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A Sort of Random Time-Change for Markov Chain

Mo Xiaoyun
( Hunan University of Finance and Economicss Changsha 410205, China )

Abstract: Researches a sort of random time-change for Markov chain, which is different from random time-change of
ordinary Markov process theory. It is realized by additive functional of the Markov process. The process
X ={X(n),n=0,1,2,---} which will be random time-substituted is a time-discrete, countable state space and time-homoge-
neous Markov chain, and the process r ={r,,# 2 0} which will be used to substitute is a time-continuous, non-decreasing and
space-homogeneous Markov chain with the state-space constituting of non-negative integers in addtion, X and ¢ are mutually
independent. It is proved that the random time-changed process ¥ ={¥(r),7 2 0} ,Y¥(¢) = X (t,) is a Markov chain, whose
transition probabilities are calculated. If 7 is time-homogeneous, then Y is also time-homogeneous.

Keywords : Markov chain; random time-change; time-homogeneity; space-homogeneity; transition probabilities

PR x Ak, ATLAIER, fE—ENENT, i
SRIE— Markov i3 2. PRI Markov 14 2 [ FEALES
(B #2531 Markov 13 FE IR 2 & S5 O RE S AT LS

0 5IE
Markov 2 x = (x(£), > 0y FIFEHLES (0] 4 A7

RN BBTSE, W BE AL i B e i 3 A R — e Y
Markov &2, T T BEALAT )28 9 o T2 2 ol AR T
Markov i3 x BRI HIRZ Mg ={g,,7 2 0} 3RA% A9, RI
Y ={¥Y(0), 20}:Y(t) = X (,)» Mg, = o F/RSBREL, i

WKmBE : 2010-09-01

EEWA : HEARPARERIIH (10871064 ), MHEH#

AW AE (09K026)

BIEEE : Hix (1972-), &, WIMIERHN, W Bz T

E-mail: moxyun72@]163.com

XTI SCEEL 204, R, EEAEDIFE B T —
TP BEATLIRT )25 40 (R T, B R TG 98 B R Iz e T B L
RS AN, HARR e S—, BEREMLIN R
B AR EL A 1) . —BORZSZS A Markov 1

FITROHE S B H (09co11), BIRIE AL R LI = TP

BEDEI, AL, F2 2T T5 10 S 2855 B T Markov BE S VT,



32 (]S N DO AN S S 4

20104

FEX = (X (r),r > 0, TRMTEIETRLAY RIS ZS ] n]
Markov B X = (X (n),n=0,1,2,---}o 5, JITHEBLIE]
BRI Ry = f ¢ > OPEIIRIESLY . AR TURAR(E Y |
AFER Markov 5, EAEWRIINZE, 5 xJok, Bl
S xMAr. B, ACTHEATTE Markov A FERIEE
A FIRAELE, TR EBISE I HESE T 3Ty 1R A
PRI, BEHLIS )& 45 1 By = {y (1), 2 0} »
Y(1) = X (z,)» =N Markov 57 ASSCHEME 1Y, A
PR T A &S, MHRM T y SR, Mo
B[R] U,y 2 B ) S5O A

1 HERRY

AT RMBR, TERMIER A (.S, P) I, S N IE
# 2 > Markov 5557,

1) B E Markov 8 x = (X (n), n=0,1,2,--}» F&
RS [\ ATEEE 5, BETH n(n > 0)PI k(k > 0)2F
HRMERIL N

BV =P(X(n+k)y=j| X(n)=1),

A, i, jess k=0,1,2,5 B = P

2) HELEHTE] Markov B¢ ={r,.,120} HORAS = (1]
AN = {0, 1, 2, =y oA B, BIXEEo<s <t FA
P(r, <z7,)=1, JLEERBERIC Y

R, (s,y=P(tr,=n|t,=m)> 0<s<t> m,n €No

3) 21 Markov 8 X 5o [y ={y(1),s > 0}
Y(t) =X (r, )%75?%7 Markov 7

2 HNEREEHEREHEN Markov

FE1 M PAER 2 D Markov B X Sr,
R :

1) XZWEFFRE, B po= P, 5 nn > 0) K.

2) oEEEFFRE, B

R,k (8:8) =y, (5,0)sm, kEN (1)
Hm(m > 0)iK
DU B ALENS IF) 8 455 (K Ry = v (n),0 2 0} Y (1) = X (2,
SRR | AARAEZER § B Markov fE, HEERHE
il

O0;(s,)=PY ()= jlY(s)=i)» 0<s<t: i,j€ES>
A

0,(s:0)=3 PYy,(s.0); (2)
k=0

=2, WRERTESFFRE, Wyt E SRy,
ARz AR STy
0,()=P(Y(s+1)=j|Y(s)=i)s 5,120, i, €S,

A
0,(0=3P"7, (), (3)

k=0

=X (3) ':F'yk(t)zyk(s,s+t)5s >0 LK.
WM Wn>1,0,i0, 0,0, €S, 0<t,<t,< <
t,.,» ICKFIS

S0- % -ReR N

0smy<m <--<m,  m, my=my my=0

H T AR, A TR (4):
P(Y(to):ioo"'sy(tnﬂ):in+1):
Z(HH)P(X(MO):iO’“.’X(mn+l):in+l’

Tro :mw""rzw :mn+1)° (4)

T xSoor, X (4) HAET

N UIP(X () =iy, X (my,, ) =1, )
P(r =My, T, =m,,+l)O (5)
H1F x FirHY Markov P, X (5) 5F
Z(M)P(X(mo)=i0""vX(mn)=in)' np,(,m,'_m)

Pz, =my.-1, =mn)-Rman (tot,,)e  (6)

M T x BT SR R i s sk, 2 (6) &

Z(M)P(X(MO):ioa"'=X(mn) Zin)’

P(TTO = mO"“’Trn =mn)'

fy

P(m,,u*m,,) . J/m,m . (f t ):

by n? n+l

Z z(”)P(X(mo):ios'”»X(mn):in)‘
My =,
P(Tfo :}7/10’...,7:1/x :mn).

( mn+l - )71”

B (st ) =
z(")P(X(mo):io""’X(mn):in)'

:m()’.”’rl,, :mn).

2 Pifzfrl_mn) ’ ymm*’nn (tn ’tn+1 ) =

TR, X (4) ZhFTK (7) MRAiL.
T (4) XHMEATH o 0807, i, 7858 (4) H
M BUC p+1 J5, 3 R HIEE 1 A5S, Rl



%

6 Bz

Markoy 5% ) —Fh BEATL B 7] 2 46 33

PIY(0) =i Y (1) =1) =
3P (m) =i X (m,) =i,
T, =Myt :mn):
3P () = X () =1,

P(T :mn)o (8)

w = Myt T,

A (8) MEE 2 MFSOL R T x Holar.

H T (g) M (2) iar, ik (7) mfch

Al LS

P(Y(t,) =iy Y (1,)=0,)- 0., (£,:0n1) (9)

nintl

xhE, A (4) T (7) e, st (4)
5T (g), Rl

P(Y(ty) =iy, Y (£)) =iy ) =
P(Y(ty) =iy Y (2,) = in)~Q7.n.m (t,,2,.,)

XULHH, v & Markov 8%, HAEBHEPREL (2).

=2, AR Markov #ECZ B RIFFUCAY, B

7 (ss+) =y, ()T s> 0K, W
Qi/.(s,s+t)=2Pl.jfk)yk(s,s+z)1ﬂ§szoﬂﬁjg, # (2) W

A (3), My WRNEIFFRAY, HEZAR K
(3)o EFLUEEE,

PERE, IR = {1, > ORI R B SR U

Poisson 1472, FEZER]T I Poisson 12, BT (1)
BT, Bl 22s A SRR .

% 3k

(1]

(2]

(3]

[6]

Ikeda N> Watanabe S. Stochastic Differential Equations and
Diffusion Processes[M]. Amsterdam: North-Holland
Publishing Company,> 1981.

Sk, WRME A BN ENE . 82 By RS,
MFEAE, P Abat: Bl mREL, 1986.

Gihman I I, Skorohod A V. The Theory of Stochastic
Processes: Second Volume[M]. Zhou Gairong, Liu Jiakun.,
Translated. Beijing: Science Press, 1986.

T BEHLRR 4 FECE M), JE5t JER0E A
fitt, 2005.

Wang Zikun. Stochastic Processes and Today s Mathematics
[M]. Beijing: Beijing Normal University Press. 2005.
Karatzas Is Shreve S E. Brownian Motion and Stochastic
Calculus[M]. 2nd ed. Berlin: Springer-Verlag, 1991.
TR BEALARE S, FAR M, b JESOmE A
fitt, 2010.

Wang Zikun. General Survey of Stochastic Processes: Volume
A[M]. Beijing: Beijing Normal University Press, 2010.
g7 A TR I AR B A O . 0
FIITE K2 B AR, 20105 33 (2): 19-23.

Mo Xiaoyun. Assembly Method Constructing Dependent
Random Variables with Independent Product Space[J]. Journal
of Natural Science of Hunan Normal University, 2010, 33
(2): 19-23.

(FriE 4. APRIE )

(L#EFSH)

[15]

[17]

(18]

Journal of Hunan University: Natural Science> 2003, 30
(6): 41-44.

LiS, WangRJ,; PanM X et al. Heavy Rare Earth Based
Bulk Metallic Glasses with High Thermal Stability[J].
Intermetallics> 2006, 14(6): 592-595.

He S W, LiuY, LiZ T, etal Thermal Stability and
Crystallization Kinetics in Y-Based Metallic Glasses[J].
M etallurgical and M aterials Transactions: A, 2008, 39(8):
1797-1803.

BRI, gk AR, A IR, A BT prE B B R
PEOFFE 0], PIBR“EAE, 2004, 53(3): 850-853.

Zhao Zuofeng,> Zhang Zhi> LiZheng- et al. A New Pr-Based
Bulk M etallic Glass and Its Properties|[J]. Acta Physica Sinica
2004, 53(3): 850-853.

Angell C A. Relaxation in Liquids, Polymers and Plastic

Crystals-Strong/Fragile Patterns and Problems[J]. Journal of
Non-Crystalline Solids> 1991, 131/132/133: 13-31.

[19] XWEkL, BT, BIR, % kS 4 L9 DSC

[20]

W), &R IIREREE, 2001, 8(3): 30-34.

Liu Zuoquan,> Zhao Heyun, Lv Yusong, et al. Study of
Amorphous Alloys of Shock Wave Crystallization by DSC
[J]. Metallic Functional Materials> 2001, 8(3): 30-34.
B, MEME, T, % FeCuNbBSI % ZFh Fe 3l
AR A AR ALY DSCIFTE (1), M4, 2002,
16(2): 131-135.

Zhao Heyun, Kan Jiade. Wang Hai, et al. Shock Wave
Crystallization of Amorphous Alloys FeSiB, FeMoSiB and
FeCuNbSiB[J]. Chinese Journal of High Pressure Physics»
2002, 16(2): 131-135.

(FriEsm . SRE4E)



