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F1E 3

1.1 BEHLERERIBTEFS 2

2 ZBEYEFE ? REMLEFE R — AT LS5 ¢ MBI R. 240 ¢ 7 DU B
i, WIFRIZSEEN BB S BBEYERE, E/E {Xn,n € N}; 250 ¢ U ABUELSAE, WK%
MR AESESHBENERE, B (X ().t € R}. BT FENATSH « BEREKE X, B
PASI 8 s ¢ FR A A
WIEERERAIR, AEMETNE (2, F,P), BHIIZR X(v) REXEREETR 2 L,
BET R FIATHIRE . BENLERE X (¢) 1A USE ¢ DIt — 4V R, AIEE IR
] {X(t,w),(t,w) € R x 2} MREE w, KHEE—LL ¢t HEXRKELH, XEEILE
X (t) ZE—REBH R “LH”, RZRPCIPENIERE X (t) F—&FEA$IE (sample path). 57
— 75T, WREE t, WBAKBE—AMKBT ¢ KBEHRER, RZBEHIRRNDAAN Fx)(z),
XA A A BENLERE X (1) —40 . BEVLERRN—ESMmM ¢ X, BEARFRW ¢ B
SN RENEBREARRRIS . Bot—F, vn e N, BE n AL 1, t,, B3] n LEREHL
) &
X = (X(t1), -, X(tn)) (1-1)

HBRE DA Fx(s), x@) (@1, ,2n)y WATBLRIRA Fx) (21, s ZTnjtr, - ytn)e — M
BOT, L&, X (1-1) &N EBEFFAMSL, n FBRESMAEH— S MR
FH. U T THREVNIERNSHERN S, —E2MAERERS S MEBRER. X
Lo A B 7E— R A BEVLIE 2 1 PR 4E 2 A ik (finite-dimensional distributions)s. HR 44
P EE THEIEENAKRER, BRI EERE. ®aER, FAMEIIENER
foHmET e, FARKEZXIRMIELSHE (E1E2H).

MRS TR BT E AR, FrelX B mAENERE X (0) M Y () HF,
HHIRHR

P(X(t)#£Y () =0, Vt (1-2)

iR (1-2) BIBEVLERE X (t) 1 Y (t) AEH I (stochastically equivalent). ZE4/r HIBEHLT
BEHAEHRRAREI MK, RZUAR. EHENFIBEYERER B8E AR RERE.

B 1.1 (FHriZEE) ZEBEVERE X0 MY (@), t €[0,1], 7 A [0,1] EELESFIBE
PR, X

X(t) =0, Y(t)={(1) z;:

BT

P(X(t) £Y(t)) =Pt =7)=0
BrLL X (t) M Y (¢) BEME. HR X(t) FWAERPEERN 0, T Y () FAEREE r &bF
[i] BT / |
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BEALIT AR T UK FREUE (I AR APRES ) RIS EESEsE B AT 02K KB
#1753 5B -
Bl 1.2 (BHSHEBRSZH

Bernoulli 3%8) BEHLIRE {X,.}22, Xi RAM

=Y. xiil
Xt |01
P |lg|p
He
prg=1 Wk
HBXF n#m, X, M X, 5L, WFRZIFEN Bernoulli IFE. ZTFERE L RGETHLK K
HRER, [ ]

B 1.3 (BHSHEERSZH —— ARQ) Bi8) B TFEMEH R E KT RE
{Xn}nZo
Xn=aXna1+7Z,, n=1
H o AEEES, {Z,,n € N} AHBHLHFTHEELEIZE, RxIEI—ME
BERERE, B/idAh ARQ1). RS EEN B PR P HEEEA. [ |
Bl 1.4 GEESHEBRSZH Poisson 3#2) HHEFENIEE X (1) HE X(0)
=0, Vt; <ty <tz < tg, BA X(ts) — X(t3) F X (t2) — X (t1) ML, H

_ k

P(X(t2) - X(r) =) = 2 e at 1))
MFRIA Poisson 2, ZABESHFHEEFFIEE ZHNA. [ |
fil 1.5 EESBEEREZHI Brown &) SEHEREHIERE X (1) L X(0)

=0, Vt; <ty <tz <ty BE X(ta) — X(t3) M X(t2) — X(t,) B3z, B

[X (t2) — X (t1)]~N(0,0°(t2 — t1))

FR'EA Brown 23, HIBERAFFZMRER, TREER LERAELHENHTHEEER
. - o
FIRY B SFERLMPSR BN R — B EB A0, RUFFRENLIERE
HREEFR. IR —F “dR2”, BNEKEBEMEENL HSEEFRAREER
. RAHRBFEERERBETOAREELHFERSE B “AEH”), BRSNS ZH
KiF. FRUERE MR AR, LSRR SR FRadE, Hb A5 (strict-sense
stationary) S& X WF: X} FREVLIERE {X (t),t € R}, WIR Vn, Vii,to, - ,tns VD, EH

Ix(t1),, X (t2) (T1*** Tn) = Fx (814 D), X (tn+D) (%15, Tn) (1-3)

BRR X (t) BFFRRR . Ba)iEdl, M PR ukE BT R A BB 443 A g bl i 18] (R R 4
FFEAZE. IR (1-3) IO n = 1 BRAL, WFREFER ™K ER (1-3) (Gt n=1,2
FRAL, TFREFRR B PR . KR HETT DI B SERa i & i e e R . R Ie G R4
I3 AR ARG VR, 3B W] LA B AN R 2K Y i Aa .



1.2 RAHRFEREFTNE 3

1.2 BEEHRAEMETNE

REMYLEEMLES, HEXWARTEHNEHNEANE. SABREENHEFHRMT
FK T Markov 7.

AITERE], X FHEVLERE X(¢) s, DUEnE ¢, e/ — /iR E. HaiEil,
BEMLEFE W] AFVEBUE A BENI AR R “R%” . BEARZ “BR¥”, winT LA 5 sR B0 55 B
FHI B 4347 7 R R BE VLS R R, B FERENL AR B St S, DA BASSCA %0
B RSN . ATpgtE . ATARMESE . XU “BEVLAR 7 MEANE . M EMBR BT
AFERR, BEVERMESE RS, ARMKSE XS5 HARKBME S . BrfEiTtie
BENLTAAR 53 9 SR IRl R B, DA 2 B T ST R AE T AP R WS R 1T . A B 2 33T
W WSE T RIBENL AR 2.

ST IR 55— AN R R B B b 2 (W] B G5 M RO, BEALI AR IR AR ASBI 51 ZERE
PIARBRFTH B EHE R, ZRBERERNRYFTRDNE L2(2,F, P), HPTERHKL
E|X(t)|? < co. BUETZZEEKIBENLIEFE X (¢) #RA M HEIEFE (second order processes). 3
H AR R N R R . HXEEAENZT MR, EEVERERFRRERIER K. B
ANBEVIZRE X MY e Ch

73

(X,Y) = E(XY)

BT | I HOE R X (¢) AR B RES

Rx(t,s) = E(X(t)X(s))

FTHHC R BAT LS 3 542 (wide-sense stationary, FR A CFHR) IS . nRBEHLT
2 X(t) WAXEEWL: vt,s, VD, B

Rx(t,s) = Rx(t+D,s+ D) = R(t — s) (1-4)

MFRZL R T RN . HXRERE FRER eI BN EETAE. <855 2 2%
FI A AT RENLT R K B4t R .

BT ERSEY, EMRGESSRENER, KR SMBRE AT T IEE B
T NER AP B R BN THEUSHE S RRERNR, X BAEBEN ST EES
X —— Fourier M1 RA B TR A A% T E. MIEREE Bk, AR B4R X B
LR B RERH IR, id#2 0 P ant, AR MR Fourier 2 Hr7ERENLT
A BREES . MTT AT LAAR BIAH SR B Fourier 25#t — — Th&EBHBE (power spectral
density)

Sx(w) = /_00 Rx (1) exp(—jwT)dT (1-5)

3 AT DAE S R PSS SR R S A 15 BUBEN LI AR 3 R 7R (spectral representation). B5E 1t
FSER PRI EHE . Hilbert 284, MRS b b XN A A . BEHLT R
BB BT E SR 5 T ITR.



BAR At R LS A SHE R R SR A « R a2 R A K WS E, AT LA
BRF BT BRI UTEY, PR EEERESRIF CEREX TR MR,
XFER B AR E] T IEACAL R B DA KB R FR A2, FF7E e EEat B3 3 2 1 Wiener J8U
1 Kalman 383 AT RIER. 3 6 BWHE SHAMHE RGN

MAS—N R, BEVLERE X (t,w) ATLAEE—AHRENIA R (240 IR B St an
). XUPEHZRRZ BFEKBXR, TUUEIRMFSARERXIMHEKBXR. &
(X(t1),---, X (t,)) RIBRE DA A

Fx(tl)f"' :X(ln)(zla e ’-Tn)
MAHFZHI AR EX, B
Fxt1), X211 Tn)
= FxX(t)| X (tn1) X(t2) @nlTa=1, -, 21)Fx (1), X (tn_2) (@1, > Tn_1)
B AT 15 2]
FX(tx),---,X(t.,)(wh'" 1 En)
:Fx(tn)IX(tnAI),-.. ,X(tl)(zn|xn_1, - ,xl). . 'FX(tz)IX(tl)($2|$1)FX(t1)(:L'1) (1-6)

AT, A PRYEBCE A T LA B & B AR A R s R
K (1-6) HEB A2 AR FTABL KB R B E 2%, T S2BR M 4 b — A 2
FHHBR AT UR . BE Vn, Vii,ta, - 1, B

Fx(t.)|1 X (tn-1),+ X (81) (@nlTn—1, -+ ,21) = Fx(2.)1 X (tn_1) (Zn|Tn-1) (1-7)
M= (1-6) ATLART A

Fx(t1), X (#a) (15" * 1 Tn) = Fx(t,))1 X (tn—1) (@n|Tn-1)- - “Fx (1) x (1) (T2]®1) Fx (4,) (1)

BT B R B o R AR TR A — B K, X AR I AR B K KPR . iR R (1-7)
HIBEHLEAZRR ) Markov i 72, Markov HERBEVUS R EEBI A A . ABHKE 7 TR 8
TR B O [R) AL (8] B9/ T R A BB Markov it %8 (K4 Markov ) K9
EAMR

3171l
L. BBEHULRR £(¢) = Vsinwt, Hh w HHEL V HRM (0,a) WS4 HOBERI R .
(1) Eith £() MIE—RAEADUE.

@R €0 € () € (55) € (3 ) tomman,

2. WHBEHBKMES £(¢), BREAFEM To, IR Bk KIWEEE AL F 4 A BEHL S B . BRopqs 2
BRI U 24 (0,To) ABAIAMIBENAR, HSRotBEEMEM . £ FAIRMERT, & £(t1) F
&(t2) HIBREEREE.

(1) BkHIBBEARMBIME R 0, HEH o2 I Gaussian il

(2) BkriiERERMEARZE R {2, —1,1,2} %M.



F2E¥ MEXEIES5THEIE (I) B IS 43 4T

2.1 EBEEXEXSMR

ZB4Eid 2 (second-order processes) & HLFH AR il {5 S B A H WK —RBEHLIE R
X R F BRI AT LOE S H AR A BRIk, BS8E “HK” (correlation) RRFT
KI— RIS R EE—MESENHRPEEIEEEENER. IEEXESH M
SEE R E X

EX 2.1 (ZHEEE) ®EEL (B) EEIERE X(t).t e R, MR Ve R, X(t) K
{EF G =8, WA EBEYLE A g 2.

H W BEHUAHAL IE5X ¥ BE RAEP S RBEHIES . EHLERGES, DARTHITHERIER
Brown 123 . Poisson X2 E T ML=,

MARA_MESEREZERN T HEZ BHSERE (autocorrelation function), X2 KK
BRI AH S FEREA LI FR T B SE(, & R BR T BENLFEZE B AN AN [R] B %1 B Xof 2 F B AL
AR A SRR .

EX 2.2 (BHEXER) HEMEHIESRE X(t),t € R AZFiEdE, WHEAHXRHE
Rx(t,s) :R xR —C X

Rx(t,s) = E(X(t)X(s)) (2-1)
HfelHh, ATLAE X BT ZBRE (autocovariance function).

EX 2.3 (BAhAFERY) BEFEHERE X(¢),t e R A ZHrESRE, WA ZHR
ﬁCx(t,s):RXR—»C%]

Cx(t,s) = E(X(t) — EX(t))(X(s) — EX(s))) (2-2)

FEX 2.2 AT FEBBHANPEVERMAHELXR L, SHEAAHKEE (cross-correlation
function).

EX 2.4 (BEHRXEH) ® X0t 5 YR AIBEBNMZHEEHEHERE, NHEEHXEE
Rxy(t,s):RxR—C A

Rxy(t,s) = E(X(t)Y(s)) (2-3)

5ath A ZRBAEN, Eth i ZR%E X T.
EX 2.5 (EWAZEEE) B X0 5 Ye) AW _HESEIERE, WEEHh E
R¥ Cxy(t,s):RxR—-CH

Cxy(t,s) = E(X(t) — EX(2))(Y(s) — EY(s))) (2-4),

BT E(X(t) - EX()(X(s) — EX(s)) = E(X ()X (s)) — EX(t)EX(s), Ht A (&) #
XEBEFEB (B) hhERBZ EUAEE —ANIERFRR, mREIEEROEN S,



6 F2%F MAERE-_MELE () — HRIN

B HEMNAHZE—ADEL, BEERIX S ABWAREHERN, BFRE M ELSENSE
h%, HAMXESHS BT ZRBATUA X 5.

BHEXREEAFRA —MESENEE TR, HEAEERIERXCE. X TR
T, BHXRBEEREFAERN. FLE, # Cauchy-Schwarz AEFR (%), AIE

|Rx(t,s)] = |[E(X ()X (s))| < E|X ()X (s)| < (E(|X(t)*)E(1X (s)|?))/2
= [(Var(X(t)) + |E(X(t))|?)(Var(X (s)) + |E(X (s))|*)]"/2
< 00
FIREHE, By ERBAELE.

ZHrEE RN BHRRER A TS EERNR.
EIE 2.1 HOMAEERE X(t) FEHAXREEF N THR:

(1) FEHEXFFRYE;
(2) Xt T gk A0 3Rk ) P 1 5
(3) e
AERR (1) B BAEKEREE X EEAA R T 3Lt Fr it
Rx(t,s) = Rx (s, t) (2-5)
WR X(t) —ELEE, Wh
Rx(t,s) = Rx(s,t) (2-6)

B E AR n SLREHLAE X = (X1, Xo, -+, X,)T M EHXEHME Rxx = E(XXT)
RXNFRAERE, TRV ER BHRXER Rxx = E(XX"Y) £ Hermitian 48[,
(2) WR Ri(t,s) M Ry(t,s) RN BAHREE, WX ngkis AR

R(t,s) = aRi(t,s) + BRa(t,s), a>0,8>0 (2-7)

IR RF—BEHUE R B RE, FEL B, REW Ri(L,s), Ra(t, s) R AFEMHSLHEY
HEZHAEER X (1) 5 Y () KHEREE 4 Z() = o/2X(t) + BY2Y (t), RATLIBH R(t, 5)
/R Z(t) MBEHXEE. A, B8 Z¢) = XY (), SZRE3

R(t,s) = Ri(t, s)Ra(t, s) (2-8)

3R R BAHC R E, B R ek at .
(3) BELAH —miefiE R E X
EX 2.6 (ZRIFHREER) WR-TEE Gt,s) : RxR — C, Vn, Vi, b, - b, €
R,Vz1,22, - ,2n € C, T2
33 Gtk tm)azn =0 (2-9)
k=1m=1
MFRZ TR R EREN.
AT LS — e dE 2 B € X.



2.2 K FEMALTE 7

EN 2.7 (—iﬂFﬁEﬁﬁ) MR —ICERE G(t) : R — C, Vn,Vit1,ta, - ,t, € R, V2,
22,y 2n e HTJ‘%E

n

En: G(tk —tm)zkZm =0 (2-10)
k=1m=1
TFRZ— 7 R R AR SUE I o
DUEB BRI IE e . RAR —MHELRE X (1)t € R, Vn, Vi, ta,--- ,tn € R,
4 X = (X(t1), X(t2), - s X(ta))T, Z = (21,22, ,2a)" A

33" Rx(tertm)zzn = ZTE(XX™Z = E(Z" X X"Z)
k=1 m=1
=E|ZTX >0

BRI LA 2] n EREVLME X K BMRHEE Rxx RIFTUEFER, BAHKRHHX —HR
TS RN AR EER .

Rz fet, JEFEMER BARKREN— RIS WR—A =0k B 2 E e i,
) —5& T ARG —ANBEN LIS AR, 18 3 B AR G 0 45 8 B — TR 3

2.2 FFREREHERE

etk R — RN BRI ERZW R, 2 RIR AR T 2 Y BRI R A8 T 1 )
R NEE Y. BTiEFRE (stationary), RIBBEHLIEMIFERN G vHEF A BER 8] (8 T
KRN . BT AMFTRERGE TS AR, B35 HR-FRE E X B2 2. X8
T SR Bt R B LI — P PAS 3PS (wide-sense stationary, WSS).

EX 2.8 (BFR) XTFHEHLRE X@t),teT, MR Vt,seT, HE

E(X(t)) = E(X(s))
Rx(t,s) = Rx(t+ D,s+ D), VDeT

TFRBENLERE X (¢) BA R, BRRHL - FiabElid .

UEH, BFRIENMERFE, AMHRRERKBTREE ¢ — s, S4%FE R
tvs TR, Bl Rx(t,s) = Rx(t—s). LR, T -FAIERRRIEMER B AR R B BERT 8] )4
BmkAERR . FHHEFIERE FREEN BAHXRBE R — TR Rx (1), HP r=t—s,

PR N, MREXNMNZINBKE S0 LHAT FEAEME, AR T 5 —MF
& — ™ F%& (strict sense stationary, SSS).

EX 2.9 (FFRR) xFREVLERE X(t),t € T, R Vn, Vty,to,--- ,ta, €T, VD€ T,
#HH

Fey o dnl @11 %25* ** 38n) = Foy £D,434-D,- a0 {B15 %257+ 5 Tn) (2-11)

WFRBENLIERE X (¢) BRAPRatt, SARHEA™ FRpELERE.



8 F£2F mMxAEkL-_MaELE (I) — BRI

XB Fy 4yt (T1,72,--- ,z,) RIGHEVERE X() & n NZ t,t0,--- ,t, BE
(X(t), -+, X(tn)) WECE . RAE, M PRIOERLREFRTZB L . E_MEFER
ART, M PRES PR —8okE, B PRGERR™ .

ANTRETHRBINENEEHEEZEKXER, ¥ EHXERENNBEAZER 2 EH
KeRH, BRELA T A (joint wide sense stationary).

EX 2.10 (KEEFR) NTHANREFRENIE X0 5 YY), R vt,s e T, #
H

Rxy(t,s) = Rxy(t+ D,s+D),YD €T (2-12)
MFRBEALIFE X (¢) M Y (¢) BEBA T Fiadtt.

e B AR RR R — R, BT DU B SR AR M R R .

EIE 2.2 (RFRIBHMR) & Rx(r) REFE TRV X (¢) K EHXEE, mx
R ZE R BME, W FUME R RRAL:

(1) Rx (1) = BRx(—7);

(2) Rx(0) > |mx|?;

(3) |Rx(7)| < Rx(0);

(4) Rx(r) B—IcIEf @ k¥

RO EE BATIE .

TS H LA B ARV KB TF .

Bl 2.1 (BEHBLIIES) HBBEHLERE X(2) = Acos(wt + O)t € R, ' A fl © £4
HAMSTIBENRR, w B—MER. RGOS REE R .

BHEHE X () FBME m(t)

m(t) = E(Acos(wt + ©)) = E(A)E(cos(wt + O))
= E(A)[E(cos ©) coswt — E(sin O) sin wt]
FERE m(t) & coswt M sinwt MEHAE, KREBERMKHE THE ¢ K0fE—EE LM

BHRREAE, A
E(cos®) = E(sin®) =0

WG X (t) FBMREE Rx(t,s)

Rx (t,s) = E(A?)E(cos(wt + 6) cos(ws + 6))

= E(;Z)(cos
AUEH, BT t+s RERERYE, Fik Ry (t,s) REKBT t— s, B(cos(w(t +s) +20)) i
AT t + s. FIHTEIER T BF)

E(cos20) = E(sin20) = 0
B EHRSR, X(t) AR FREREKE L

E(cos26) = E(sin20) = E(cos©) = E(sin®) = 0

(w(t — 5)) + E(cos(w(t + s) + 20)))



