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The Process of Founding a Generic Evidential
Model Based on Extending Compatibility Relation

Wang Zhuang Yu Wen-xian Zhuang Zhao-wen Hu Wei-dong
(ATR State Key Lab, National Univ. of Defense Tech., Changsha 410073, China)

Abstract Evidence modeling has become a bottleneck problem of restricting the applica-
tion of D-S evidence theory currently. Dempster(1967) firstly brought forward an important
concept—compatibility relation based on the rescarch of multi-value mapping. Shafer(1985)
defined basic probability assignment function—the model of evidence based on the compat-
ibility relation later. By extending compatibility relation of belief function, the process of
founding a generic evidential model is described for kinds of uncertainty in this paper. Com-
pared with Appriou’s(1999) first model, the physical meaning of the process of founding the
gencric evidential model is much more explicit and the system info is much more integrated.
This process of modeling has wider range of application than other modeling methods of
evidence.
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Dempster-Shafer SEHF B 1E N — PR BRE MR 7 1:, A AT 2 ERIREM SRR EET
HRTSRA DB T, TESCRRRE S, WHIERECREBIT AR EEREENE 8, BEE
O el & R B LI BRI B — 1 H (m, F) BB RR e, X — R W FR ok
TEHE AR ICGGE AR B A 5L, IR @RI IR IR T R A — A, ER—ERAS
PSR, B ALHHLY D-S LR A Al sE (. Shafer B SeihitiEingig
SLIEREY R, ABARYE AN TXHESR A9 A R AR, %%&TW%‘%BE*%@: — R XTSI EER Y
ESEEOE B, 5 FR e ISR B | AR BRI, Soi AR BT R B by R
HFHAR P(s|6 ) ZIEAT IR AR, Hp 0; IS SE’IEU © ERIER, s AWMEERE, FiiEsE
PR FARMERA L 3T EMIERKR, TR NERE R R GER, HikFEW
IEfR R AN R — PR N IR vk Y ORBRE . IS, Smets 321 T A& (S HEAE R 1],
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Az R JHE IR IR BRI ) Sh—F g . TBM(Transferable Belief Model) 32 24} X 32 0 34| ot
B9, 5 Shafer 28 ENMIEHET R —FGy. wLesEsR, MFE D-S iLiEHEISE S GRS EER
Gy N, EARRERE R R AT E RS T R RS N E R, ALK EIR
iy 6-9) | Horh B ALAFRMEM R Appriou 45 TSR MIEIE R ¥ | (HR Appriou B
LR HES NHFEARTSHEE,. —REE T, AFEAIEREEE I AT E G R E A
(N, ASCRET I RS R R A 154 & (Compatibility relation)!'?) | #FZ#hR T
A F B FORE E A B IE SR R A 2 L A
2 IEEER

Dempster-Shafer iE3EH ST 60 4E4% Dempsterl!) #E S {EBLS R TAE, 154 Shafer
Bk E, BRTAERTHEEEOIERER. P 2amiE=nE S fagiE s fiagm 0 F
e H MBS AR, BT S - 29, 7EMs T FRTE s 9§ s 898 T (Granule) , it
N G(s), S3F O HZEME SR Dempster FaEME S 5 © AHAMSER, e C, W

G(s) = {06 € ©,sC8} (1)

EX 1 WMREMEE S MBS P, BRI S 5 0 BAEMAHXA G, W 0
RSB R4 AL B %4 (Basic Probability Assignment Function, BPAF)m(2° — [0,1]) " L&

MU
(2)

m(d) = Y P(sl)/[l— > P(sy)
G(

G(s,)=A i(si)=¢

HepzsE © = {6;i = 1,2,---,n} FRAPHRZSE (Frame of discernment) , HXF3EASEIEAY T H
BB, YA, 0:iN0; = ¢, 0, M FARRFMEE. th O WIFHE THHRAEEN
20 kFoR, O WUT4E A BFRN AL

m(4d) ERT KRS £43NEIERANEEZ T, RITAMRE LR EEE A
RS, TRHREEXT A PR MR ERNER NS, m BRCRE ST O 1 NS
Fipch, WA D RIS R T RR e —F R B E e — RS ¢k (Nouspecificity)']
T ACO, WE mA) £0, W AFRLREm f— 8T (Focal element) , i FTAHATTALK
BARG T F k&R, F BoyR m % (Core) . — MR LAY X6 5 2 SA015 BHF R T =
Jedl (m, F) Z bk, BAHE (m, F) R —EE .

3 ¥ RIVIBEMXR
3.1 BB R [

X2 BX={oli=1- k), Y = {yli =11} HECREGFRZE, X xV
Forh X ® Y #aay 8RR

W3 X MY NEARRGPHREE, P TRES NIRRT ERA R ER. W
reX BRENTEX EMaEmagest, yeY WHEAENAEY LWRBHESE, NWkz 5y
AL, FAEERESE X xY FWITE (z,y) KRR,

TN 4 X AY RREHATE o,y MR A (z,y) AROEEGHFI X Y
ZEMMAXRAB CX)Y), BHRCWXY)CXxY,
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M A RIRA TR ST, —HT, TR X 5 Y PHEMTRENIIL, o
C(X,Y) = {(21,02), (@3, 0),+ -} 5 W, TLURANRRE X 5 Y ZIEMHZHEXR
%, W ACX, BCY , HUN A - B GrREmMAHFR B 25U o 02 S 40 5 7 017
KT, B

C(X,Y)=AVB={(zy)lz € Ay Y}U{(z,yle € X,y € B) 4)
3 A RRED A BN,

L, X FWTRT Y FERZ MR R EEORTHEN, FER—EHmn

Wi, BI ©ACX 5 BCY i~ o0 < a<1) BHA". SPBUBAIEHER A

K — ZR TR U S 3R R -
A—- B, a (5)

W AT KRN T AT X x Y EAYIESE:
mc(AV B) =a
me(X xY)=1-a
3.2 FREMIR= B Z BIATIE (&
EXS HREACXK, MBS AL X <Y EHMIIET BA
AxY ={(zy)re Ayer) ™)
EM6 HEACK <Y, MHEGF AFEER X MY Ly s3h
PROJx (4) = {z|(z,y) € A} (8)
PROJy(4) = {yl(z,y) € A} (9)

EXT BEWMEASBERIX MY, “HEZEPHEMHLAEN C(X,Y), e AC X,
ISR Y ERRER
Axyy ={ylz € AH(z,y) € C(X,Y)} (10)

EAHATRRESR Axyy
Axyy = PROJ,{(4 x Y) N C(X,Y)} (11)
Shafer ZE3CHK [2] F4AH T RFFHA S A [HAEREERE, LiEEXmT: sT2m X k-

BEHE (mx, Fx), EESEY B8R (my,Fy), % A€ Fx I myx 76 X EagsEse, 0
Ax vy A AN Y EiyE7T, B

my(B) = Y (mx(4)|Axy = B) (12)

3CHik [12] 458 T4 Shafer & XARRIfY 55 —Fh KA =
EX 8 & (mx, Fx) APHRZIME X @ —MEH, A€ Fy % mx 89855, NHAEHE(E
Zh X x Y EMPRIERN (nxy, Fxy), HEETE Be Fyy ¥
B=AxY (13)
mxy(B) =mx(A) (14)
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WMREMX 5Y ZRIMHAENEXRRZREN CX)Y), BIEEH -FIEERER, WH
me(C(X,Y)) = 1 (15)

(e8] X X Y EHAER (mxy, Fxy) 587 X x ¥ AIBHAER me(C(X,Y)) #i54
A, E 6 BUSHAEIR Y (m'ey, Floy) s JEELKE (nley, Floy ) BIBEIEIE Y b, 3 (my, Fy)
BB LEMIZAER R C(X,Y) F X SMEHER (nx, Fx) 5120 Y _ERRGE.
W B e Fy & (my,Fy) XA, WE
B = PROJy{(4 x Y)NC(X,Y)} (16)

my(B) =Y (mx(4)|PROL{(4 x X) N C(X,Y)} = B) (17)

LA, ERGE S-S Shafer FIRAFEAXLEHFARY. MEEOEEARFTUE N, A
XFZE CWX)Y) BEMIEREEMUT RIS PHLEER, ©MEEOEEERIDE MR,
T CARHERYE .

4 @ RIEEERAY IR

4.1 BRI BB ER

BO={6i=1,n} FRENFEAEOITEERARAEE, S RARBENRHE v
By R BE, S ={s}, HF s RF v HEANFEHMEM. —BREELRRIR, &K
T AR S ARAE v S518IR 0, 2 EAHLITEX R, BIAREERBESA p(uld:) . LA B0HHR
JBEE 1, (u) %, YA E—NMEE s of, WIBFFESREZEAMLERR, TR 0 T
S C(C; € [0,1), FRMEIZGGE=1,--,n) 5 s HLEE.

WHARRIE 2% C, (6 = 1, -+, n) $RAEAYE BRESOITIRALRL (m, F) WE? 53 A g 14
SRR (n, F) , XFEEX R — 44T 8 FW, 1SS T R AR F
49 ¥ —FH, BTS2 C; LA ER M AL A B R, RRAESES I RIH 2% O
A 06 =1,---,n) BILBIIEHRBE (mq, £5) . SRSFIA Dempster 41 & 8L MR J5 L
HERLTHHAT O B, T RS A RIEHEEI (m, F) . SRR kR Rk S L I 7Y,
TR T — AR R A AL

HFAERMF S C; R 0 PHILES S TRICRZMMMAERR, MRS 6;
Blniasg, Ha s BEAAEMRENTREMEN C . HUTA ARSI I FR N

91‘ — 8, C,’
(18)
0; — 3, 1-C;

R )5 I T S 0 22 7R B A5 R DA T IR SRR R
ml(v(gi Vs)=C, }

_ (19)
m,—c(()i VE) =1- C1

W I — A SR A T - D, SE AR s 5, WRDRL I RN A
WA
my(s) =1 (20)

TAE O xS Ry RIELXAN
mp(sx0) =1 (21)

#Il Dempster A& M, T FIEN mic #T A, B mir = mp&mie, GRUE 1 PR,
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F&1 il m; 5 mc BERER mur

m,c(Fy) =C, mfc(Ez) = 1-C;
E1=§1VS Eg:GiVE

mf(H) =1 miT(Tl) =C; m,p(T2) =1—-C;
H=s5x0 T1=HﬂE1 T2=HOE2

He
TIZHﬂEl

=(sx0)N(6; V)
= {(z,y)lz € O,y = s} N[{(z,y)|z € bi,y € S} U {(2,y)|z € O,y = s}]
= [{(z, )|z € 0,y = s} N {(z, )|z € B;,y € S}]
Ul{(z,y)lz € O,y = s} N{(z,y)|z € O,y = s}]
= {(z,9)|z € 8,y = s}U {(2,9)]x € O,y = s}
={{z,y)lz € ©,y = s} (22)

R R {5 B
To=HNE; = {(z,y)|z € 8;,y = s} (23)

e nur 8583 © L, B mi =PROJe(mir) , B3] © LAYi# MR EEsE L Y

mi(gi) =1- C,}
(24)
m,(0) = C;

WL E#AE, ROTTLHEM AR SE G BHALE—RIRTRIEIEEE (m, F) (0 =
L+yn). BT © &I HIEL 0; BRERHEKRY, EhRPSH C — ok | X RFEA R 6
THEES AR R, MHERFRIE 0, FHORMSmET, T EASBRRRLY, Bk
AT A i 24 C; AR, s vh C; KEM —RIBERE (m,, F;) Z EREMMSIEY, 57
PARTLA{gE ] Dempster #00X4 X 46 5 MGESAL R 64T S, B3 AR RIERET (m, F) -

m = éél m; (25)
R R B EAE AR s TATIESREAL,
4.2 FEUEEEFIITEER

TEFRBJA S, R REORR S R E Y KBNS 2 RRANES, EIRESS, #ie
IREAFPFHMERE, FRMREZAFH LR, RE K, Xk H TFREE S EEEREY 7T
FRERAZNA, MAFHFEREMRMENS G ERAFY, TRAEEENLKNET, 2
AL IHE RO A Z58 . BRRITRER XSG AR TSR SERS, mY
B FEB TF B R ERAT R, 7 S X 8 HEER LS S A T {5 12 8 7™ A AR Y S
RGBT 808 0 R R IE R AR, FriETEE, WTUAEREX 24 C; R EXBIR 6, BEY
AR SR IERER — MR, —MRATEERT aile; € [0,1]) FR, #Ed %M%Y
RHEHEHBAIR (BT RO2LE) P48, XB, RINFREATURHHAELRERTSH C
HTEERF a; .

BX={zli=1--,n}, Y={yli=1 - n} AT PHAEE, Hd X BHXEABE
BT RE R, RITFFHNERENE; Y IR 68 R A B4 R s, RITFRE
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FIWTAEE]. gy T @ AHRERY, FORKIEREXT AR R z, . WRZFRERR o, FHER
REWERER v, WHIHZIEEX 2 HHBTRTEN. FEEHET o KRBT X FCE o
5 Y FCR v ZEEAEERE, WMREGERY o, BARESH C B0 HIM5 R
ANy BTTREYEY a; . FILATF PRI NI RR

Ti = Yi, 2 (26)
T = Y, 1—a;

IRIGEX PR AL R 89 5 B I L IR R

mir(Ti V 4i) = a; }
(27)

mir(Z;VY;)=1—a;

XHE, B SLAERART (my, ) ATRVERRAL THREE Y LR (may, Fiy) . R
HRT (may, Fiy) FARZEEWER, ERERGESE %R T 3 1I% (-] MIHY B0 560 2B,
HNTRE (miy, Fiy) REHICTHLE RGO AW, ROTHREN Y EHIIEREE X LB
(mix, Fix), ERERTRITELERGY LN, TiEERPERNTEE o EXMMAFERX

FokBE., XERELROT:
(1) ¥ ¥ =18 Y FANER (may, Fiy) 37 RE X x Y £, 88 (mixy, Fixy) , B

m;:; Jngizl_Ci
xv( ) } (28)

mlxy(}f X G)) = Cl

(2) ¥ (msxy,Fixy) 1 (my, Fy) 7 X x Y E{d Dempster 20680 N#476 8, B
mir = my,xy ®mir , HRWME 2 PR,

®2 B mixy 5 m., HERER mr

mir(El) =a, 7TliT(E2) =1-a;
Ei=z;Vy Ey2=%T;VYy,
mxy(H1) =1-C; mir(Th) =a,- (1 —C)) mir(Te) = (1—a;) - (1 - C5)
H =X x6; T, =H NE T, = HiNE
mixy (H2) = G mir(T3) = a. - (Ci) mir(Ta) = (1 ~a,) - (C)
Hz:.YX@ T3=H20E1 T4=H20E2

Hep
Ty = H) N E,
= (X x8,)N(T; Vi)
={(z, )|z € X,y €8} N[{(z,y)lz € Ty,y € O}U{(z,y)|lz € X,y = :}]
= [{(z,v)lz € X,y € 8} N {(z,y)lz € Ty, y € O}]
Ul{(z,y)lz € X,y € 0} n{(z.y)|z € X,y = 6,}]
={(zy)lz €T,y €fi}U ¢
= {(z,y)|z € Ti,y € 83} (29)
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EEEERE
T, = H N E; = {(z,y)|z € X,y € 6;} (30)
Ts = HyNE, = {(z,y)|z € T,,y € OYU{(z,y)|lz € X,y = 0;} (31)
Ty = HyNEp = {(z,y)lz € T,y € O} U {(z,y)|z € X,y €0} (32)

(3) ¥ myr BEFISE X £, FESIHMED, BIHERE (nix, Fix) , ERETHFRE
GIEHE A AT {5 BE DA X BLSR A Sy F,  BI
mix (Z;) = a,(1 - C)
mix(¥) =1 —ai(1-C >}'

(33)

bR b, RS C, WEMEE o FAGERER, WLUEERITFE IER B &1 o089
TARER A FE A TG EE T T — 3, MRESGRIAZE, B RZH0E M R iR

H B
mi(0;) = ai(1 — C;) }
m, (@) =1—-a;(1-C))

WY B X g R AT E R — R T RMEEE TS A A — (bl 2, 22l i
&, BARRETEEMIERTE X LR LIRS R 1.

W EIEHR RS S mERER X A EEd R, BE R REIE AR A ey H L R AT
MEExR, mE1l,

(34)

K1 EHREEREEN#EY TR

TELEMENERE C(SxY) )5, MESE S LAESR (my, Fr) TEHWZS0E] Y _LAgH5E
A (may, Fiy) s BEHEMEBMEXR (X xY) )&, HWEEY EMIERE (ny, Fiy) EES
A X J:B’Jﬁﬁ!/jﬂ (mix, Fix) , BIRZRE H REFERRELE,

5 &5ip
EXETIV EBEEESAIEREXR, WERERT — 155N T &R A 0@ HAE
PRI A ST R, A R A B R 5 Appriou AYIEMEELE 10 AE L, HpEEEE L E N
e, FEICERTEMSERE,; W HIZERA S f S J s X R RS B iR PR R k4
o, EREEEmM ¥, AW SRR G IE I FIRE R R 7 IS 3Rt
& £ X W
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