR 1) 12 B A AU MEZR 25 B2 R 3L, f () = de M
it Pu(t) =P[N(t) = k|N(0)=0], (k=0,1,2,---)
Po(t) = P(TEARES O(BL 1) IZREBH] ¢, > )
=1-P(t, <t)

t
=1- / AeMe dt,
0

— e—At
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A P(t) = Qe

WE k— 1 AESE o, W

Pk(t) /Ot f(ts)Pk—l(t - ts) dts

t k—1
_ —Ats P‘(t — tS)] —A(t—ts)
—/O e 7(]{;_1)! e dt,
A¥ Y ! k—1
= e~ (t —to)1 dt,
o
IOy
TR

i b, 2 N =p B N(t) IRINSHECR At (1] Possion 434

3.25 id X(¢) AR, BHA

PX(t+h) — X(t) = 1| X () NZTH] = ah + o(h)
P[X(t+h) — X(t) = 1| X (t)NEE] = Bh + o(h)

Fo X(0) =0, R4 RFLEX () BB 27X (¢) N HINEER.

A

3.26 FHERE 0,1, | N ERAATE X (¢), E X(0) =0 L N\, = (N—k)X\, k=0,1,--- | N.
Ho a2
P{X(t+h)— X(t) =1|X(t) = k} = \eh + o(h),

WK P, (t) = P(X(t) = n), RREB AR ZHA LB GUE - BIBIT.

Ak

3.27 fERALERNH, T A5 B RAERNITFENT O. FUREAR/NE A ZH—170T A
5 B LR R ENERMKIMES b & A, B HiTH 7 THURIEL. BOEER NIRRT A, B 70§
HOHFE, JFCERE X(t) v A 73 TAERZ) ¢ BEH . @S KBS R,

A

3.28 HILH LN RIHA RS, BUEIE SHON A 1) Possion M FERIL, MRS R EEE
K, ATEAEWONTTT 24N R — RIS A K B AR ST P 52 R 55, FFAERTTE) b P9 58 IR 55 (R
LN ah. 38 X (t) NERZ] ¢ L8252 R 55 FIB R AL, W7 i RE AR A H LA AR .
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A ik

3.29 —/HI N MEMFHBIEIA R E. I\ C1, Cs, - -+ B Cy IHEFHES. 55 & AN BRI RREE A
— BT, HA AR B Ny NS BRSO AR, — Hoes 1k AR, A7 R R — Ao n B8
Be IR AT. BE & L5 — AR AN [FGE AT #R 2 A B ). e X (¢) AT Z) ¢ IEAEIZAT I
AT . W WA SRR P R I TR, 2 N = 2,0 = Ay = L WIEEIRE R 1 K
K Pri(t) K Pra(t).

A

3.30 X5 AR Kolmogoroy [AIRTEA IFE. EHIIGSRIE Pu(0) = 1 TS Pu(t) &
Py (t) R R IR BEBIRE A, = A 1 Yule SR P (1) B9 53kt

A

3.31 WANNEMTEERANIE. F—NTEN TERFGEZE p ASHERER S . — BRI0R
PR — WU PR BT, PR SO TR IR BL N NS EFR R . 1] X (¢) AR ¢
IHERIE TP AR DR g iXe —MIRET N {0,1,2} KIIESE A Markov S, BT
Kolmogorov [A]Hi &[] J& il 73 77 2.
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4 FENE Fiadiz

UM AR AR E ¢ IPUEEE, RN ¢ € R, PR FE TR 5T g AE.

4.1 W X(t) =sinUt, T8 U N (0,2n) LRI 545,
(a) B t=1,2,---, iFW {X(t),t =1,2,--- } 2T FRENL i,

(b) W t € [0,+00), IEH] {X(t),t > 0} BEAZ ™ FRath AR %P i fE.

27t 1
E[X(t)]—E(sinUt)—/ %sinUth:0 (t=1,2,--)
0

Cov(X(t),X(s)) = E(sinUt - sinUs)

= %E [cos(t — s)U — cos(t + s)U]

LI gng— o] = L sint+ )0
= — sin(t — s — sin s
4t |t —s 0 t+s

=0 (t #s)
Mt =s B Cov(X(t),X(s)) =E(sin®Ut) =1 - BFFE
& F(r) =P(sinUt < ), B Fipp = PlsinU(t + h) < 2] SHEA—EMEA - AP

(b)

27
0

E[X(1)] = %(1 ~ cos 27tt)

1 > 1 sindmt
Var[X (t)] = E (sin Ut — %(1 — cos 27Tt)) = - — (

87t
w5t MHx AR
F R, WA Y HEAEAE, RORTETAR, &, - AP,

1 — cos2mt)?
27t

4.2 W {X,,n=012} BFRFH, gX (X n=1,2-}i=12, K

X =X, - X, 4,
x® =x0 - xM

n—1»

IEBIX L PP A (5 7 TR 5.
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1° ¢ =0 IE(X,) e SChEE C,
Cov(X,,, X)) HEXH n—m MEREL fo(n —m) = BOL
2° WM 0 <k WPEGOL, Y 4=k + 1 B
EXO =EX® - xP)=C,—Cpr=0
Cov(X*HD Xy = B(X[FHD X )

=E |(x - x )X - x10)]
— E(XOX) - B, X9) - B9 X, ) + B, X0,
= fuln—m) = fr(n —1—=m) — fa(n —m+1) + fu(n —m)

= fi(n —m)
REn—mAR - & TFHEY

N

4.3 & X, = Y oxv2cos(agn —Uy), KB op M oap, NIEFEE, k=1,--- ,N;Uy,---,U, 72 (0,2n)
=1

TS AN B AERE { X, n = 0,41, -} PR,

N
z 01V 2(cos(agn) cos Uy + sin(ayn) sin Uy)

k=1

E(X,)=E

N
= Z Jk\/i[E(cos Uy) cos agn + E(sin Uy,) sin akn]
k=1

=0
Cov(Xp, Xm) = E(X, X,,) — E(X,)E(X,) = B(X, X,n)

N N
=E Z o1 V2 cos(agn — Uy,) Z o;V/2 cos(a;m — Uj)
k=1 j=1

207 [cos(agn — Uy) cos(apm — Uy,)] + Z 20,0,E[cos(arn — Uy)|E[cos(a;m — U;)]
k#j

o3 E [cos(ax(n — m)) + cos(arn + azm — 2Uy)] + 0

I
M= 1= 1M+

ot coslay(n — m)]

>
Il
—

R n-m#HR - BTHE.

4.4 W A k=1,2,---,n & n MEMIEE; w, k=1,2,--- ,n, & n NEH WKW A, DL A,
Z 1] B A B ) SR AR A RE AR

Z(t) =) A/t
k=1

MR TR
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n

E[Z(t)] =Y E(Are/*") = const
(A) =0, ER -
Cov(Z(t), 2(s)) = =SS B(A,A,) - oriie
P
REt-sHK

4.5 & {X,,n =1,2,---} Z2—FHLFES>HHEIEEFIPX, = 1) = p,P(X, = -1) =
1-p, n=1,2---,%45=0,8,= (X4 -+X,)/V/n, n=12--- KEEHFH {S, =1,2,---}
(P J7 22 BRI B BAH S BR K p BURIAE IS B8 21 A PR e 9107

(i)
Cov(Sp, Sm) = E(S,Sm) = E(S,)E(S)
WZZE XX \/7( D — 1)2 AgEm<n
(4,5)=(m,n)
— (ZE(X?) > E(X»E(Xj)) ~ Vn(2p 17
i=1 (6.9)=(1,1) i
= j%p(l - D)
(ii) \
rx(n,m) = E(S,S,,) = % p(1 —p) + V/mn(2p — 1)°

(i) # {Sn} THs, W E(S,) = const, V28, = /n(2p—1) = p = 3 {HULK Cov(S,, 5,,) = 2itmnl
5 m,n BR, AL p R TR

4.6 W {X(t)} R—ADTRERE, SNt e R, X/(t) 742, IEWXEANMEER ¢, X(1) 5 X'(t)
M, B X7(t) = B0,

DA B RE 3K 3 80RH SR B2 W] A2 4
W E[X(t)] = m,Var[X(t)] = o
LEX(E+AY)] =m
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Y4 — T3y XA -—X(2)
X = Al}sglo At
SEX'(H)] =0

!

- Cov(X(4), X'(t)) = E[X()X'(t)] = %E[(X 2(t>)’} =
NES

N | —

4.7 W A{X(t)} R, HER 0, 7 ZRE R(t) = 47217, %
Z(t) = X(t+1), W(t)=X(t—1),
(i) K EZOW(t) M E(Z(t)+W(t)*
(ii) K Z(t) MERLRE f2(2) & P(Z(t) < 1);
(it)) 3R Z(t), W(t) KA fow(z,w).

E[Z(HOW ()] = E[X(t+1)X(t —1)] = R(2) = 4e™*
EZOWH)P =E[X?(t+ 1) +2X(t+ 1)X(t — 1)+ X*(t — 1)]
= 2E[X%(t)] + 2R(2)
=2{Var[X(t)] - E’[X(t)]} +4e™*

=2R(0) +4e™*
:4(1+e*4)
(i) Z(t) = X(t +1) ~ N(0,22)
AN S W
IS = e T T R

1 1 5
SPZ(t) <1 = /_Oo fz(2)dz = \/18771/_00 e”F dz
(iil) IR frw (2, w) N ZYEIER /A0 MR 5 B R 4, 07 2256 R

c— 4 et
de=* 4

1 e ?
-1 _ 4(1—e—8) T 4(1—e9)
cl= ( < e )
4(1—e—8) 4(1—e—8)

HAT5I0 |C| = 16(1 —e7®), HI¥E & o = (0,0)

g R

(EX?(1) = %(02 +m?) =0




4.8 W {X(t),t € R} BNV, ¢ HABAERMERBEYAZRR. W] {Y(t) = X(t—¢),t €
R} P& — AP iandfe.
e X e AR A

We W[l er,e0,- e, N
P{Y(t1 +h) <yr, -, Y(tx + h) < i}
=P{X(t1 —e+h) <y, , X(tx —e+h) < i}
:ZP(EZQ)P{X(ZH—@—FIZ) gyl,”- ,X(tk—ﬁi‘i—h) <yk|6:ai}
i=1

X () R

FER =Y Ple=c)P{X(t:—e) <y Xtk — &) Syrle =i}

i=1
=P{X(t—¢) <y, , X(th — &) <y}

=Y () AR

4.9 W {X(t),t € R} &P, wigfEidE Y iY@ =1, & X(t) > 0;-1, &
X(t) <0. UM {Y(t),t € R} B2—A-Fhaad 2. mid—PEE {X(t),t € R} 2WEAEN Gauss
RS, WEM Ry (1) A 2 arcsin(Rx (7)/Rx (0)).

AR R

4.10 % {X(t)} —&—NEMAETRERE, iy

E|X(t+7)— X(t)]* = 2Re(R(0) — R(7)).

id m = E[X(¢)], W
E|X(t+7) — X(1)|* = E|[(X(t +7) —m) — (X(t) — m)|”
—E|X(t+7)—m|* +E|X(t) —m|* - E[(X(t ) —m) (X (1) = m)}

~E[(X(t) - m)(X(t+7)—m) |



4.11 & {X(t)} REHEN PRI, )7 ZRECN R(7), IEW]

P(X'(t) < a) = szs(ﬁ;,(o))»

Horr o(-) JubpifEIEZS 7041 e 2L

TR X ( ) AR M IEZS 7341

i E[X'(t)] = {E[X(#)]} =0

Var(X'(t )) Cov(X'(t), X'(t +0)) = —R"(0)
S X'(t) ~ N(0,~R"(0))

' , B X'(t) a Y
~P(X'(t) < a) _P<\/R”(O) ) %R"(O)> - ¢< R”(0)>

4.12 W {X(t)} NIESTROIRE, BME m K50, 7 ZREN R(1) = ae™®l 7 € R,a > 0,b> 0.
HEEN T >0, 4 X = / X (s)ds. {EH B(X) = m(E) X 2 m QRMET)

Var(X) = 2a[(bT) "' — (bT)2(1 — e *T)].

Peon: AEERFAET, WS 55T P

X _E{l/TX(S)dS] =1/TE[X(5>}ds=";T:m

—5| ([ xwa- )(/OTx@ds_m)]

_T2/0 /0 E[(X(£) — m)(X(s) — m)] dsdt

;Q/OT/OTR(t—s)dsdt

_ L / / w5l ds
[l

T2 /0 6(1 — e_bt) dt

= 2a[(bT)" = (bT) (1 —e™"")].

Var

4.13 W {X(t)} N FRERE, W {X®)} 1 n B SE XO (@) F1E, IEW (XM (@)} & PRl
P MR Z R 4.
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E[X(0)] = {EX (1)} =0, Cov(X ) (5), X (¢ + 7)) = (~1)"RE ()
cAXM (@)} PR

4.14 UEHEHE 4.1 Foe T PR A A R D P e .
#o~: F Schwarz A~Z55

781k
1 N 2

‘2N+1 Z (k) =m (m =E(X,))
N 2

- v ( 2 Xk )-m)
N N

avret( 2 X )( > x0)-m)
k=—N f——

N N
2N+1 2 ; ;NR
N
(2N+1 Z (r)- 22N +1—7)— (2N+1)R(0)}
+ -1 Ro)
2N +1¢ 2N +1
N N-—-1 1 N-—1
i 2N ZO = lm oy TZZO R(r) = lim 2N 1N &~ R(r
Vi o RO =0
1 N 2
cim ' - > X(k) - 0.
k=—N
N

. N
2 X = g & X W

2

{2N1+12§:R<7)]2 {2N+1 Z Cov(X_ N,Xk)r_ |:COV(X—N7XN):|

< Var(X_y)Var(Xy) (Schwarz A% 3\)
— RO)E[(Xn —m)2] >0 (N — +00)

NI
1 2N
I _
N-teo 2N + 1 ;R(T) 0,
715
1 N—-1
N1—1>I—Ii-1<>o N Z Rl



4.15 WA (X1, Xy, X3, Xy) 2B 0 FIBE IEASRENL A &, U

E(X1X2X3X4) :COV(Ale7 )(2)(}0\7()(37 X4) + COV(Ale7 X3)COV(X2, X4)
+ COV(Xl,X4)COV<X2,X3).

A FIAEW E B 4.3

HE R 7 € Z, 18 Xpyr Xn 2V, N
E(Y,) = Rx(7)(const)
Cov(Yoir,, Yn) = E(Y,1r, Vs) — R%{(T)

=E(Xpirir Xnir Xnir Xn) — R% (1)

= R3(7) + R% (1) + Rx(11 + 7)Rx (11 — 7) — R%(7)

= R%(m) + Rx(m + 7)Rx(11 — 7)

= Ry (n)
ALY PR NG X = {X,,n € Z} KIPT5Z R BOEPITERCL R R EF A 2 Y = {V,,n e Z}
(R S5 3t 3 P T T ERATT

| Nl | V-1
w2 Brln)| <5 _O\Rym)
| N1
SN |:R§((7'1) + <R§((7'1 +7) + R (11 — T))/2] — 0, (N — +00)
T1:0

FHISE I PP B (1) AT, Y = {Y,,n € Z} BIME#R MG, Bl X = {X,,,n € Z} WihJ7 % sk 2
Pt RRT.

4.16 & X, NRENLACE, HMERE R R HON

"l«ﬁ Xn+1 ?:Eéé\% XO,Xl,"' 7Xn _FT% (1 - Xnvl] J:E,(Jil)j/}jﬁj\%ﬁv n = 071727”'7 ﬁEEﬁ {Xn,’I’L =
0,1,---} HISHMEA & PITE.
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tog? 1
B(X2,) = B[ECC X)) =B [ 5 do,] =1- B(X) + 5E(X)
11—z, n

E(X, Xpim) =E []E(Xan+m|Xn)} =E [XnE(Xn+m|Xn)]

I
=

[Xn(l _ %]E(me_lan))}

1
— E(X,) — —E[E(XnXMm,ﬂXn)}
2 1
41 4 1\m A1 m
2 2 4 1, 1I\m
“ Rx(n,n+m)=E (Xn - 3) <Xn+m - 3) = B(X, Xpam) = 5 = E< - 5) = R(m)
SAXG Y R, - mlirfw R(m) =0 ... &¥5{E w11
4.17 W {en,n =0,%1,---} NABRFEFFI, &
Xp=aX, 1+¢lof<ln=---,-1,0,1, -+,
WX, = 3 aben g, MR {Xoon = -, —1,0,1,---} K PRAFFH. RHIZR B fIH 77 2 L.

k=0
SRR B 75 BAT 3 P 1

E(X,) = i "E(en_i) =0
k=0
Rx(n,n+m) = Cov(X,, Xpnim) = ]E( i aksn_k) (i O/smﬂ_g)
k=

oo o0 o0
= E E R (ep_kEman—t) = E ?F MR (e
k=0

k=0 £=0
02
1-a?
= R(m)

{Xn} ?'\JEH%?%, X 'rnl—i>I-I|-1<>o R(m> =0, . L8 R 1)

LA BCERFR A B, i S i RS BE BME e BN 0
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4.18 TAIFE—MHEHLIFE X AFFE Gauss-Markov IE#E, W X & P2 Gauss it f2, JFHEFH
Markov 4, BIXSHERER) s < ¢, (FRETH 2y, v, 70, H

]P(Xt < $t|XS = xsaXu = Ty, U < S) = P(Xt < ‘rths — 335)

BUIE I Z A R FF Gauss-Markov FERIV T ZRE R(T) HA Ceal ixfpiEl. XH C NE
%

A R ik

4.19 W {X,,n=0,1,---} &FF Gauss-Markov J74I (BIZ5 18 @ 1Y ¢ HUIEFEEY), IEN 0.
IERH T Z 8 R(h) B o?a R, HF ja| < 1.

A

4.20 % {X(t)} AFRILRE, 4 V(t) = X(t+a) — X(t —a). 53 Rx, Sx F1 Ry, Sy ichiblid
X MY [PhJ7 ZREN TR iE % 5 1

Ry (1) = 2Rx(1) — Rx(7 + 2a) — Rx (T — 2a),

Sy (w) = 4Sx (w) sin” aw.

R(r) ZE[X(t—l—a) —X(t—a)] [X(t—7+a) S X(t—7— a)}
:E[X(t—ka)X(t—T—a)} —E[X(Ha) X7 a)}
~E[X(t-a)X(t— 7~ a)] + E[X(t - a) = X(t— 7~ a)]
= Rx(1) — Rx (7 + 2a) — Rx(7 — 2a) + Rx(7)
= 2Rx (1) — Rx(r + 2a) — Rx (7 — 2a)

+oo
Sy (w) = / Ry (T)e™7dr

+oo 400
— 2/ RX (T)e—iw‘r dr — / RX (7_ + 2a)e—iw-r dr

+oo
- / Rx (T — 2a)e” ™7 dr

— SX (W) (2 _ e?awi _ e—Qawi)
= Sx(w)(Q — 2cos 2aw)

= 48y (w) sin® aw
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4.21 BOPRITRE X M E R R(r) = o%e™ , BT FLTh 3 5 R R AU R )5S

+o0 R
S(w) —/ o?e T e T dr
— 00
—+oo
_w? (2w — @2
= o 4/ e (T HWT=5) 7
— 00

, ptoo | (r+i)?
— 1
=o’e 4/ e =z dr

oo

= 0'2\/77&37%2.
S(w) N R ERISER. HR. R E TR R L

4.22 WFRRERE {X(0)} M T ZRE R(r) = % coswr + b2~ RINF L AL S (w)

A cos woT +— T(6(w + wp) + 8(w — wyp)), e~ +— 20

a?4w?
R R O 2 -
a’m a
S(w) = 7((5(0.} +w0) + 5(&) — wo)) + m
4.23 W {X(t)} N Gauss FRIIE, WHEHNE Rx(r) = Ae lcos Br. & Y (t) = X2(t), BilF
Ry (1) = A%e~297l(1 + cos 237)
HURZAS 4.3.2 5 - J7 R i 45 R mT
Ry (1) = 2R§((T) = 2A4%e 207l ¢og? BT = A2672“‘T|(1 + cos20T)
= A%(e72ll 1 72l co5 237)
H Fourier 8¢ Z&:
el 2 e cosw a + ¢
a? + w?’ or a? 4+ (wHwp)?  a?+ (w—wop)?
HOATARE] Ry (1) PR L AR 1 55 T2 9.
4a 2a 2a
Sw) (4a2+w2 + 4a? + (w + 28)? * 4a2+(w—25)2>

= 2aA? S ! + !
B 4a? +w?  4a? + (w+26)?  4a? + (w—20)?

4.24 ¥ {X(t)} N Gauss VRIS, WEAE, WREHEE S(w) = 2. R X(0) HEXI [0.5,1]

IR,
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1 +o00 o 1 +o0 ejw'r

]_ ejz“rl e_‘Tl
— — .91i-R i =
o <™ es[uz?’]] 2

R(0) = Var(X (1)) = E[X2(t)] = % = 2

LX)~ N0, L) XD =X (1) ~ N(0,1)

2

amw<xw<uzprf<%mm<¢4:¢w®_¢ﬁf>

4.25 DHRPFRSRE [X(1)} WMEWBEN Sw) = 2t K X (1) H¥rf.

S(w) = w? B 1 3
W= i s - 2w+ 2w 1)
e EH b AR 7T A S (w) BB R(7) = —Lem |7l - e VBITL NTTSRAG X (¢) B35 J5{H:

E[X?(t)] = Var(X(t)) = R(0) = V3 4_ ! (BEE[X (t)] = 0)

4.26 Bt S(w) RTHZEWE R R, T TSl AT R T 1 A

(2 i)
&E&%ﬁdﬂ)__S%)ﬁm%ﬁ@ﬁﬂﬂ$%)>oMﬁSmn%$ﬁ%.

U 5(w) < 0 ATTHERHEN w € R BSr (B S(w) NATR), SO TETE wo € R, 43 §'(wy) = a > 0.
MY w > wo B,9" (w) = a, WA

/wS/( Ydt > a(w —wp), JREIS(w) = S(wo) + alw — wp)

AR S(w) £ R EXAATR), 7 &
2

d2S d2 +oo ) “+oo )
7dw(;)) =37 [/ R(7)e /%" dT] = / —7?R(7)e™ 9“7 dr

+oo | — 00
T / T2R(r)e T dr
% g(1) = R(r)e 7T, WAFAE £ € R, 5.t

+o00 3 too
/ g(r)dr = lim 7%- / g(t)dr + lim 7%- / g(r)dr
—00 —00 £

T—+00 T—+00

3 +o0
>O-/ g(T)dT—i-O-/ g(t)dr =0
— 0o 3

oS g o TR T R
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4.27 RFFUIYI 7 2 R HO I 1 Th 2 1 2% P bR
(1) R(1) = 0%~ cosbr
(2) R(1) = o%e~"l(cosbT — ab~' sinb|7|)
(3) R(7) = o2~ I"l(cos br + ab~'sinb|7])

(4) R(T) = 0%~ (1 4 a|t| — 2a72 + a®|7|? J¢)

2 1 1
(1) ao [a2+<w+b>2 + a2+(wb>2}

ac’w 1 1
(2) b |:a2+(w—b)2 - a2+(w+b)2:|

24« 2«
(3) ac” |:a2+(wib)2 + a2+(wzb)2:|

2a02 2a02(a?—w?)(1—4a?) 4a®0?(a* —4a?w?4w?)
(4) a2 +w2 =+ (@ 1w?)2 + [CEEmE:

4.28 KT F Ll A R oA B LR P 5 22 PR L

w? + 64
W) S) = a2 v 100
1
(2) S(w) = Aty
N a
— _ Pk AT B e TR R
(3) S(w) ;w2+bi,Nﬁx&B’JIEéé&
a, |w|<b,
(4) S(w) =
0, |w|>b
0, |w|<aB|w| < 2a,
(5) Sw) =

b, a < |w| < 2a.

(1) 26_2‘7" — %e_s“rl
(2) ge M@ +|)

(3) il ge Il

(4) asin bt

T
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(5) i—i(sin 2at —sinar)

4.29 W {en,n="---,-1,0,1,--- } NEMFEFI], BHEN 0, 772N o SKTFIFF 85 5 L e 4

(1) XTI :5n+a1€n—17n: 7_170717

(2) X = ZﬁkEn—k,ﬁ:EF‘ Zﬁz < 00
k=0

k=0

A

4.30 A 4.15 B PR FI R Dh il 2 B2 B IR 4 WIE D (o n) A 2 B s O
HiHEY |p| — 1 WAL,
/R 43 p>0 Al p<0ifit.

Ak
4.31 B {X,,n="---,-1,0,1,---} NVRFH, W7 ZREN R(7),

(1) 3k X, BRI X)) = aX,, BIBC/NMEZETT TR, XH o R R,
(2) 3k X,y BRI XP)) = aX,, 4+ bX,, 1 WIE/ANIITIRZETIR, X H o F b SR E L
JF

(3) ERWATUR X, A X, SR 7 R 2 BN R R(T) R BN,

(4) R X KB X, naX, +bXnan (1< k< N), BR/ANYITIRZENE, XH o, b NFRFEH
N A~

(5) ¥ Zn =) Xppu, I N NIEE M IEREEL R Z, I 2, = X, + b X,y IIE/INE T 15
k=0

ETR, Hba, b AFRFE R

(1) % X* =aX, N Xp1 FIEAETIR, WARIEHR £ 3 g
E(Xpp1 — X)X, = bE(X,1 X, —aX2) =0 (VbeR)
Tl B b £ 0, WA R(1) — aR(0) =0 = a = 1J
(2) RPAA]RH:

_ [R(0) — R(2)|R(1)
R2(0) — R

55



(3) X2, mukirin s, LA

E[Xp41 — Xﬁl]Q —E[Xn41 - X’(Ll‘zlﬂ _[RR(;()())_—RI(%OQ)(II%;Z)]

4
W _ R(O)R(k) - R(N —K)R(N) , _ R(O)R(N — k) — R(k)R(N)
‘= R(0)- R2(N) R2(0) — R2(N)
(5) N
o Xy R(K
R(0) + R(N)
4.32 WPRFH {X,,n=---,-1,0,1,---} FIBMERNE, T ZRECN R(h) = oM, |p| < 1,h =

0,1, 3R Xpor 4B (X0, k < n) MZVEBAETIIR X000

B
DURBE {epn =, —1,0,1, -} RIIEN 0, FT2EN 1 B M 5]

A% R

4.34 UERIN AN S A
Xn =&, tae,_1

Y, =€, + —€n_1
«

A ARTE] R AH < BRI 2

E(X, Xnir) = El(en + agn1)(Enyr + anyr—1)]
= E(entntr) + aE(Encnir—1) + QQE(giil)

=08, F&X =E(2) + 2aE(e 6,1 + ’E(e2_,)) = (1 4+ a?)o?
=18, X =0+ aE(e?) = ac?

T>10, Fxl =0
1+a?)0®> 7=0
rx(7) = ¢ ao? =1
0 T>1
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(i)
1 1 1
E(TnTn,+T) = ]E(gngn-‘m-) + a]E(gngn—&-T—l) + E]E(En—lgn+7) + ?E(En—lgn-i—‘r—l)
=0, B =1+ 5)o?
=11, kil = Lo?

r>18, ExX =0
(1+5)o*  7=0
Ty(T) = %0’2 T =
0 T>1
FrAfEAL:
1 T = 1 7=0
rx(7) = s T=1 ry (1) = s t=1
0 T>1 0 T>1
4.35 W {X,,n=0,%1,---} ;N AR(p) HA:
Xn:aan—l+"'+aan—p+€n> (n:"'a_laO)]—a"')

NG H Yule-Walker /7 F2:

R(h) =a,R(h—1)+---+a,R(h—p), h>0

$E7R:AR(p) BERIIIL R EL Xy, SRJ5HUYE.

ENCIRARTS

4.36 FHJE AR(p) BAY:

Xn = Oéan,—l +-+ aan—p + €n, n=:-- »_1707 ]-» co
BOE 1—aZ — - — a, ZP BIRAAE AL S5, KI5 L R 4.
P

A ik

4.37 FBUIN AR(2) HAL:

(1) X, =0.5X,,1 +0.3X,,_2 +¢,

(2) X, =0.5X,_1 —0.3X,_54¢,
H Yule-Walker J7 123 Hi 077 Z eR 8L, UEBTE AT W% B L S(w) 2 Mm%, JFEH S(w) 1
(—m,m) LEE.
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A ik

4.38 KT E [l A 10 7 22 eR BORAH 56 R 2L
(1) X, = 0.8X,_1 + n
(2) X, =04X,_ 1 +en

(3) Xn = —0.5Xn,1 +én

Ak

4.39 KT HITE BT SR (1 75 22 e BRI 56 bR
(1) Xn =E&n — 0.58n_1 — 0.58n_2

(2) Xn =&, + 0.6671,1 — 0.2571,2 — 0.157173

A R

4.40 & X, =, +Blen1+veno+Ven 3+ ], KB BRI vy NEE |y < 1,1 a=~v-8,]a] < 1.
R X1 BB { Xk, k < n} BZMERAETGR.

A

4.41 FE AR(2) BRI X, = 1.8X, 1 +0.8X, o+ &, KRB £ > 1 BT Xpvi1jny Xotopn-

AR

4.42 —;%}‘:E': AR(Q) *ﬁﬂXn = anl - 025Xn72 + €n, Ek Xn+€|n & E[(XnJrZ - Xn—&-é\n)ﬂ'

AT R
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B2 3R

(1] jkadbear 77 Ik A F FAALILAZ 3 =k 5] A E
Available at https://github.com/jkadbear/Stochastic_Process

2] M. FHRAFH (REA) 3 AEMmE (M)
(3] XUZARBEZ FALiLAZ ) ALIR
[4] FBIEENF M AL AZAE b 5] A AR A

(5] KEZIi =) AR L
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https://github.com/jkadbear/Stochastic_Process

SR

g H3C HEL
EE )] Expectation
P P M Probability
P R State Transition Matrix
Pi(jn) i B j W n BEBME  n-step transition probability from i to j
X ~ Exp (N RG] Exponential Distribution
X ~ Poi (M) TERS A Poisson Distribution
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