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LIEN HE GI0'A NGUYEN LY ENTROPY CY'C DAI
VA GIA THIET POC LAP cO PIBU KIEN
TRONG LOGIC XAC SUAT

HA PANG CAO TUNG

Abstract. In the Probabillstic Loglc, the single value of the truth probability of a sentence Is calculated
by adding some assumptions. By adding the Maximum Entropy Principle (MEP) the reasoning problem
becomes a nonlinear optimization problem. In this note we assert the equlvalence between the MEP
and the Condltlonal Independence Assumption (CIA) and Randomness Assumption (RA) formulas for
a class of Probabllistlc Knowledge Base, Then Instead of solving a nonlinear optimlsation problem to
find the truth probability of a sentence, we can derive It from Calculus ¢ and some CIA+ RA formulas,

1. NHAP DB

Cho mét t&p phén dodn I' = (8}, 53,...,5.} vd mft phén dodn S. Ta k¢ hidu t8p hgp céc
bién ménh 48 {A;, Az,..., An} xullt hién trong {Sy, 83,...,5L, 5} 14 A(I', ) hay ngdn gon 1a A.
Ta goi m&i phép gén gid trj chn 1y cho céc bién trong A 1a mdt the gidi ¢ thé’' (possible world [4]).
K¢ higu phén b8 x4c sukit trén t§p céc thé giéi cé the 1a p = (p1,pa,... ,pn), trong 46 N = 2", Khi
46, zdc sudt ding cda S 1A t8ng xdc sullt cda cde thé gidi cé the trong dé S 13 ding.

Trong logic zde¢ sudt (PL - Probabilistic Logic), t¥ co sd tri thitc (KB - Knowledge Base) gbm
xéc suft ding p(S1),p(52), ... ,p(SL) twong dng cda S1,83,... , S ngudi ta thudng khong thé xdc
dinh duge xdc suflt ding p(S) cda § ma chi cé thd xéc djnh duge chn trén vi cfn dwéi cda dogn
chita p(S). Tuy nhién, trong [1), tdc gid dd chéng minh ring p(S) hodn todn dwge xéc dinh t¥
p(81),p(82),... ,p(SL) bling céng thirc

p(S) - f(P(SI.): P(Sz)a ves IP(SL)) (1)

néu va chl néu (1) dwge suy dén tir Calculus C gdm hai tién d8:
A;  p(P) néu P 1a tautology (ménh d% hdng diing).
Az p(PVQ)=p(P)+p(Q) néu PAQ li tautology.

Néi céch khéc, néu p(Sy), p(S3),...,p(Se) 1 dd a8 xéc dinh p(S) thl chi cBn s dyng A,
vd Az 1A ¢6 thé din xufit dwge p(S) - A6 chinh 1d ndi dung cda Calculus C. Trong trudng hep
'p(51),2(S3), ... ,p(S1) khéng dd A& xéc p(S), ngudi ta thudng phdi tinh xdp xi p(S) (nhw trong
(3], [4]) ho¥c phai b8 sung théng tin vho KB duéi dang nhiing gid thi€t. Trong (4], Nilsson d& trinh
bay PL véi nguyén 1y Entropy cyc dai (MEP - Maximum Entropy Principle). Theo 46, MEP sé
dwge st dyng 48 x4c djnh mét phan b8 xdc sublt p = (py,pa,... ,pn) trén t4p chc thé gidi cb thé.
Gid trj cda p(S) thu dwge tir phan b8 p 14 mét ham cda p(S1), p(S2),... ,p(SL):

p(S) = fmur (p(S1),p(82),... ,p(SL)) . (2)

V&n 48 ¥t ra 1 lidu c6 thé thay thé MEP bé&i mét tdp nhitng cOng thirc dé cho vige 1gp lugn
b&ng Calculus C ciing véi né cling cho két qud gidng nhw (2). Trong ly thuyét xéc sulit, MEP thudng
duge xét gin 1ién véi gid thidt ddc 1§p ¢6 didu kign (CIA - Conditional Independence Assumption).
Ngoai ra, vifc st dyng CIA trong viée 1§p lugn x&p xl véi théng tin khéng chic chdn ciing di dwge
ban téi trong mét vai nghién ctu (xem ch&ng han (2]).
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CIA dugc phét bidu dwéi dang “hat phdn dodn A vd B (4 ddc 1dp twong dng vés di¥u kign C¥
vd dwge bi€u difn béi cbng thirc:

p(AAB|C)=p(A|C) xp(B|C).

Tuy nhién, d§ dang thfy ring cé nhitng trudmg hgp khéng thd tim dwge cbng thice CIA ndo
cé thé thay dwge MEP, chidng han 0 - p(S) = % Khi 46 ta xét mét loai gid thift niva ma ta gei la
gid thiét ngdu nhién (RA - Randomness Assumption) (xem [1]). Gi4 thidt ndy dwge phét bidu dwéi
dang cdng thirc sau:

p(AIB) = ;-

Trong (1], vén 48 v8 méi lién h§ giita MEP vi CIA dwgc d§t ra nhw sau: Cho tdp phdn dodn
I'={8),8,...,8L)} va mét phdn dodn S. C6 thé zdc djnh dwgc hay khong tdp hap H nhiing cing
thitc CIA vd RA sao0 cho (8) dwgc suy ddn ta t&r Calculus C vda H? Bai nghién ctu ndy cho ciu trd
11 khdng djnh d8i véi vEn d@ trén d8i véi mbt 16p co sd tri thite xdc sufit,

Nhin zét. Trong [4], thé giéi c6 the dwec xdc djnh bing vecto cdt che gid tri phi mdu thudn
cda {S1,83,...,8,,8)} - két qud cda vige x8y dyng cdy ng# nghia nhy phdn (binary semantic tree)
twong dng. Céch xdc djnh nhw vy ¢6 thé cho nhiing két qud khéng phd hep véi nhirng rang bude
xéc budc suflt thudng gip.

Chéng han, tir co' s& tri thitc (KB - Knowledge Base) B = {(4B, a)} v6i 0 < a < 1, tinh riéng
18 xdc sufit ding cla AB, AB, AB

p(AB) = p(AB) = p(AB) = 3(1 - a).
Dé ¢ rhng p(AB) = a, ta cé:
p(AB) + p(AB) + p(AB) + p(AB) = 1 + %(1 <) 1.

Bét ddng thirc ndy ré rang khéng phtt hep véi raing bude x4c sufit théng thudng: t8ng xdc sufit cla
nhitng bi€n ¢ 48i md¢ r&i nhau khéng vuwgt qué 1. V1 viy, trong bai ndy, ta sé xét m8i thé giéi c6
thé cla tp I’ cdc phén dodn 1A mdt phép gén gid tri chin Iy cho chc bién ménh d8 xuft hign trong
I' nhu dé trinh bay & trén.

2. MOT 80 KET QUA

Truée khi néu két qud dat dwge, ta dwa ra mt a8 quy wée nhw sau:

1. Gid sk T = {8),83,...,85.) 1A mét t§p nhiing ménh A%, Sau day, ta st dyng k¢ higu I a
chl cbng thic deng S1' 97 ... L% (S} = Sy, 8 = §;), trong 46 u = (uy, uz,...,ur) 1a mét
vecto cdc gid trj O v 1.

2. Ta néi ring t§p phén dodn I' 1d ddy dd néu moi phép gdn gid trj chin Iy cho cdc phdn dodn
cda né déu 1A phi méu thufin,

3. Gid st t§p cdc phén dodn I’ dwge phin hoach thinh m tép con

Ty = {SEH'S’“'I“” 131‘1‘:)}: k=1m,

sao cho (Vk # 1) (Vi = T ny, V5 =Tn;) = (S‘""S}”) = Tautology. Khi 46, ta néi ring I' 13 phin
hoach dwgc thdnh nhifng tdp con loas tri: nhau ting cdp.
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Dinh Iy, Gid s rdng I' cd thé’ phin hogch dwoc thinh nhitng tdp con logs trir nhau timg cdp vd
'més tdp con phdn dodn trong phdn hogch ndy cda I' déu Id ddy dd. Goi H 14 tdp nhitng céng thec
CIA dang:

(A m'..l(,QT)) =IIs(s"A(A ) we=Tmrem), @

f-l. JEﬁ'j

trong 6, B = {1,2,... ,m}. Khi 8, vés méi phdn dodn S, gid try cda p(S) dwoe suy ddn té C+H
vd t¢ PL+ MEP ld nhw nhau.

Trwéc khi ching minh djnh 1y, ta chtmg minh b8 4% sau:
B8 d8. Gid s rdng (Vk=1,...,m) (Vi=1,...,n4) 0 ask’ < 1 thda man diéu kién

m

> ( max (a“")) 1, ‘ (4)

1<i<ny
Khs d6, h§ phuwong trinh sau d6% véi e, &y, €3,..., &m
T
1?:1& ~(n—1)t=1
(%) (8)

¢d nghi¢m duy nhdt.
Chiéng minh, Véimbi k = 1,... ,m, ta xét him sau (véi z > 0):

fe(z) =2 % ﬁ (1— E}:l).
=1

D& dang thy ring fi(z) lién tyc va ting nghiém ng¥t nén him ngwge £ (¢) tBn tai, lién tyc
vd cling ting nghiém ngit.

Véit; =0, tacd
Vk, - f;.(mg((a?‘))) =0= f(0) —Peutx( ™). (6)
Véi t2=lea.,r::(cem 1T (1-af ')) ta cé \
IT(t-o) <t = 1= £ (I] (1-a")) < 17 (ta). )

{ER, {ERY
Xét him "
F(t) =3 £ (6) = (m= 1),

k=1
ta ¢é

F(t,) = F(0) @ Z ( %_x m))—(m— 1)0 (2 1< m—(m-1)ta [2 f: fit(ta) =(m—1)ta = F(ta).
k=1

k=1
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Ti tinh lién tyc cda F ta cé 3¢*|F(t*) = 1. D¥t f,"*(t*) = &, d& dang th&y rng h§ (8) b
nghidm (€1, €2,... ,€n.,t*). D8 ¥ rdng ¢(&) < 1 (Vk), ta thiy rhng v& tréi cda phwong trinh dBu
trong (5) 1a hAm t&ng. Ti 46 suy ra tinh duy nhft cda nghifm tim dwge. O

Chiéng minh dinh I, Gid stk T' phin hogch dwge thanh nhitng tip con logi sau diy vd mbi tfp con
ndy 1A diy dd:
(si",s]M,..., s}, k=Tm

sao cho (Vk # 1) (Vi = Tyny, V5 = T,m) ~(8{*), 8{") = Tautology. Khi a6, ta cé h§ rang budc trong

PL nhu sau: ’
(k)
2 £ (Er) =1

21 ult pi¥ = al®  (k=T,m) (5 = T,ny)

Bing phép d8i bién

Fi“d=°‘0 H o‘;'m (k=1,m) (i=1,...,2™),

ul ey

MEP cho ta hé phuong trinh

ao[,e?r(gaﬁ“)ﬂ“ B () e B (Rl)] -
aoa(h) ( IH) ‘H (k= l,m) (5= L_"k)n
Ismu\{:} i€l

trong dé Ax = {1,2,...,nx}.
Ta c6 thd tinh dwgce ay (déng vai trd t) va che & trong b8 d8 sao cho

m
L b=
k=1
()
fhﬁ(l—gi—-)"=ﬂn; A':=1| ym
f=1 fk

Véimbik=1,...,m, ta xét h§

SEPA0 SURE

(k) (k) ;e
ay =1nx).
. lEﬁT\{:‘l(‘EJ : ) i,

Dt G _ (k)

Chia cd hai v€ cida m8i phwong trinh cho €, ta thu dwge cdc h§ phwong trinh twong ¥ng véi

k=1,...,m il :
k k)

ap (ay ' +1 a
o (@ mm\m(ie! ‘ )

(k) (k)

(k)
a'a} o) =g (=) (=T,

1eni\{s} ("E’
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M&i h§ ndy cé nghigm

J 1 ﬁ,‘-”
Tir 46,
P =a0 JI o =&ax I] £ x II (1-4")  (k=Tm)@E=1...,2%). (8
u;:" uif,=l u}‘:’aﬂ

Ta cdn phdi chl ra ring (8) chinh 1A két quéd thu duge ti C va nhitng céng thitc CIA c6 dang
(3). Thét vy, d§t

Qx = ( /\ ‘_“—) T)-l P(Qk) = £k (9)

{=1 jeny JEllr
I#k I=Tm, I#k

tacd Vk=1,m, VS'E’;_k;

S = gM Qv MGy = sMQyv s /\ @ =sMg,vs® \/ s¥

’T" JEny
l=1 Ak I=Tom, £k
!
=5MQuv (sf““sj”)=s!*’ek-
JERT
I=T,m, l#k

P(S{( )Qk) . (S“‘)l (Slk}) a(“l

(k) (k]
P10 =S S e e

T (9)
vk=Tm, vieam, p(AS™|Qn)=T]r(s1Q).

i€/ Vel

Khi d6, véi moi vecto phi méu thufin ul*)| ta cé

pf® = p(rui") —p[Q;. S””)"" ] "P(Qk)P[ A (si)* i |Q ]

Jeﬁ“ JEME
=@ IT #[(6)" 0] = & TI olsf100 x TI »(57Ia)
JET, JENY JENY
u}"')ﬁl u;f'zo

=& ] 4" x J] (1-4").

JENK JENK
¥ 1 u{t) m0

K&t qud nay hodn toan phii hgp véi (8). Phép chéng minh kdt thic. 0
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Hé qud. Gid s rdng I' = (81,8a,...,5.)} 1d tdp phdn dodn ddy dd. Khi 84, tdp H dwqe néu trong
dynh Iy gdm cde cong thite CIA ¢d dgng sau:

p(/\S;) =[Ie(8), VIc({12,...,L}.

i€l fel

Chitng minh. D& dang th&y ring hé qud niy 1A trudrng hgp d¥c bigt.cda djnh ly d& néu trong trudmg
hop m =1, 0

Luu ¢ ring khi &p dyng h§ qud ndy, néu phén doédn dich (goal) § chira bi€n ménh d& A ndo
d6 khéng xuft hign trong I' thl ta cin b8 sung vdo H céng thic RA:

p(-‘l)=%'

Mét cdch t8ng quét: Néu v va w 1 hai thé giéi cé th€ dn xuft ra ciing mét vecto phi méu
thufin thl ta cin b8 sung vio H c¢8ng thirc RA:

p(A']a* v AY) = (10)

B =

Thif dy. Cho p(C) = a, p(ACV B) = f. Dt §; = C, §3 = ACV B Tip {C, ACV B} 1a diy .
Khi 46 H gdm nhitng c8ng thitc sau

p(S183) = p(S1)p(83),
p(BIAC) = p(A|BC) = p(A|BT) = p(A|BT) = 3.

Véi S = AB, t¥ ¢ + H ta thu dugc
p(BIAC) = % = p(ABC) = +p(AC) = p(ABC) = p(ABC) }
=

P(A|BC) = 7 = p(ABC) = >p(BC) = p(ABC) = p(ABC)

= p(ABC) = %(p(ABC’) +p(ABC) +p(ABC)) = 3p(ABCV ABCV ABC) = sp((4V B)C),-
p(4|BO) = 3 = p(ABT) = 3p(BO)
Tir 46, ta tinh duge
p(AB) = p(ABC V ABT) = p(ABC) + p(ABé’) - -;-p((A v B)C) + %p(BE)
= 2p(C(ACV B)) + 2p(C(ACV B)) = 2p(S185) + 5p(5:55)

= 3p(81)p(52) + 7p(31)p(S2) = 5B(3 - a).

D& dang thfy ring &6 cfing chinh 1d kit qud dwge tinh tir PL+MEP.
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8. KET LUAN

Nhu viy, ta d& cho ciu trd 1¥i kh&ng djnh d8i véi viin d& dwgc d§t ra v8 khd ndng thay MEP
bing céc cdng thic CIA vd RA trong logic xdc suft d8i véi m8t 16p khéng thm thudng cdc phén
dodn. Néi cdch khéc, bai bdo di chl ra mét 16p khd rdng céc co sd tri thite xdc suflt, trong d6 ngudi
ta cé thé thay thé vigc gidi bai todn t8i wu phi tuyén (néu st dyng MEP) bing vige d&n xuflt p(S)
ti Calculus C v t§p cong théc H dwge chlra trong dinh ly.

NgoAi ra, trong phin dBu bai béo cfing di dwa ra céch xéc djnh céc thé gidi cé thé nhim khic
phyc tinh trang sy thi€u nh&t quén trong 1ip lun ndu djnh nghia thé gids cd thé’ dya trén vife xy
dyng cdy ngé nghia nhy phdn (nhw trong [4)).
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