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A Belief Markov Model and Its
Application
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Abstract Markov chain is widely applied to the fields of nat-
ural science and engineering technology with its non-aftereffect
property. However, the classical Markov chain is unable to han-
dle the uncertainty of state description. Besides, the state’s tran-
sition is unstable when the divide boundary of states is too clear.
In order to overcome these limitations, a belief Markov model
is proposed in this paper. Dempster-Shafer (DS) theory of evi-
dence is introduced to new model to represent the uncertainty of
states. Firstly, the states are reduced to form a frame of discern-
ment, and a basic probability assignment function is established.
Then, as an intermediate result, a matrix of propositional tran-
sition probability is calculated. Finally, the future state can be
obtained according to the current state. The proposed belief
Markov model is a generalization of classical Markov chain and
downward compatible with its properties. A case study shows
that the limitations above mentioned are overcame and the pro-
posed model is more effective and practicable.
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T XL IR L, ASER L) R B T AR R S T e o Al Ak HE
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P{Xn+1 = in+1|Xn :i'ranfl = infly"' ,Xl = ll} =

P{Xn+1 = in+1|Xn = Z'n} (]‘)

WFRBENLFH {Xn : 0> 0} A E/REHAEE. 20 (1) BRN IR
PR B 5 R

EX 2. BREREE { X, 0 n > 0} FRASFIRM, Wt
B33 m, n FURE 4,7, HE P{X, =i} >0, P{X:n =i} >
0, Hifi:

P{Xpt1 = jlXn =i} = P{Xpi1 = j[Xim = i} (2)
REX 8. XTI RBIAE, PR 08 SRR
Pij(m,m+n) = P{Xmin = j|Xm = i} 3)

N IRBERBEAEN Z) m JETARZES @ 8, FENZ m +n B2
FPRE J FRE MRt R LA A (O B R A e RS M
.

R B S5 I R B R Bl d B HFAE, ok (3) &
SRS MR TR B R BEREER n DB, i Pij(n).
Bn=1W, X (3) 28X T HRBEREERN — D HBME, W)

Pij = Pij(1) = P{Xm+1 = j|Xm =i} (4)

R D AR BRI S T B
WE RPIRAEZEN, plf) RRA @ 24k PHBEIRE

FIMESE. 5 I ARBRHER b S5 B LA DA R AR
3|3 1.

PR >0, YijeE, k>0 (5)
3|32 2.
Y =1, Vie B, k>0 (6)
JEE
3|3 3.

+k k
P = 3 pim ),
rek

Vi,j € E, mk>0 (7)

i (7) ¥k Chapman-Kolmogorov 77 #2231 fiifx C-K
TR, SR IR IR BB o5 n IR I .

R KA. Monash K22 1H A G 5% G242 &
Hyndman #4250 2 W5 A A TF IS Y ), 2
LB JRBF BRI BAR R, LA EAFLE 1) R ZE Gk .

Bl 1. R 1 RIEA TN E15 [FELE 20 W10 A7 T
KA OLEETE. DUAE 75 AR IR X Lo fm, 18 F S /R RIS B ) 3L
TEH 21 JIR PR A U AR T A 43 A

— Mk U, 1 SR BN EE AT T, 2 g R B —
HRBNERARE, X5 HPTEIRS MR AT T — P
FIHARES BER. RS IR, T REMEBCR, ATT1S3)
TP REET AR PPIRES.

B E LR B BE RIS . AR R 1 s, &
— I FEAE RO A 137 B 229 0], S B2 DX ] (137,
229] IR —EEHUE ) —FIRES, SERIRSHEL 2, W

HRZARESIEAR I, USRS EB SN, Nk, FEH
PREFFIHE. HREG R UL 2 Pk,
B Ny, FrAIRE § S EIRE J 105U, 5590
Ni1 =2, Ni2 =3, Niz=0
Na21 =2, Naog =4, Nag =2
N31 =0, N3g2a =2, N33 =4

Py = Nij/zjeE Nij TR MR A

0.400 0.600 0.000
P= 0250 0.500 0.250
0.000 0.333 0.667
x 2 REHELER
Table 2  The results of state classification
PEAESCEL (1) [0, 150) [150, 200] (200, +00)
N fik (L) (M) W (H)
P 1 2 3

T — IR A7 200 fF, 8 TRZS <, [H I,
WA F R MR, T D ERPRE MR (L, M,
H) = (0.250, 0.500, 0.250). AI%H, %5 21 Wi T GRS
ACEF‘H.

BUAE, DO S 20 39T K A4/ 2E3h, i 200 22
J 201, HARAAE. S Ja BEE X 20 PRSI
HBE:

0.400 0.600 0.000
P=1] 0250 0.500 0.250
0.000 0.167 0.833

T 201 JETRA w7, B — IR AR A
A5 N: (L, M, H) = (0.000, 0.167, 0.833). X, K& &
AT et AR 1 T B R

ANHE I, AL Ay o Js — S (R A AR By, 3 3T
s BT M E 24k, B —ASIREBER T 5 —AMRE.
AR, KRG, AE B, 25 20 it 200 5% 201 Y,
O 25 SN %A Y. 3 BOX AL I SR R, R 4y
S THEM, AN EUE IR 1 5848 A E IR
IXRE, FEARAS I T b 75 B th DT 45 R 2 Bk R K I 5.
SRS B AR 0, 70 S8 A, 4 200, & W] RELL 0.4
PR S TR <, BL0.6 RS TRE w7 si# e
AANGITE T A A8 TSRS RS, i U AE e R TR
“rpr SRR m, AR ATE . BT AR T
FIFAREZR AL . BOBIAR 55 7 vE 0 LA 4 B, i Ja — i i 2 ) 77 22
TR WAL BV, RN EE 5 3 RN, I I e A A
4 LT IRIR, BT DS UEHEELS 0T E .
I, FARAREDRKE DS UEAE LIS T I B R BHER B, @I EE Y
IRBIRAETY,

2 Dempster-Shafer iE#EIEit

DS iF# B8 (Dempster-Shafer theory of evidence, P
T REFRUEE EE) & HH Dempster &5 Shafer f 21k ATk
0 —FIARSAHERE L, ABAE AL B S 004 2 5 Lk 1) A
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Table 1

Inventory demand for Product E15 in 20 consecutive periods

IR ¢ () 1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20

EAfE K (fF) 143 152 161 139 137 174 142 141 162

180 164 171 206

193 207 218 229 225 204 200

SEVE, WAL HEHER IS TS I A B R 45202 g B H AR
F R HET BIFEA AT (CCRRHFRMESRY) HIRAE, (EHFR
HEZR 74 (v ill) AR A A< i8R i 2 BPA (Basic
probability assignment) HEATHERIRIR, 52T £ (W
) IHAEARA, AN ALRG e, AT, ik B e &
S I T, fE H ARG 20 g BT g
HEor RO 32 PR AL S Ay AT 2 K R

I UE G B P ) SR A

EX 4. WU AR E X P BRI,
HU & TR, WKU 4 X MR RIER. U 1
WA 2V BROAFPHER AR, AT AN E N T
—ART X PUES AL (TR).

ENX 5. WU WHHRMER, U RAE 2V Wi B4
2V SHME—ANET U T4 A (W), WK m: 2Y —
[0, 1] WAL

A;Um(A) =1 (8)
m() =0 (9)

TR m 2V LI AMER IR 56 8 BPA, FF m(A) b A
MIZEMERE. BPA S T IE4 XS 3 UUAE S o (1) i 88 1) S RE AR
BE. Fi AL m(A) > 0, WFR A st

B TR BOR R R HE AR LY 4R BT RERARIR, 13
FIM¥ BPA G8H I AN HU& K T AN BEA S AR 4, T K
ZAREES R RTFIR. 1E2XFE, B A R W s i 77
WA E . SR, BEEFH BPA AME-THEAT YRR, ok
BPA B 0 R4 5 TR T HEA Al B 8 s, A 92
Semts TJ &% {5 EH T (Transferable belief model, TBM)
1) Pignistic M2 ¥5#: (Pignistic probability transforma-
tion, PPT)[B4=35],

EX 6. & (U,R) &A=, m 2 R _EIHEARG
FEFRIR, |A| 9 A R WIRFEL, 5 R E— 1T =

m(4)
BetP(z) = zg%:eR ]
PPT =¥ % ¥4 L) BPA B3 FR74& ) Tig
PPT [{f]¥.
Bl 2. B HEABEEHIR Y m({ar}) = 0.3, m({as})
= 0.1, m({as}) = 0.2, m({a1, a2, as,as}) = 0.4.
W PPT, f:

(10)

BetP(a1) = 0.3+ % =04
BetP(az) = 0.1+ % =0.2
BetP(az) = 0.2 + % =0.3

BetP(oy) = % =0.1

3 FEDRBRRERHEMR
BL i Z b (45 SR AL R AT BEHLYE . A0 1 25 25 B A

e e, MRS 32 B XS BEAL I BEAT AL 2, A X B AL 2R
PR AEMTTREMEATE &, 1 DS iEHHER A H B
KT B THZL, AT LA Z4HER
WATALE, T HBEPLE B BOE S Ae il AN R i T B e
o BEHE B OAEZE T AT A0 2. SOUE R S 10 % i 5,
Dempster L BPA #R A& (5 H2%, Shafer 764t
RYHIS IR T (5 5 sR BCRIALLAR o6 5 1E g A LB e £50RD
PR e 521 Smets MK FEAMERIGIR (BPA) #E) LA
FEFEUR (Basic belief assignment, bba)®4 | % iy ik 292
BERAT EAL. WLUE H, 5 BRI — AN TR i, 78
TEHE LS R RN B, 15 B S — R SO SRR S
B ARSCRL S ST R R R B I A RS R L R B R A A
R, AT LU UL S 5 B R BRI 44, TR, Fpris
TURRAEAS BE R BLRAR Y. BARMIE

TR L KIS DU e RS 2 ), A0 2 EE K 2
P JUA KBRS DA D RS o, X RS A — A
HFHESL U.

BB 2. MR T 2, AEPHRMER R 2V gy
—ANEA MR IRIR KB, TSRS S T 2V 1
FEAMAIRIR (BPA).

S 3. KT FEAR BPA THE S RBHRBER) D
AR IS [Py), 1,5 € 2V, Py (5 D R BB
byl ¢ BB A R 5 IR A

Eim@rmwwﬂ

P = ,ie2Y (11)
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Horbt m(i)e R ¢ Tard i MFEMERE, n W EREBER
B

LB 4. ARG —WEIENEAMEIRIR D m =
[m(i)], i € 2V, WF—HR o Aif ol m/ o] i R T 0 2 045
ESIE

m' =m - [Py] (12)

S 5. R PPT SR04 B3Ik
WEAIRIR m/ He I EARAS MR [p(0)], & € U, 135
LR,

L LE(E I SRR R MR S IR 2 o, R
H FL P A R A5 VR B BB 7 2, A T 3 T L AR A L o
FRHE RS BPA BRI, 75 3U3E A T R 58 SR 1 o4
S, R B T MR (3 A

13518 I R BH B A 7 T AR K BRI At ST, it
U AL AR 5 M. 9500 GRS IR R B 5 8 D) 45 1
INF, 5 T R R R IR A S 2 B T R R . (1 T
SRAIIBAL AT LU T 1 e
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HE 0 LA BERIRIR ma, mo, -, A1

P{X'n+1 = mn+1‘X'n = mn7Xn71 = Mnp—1,""",

X1 =mi} = P{Xnp1 = mn1|Xn = mn} (13)
3|32 5.
PR >0, vije2V, k>0 (14)
3|2 6.
Y TP =1 k>0 (15)
i€2U je2U
313 7.
Pt = pMpl, Vi e, mk>0  (16)
re2U
FRMREATRR, LA E 5 [ BIE B 45 .
4 KBl

AT RIRE LA 1 D, A B T KRR B (1
MR RR, DL e S IR B E ) Sodk R R

e, VR T EUE A =AM EARE: 1% (D),
(M), & (H). efAl— MR IER U = {L, M, H}.

RG, IR E G B EAEACRSHIA A SN
TH O — DN EEAMER SRR R B, XL, — A A AW an B 1
Fis.

L M H

B 1 =FeRESEE ER AT

Fig.1 The distribution of three states on the axis

DR, W DA T FEAHE SR HR IR oA B 1A 0 1) PR A7 75 R
Ha. Ha <135 I, MR RCL il (L}, PHRNESLIH
At i R HEME R AN 0; 24 135 < 2 < 150 I, #ERLL {(150
— z) /15 Syl {L}, UL (x — 135)/15 Srhlgh i {L,
MY, HAhAr B MRS 0; 24 150 < 2 < 165 I, MR
Pl (z — 150)/15 rBigh il {M}, LA (165 — x)/15 Sy By
A {L, MY}, HAbar SRR E0h 0; 24 165 < 2 < 185
I, MRS o EC g il { M}, oAt iy B SR H0h 0; 4
185 < 2 < 200 K, MR LL (200 — x)/15 HHL v { M},
LA (z — 185)/15 JrBC4y vl { M, H Y}, HoAt a5 1 564 % 4k
J90; 24200 <z < 215 I, HEERLL (2 — 200) /15 43A s v il
{H}, PA (215 — ) /15 Sl { M, H}, HAbdr B AEAL

BN 0; Mz > 215 I, HER KA
IFERE R BN 0. Zidritske, B

{H}, A

&

1, x < 135
m(L) = 1—5(150 —z), 135 <2 <150 (17a)
0, x > 150
0, x < 150
%(m —150), 150 <2 <165
m(M) =1 1, 165 < & < 185 (17b)
%(200 —z), 185 <z <200
0, x > 200
0, x < 200
m(H) = %S(m —200), 200<x<215 (17¢)
1, x> 215
0, x < 135
%(az —135), 135 <z <150
m(L, M) = 15 (17d)
E(lGS—x), 150 < = < 165
0, x > 165
0, x < 185
1—15(a; —185), 185 < < 200
m(M,H) = 1§ (17e)
75215 - x), 200<z <215
0, x> 215
m(L,H) =0 (17f)
m(L,M,H) =0 (17g)
m(2) =0 (17h)

MR O A MR PR IR R B, TEELH R 1 b
BTS20 A= 5h A T SR Bt 0 S A R 5 R, 45 R 4T
% 3.

ROk, MR (1) RERE A RIS TR BB th A
B AT & U A R A 3 T 45 28] L iy 100 4 % M S o

R 3 FEARMEEAMRIRR

Table 3  The basic probability assignments of samples

I ¢ (39) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
A (fF) 143 152 161 139 137 174 142 141 162 180 164 171 206 193 207 218 229 225 204 200
m(L) 0.4667 0 0 0.7333 0.8667 0 0.5333 0.6000 0 0 0 0 0 0 0 0 0 O 0 0
m(L, M) 0.5333 0.8667 0.2667 0.2667 0.1333 0 0.4667 0.4000 0.2000 O 0.0667 0 0O 0 0 0 0 O 0 0
m(M) 0 0.1333 0.7333 0 0 1 0 0 08000 1 0.9333 1 0 0.4667 0 0 0 0 0 0
m(M, H) 0 0 0 0 0 0 0 0 0 0 0 0 0.6 05333 05333 0 0 0 07333 1
m(H) 0 0 0 0 0 0 0 0 0 0 0 0 04 0 04667 1 1 1 0.2667 0
m(L, H) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
m(L,M,H) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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P=
[0.2086 0.2611 0.4403 0 0 0 0
0.2208 0.3333 0.4458 0 0 0 0
0.1766 0.1260 0.4557 0.1399 0.1018 0 0
0 0 01167 05574 0.3259 0 0
0 0 0.0452 0.2935 0.6613 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

SRIG, WA 5 S5 SRR A K ) FE A A 8 R W] LA 3
N HIRE R RS B, A, £ 20 I PEAE Rl 200 1F,
SR BPA J m(L) =0, m(L, M) =0, m(M) =0, m(M,
H)=1,m(H)=0, m(L,H) =0, m(L,M,H) = 0. i,
T 28 SRA i U % MR o A e s — SO ol R A M
FRIRIING L0, ie X (12) 133055 21 W) BPA 24 m(L)
=0, m(L, M) = 0, m(M) = 0.1167, m(M, H) = 0.5574,
m(H) = 0.3259, m(L,H) = 0, m(L, M,H) = 0. f&J5, ¥
1T Pignistic MEAHE e, K I AME A YR B e B FEACIR
AR . 3B (L, M, H) = (0,0.3954,
0.6046). [Hit, 25 21 FHH IR <& 1w BeTEsoK.

[FIA, IRAEH B Ja — AN I S R ks A\ 200 4204 201, H
R, R LR FL R, SR LT 21
WK BPA 24 m(L) = 0, m(L,M) = 0, m(M) = 0.1119,
m(M,H) = 0.5205, m(H) = 0.3676, m(L, H) = 0, m(L,
M, H) = 0. ¥HT Pignistic M4 5 5 ACR SR 50 4
i (L, M, H) = (0, 0.3722, 0.6278). HIRZE “F” KITTRE
PRI 2 d5 K.

AR EE RS SEBRIE O — 8, A B, MY, 25
20 JHIRIEE N 199 I, TR IRE <R nTRENE
BOR, FFRRAE T A5 B S R BRI A 2. R4 FI T
M fE— IR N 195 ZBAGH 205 B, 15 E T KRR B G]
BT R & 2 Bon TRl R A 21 W REpT
AR ML S AT G B8, AT LA 2, RS AR AL L 218

T CEEE K, AT BUAEIR S 5 S K BRI LS. NE
T8 BPA AR A B0 S0 vl A St s 7 2 PUE SR 25k
MR R, P, SRR U, 75— BUE )
AR K ARUE R, ARACIRZS AT 45 2RIt 5 Je — H Hdl
(K940 Pipt sI I A B SR AR IR BB, T PR FpIE S — B Ak,
PR 28 SEHUIRZAS O 22, X IE 2 A5 By IR BER B RS E PR 1Y
RIL.

S L, AR SCIRUE AR A ey ) Bt AT A LAAE 2 7 S
AR AR H, A R FEMTI vk, H, 2
CAFAER RPN, A UG, B0 Sy ) AL
FEHE TG U foe /N S RS HE K 20 SRS, R BRI AR £k
PEYR A TR BE ) AR 0, HE FEAR R H B 2 i,
VIR FZ M, I HG T 4745 22 S 0 ¥ 7 28 1) e 7 2R
R AR BT ik, DM M7 3 B0 e — I3k DL Jhy
5E A FTRE 2 GE v AR EA T 20 RIS, B Ak 38 DL J
DU J45 & W 2 58 BT IR0 i AT e T PR R AR R
(UL ER ISR A MO T MR R A VBB RT3, 1

0.8

——Low
—a— Middle
—e—High

@
“

e o e 2
W B o

5 21 IR A 2
f=4
o

0.1

995 196 197 198 199 200 201 202 203 204 205
%20 B E1S WIFEff= /1

K2 BlrRES A S A
Fig.2 The forecasting probability distribution of states

#4 ZAHEMTNL R

Table 4  The forecasting results for several numbers
[r— N RSN e R Sk
L (L, M) M (M, H) H (L,H)  (L,M,H) L M H
195 0.0589 0.0420 0.2976 0.3503 0.2512 0 0 0.0799 0.4937 0.4264 Ly
196 0.0471 0.0336 0.2668 0.3863 0.2662 0 0 0.0639 0.4768 0.4593 i
197 0.0353 0.0252 0.2334 0.4250 0.2811 0 0 0.0479 0.4585 0.4936 &)
198 0.0235 0.0168 0.1972 0.4664 0.2960 0 0 0.0319 0.4388 0.5293 i
199 0.0118 0.0084 0.1583 0.5106 0.3110 0 0 0.0160 0.4178 0.5663 [}
200 0 0 0.1167 0.5574 0.3259 0 0 0 0.3954 0.6046 =
201 0 0 0.1119 0.5205 0.3676 0 0 0 0.3722 0.6278 I}
202 0 0 0.1071 0.4858 0.4071 0 0 0 0.3500 0.6500 &
203 0 0 0.1024 0.4532 0.4445 0 0 0 0.3289 0.6711 [}
204 0 0 0.0976 0.4227 0.4797 0 0 0 0.3090 0.6910 =
205 0 0 0.0928 0.3944 0.5128 0 0 0 0.2900 0.7100 I}
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