W26 % 6l T = il 2 e Vol. 26 No. 6
2003 £ 6 H CHINESE JOURNAL OF COMPUTERS June 2003

FHEEHREARER
BOE xBTS MR

DRI R R ER B 2000300
DAL R A Em R A L 200030)

B OE G T A S AR i R B A O YL A% R R AR BOR — 1 A D 0 E E MR R AT
R P L ) A0 1Y) 2 ) R A A DR L DU AE 4 5 A A R A AT A R T3 R JE A R A K L 1 B A s S ) B A R A
WD & PR ARBCRSE, H IR0 B RE R S0P I 45 11 4 B 3 — A B0 Rl A% S0 X BE 4 1R AR AU
TRMERALG — REREMARE R AT T A

EHA RS BB G, B U
hEEAES TP01

A Review on Theory of Conditional Event Algebra

DENG Yong” LIU Qi¥ SHI Wen-Kang"

U (School of Electronics & Information Technology, Shanghai Jiaotong University , Shanghai 200030)
2 (School of Life Science & Technology . Shanghai Jiaotong University , Shanghai 200030)

Abstract  Multiple source information forms one of the key components of data fusion. Such in-
formation may emanate from various mechanical sensor sources such as radar or Doppler systems,
or it may derive from human-based sources, such as via expert opinion expressed through natural
language. In general, each unit information is associated with degree of uncertainty/certainty
which is traditionally determined through the use of probability. Thus, one can evaluate probabi-
listically any desired logical combination of events for use in decision-making. On the other hand,
information uncertainty is provided in a way that there appears to be no single underlying Boolean
event whose probability evaluation matches the prescribed uncertainty. Such uncertainty is often
expressed in the form of given functions of probability evaluations of contributing simpler events.
For example, when these functions are simple arithmetic divisions with arguments being pairs of
events, each numerator argument event being a subevent of the denominator argument event, the
quantitative uncertainty corresponding to each unit of information then, becomes a conditional
probability. But, in general, the standard development of probability theory and statistics has not
produced a way to represent conditional probabilities as single event probability evaluations, so
that standard statistical decision-making techniques cannot be used in systematic sound way here.
Recently, probability theory has been expanded to address the problem in the form of conditional
event algebra. Conditional Event Algebra (CEA) is a relatively new logic system which rigorous-
ly extends standard probability theory to include events which are contingent such as rules and
conditionals. The” if :--then” is modeled as Boolean elements, and yet compatible with condition-
al probability quantitative value. The principle theory and application of conditional event algebra
is presented. We also introduce the idea of relational event algebra which is more general than

conditional event algebra.
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F1R) e 25 R A 2 T AS T 45 280 0 B AT SC A 1 ik BR ke
24, GNW-CEA Fil SAC-CEA & 47 — 26 1L & (1) B
AL RRAE AR X — W 0L, B W R AT albaend,
o ab F o A X T ed J& A7 (P-independent) /Y,
W2 T A K R AFAE
P(abecd) = P(ab)P(cd), P(abd) = P(ab)P(d),
P(bed) = P(b)P(cd), P(bd) = P(LYP(d),
BT PAAE A Ca | 0) Fll Ce | d) EIA & AL (P, -inde-
pendent) [ ;
P,(Ca|lb) N (c|d)F#PCalb)P(c|d) (11)
X GNW-CEA Fil AC-CEA K 5t #6 2t it
4N , GNW-CEA Fil AC-CEA ## & T Hibr %
A 1R i A, gl AT R FE (Ca | ) | (e | dD)) TR
FF. P B m B S A A s e S S AR ST Cal )
Celd) I A2 a)
GNW.((a | D) | (c|ld))=C(alb A dd V d))
AC:(Ga | ) | (c|d))=(alb A\ (d—>c)
12)
Yd=b8HEd=0 W WELH albo). BRI E
BN G FICL0) X =B 4 1) 8 XA R~
LIS = Wh YA
P,((alb) | (c|d))=P,((alb) N (c|d))/Plc|d).
3.4 RMTEEHEHRE
5 GNW-CEA Fl SAC-CEA A [Al, e f 4% 1] 4
1 9 44 1% % (Production Space Conditional Event
Algebra) & — M A /R B & A F AR EL T A4 e
H) A AR
W(Q,.B.P) X KA HM asboend, - M
HF ) DAL — AN R I SR AU 6 ) 5 H) (@,
B, . Py, L,
0, =0 XX,
By & H BXBX 4" R [\ A0 IR H L o FR3L, Py 2
R 7 1] 19 A 2 00 2
0] AAS 3
(a ]l b)) =Wa A b) X2V
W' X (a \Nb)XQ)V
(' Xb X (a Nb)XQ) V
B X Xb X (a\b) X))V
(13)
WAT— WS f:BXB—>B,. 2 f i fla.b)=abV
(0" Xab) V| (b X" Xab) \ ~52 L, FATAT LL1F 2
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Po(f(asb)) =P,[ab \| (b X ab) V 1%L ) 5 & P (el d)>0.
("X b Xab) \ -+
=P, (ab) + P, (b X ab) + 4 %1¢$1¢1‘E§&F_"ZFH
P, (b X b Xab) + -
=P(ab) + P X ab) + MHT TR A G ] LU 45 1 AR O AR 3
P X b X ab) + +- 2 B F LR S SRR IR KRR K
, M. FR R R B, HE N 20 2D 80 AR 4R,
=Py« 2, (PG S SRR A M % 4 R PR
=P(a | b (14) B ) N FH S e A A AR AR B A R BN H T A

KA. (Q, By - P SEEL T X (Q.B. P ¥ 5K,
HHE P, (fla,0))=Pla|b) o, o P& P fE
0,=0X QX LR 5k, XA AR p—>a
B S Ca b)) IXFE— A, A AT 554
— AN R A ]

7E PS-CEA ", 4 (a [ b) AT LUIXAE A B . R
VAT e U X T B — AR b SR LB I
13 a W, dn L 58 R A3 o W) A s R G R —
UCPRAF IR0 o7, D0 22 4k 2 B30, B 23 28— 4 0.
BE—A 1 0 Q FRO AT Ceylinder) s 45 1F S 1 1 3R
TN A HENT AR TG 55 B U (countable infinite) NP H
ANAHAZ (disjoint) 2% [F) AT AH 36 1) e A1 4% (1) 2 b Wb
G W, Fe R A% 8] 5 A A AREUR A R Y R R AR e
X AE PS-CEA () 55 1 95 32 4 3 B 6 X W 1Y
7RSI

(D alb) =",

(2) (alb) A Ccld)=[Cabed| Q) V abd’ X (c|d)
Vo ed X (alb)|bV d],

D alb)V c|ld)=[(abV cd| Q) V a'bd’ X
CcldO)Vbe'dX(alb)|bVd],

(P, (Calb)N(c|d))=(P(abed) + P(abd") X
P(cld)+PWcd)Pa|b))| POV ),

(5P, ((a| D)V (¢| d))=(P(ab N cd)+P(a'bd’) X
P(c|ld)+PW''d)Palb)) | P(bN d)=P(alb)+
Plc|ld)—P,((alb) N\ (cld)),

(6)(a|b) N (c|@)=Cabe| @)V b'e X (alb) (HE
T IR 5 HEHE, generalized modus ponens) (15

LA FI 28 T PS-CEA 1) — S8 5L A M it , FE
WAL M st ey DA 2 2% SC ik [ 22, 23 ). I A 4
GNW-CEA Fl SAC-CEA [f] = By 4% 1 1 8 48 . P4
B 0K B A A A BRI AR B, LT PS-
CEA B @b & A F A ol LR i (Cal 0) | (e d)) €
(B s HoHE A B2 N

(P)oWa || d]d)=P,((a|b)| (c|d)
=P, (a|lb) A (c|d)/Plc|d

FH A Rl 5 F0 C3T R G0, A APRE B ok L IE A2 4K
i Rl 45 A5 RE 2 1 T ST S A AR B
FU. B RS 2 S IR 2 R AR R AT A AL B —
AN B BRI 7T . 7R DU B O A% 0 I IR
A ik v XU 1 250 4 il 3R 48 VE g T 5 B
G JE A N H R BIE TR G K H RS i A o
3 1) BT HOA P s AR A b AR O A BRI )2
U0, A0 B S R B Rl A IR AL R bR
PU T FEAR 2 O ) 080 Rl & SE 0 7 0] Hicis 00 1 4
iy EI R i T EATE NI (B B = S A A R
I oA v () AR B H BT A 1k X — Ak
MG, —J7 2 TR EE BN R K (MU
4t i AR A A S BUA S & T D
Ty 5 T A 75 B R G0 gl L BV R A B L A 1
WE 9T 45 R W] B — 16 B 5 J7 AR A A 310X — H b,
MATHRESRAT B T N TR B KRG8 R R A
KA RIX— @, O — R XREEBE T AN
A — DM a& REIAE —EriEH NG T
ML RE b, 28 F AR R UM T I8 2 R = PO
LAY, A A5 P AG 5 o A 2801 Ak BE 7 A RO N M AR A
AH 2 A AE, TR X FE IR L R T AR B 0E Al Ay
i v o) g N B 0 SR 32 4R B0 AL B Y T 2
5 [ ] By 5 5 25 F F A ACE ) D H il BOR i 2
fili FEA (B ST B DA ZE MG R R R 4
i 57 0 (Space & Naval Warfare Systems Center)
9T 51 Goodman 1 R %8 Ay 1 VR 8 41 7 4% 1 5+
AR BERIAIT 9 77 T A TR A

g AN A AN R R4
S H A — AN BRI R AR TR R R
gi A if X then S B X BN T 5 Qi SR RS 5
U AT 92 X — 30, i al BOA b iz e 4 < il ok 17
(fire) B, Lo an A7 B @« /i 2 R0 5 5K =02 /Mir
S5 S 115 /ST S| NP3 K 7t T 1 </ U
DAHE ok =2 R UM g, /e N LR RedE R a8 )™
ZAE ML T I X implies S and If X, then X and
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SR E BT RS KR NS XD ANX=(SA
X)L I RAEHE X AU if X then S AHZE &, AR 5
B i B AE BE e 3 45 mT DL R g Rk AT W AR Lo,
P(R|(SIX) A X)HIMEZ AT LA X (16) 45 .

P(R|(S|X)AX)=PRI|SAX) 16
ILAE 285 38 30 (1) — A 1) 02 . FRATT I 2 i AT X
HA—E A5 i X then S I X #—3K.
U F AT A B X R MR BOE R A S
HO Y R4 5N if X then S (9 HT A — 201
LN (BATE LR R Y A (S| X)), REREW i
FH ) J5) 3 ik % (Partial firing). 45 3T 28 1) 4 1F i 1F
ARBO I 5 21X — TR AR E R e, ok X 4% A
PEREOM .Y A (S| XD W] LUE B 48 2% 8] o i
e 3 < F . F AT AT DR 4 20 C17) o S5 R 8 i S B )
F1R) MR 24 00

P, ((S[XDAY)

_P(RASAXAY)+PRAYAXDPSIX)
P(SAXAY)+FP(YNXDHP(S|X)

K IR S bR N AN E KL e, WS AE RS,
XMMYy  Hp X=z,Z=z, HEYEW I YEW,.
A2 5 (18) W oT
Po(x | (z| W) W,) =P, (R| (S| X)AX)
(18)

an

FARE W T .

YEW, MM 15 2] — B EMALT 2a XEL,

YEW, HMME 152 — M EMALT 20 K,

Z=z JAL KRR 3 WCEE I L 4E <,

(Z==2|YeW) R RN F 1 F 2 — 4 %M
PLF 2a XIE ) AL 2% 3 W AR L4 =7, 35 W, =
W, i

Py(x | (z| W), W) = p(x| =, W) (19

2 12) 1 EE R W AE TR < I 1 R B —
EMAL T 2a DXL BB 3 AR M4 =7 F I )5
¥ 43 Aii (Posterior distribution). WE W, W, , iR
P 25 PF AR ) 1 SR 5K (18) (19) W] 1
P,(x|z|W) ,W,)=

P(fyZle AW2)+|:P(Z?W2)_Z)(I?W1 /\Wg)]P(Z|W1)
P(ZyWI /\WZ)+[Py(W2>7PY(W1 /\Wz)]P(Z‘Wl)

20)
KA 5 ST R e A A e, R
R E 1 E ) W EMALT 2a DI AL K
& 3 MR ML 4 37 IX A ¥ 28 56 1 0 IR G U A L
Mo 5B 1 AR AR IAL T 20 DX AR T
PRI ZR AR, 75 o gt — AN U B2 X LB AT i

BT R e, FRATT TG VE — — B 28 S A <R A A b i L
RN HT, N 30 41— S SR i A BRI B 2 L 3
BRL18 4R H T GNW G S AF AU H 0 e A S AR, STk
(2517 e i 2% A ¢ AR ACECAR e 1 Iy 5L, IR X GNW
R G AT A ACH 0 1 T BE AT B Y. AE SCHR[ 2, 26
T ARG H T GNW-CEA #it. T GNW-CEA
se ARAT R R AY SE bR (0 N H] AR G de Y 1 A oK R A A
FAAREI ZE R, SCHR[27 T $E T e B 4% ) 5% 1
FAFAE I He A AR I 5T T JE P BT SCHER[ 28 15
PS-CEA Wit ST 2 34T T i i, SCiik[22.,23 ]9
AWEFE T PS-CEA I H 1 B Al FE 3 20 58 3% . SCHk
(291 RGN 4T PS-CEA #ig. PS-CEA i &£
I 3 52 B 1) 25 ) Bl i 5 5 P SR R g . SR
W MR Ul AL AR AN T5 T, B R B A 56 Chypothe-
ses testing) Afi I 5 & {& (estimation and confidence
setting) ¥ £f (deduction). £ 1997 ~1999 4F ¥ 3&
WG H KA RGOS AT
PS-CEA 7E 5K 3 48 = A J5 1 BN 2020,

S A AR B B R0 N BT S8 A B AN 9 e B
HLHE 218 (Random sets Theory) , B HL 4 52 fr b Af
DU Bt B2 18 vh 1 BE B AR &1 4 ) 8 2 BE B4R
PR R — A — MR PR, & — T 19 I ey T
HBEALAE B0 B4 fil 5 42 it T — A A 1 A
RIS A g K U il b R B A R g N BE BL
etk 2 X7 RIS 0 AR 3R 2 08 e A B i R By 55 &%
4 (Lockheed Martin Tactial Defense Systems) i 5%
A 51 Ronald P. S. Mahler. X[ 117K GNW 4%
PEFAE B 55 A F AT Z A ANBEHLEE b, SCHR
(124 PR AR 2 v B 2% A0 g AR mT BUAE WY 4 4k 2L 5
BE ML AT 2% VIR 2R L e R AH BB SE AJE 25 10 Bl AL 4R 3
WL R B R o BE AL AR e AT DL B AL AR PR
W05 A 10 RSO 2 KRG KT T PS-CEA
SEMERAR YTk L P2 BR b A K ORI B iR 5 4 1
AR H R R, SCHR 38T, i T BE HL 4R
(random sets) , 4% {4 (conditional sets) | B B ££
(fuzzy sets) FIHH4E (rough sets)4 FhAE G 4E & 2 [0
FRIR & , BEHLAE 4 I 22 1 8 — DM R E AR &R
LK. K BE AL A A0 2 A < A A B S e o S i
J3 V5 G A R AT R R I N A IE B B 1R N
D SRAE 5 A2 AR Bk R L e Ak B 6 E 4 O R
P BB 1) Rl 28R A 2 BN SCBR[40~42]r,
I FH B 05078 55 pR B, Mahler 25 T 4% 11 55440 AX 280R Bl
HUAE B0 K U AR 4 T 0 4 R UE 41 B 18 (CDS) JF
gy AR HAR U i BN Tt BRGNS
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BT AN — 804 B, % A
Dempster 14 MM, FH 4L & 45 sk At 5 2 KREHEH

B — B AT ARSI S A — B RS LR R
g5 WRLATF. eI 4 A BUtk = N L Bl A A5 R AT A T
Dempster BRI 25 B, 55 4b, 4 100 95 2 1 1R 4
MR LA L 25 SR 50 B < 0 DU S AR B A
A A IEAT DU 22 50, JF B Smets & 1)
“IEIE " ME 2 (pignistic probability) 18 & & 1 — F 4R
PRAG OLS R RO RS R, B T HLRR 2R Y
PG RS (e s AN e R IF 2 T HRES
M) 2k CR RN D3 IS B L% 200 B — 508 5 10 ) e
&%), Goodman il 1 B R o BEALAE , 8 B ARE S
)RS0 32 6 2 0 5 M 4 1R R 4% I SF AR B A Gl
KL R AE TR PX — in) R & 42, Kramer G F
B X — 75 vE T Bods ft A o H FR BY 9% BK (correla-
tion) F1ER BF (tracking) ™. H§r, & FF R B = %
N T4 7 L AH 3T A R G BE IR) 1K AT BL Y,
FH BB HH Uk 10 25 AN 7 1. SCHER[46 1K 2fe B % [A] 4%
A AN 2 B Ak T 5 AR T IE AR % T
AT HVE D A7 RIS ) A B R S AR L S
BRC47 VR 2% A S AR BN 3R 8 2 B0 AT B RNl
v 0K S A SR AR CRGE AR, An R0 R Bl AL
LT (TR B &5 A R S I T Ak T A TR
P, B I W] L e T A A A AR B D 1) & ¢
AL T e/ 3, ol TR S0 U RN A UL R L T
DA HS /N FF AR R 4305 15 1 45 2R L 3 0] sI2 I 1k 2 SRR v
MTEL Z RN G R EEE L.

Pl Py A 53X 7 THIRIF 0 A ) A 2k P 22 v
TR K S R By B R R 5%, 8 22 LT RHROR
FEAL T A FEAARBWAI LAY, BT
B A BRI AN 0 18 BIE AT 9k S BERE 41 A8 L AE
H—®REAH T GNW & F R —
SO LR SR BORIPE BT, X R N B4 ke
b JOX T RE SCHERL48 JBL GNW 4% 14 S R A8 5K
PR N BE Al AR PR AT R AR ST — A E AR 2
W, ez 2 WA B AT R G RG W T AR
PEI — DML R Tk R T X R G h — KA
AR R Al RS =R/ S U 1 Sl e
Fe LU A 5 A (10 2 O R 5% S Bl P AR
KGR A 5 45 7 I HEAT TS (R R R
Pl Py 2% 111 A A Kk 1 Lk B 02 T . FH I 50 ) R Al 1
Gy 55, 75 A RR AT ) 2% A SR ARKOEE T 1 (¥ SOk

HREA.

Bl 2% AF A AR HOT 78 B VRO, 3L FE R 3
e, AEA T R AT R T T LA J7 1A A
E— LW .

(1) 72 17 3k fig 1t 37 & AR I 5% 18 < AR AR H 2
BT 277 = Ff g 8 ) 2% AR S AR AR, b GNW-
CEA fl SAC-CEA A& A /R B 1), PS-CEA H A 2
AT R BY B B L TE 5 A2 % B RAR B B T PRI AE S
B I HH o 8 A — LS L, IX AR R R BR A T O
AR IR BE b B oy I AE 52 B N H o 8 — > e K i
3. BE AT H 2 — A AL T 37 - A 4t v ¢ R 3 A 37
A e DA s S 2 Bl e A R B AN B A
IR BT RS BN A FAF AR R G 7 IX AT
EEE SRS

(OIS RGNS KA GRS, #
AFAE RS SR W A, IR S e A v Ly —
S R A L B, R SO A R
T B BT AT e BEAT A . Horp

Filf a BUCE TR B X C

HAF o W R SRR EL R 30%;

Fiff c WVERENER A

AH N 1, B A4 A SR el 21 i 52 2% A 1) 1
B R B H{E R BOR 0 B 2 S A AT R 5C
COHERRTX—HAH,

v, = f;(P(a),P(b), 2D
KCQOWE fRE5 A F00 8 2% FAF B 3k
B EEAR ST a.b.c FFLEE TG IB I R 1% ek En]
Pl P i, B ml B2 AR e vh . S 4 @y 0,0 15— i
185 00 N I ARSI ST BANA AZ 1 L A AR EATT R SR A
(relational events). 3\ (21) £ 7F & X FF 7 R 15 I .
w=/f1(P(a),P(b),-)=P(ab)/P()=P(alb),
vo=f2(P(a),P(b),*)=P(cd)/P(d)=P(c|d)

22)

WER B RGP AR BH R LR
78 B (22) B s 1 45 A W 3 08 5 it B T 18 1
KEEHALE 2 W@ “if b then a” F1“if d then ¢”%
FAFIZ G5, W AT AT AR D 5% 4 <R AR AREON &
GEREAT BT, NATTAS ) . T SR 26 5 PR S 2 [R) )
B EE R IR H2 B Al “if then” I 45 PR 45 40, 03 i
FAF MR Z M8 5 R R R T 4 TE MR, LG fn 1 i
R AL B T 7 A I8 SR WA L TR —

)y i =12, m
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M AFER B HE A5 7 XA R AT A (Rela-
tional Event Algebra, REA) fff 57 [ J& W5, Fe Al faj 5
R — R B8 5 45 AT =R 1R AR HOR DG I8 =R 1 AR
. NERI ARG MR IR R — TS BE LB %
B R AR P B R o 2 JRAT A T MR 0 0 — N R Sk A
HEAT $6 38 B A AT RS AR [0 5 i e — A
JEFE T AR (algebraic-based) , B ¥ M 6 #EAT PF AL
AR R FATF AR B A &5 05 ) — D& T3
fHI¥] (numerical-based) , & F ZIRME R VR A &, R
UK 2 AT MR I E A AR B AR BB R 2y #
i & B R0 AR (BT R B8 TE T A AT A
RN (R EPSY R SN 4 T PN
Rt R PRS Y E S = < o S - I
8 B V8 AN HY A5 77 1 A BCAT T A AR e A, L 3k
AT 2 GH Ty R BE R B R 2R 20 A1 ok B L BE L AR
ST LA B Pearl $2& H 1 U1 -357 B (bayesian net, X
A B2 ) 45 45, BUAR B0 IO TR K & e L (1
& TR A e T A TR — i,
J§ T VF 22 1) BE R TR 1 R R U 32 A A R RN 4k
PEREAR AR ) ., F52 b e S % h,
PEAE AT | IR0 A0 A5 BE A 1 B d S0 15 o L n R ik 45
B IS —— X N, EE ISz Sh A Ao AH AT B A
KO LLRINAE P(aANb)=P(a) + P(D) BT LK
P45 T, JRATT A A 6 S A i PR AR 3K 8 B A Os B
SEJFC. N By WL, T EE B R AR (B D) 1
T3VEGE RO F AT HEAT il 38 2 AAL 2 A ] £
B 77 VE ) 3 S H AT I R R ) L IR G 1) 4
AL B A R A A R G R
CEA FI{ERE 5 & & K 19 REA M T #5180 5
S N 10 1 5 2 0 A5 T R A R AT IR
FPEAL e AT 5 M 10 BUE B R A — o 1 X .
REA /& — M CEA 38 528 4 R g,
3P A% 1) 2 A g A AR B 2 R A — Ay
fil. REA BIRIF5E AL T8 0 B By, el — M R X
HIATE TR A

JUE R JE A T vE AR AL R AR S )= R
ANBEAT RO A5 JE A G, U2 R DK B B o &R 4 1
. VF 2 B KA 2 3] 13X — 2, IR B0 )
ol a5 1 = 2 R JATTAHAE CEA Il REA 75
XAk A R R R
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