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A probabilistic logic system as a Boolean algebra

homomorphic with set algebra
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(School of Information Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract ; Connectives are essentially operations on propositions, and only the true value functions applicable to all

propositions can be used to define connectives. In probabilistic logic, any function on [0,1] is not completely ap-

plicable for the operation on all propositions, and the connectives of probabilistic propositional logic cannot be de-

fined as a true value function because of propositional relativity in connotation. Every operator may be discussed

and employed as a method of calculation, but not as a logic system. A probabilistic propositional logic system is the

logical description of a probabilistic space, and is a Boolean algebra homomorphic with set algebra that is the event

domain in the probabilistic space. All connectives which are compatible with those in classical two-valued logic and

which accord with fact can be defined exactly by set functions on event domains. The classical formal system of

propositional calculus is completely applicable to probabilistic propositional calculus.
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RT HEHEMER, FE N —EEI KRB
(BF) ke LB, [FRaRS R 5EILHAH
BAE—ATENZEEM FHESHEBREE
HAG A1 Lukasiewicz REE ., Z P EAZ EEZ
BHESHRLI0,1] B EEBEHIE R E LRSS
ih). BB A AN Fukasiewicz X —x =1 —x, xVy =

max(x,y), x Ay =min(x,y) , x,ye [0,1]. 1B Za-
deh BOWIZ 48 , B ARTEN B BUS B3, BLib 2R
AIET T, R AR B2 R IR PR AR Y
B HMEMEIURE, FTLUOFRARAFNZEB R
Gz,

¥oEBE PSRRI, R R R AW
BEBNBMNEM, RS AR ENEBEE &
B VFEHSERAMTENEXRR AR TELE
HEEHARMTENEZEEE, XEL MU _([HBHF
WL BAEERT , EAmENEER SR
SR BAEA R, TS A B B IO %, —H
BRAGRSTHRRE0,1t,—, V, A) BTl
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ZFMETFUW Zadeh BT MEBEF ARETH. 2
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“FHR00,1] Epy BAE R BOE XBREE A" X —H R
AEREAAINT . BRBEAEEELEMEE
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HY AR A — R BAE B BRI ). R B P R
ATRF R E— I RE DL A, X P — R — b M A
B E N RBR R, & XA B ¢,
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EXXRGTEES) KEXNE—-FERE
B (2,X,Pr) R FAEES P(X) = {P(x) |
xe X ARRMEBES, K P(») HiFH,X AE
R EME, & 2 AEFE, N X =2 F—XF&
AL P HERA HFER R XRMEES
P(X) —HEHREE(2,X,Pr) B ERR.
Bl2(EEHERTHENELE) 76 1H,%
SRR P(X) = {P(x) lxe X} RERER (2,
X Pr) W R S Q(y) Fm“ %%E‘J%‘éﬁt
%ﬁ#%ﬁ%&ﬁﬁlﬁfbym‘lﬁjh AR 0, = {1,
3,4} , BATERABILNIR BB N Y—2”2 =
{Q,{l%,{2%,{3%,{4%,J:5F={1,2%,{1,3%,{1,
41,12,31,{2,4}, T4 = 13,44, {1,2,3},11,
41,11,3,41,{2,3,4}, 0, =1{1,2,3,4}}. ﬁU%?A
BEE Q(Y) ={0(y) lye VI BEMERZTN(L,,Y,
Pr) B8 %R,
20=0,%x0, CERRAELIFR(={1}),D
FrEF(=11,2}),B4m8p=P(B) \NQ(D):
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BB R HE ( B F) B RR R RS A
(02,27, Pr) P BENLE M B x D, &4 q =

P(AYNQ(D), r=P(B) NQ(C), s=P(A) A
Q(C), t=P(B) VQ(D), ENERRN AR
S, H
pEAREH BxD={(LMH,1), (JLM,2),
(K#,1), (Ki#&E,2), -}, |IBxD|I =Bl xIDI;
g BAREHAxD={(LMA,1), QEM,2)1;
rEAEHBxC={(MA, 1), (ki&E,1),
s
sEAEMAXC={(FEMH,D};

—i3s RAEM O x2, -AxC;

P(A)RAEMHAXD,, 1AxD] =10, =4;

t FREM B x3, U0 xD.

EX2(WEE) RRXEAWMEES P (X)),
Py(X;), (X)éﬁ‘r'J%/T MR (42,
X, ,Pr), (.(),l X,,Pr), , (2,,X,,Pr), & 0=
2, x4 x - @iﬁS% FMEREN (0, X,
Pr)E‘hElfﬁ%/T % RS, EXWT:
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W (02,X,Pr),Vp,qeS8, p.q ZFIKEZREE
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DAB:e(pAg) =o(p) Ne(q),o(phq) =
Pr(o(pNg)) =Pr(o(p) Ne(q)), BPE B AR
R EH R ERREHR3E.

2) W o(pVe) =¢(p) Ue(q), v(pVq) =
Pr(o(pVq)) =Pr(e(p)Ue(q)).
VWK (—p) = ~e(p),v(—p) =

Pr(p (—P)) =Pr( ~p(p)) =1-Pr(e(p)) =1-

v(p), BIEANBENMERERNEGEANTIL(E
HEAEE).
4)EHWE:o(p—q) = ~o(p) Up(q) =@(—pV

q),v(p—q) =Pr( ~o(p) Uep(q)), HEX 4 K
2)#& p—q=—pVaq.

w2 P, (g Ar) =@(q) Ne(r) =A x
DNBxC=AxC=9¢(s), Bqglhr=s,v(qAr) =
Pr(AxDNB xC) =v(s).

B3 WA S RaAMEER(02,X,Pr),
Vp,qeS, HpZad q B o(p) Col(q) B,

o(pAg) =o(P)N(q) =¢(p) ,HEX 4 H2)
Aphg=p;

o(pVaq) =p(p) U(q) =¢(q), Bl pVg=q;

v(p—q) =Pr(@(p—q)) =Pr( ~o(p) Up(q)) =
Pr(£2) =1, Bl MZEIRBR SR “ - RIS EY, SR 1
WAL, v(p—g) =1, 558 B_(HFEMHZA.

MY pCqiy, pAg=p,pVg=q,p—q=T.

REM R AEME, VA,BeX, £ ACB, |
Pr(A)<Pr(B). il pCq, v(p) =Pr(e(p)) <
Pr(e(q)) =v(q), Bl o(p) sv(q). XBA,

v(p A q) = Pr(e(p) No(q)) =

Pr(o(p)) = »(p) = min(v(p),v(q)),

v(p V q) = Pre(p) U o(q)) = Pr(e(q)) =
v(q) = max(»(p),v(q)).

B BEEESEINF, 5EEEHEE.

w1, ©p =P(A), p,=P(B), T AC
B, Bp Py wEy D2, H 'U(P1 /\Pz) = Hﬁn('”(P1),
v(p,)) =v(p), v(pi—p,) =Pr( ~o(p) U
o(p)) =Pr(Q2) =1, WRHEP(ILA) HE, WP
(ITF)RE, 5FLMM. S E=BRIT = { BRI
B, p,=P(E), HFBNE=0, B p, 5p,
X\#ﬁg, 'U(Pz /\Ps) zo#nﬁn(v(pz) ,'U(Ps)) » 5%
SEHIRF, TR = TTRE M B BAEAT AR 2 A
WX, p, 5 p, AETRERIE A E.

Y p HBRAE, B o(p) =T ,v(p) =

VqeS,p(p—q) = ~o(p) Up(q) =0,9(p—q) =
Pr(2) =1,B0 pq=T. ZHBBP“EZNHETE",
LHit p HERE, BEHNEBETIREEZD, pog=
T, 52— (HB 7.
2.4 BEBERSGRSEHEHRASHHRRE
WA, S RAMBEN(02,X,Pr). B X
SHEAEEHAY  BHRE(X, U,N, ~,T,02)
A RARE, B R 4548 i EERE P
BE BEX 2, mEE S WNBEEEHE, MR T
REEL(S,V,A\,— F,T). X5 350, BE
o SoX RMEEBBRAA(S,V,N,—,F, )3
£AHRE(X,U,N, ~, 0,0 KFASHE, BV,
qeS,9(—p) = ~o(p), ¢(pNq) =@(p) N (q),

o(pVq) =0 (p)Up(q), Ho(F) =T ,p(T) =12
THI(ATZEBEEER) HWEREBRS

(8, V, A, —,F,T) A /RINEL, B BEH LA
HATREERR . SRR o EORR Rl AR AR R
®E

EM BAEE S RAMR=E (2,X,Pr). fir
RREIBUCREL @ S—X BB EBBRALK(S,V LA,
— F, T3 RRE <X, U,N, ~,T,0>KFAZF

%Eﬂ" VPa‘IaTES,ﬁ:

1) 4rfinee. e X s BESREWHEoRE
HB,o(pN(gVr)) =e(p)Ne(qgVr) =e(p)N
(p(@)Uep(r)) =(e(p)Ne(qg)) U(e(p)N
o(r)) =p((pAq) V(pAr)), BHmESE XK E X
ApAN(gVr)=(pAq) V(pAr). FIZETIEV 3T A
Al 4L

2) EEMRE. hEN S HESRE EERE
B,o(—(pNg)) = ~e(pA q) = ~(e(p)N
?(q)) =~o(p) U ~p(q) =p(—P) Up(—1) =
<P(—|PV—|q),FﬁU—|(p/\q)E—|pV—|‘I- Iﬁlf_fﬁﬁf
ﬁE_|(P\/l])E_|p/\_|q}j§;_fz“,

3) FERE, —pVp=F Hha: —pVp=T.

e(—=pAp) = ~9o(p)Ne(p) =
v(—PAP) =Pr(e(—pAp)) =Pr(D) =0, HE
X3,—pAp=F.

e(—pVp)=~e(p)Ue(p) =Q,
o(—pVp) =Pr(o(—pVp)) =Pr(Q) =1,HEX
3,—pVp=T
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BRHES,V, N ,—,F,T) BAIREL

WRE  ARYEX B H A i A E AR A B ALY,
HEZR B 18 [F PERETE & LB SR 28 Y SEBRAT AR I 5
HE, M(pNg)—»r=—(pNg) Vr=—PV —¢qVr=
—pV(—gVr)=p—(qgor).

3 MEREBBEMRKEELEE RO,
1] ko A8 &8 3

AT BT VAR, | 50w LT — 2
3.1 MEAREEESRHY

MEALXEHWEALE . K] R 5%
DARLE B8 IR G AE R U AF-S 88, 38 05 s SO SO
[6,8]. \LAF & LAk S Rt R = | (02,
X,Pr).

D AR (EXAR).

AR A AR bR T A i R 4, HIE AL
WRA f: 8>S, Vpi,p2y s €8, f(pispas s
p.) €8 WMARKApi,p2,p3) =pi Apy—ops.

D)EE R BAHiE R g [0,1]"—
[0,1],V%,%,,,%5,e[0,1],g(% ,%,,%,) €
[0,1]. bukasiewicz Z{H RGN L FHEH REE
DIEE BB E LR, I _x =1 - x,

xVy=max(x,y), »,ye [0,1]. BEMRED, K
{H R BBFRIEE T

DNEARY b X X, VA LA, A, eX, h
(A, Ay, ,4) e X, X REHE. IES R ~ (A
NB)UC. XS RAFME X LIRS REE
XA Z 8 ia A

4) R BAH v: S—[0,1],¥peS, v(p) e
[0,1].

S)BMXEH ¢:S—X 5EMA v X 5 R
5EEREHER , R AR SRR T A,
3.2 “EEEVTHGELAREEERH

M _EZED, mEEBERESR (R
RBE)WEMERS5Z 528 NWmENEER R,
-5 eemEEIER. ] S, h _(EEBEF TR
MBI RS, HE{0,1} EEXLUTREEEE:
—#=1-%, xVy=max(x,y), x Ay =min(x,y), x,
ye {01}, MK EME 0:5,—1{0,1} R_(EEH
RG(S,,—» V, N) BAERAEC{0,1),—-V, A)

HFEZS, MYp,qeS,,o(—p) =—p(p), v(pVq) =

v(p) Vo(q) ,o(pAq) =v(p) Av(g) ™. FEZ
(10,1} ,—, V, V) St RHE _EEBBRLE(S,,—,
VAR EE R, RIS EE, BX S HE2 8
RGH—Filg#R, RBT mEZREEMNERE

FRUAZ . — (6 B S8 T N5 R AR IR,
BB TRE R {0, 1) B BB R4, A AR
B VEEAE R, AR R A 248 € BAE, In3C
BRL6 13 AR po Ap,—p; BIRIE, LRSS 7R
& pip,ps T8E—4EAE, 40 001,100 45, —{HB 4
BEEEN EEREAARMEESR, WRERE LR F
BRR, X WHEAEEH.
3.3 HESEFHGTELARSEEIH

EANTE RIS RS SRN AT, 2 5%
HAZBEMMENEGEX) LERAHELXREY,
MR B BEREVIERMENE KRR &
PLFVHE iR S iR a2 8] (02,X,Pr).

B4 Vp,geS, Bv(p) =0.3, v(q) =0.5,
Ko(pAg).

HEXS, v(p Ag) =Pr(p(p \q)) =Pr(e(p) Nep(q))-

D EFAMEBAHER (e(p) Ne(q) =D):
v(pAq) =Pr(J) =0.

)L pHEEF ¢ (e(p) Ce(q)):v(phq) =

v»(p) =0.3.
3) MR s B R e ST G BT FR 4
AR ST. ) B

v(p N q) = Pr(o(p) No(q)) =
Pr(o(p)) x Pr(e(q)) =
v(p) xv(q) =0.5%x0.3 =0.15.
BEEMHFENARMGE, BEEREERAH B4
WMEBNEES B BN NES X, FARRS K
43T ) BAHA K.
1) kukasiewicz EXHIA .V ETF RN EEEHS
R FR T AL
w3 pitibd, X pCq B ¢ Cp B
v(pAq) =min(v(p),v(q)), v»(pVq) =max(s(p),
v(q)). X, A S LHWAENEBEREEV (M
B ,A (BB B EME v:S—[0,1] 85 R[0,1]
EH) Fukasiewicz BT x Vy =max(x,y),x Ay =
min(x,y), x,ye[0,1],00% p 5 ¢ REFRAN,
Ho(pAq) =v(p) Nv(q), »(pVq) =v(p) Vo(q).
HABRT , BN 53R 0 & S 800
PR SR WY pAT,FE, B
Fr5  pARBEISRR(ER o(p) T ~e(p)
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i AESAERER), HEHEL, o(pV —P) =1;
MARv(pV —P) =max(v(p),o(_p)) #1, HF

BEARBAL.

2) BERE T R BB ML R R L.

Lt pog HHESI B, HEX S B1&,0(p A
q) =v(p) xv(q) Mo(pVgq) =v(p) +v(q) —v(p) x
v(q). X}, A S EMHENEEERE V. N ET
Bt v:S—[0,1] B [0,1] EMBRE T «®
y=x+y—-x Xy, xQy=x Xy, x,ye [0,1],01Yp
SqWHEMI,F o(pAqg) =2v(p) @v(q),
v(pVaq) =v(p) ®v(q). KB T, EXAF
S EIRME A, S U BEEARL F WA
mvpeS, BHRpCp, Flhv(pVp) =v(p) ; WA
Rv(pVp) =v(p) @v(p) #v(p) , BHFEAMIL

3 MFRAMARMIEE TR R M, HRE
8 o B BR S R Tk B SOR EME BB T

mxtT v(pAgqg) =Pr(e(p)Ne(q)), X
o(p) Ne(q) #DH ¢(p) Ne(q) #o(p) H o(p) N
o(q) #o(q) B, pAq WEMEHEREBE o(p) N
o(QRE, BIERARBEE v(p Nq) =f(v(p),
v(q) ) IE, X AT v: S—[0,1 ] RABIEEX Z51iA]
ABRSEI[0,1] AR sE%k, BR[0,1] - F4EA 5
AR RBVRTR E SUBREEA]

FAEA BB A B 1Y PO IR , U 3 BAE 58 ok
FIB B X R EBRE T AMENEZIRNEE
B, A AbALTE R B BB RSO BB T ARk
25, PR AR B R E B 5 MEZE PR
FLEL0,1] R EMEREMEA (VS H R T4 5E:
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