MNHAMES F=T—5 Chinese Journal of Applied Probability
BH 20154E4H and Statistics Vol.31 No.2 Apr. 2015

WARB £ —rdEFF R SRR B K E =R
FiShannon-McMillanEIE *

w55 wAfl #IHE

(VLZ3 RA AR, BRI, 212013)

=
AR ST IT T AR b3R8 50 [ D38 S 1) B AR S Ok PR 1) TR AR R e B, [R] N 45 3 X
FRAE B S o IREE M SR BUE . i, 4 T XURM | B AR FF IS IR AE LT Ab b Ui 8l X
F#JShannon-McMillan 5 .
XEIE: BURM, ARk KEE, 5R KEUESE, Shannon-McMillan g Hi.
FRFES: 02116

it

§1. 5|

W FE BRI A ok R R R R 228 IO B 7277 7] 2 —. BenjaminiMiPeres(1994)
g5t T WIHR AR I IREE Y 8 ST T 7 H IR PR AN 25k M. Berger Ml Ye (1990)#F 78 1 5%
YR B TR BE LI 0 R A AE P, YeMliBerger (1996, 1998)F] ]l Pemantle (1992) H ff) 45
R A TTVE, AEMRREZRW SR SRS 1 55 ORI PP GANAR Al 77 Bt 137 ) Shannon-
McMillanE B, YangFLiu (2000)8F 58 1 5 00 B _E 1 IR (X S2hr bR e bn 5 [EEF
PPGANAE NI RS R AE T IR A AE SRR 5 R BUE . IE4FK, Yang (2003), YangfYe
(20078 78 T #4 _ h [AE (14 58 K 250 AN I 250 70 B M) Huang A Yang (2008) 8 78 17— %L
AW 5 EE 1) 58 K 20€ 5 Shannon-McMillan € 3. Dong%%(2011) 8 5T 1 M 48 br JE
FF IR D FCAE 58 K 0E A3 F1Shannon-McMillan 52 B ShifilYang (2010)#F 78 T mAR BmBh
FEFF U B A 3 K B0E  AiShannon-McMillan € B, Yangf1Ye (2007) 8 78 (44 6 b
I [REE R MR R R 2 B AT R 1), ORI U R M SR 0 [ L 1B AT e R MR 3R S R 1) B —
FOB . ARSCE S 5T 7 URR LR R R a8 s e 8% 1) i IR 5% T 5 R ) 9 b PR
P[RS 20U BRSO IREE R SR R ECE . BT, g T ORURR B R ARSI
GBS L Ab Ab e 85 SR i Shannon-MceMillan i 2.
%@(11226210, 11071104)s {LHKRFEEEAA B EF4(11IDG116). {LHE B E TLH N
HURI201 A4 VT F5 K 0 TR S T S R .

A020124F11 7 1 H Y H, 20144F11 20 H ik E4& k.
doi: 10.3969/j.issn.1001-4268.2015.02.002



126 N FANEZE STt e

§2. FEAHZ

WTR—NTLRW, o,t (0 # t)THAENATIA, WAEEME—FLL o2 (1T, 0 =
21,29,y Zm = t, HeWzy, 2o, 2 AHIE oz, 20 AFAREPITIS, m — 1F Mo Bt FE
B OAGRTH TR g, FR-ATTE 2 — NS E R TS (FRIARAR ), FFid2 Mo.

AT, RAAEE R A BRI . R FRATHE 55 A — bt — DR T, X
A& AT B R A FRIE 75 W T, AR mo 5 HABAT 2 s (I8 N —1) BT ). A 1 SE 4 i B
BRI T_ 1, FATLACayley W To v NI (Cayley M T N FIMR Rio5 NASSC AR, HoAth )5 A
N + IS RAE, X P A 5 RGBT 75 3 B4R, X i BLCayley B To v HIAR o
5 FAME 5 — 1T T AP AR AR i I 1T 7.

o, ARARP T Fh AN B IO, G 3R — AN T e TR — 1 20 T s o i e — 42, Ul
ittt <o, Hido AtNFEEEo At < thlo At < o HEHR - 158G T AL 30|t A TS 3]
RO BE B, %[t = n, WAL TR0 Hn2, 55000, W16 T H—12. 12T %5 R
MR -1 EnERT A TR TR, L RRFEnZ AT ANES. LRSS AT_ 1M
EmEBn)Z BT A TS LS. AR — AT, WAR— 12T Sei B 42 LA EME— — N5
T St T R IO AR e ) AR, e M1, HRRENT B FAR. 1,052 N2, FROAERIFHACAR.
XS ={X,te€ S}, STy, HeS HX KL, Hid|S|#ms =2 MmN

#

3=
2R

Y

EHI)=
F-1E2 -1

K1 Cayley W T o JE R FIBUR B
EX 2.1 #G=1{0,1,2,...,b— 1} HP(z|y, 2) NG LIAEf k. 4
P = (P(zly,x)), P(zly,x) >0, z,y,z € G.
4
> Plzly,z) =1,

zeG

WUFR Py M e R RE R



el AEE FRE B P SR _E TR AR IR REE R 3K HUE I Shannon-McMillan & 2 127

EX 2.2 BT NWRF, G =1{0,1,2,...,b— 1 A MRIRERN, H{X,teT |}

R XAEMER 2SR (Q, F, P) LIGIEZ k. %
p=(p(z,y), 2,y € G), (2.1)
Pt = (Pt(z\y,:c)), x,Y,z € Ga te Tfl\{oa _1} (22)

TG BRI AR AN G? B B RS R R, AR TAE TR (¢ # 0, —1),

P(X; =z2|X1, =y, X0, =z, MIX,iHiEo At < 1)
= P(Xt = Z‘Xlt = y7X2t = .7)) = Pt(z|y7$)a anyvz eG (23)

H
P(X_1=2,X,=y) =p(z,y), z,y € G, (2.4)

WFR{ X, t € Ty N EARIIEI A (2.1) M R H AR (2.2) R _EGIHE —BrEF- ik B K
k.

EIR ARSCHEUR | RS C IRBE S DLE BB FE i Dong%(2011), ShifflYang
(2010) /AR . CARTHIE FC AOA _EARSF RS IREERBATHAS, A 1B R, TR,
B R A S IBAT R ) R KL

§3. RIRPREIE

SIZE 3.1 W T XUREL, {Xp,t € T} e X 2.2 F I T ER B aE 77 ik 5
EE%E,({)Qt(yl,ymyg),t € T} XAEG R HUE. 2Ly = {o}, L.y = {1}, F, =
U(XT:; ),

Fn(w> = Z gt(XQNXltaXt)a (31)
teT "\ {o,~1}
e)\Fn(w)

tn(>\7 w) = E[e)\gt(th7X1t,Xt)|Xlt7 th] ’ (32)

teT "\ {o,~1}
BEARN R SEL, Wt (N, w), Fnyn > 2R UEL
WERR: SN

Py = p(xT = 2T

(X—l :x—laXO - 330) H Pt($t|Xlt7X2t)a (33)
teT "\ {o,~1}

%51 BEAUE A 7722880 F- Shifl Yang (2010) FF 5] 1, 3 B4 WEAIE B . O



128 N AR S =%

#

EEE 3.1 ﬁ{Xtat € T—l};‘:ﬂ{gt(yhyQ?yi{)?t € T—I}Eh‘glfgglx’_\é)‘(a #E‘

Gn(w) = Z E[gt(XQthltaXt)|X1t’X2t]v (3'4)
teT "\ {o,—~1}

B{an, n > 1N FIERBEHLERFS. Ba >0, A= { lim a, = o} H

1
D(a)= {lim sup — > E [th(th,Xlt,Xt)ea|gt(X2t’X1t’Xt)‘ ‘Xlt,th] =M(w)< oo} N A.
n=00 Gnyopmy\ (1)

(3.5)
]
li_}In ai(Fn(w) —Gp(w)) =0 a.e. w € D(a). (3.6)
MERR:  AERIR 5 R ShifiTYang (2010) 7 5@ BE1, IX B4 HEE R, O

HEIR 3.1 WXyt € Ty }E X229 WURM T B B AR 55K 5 IR EE, B{g:(y1,
y2,y3),t € T_1}N5E LAEGS LI — 30 F e ok, W)

lim —— (F(w) — Ga(@) =0 ae.. (3.7)
ERR:  7EEE3.1 4 a, = [T, BT {g:(y1, y2, y3), t € T 80 R ¥0%K, M
Va >0, HD(a) = Q. Kk eE3 1RI ] 15 e, O

§4. EAHEEMShannon-McMillanieIE

‘ L z=k | . (n) o

Wl (z) = . &STW\{—l}(Zl’ io) & {( X, Xo);t € T \{—1} I (41, 2)
0, z#k -t

AN, B

Spov -1y (i1, 82) = (; Ly (X1,) 1y, (X2), (4.1)
teT P \{-1}

&ST(?\{O 1y (11,12, ig)%{(th,Xlt,Xt); t e TEnl)\{O, —1}}':':’ ijm(il, 19, Zg)E‘]/I\ﬁ, Rp

Sy o (01,02,13) = > Ly (Xo, ) Ly (X1,) Li (X3). (4.2)
T—l \{07 1} (n)
teT ™\ {o,~1}

10i? = (i1,42), 5 = (J1, j2), k% = (k1. ka).
EX 41 G ={0,1,...,b— 1} 2 —R&E=M, A

P=(P(jli?), jeqG, i*cG? (4.3)



el AEE FRE B P SR _E TR AR IR REE R 3K HUE I Shannon-McMillan & 2 129

N— IR R, 2 L BENLERE IR

P =(P(j?1i%), %€’ (4.4)
Hrp
P(j2|22) _ P(]Q‘Z )7 é‘j — 227 (45)
0, HE .

PRIy o I e R HE R Pl € (1) — 4EREALAEFE.

5138 4.1 (YangfLiu, 2004) ¥ P& tH PR M P e ) —4ERENLAERE. kP
HIcRBIART0, B

P = (P(ji*),  P(jli*) >0, Vj€G,i* G (4.6)

D) PP 2 3k 73 (1.

EE 4.1 W RRGEM, { Xt € T1} € X 2.27 58 LHAEG BUE SRR |
—‘B“E'lz??{/\—'j'&%&a T(")\{ 1}(Zlai2):STS?)\{fl}(Z.Z)%nSTYi)\{0771}(2‘1ai2ai3):STY;)\{mfl}(iS)
A (4. 1) F(4.2) 58 L. WP = (P(j|i%) 85— ZBh R 5E BE, BLAR % i PR E 1 — 4k
BEATLHE 4 P AR 3l 7 (1. o 5

lim # > |RGEY) - PGY =0, VjeG, iPeG’ (47
e |T ‘teT(n)\{o —1}

D—I\UXﬁ’ff%iil,ig, i3 € G, ﬁ

S g_13(7%)
lim N () ae, (4.8)
n—00 ’T_”|

S (o 11 (1°)
fim T1|\{(7 >‘1} = n(i*)P(i3|i*)  ae., (4.9)
n—00 qu

Hr{r(i?),i% € G2} & HPHiE I TR0 A0,
WERR:  TEHER3.1H 2 g1 (y1, y2,y3) = Ly (y2) Iy (y3). HI3X(3.1)F1(3.4) %0

Fn(W) = Z gt(XQtaXltaXt)
teT "\ {o,—~1}
= > L (X)), (Xy), (4.10)

teT")\{o,~1}



130 N FANEZE STt i i
Gn(“) = ( )Z: E[gt(XQtvXlet)’Xlt?X?t]
teT "\ {o,—1}
= ( )Z: Zth(XQMXltvxt)Pt(xt‘XlthQt)
teT "\ {o,—1} %€
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The Strong Law of Large Numbers and the Shannon-
McMillan Theorem for the Two-Order Nonhomogeneous

Markov Chains Indexed by an Two Rooted Cayley Tree

SHI ZHIYAN  HAN DAzHAO  YANG WEIGUO
(Faculty of Science, Jiangsu University, Zhenjiang, 2120183)

In this paper, we first study the strong convergence theorem for finite two-order nonhomogeneous
Markov chains indexed by an two rooted Cayley tree, then we obtain the strong law of large numbers
for this Markov chains. Finally, we obtain the Shannon-McMillan theorem with a.e. convergence for an
two-order nonhomogeneous Markov chain indexed by an two rooted Cayley tree.

Keywords: Two rooted Cayley tree, two-order nonhomogeneous Markov chain, strong law of large
numbers, Shannon-McMillan theorem.
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