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VE MO HINH HEURISTIC TREN CO SO PHUONG PHAP TIEP CAN
NHAN TO cHAc cHAN POI V&I HE CHUYEN GIA

LE HAI KHOI

Abstract. This paper deals with a heuristic model of inferences over uncertain information for the expert
system, based on the certainty factor approach. We give the algorithms for finding closure of the facts set,
removing redundant rules in the rules set and solving a conflict of the expert system imbbeded with uncertain
information.

Tém tdt. Bai bio dé cip md hinh heuristic suy dién trén cic théng tin khéng chic chin ddi véi hé chuyén
gia, dwoc xay dung trén co sé phwong phap tiép cin nhin t5 chic chin. Tiép theo 1a cdc thuit toin tim
bao déng cda tdp su kién, loai bd luit thira va xid Iy méau thuin d&i véi hé luat cda hé chuyén gia nhiing
thong tin khéng chic chin.

1. MO DAU

Thuc té cda hé chuyén gia 13 phai bi€u dién nhirng tri thic tdn man, manh min va khéng chic
chin, tirc 12 nguoi ta phdi suy dién trén nhirng théng tin ¢6 d6 chdc chin thay ddi. Vi viy, hiu hét
céc hé chuyén gia déu phéi xi Iy viéc suy dién vé&i céc sw kién khong chic chin. C6 thé chia céc suy
dién véi nhirng sy kién khong chic chdn nay thanh 3 loai: (i) gin cdc sy kién va céc luit véi tin s
xuit hién hay xdc sudt cda ching (dd tin ciy); (ii) suy dién trén céc su kién va cic luat, st dung cac
hé do md; va (iii) x& 1y céc suy di€n véi cdc sy kién va céc luit theo cdc ky thudt heuristic. Trong
céc loai suy dién nay thi loai thir nhat - dua trén Iy thuyét xac suit va loai thit hai - st dung do6 do
md&, déu twong doi phirc tap va khé cai ddt, con loai thi thi ba - k§ thuat heuristic - dwoc nhiéu
ngudi quan tam. Cac ky thuit heuristic cling ¢6 nhiéu mé hinh khidc nhau. Trong bai nay, ching t6i
dé cip mé hinh dwa trén co s& nhin t3 chic chin.

Céch ti€p nhin cda mé hinh nhén t8 chic chin (Certainty Factor, CF) nhim tranh nhirng vdn
dé phirc tap cia ly thuyé&t xdc suat lién quan dén viéc khong phan biét dwoc sw khic nhau gitra thi€u
tin cdy va nghi ng& hoic 1a kha ning bi€u dién viéc bd qua khi thiéu tri thic. Hon thé nira, cdch
ti€p cin ndy doi héi dung lugng dir liéu it hon so véi ly thuyét xac suat.

M3 hinh nhén t8 chic chin dwgc thé hién rd trong hé chuyén gia MYCIN ndi tiéng (xudt hién
trong nhirng ndm 70). Nhuw moi ngudi déu bi€t, MYCIN la hé chuyén gia dwoc xidy dung nhim tro
gitp cho viéc dieu tri bénh nhiém khuin. Trong MYCIN diu vio 13 dir liéu vé bénh nhin, con diu
ra 13 nhirng goi y chan doan va diéu tri. Tuy nhién, cin lwu ¥ ring tinh “heuristic” cda cac thuit
toan trong MYCIN dwoc st dung dé 1am viéc véi tri thirc khéng chic chin va vé mit ct phap thi
twong tuw nhu x4c suit, chit khong phdi 13 st dung ly thuyét xac suat.

Doc gid c6 thé tim trong [1,4, 5] nhitng kién thic co sé vé mé hinh nhén t8 chic chin ciing nhu
hé chuyén gia MYCIN.

Trong hai bai bdo trwéc [2,3] chiing t6i da trinh bdy mét s& van dé lién quan dén bi€u dién tri
thirc bing hé luit véi nhirng théng tin chic chin (thuit todn tim bao déng cda tip su kién, loai bd
du thira cda tip luit, lam min luit, v.v.). Trong bai nay, chiing t5i phat trién nhitng nghién ciu dé
sang suy dién trén nhimg thong tin khong chic chin, dwa trén md hinh nhan t8 chic chin. Cu thé
hon, ching t5i cung cip mét cong cu dé cé thé loai bd luit thira trong hé luit c¢6 nhing nhan t3
chic chin. M6t diéu cin chi y 1a khi loai bd ludt thira cin cin nhic dén ngir cdnh cda toan bd hé
luit trong qud trinh thu thip va suy dién.

Ciu tric cda bai bdo nhu sau. Muc 2 giéi thiéu mét s8 khéi niém co bdn lién quan dén mé hinh
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nhén t8 chic chin. Muc 3 trinh bay thuit toin tim bao déng cda tip sw kién. Thuit toin loai bd
ludt thira dwoc néu trong Muc 4. Cudi cing, Muc 5 lién quan dén viéc x& ly mau thuan d&i véi hé
luat.

2. MOT SO KHAI NIEM CO’ BAN

2.1. D6 do tin cdy, dé do bat tin cidy va nhan t8 chic chin

Nhin 8 chic chin cé thé coi nhw dd do ddi véi su dling din cda ménh dé hodc gid thuyét duwa
trén hai do do khac 1 dd tin ciy va dd bat tin cady. Hai do do niy dwoc hi€u theo nghia truc gidc
va khi néi dén cin st dung gid tri s8. Gid st véi su kién E ching ta c6 dwoc gid thuyét H. Khi dé
cac d6 do dugc dinh nghia nhu sau.

Dinh nghia 2.1. - D6 do tin cdy (Measure of Belief, MB) 1a gid tri s8 ph4n 4nh dd tin cdy vio gid
thuyét H trén co sd sy kién £, 0< MB < 1.
- Do do bdt tin cdy (Measure of Disbelief, MD) 13 gia tri s6 phadn 4nh dd bat tin cdy vao gid
i‘huyé't H trén co sé sy kién E,0< MD < 1.

Pinh nghia 2.2. Nhin t6 chdc chdn (Certainty Factor, CF) 1 gid tri s phdn 4nh mic d§ tinh (net
level) cda db tin cdy vao gid thuyét H trén co s& nhirng théng tin cho trwéc, duwoc tinh theo cdng
thaec:

CF=MB—-MD.

Nhu viy, nhan t8 chdc chdn CF c6 thé coi 13 dd sai khic gitta M B va M D, thé hién d tin ciy
thuc vao gid thuyét H trén co s& sw kién E. Tu dinh nghia suy ra rang —1 < CF < 1. Gid tri 1
bi€u thi sw “chic chin ding”, gid tri —1 - sw “chic chin sai”, gid tri 4m - “mic d6 bit tin ciy”, gid
tri dwong - “mirc do tin cdy”, con gid tri O - “théng tin khéng xdc dinh”.

Luwu ¥ ring cic dai lwgng “d6 do tin ciy” va “d6 do bit tin ciy” chi 1a cdc d6 do twong ddi,
cht hodn toan khéng phdi 13 tuyét ddi nhu dé do trong xdc suit. Vi thé, nhan t5 chic chdn ciing
md t4 su thay ddi cda d6 tin ciy. Viy thi, d8i véi céc dinh nghia néu trén, viéc CF > 0 chimg té
rang di c6 tinh cd viéc tin ciy hay bit tin ciy thi ching ta vin c¢6é co s& dé€ khing dinh ring, véi
sw xuit hién cda su kién E, thién ve tin ciy vio gid thuyét hon 13 bat tin ciy vio né.

Néu ki hiéu CF(H|E) (twong tng, P(H|E)) 1a nhin t8 chic chin (twong tng, xic suit) cla
gid thuyét H khi cé su kién E, thi di€ém khic biét rit co bdn cia nhin t8 chic chin CF véi dd do
x4c suit P chinh 13 hé thic:

CF(H|E)+CF(H|E) < 1.
(Dé&i v6i dd do xac sudt P thi P(H|E) + P(H|E) = 1). Nho ¢6 hé thirc nay d§ do CF linh hoat hon

rat nhiéu so véi do do xac suit P.

Ngoai viéc bi€u thi d6 tin ciy thwec, CF cdn dwoc lién két véi cic luit chuyén gia. Nhin t3
chic chidn nay déng vai trd quan trong d8i véi viéc hinh thanh nhirg nguyén tic két hop trong cac
ky thuit 1ip luin dua trén hé luit cda hé chuyén gia.

2.2. M5 hinh todn hoc
C&u trdc cda luit st dung mé hinh nhén t8 chic chin c6 dang sau (theo dang chuan Horn):
r: néu PLA P, A...A P, thi H, véi CF(r). (1)

Trong c&u tric trén, CF(r) biéu thi CF (luit), c6 nghia la mic dd tin vao két ludn H khi cé cac
diéu kién Py, ..., P,. Nhu viy, néu cac P, (i = 1,...,n) 1 ding, thi ching ta c6 thé tin vio H theo
micc 4 CF(H|P, A ... A P) = CF(r).

Vin dé diu tién dit ra & diy la: néu nhu biét cac CF(P;), 1 = 1,...,n, thi lam thé ndo tinh
dwgec CF(H)? Sy tinh todn nay d6i khi ngudi ta con goi 13 su lan truyén nhan t3 chic chidn. Cé hai
loai luit 13 ludt don va luit phic. Cu thé nhu sau:

1) Déi véi luat dom, tic 1 ludt & vé trai chi c6 mét su kién
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r: néu P thi H, vé6i CF(r).

Khi dé, cong thtrc rdt don gidn, chi cin nhan gid tri CF cda gid thiét véi gid tri CF cda luit:
CF(H) = CF(P)*CF(r).

2) D&i vé1i ludt phite, tire 1a ludt cé dang (1), cdng thic dwoc tinh nhw sau:

CF(H) =min{CF(P.); i =1,...,n} * CF(r).

2.3. Céng thic két hop
Vin dé tié€p theo 1a lam thé ndo két hop dwoc cic ludt khdc nhau mai cé cing mdt két luan?

Cu thé, gid st c6 hai luit

ry: néu Py AP, A...A P, thi H, v6i CF(ry),

ro: néu Q@ AQ2A...AQmthl HH véi CF(rg).
Viéc s dung ludt ndo, bd luit ndo 13 khéng thé dit ra, vi ludt nay hay luit kia, du CF cé thé khéc
nhau, ciing déu cé nhitng gid tri nhat dinh (tinh chit tiém cin). Thém nira 13 viéc 4p dung luit nio
trwéce, ludt ndo sau khdng dwoc dnh hudng dén qua trinh suy dién (tinh chdt giao hodn). Vi thé, dé
ddm bdo dwoc hai yéu ciu nay, ngudi ta da xiy dung nhitu cdng thic, giéng nhau vé nguyén tic,

nhung khic nhau vé chi ti€t. M&i céng thirc ¢c6 mot ¥ nghia va dic trung riéng cda né. Trong bai
nay ching ta xem xét cong thic sau:

CF,(H) + CFy(H) — CF(H) * CFy(H), néucd hai CF cing duwong,
CFi(H) + CF,(H) + CF;(H) * CF;(H), néucd hai CF cing am,

CF»(H) = CF,\(H) + CF,(H) ”
1= min{[CFL(B)],|CR(E)]} néu CF,(H).CF,(H) € (—1,0],
khong xac dinh néu CF;(H).CF;(H) = —1,

trong dé CFi(H) 12 su tin cdy vao két ludn H trén co s& ludt thi k, tic la
CF(H) = min{CF(P.); i =1,...,n} * CF(r;) va CF;(H) = min{CF(Q;), 7 = 1,..., m} * CF(rz).
Trong su8t phin con lai cda muc ndy, ching ta sé st dung vi du minh hoa truyén théng vé du
bdo thoi tiét sau:
- Luét th& nhit:
71 : néu P; (vd tuyén du béo mra), thi H (sé mwa) véi CF(ry) = 0,8.
- Luét thd hai:
r2 : néu P, (ndng din du dodn mwa), thi H (s€ mwa) v6i CF(ry) = 0,6.
Duéi diy ching ta dé cip ¥ nghia cda cach tifp cin néu trén. DE tién theo d&i, ki hiéu
CF,(H) = a, CF;(H) = b, cht ¥ rang —1 < a,b < 1. Khi d6 cong thic két hep dwgc viét nhu sau:

a+b— ab, néu cd a va b cing duwong,
a+ b+ ab, néu cd a va b cing am,
CF,,(H) = b ,
wa(H) =y __etb o eiabe(-1,0),
1 — min{|a}, |b]}
khéng xdc dinh néu a.b = —1.

1) Trudng hop thi nhit: a,b déu dwong, tic 13 a,b € (0,1]. Chiing ta ¢6 két qud sau.
B& de 2.3. Gid st a,be (0,1). Khi d6
(6 <) max{a,b} <a+b—ab< 1.
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Déu bdng J cd hat bdt ddng thiéc zdy ra (dong thés) khi hode a = 1, hode b = 1.
Chitng minh. (i) a+b—ab—1=—(1—a)(1—-b)mad1—a>0, 1—b>0,suyra (1—a)(l—1b)>0,
hay a + b — ab < 1; ddu bing x4y ra khi (1 — a)(1 — b) = 0, ttrc 12 khi hojc a = 1, hojc b = 1.

(i1) Ta c6 a+ b — ab > a twong duwong véi b(1 — a) > 0: ditu nay luén ding vib >0, 1 —a > 0;
ddu bing xdy ra khi 1 —a = 0. Twong tw, a + b — ab > b; diu bing xdy ra khi 1 — b = 0. Vay
a+b—ab> max{a,b}; ddu bing x4y ra khi (1 — a)(1 — b) = 0, ttc 13 khi hodic a = 1, hodc b = 1.

K&t qud trén ching té ring néu c6 nhidu ngudn khing dinh H, thi nhan t5 chic chin cda két
ludn H, v& nguyén tdc, sé ting 1én. V& mit truc gidc thi didu niy hoan toan cé Ij, vi néu cé thém
co s& d€ khing dinh két luin H thi cing thém tin tuwdng vao su tin ciy dé.

Vi du 2.4. Khi c3 vb tuyén 14n ngudi ndng dan déu khing dinh sé muwa, CF(P,) = CF(P,) = 1.
Khi dé

a = CF]_(H) = CF(Pl) * CF(Tl) = 1% 0,8 = 0,8
vd b= CFy(H) = CF(P3) + CF(r3) = 10,6 = 0,6

nén theo cong thic ching ta cé

CFy2(H)=a+b—ab=08+06-0,8%0,6=0,92.

2) Truwdng hop thi hai: a,b déu am, t@c 14 a,b € [—1,0). Trong trwdmg hop niy ching ta ¢
két qud sau.
B6 de 2.5. Gid s¢ a,b € [~1,0). Khi 36

—1<a+b+ab< min{a,b} (<0).

Ddu bing & cd hai bit ddng thic zdy ra (@ong thdi) khi hodc a = —1, hode b= —1.
Ching minh. Twong tw nhuw B3 dé 2.3.

Ciing giéng nhw d8i v&i truomg hop thir nhit, diéu nay ching t4 ring néu c6 nhiéu ngudn khing
dinh khéng x4y ra H, thi nhan t8 chic chin cia két lusdn H, vé nguyén tic, sé gidm di. V& mit truc

gidc thi diéu niy ciing hoan toan cé lf, vi néu c¢é thém co s& dé€ khing dinh viéc khong xdy ra két
ludn H thi cang gidm su tin twdng vao két luan dé.

Vi du 2.6. Khi v tuyén vi ngudi ndng din déu du bdo sé khéng mua, nhung véi mic dd khic
nhau CF(P;) = —0,8, CF(P;) = —0,6. Khi d4
a=CF\(H)=CF(P,)*CF(r) =-0,8%0,8 =-0,64
V& b= CFy(H) = CF(P,) * CF(rs) = —0,6 % 0,6 = —0,36
nén theo cong thic ching ta cé

CFy2(H) =a+b+ab=—0,64— 0,36 + (—0,64) * (—0,36) = —0,7696.

3) Trudng hop thi ba: a.b € (—1,0] tic 13 hodc a va b trai ddu, nhung khéng cing dat gid tri &
hai d3u, hodc trong hai gid tri @ va b c6 it nhit mot gid tri bing 0. Néi caﬁph khéc, c6 hai khd ning
x4y ra: hodc a,b trdi ddu va néu a = 1 thi b # —1, con néu @ = —1 thi b # 1; hodc a.b = 0.
a+b

1 — min{|al, |b]}
- Trong trudmg hop a,b trai ddu va néu a = 1 thi b # —1 hodc a = —1 thi b # 1, khéng mit
tinh t8ng quat, c6 thé coi ring a < 0 < b.
B& de 2.7.
(i) Néwa+b<0, thi

Chiing ta xét gid tri cda bi€u thirc
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(-1<)a< it 0.

e

~ 1 — min{|al, |b]}

Ddu bdng & bdt ddng thiéc bén trdi zdy ra khi a = —1, con & bdt ddng thiéc bén phdi khéng thé

thay 0 bdt sé nhd hon.
(ii) Néwa+b>0, thi

g b

0<—2t0 __<h(<u).

1 — min{|al, |6|}

Ddu bdng & bdt ddng thic bén phdi zdy ra khi b = 1, con & bdt ddng thiéc bén trdi khéng thé

thay 0 bdi 56 lon hon.
(1) Néw a+b=0, thi ., Y
1 —min{|a|, [b]}

Chitng mank. (i) Gid si a + b < 0, do b > 0 nén di€u nay c6 nghia 1a |a| > b. Khi d6
a+b a+b

1—min{|a|,[6]} 1-0b"

Mobt mit, do a+b < 0 nén b < 1. Do dé bat ddng thirc (;+

b
; > a twong duwong véi b(1+a) > 0:
luén ding. Dau bing x3y ra khi a = —1.

Diéu khing dinh ddi véi bat ding thic bén phdi suy ra tir viéc ¢ < —b va khi a — —b thi
a+b
1-b

(

(

— 0.

i) Twong tw nhu (i).
iii) Hi€n nhién.

Nhu viy, déi véi trudng hop (i), ching ta thiy ring khi khing dinh khéng xdy ra H “trdi” hon
khing dinh x4y ra H, thi nhan t8 chic chin cda két ludn H, vé nguyén tic, sé thién vé khing dinh
khong x4y ra H, nhung véi mic d§ thip hon (do bi khing dinh xdy ra H lam yéu di). D3i véi (ii)
chiing ta c6 nhin xét twong tw. Con truwdng hop (iii) cho thiy khi ngudn khéng dinh vi ngudn phi
dinh d8i nhau thi khong thé cé két luin gi cd.

Vi du 2.8. V5 tuyén duw béo sé khéng mwa véi mic d6 CF(P;) = —0,8, con ngudi ndng dan lai dw
dodn ¢é mua véi mic d6 CF(P;) =0,6. Khi dé
a= CFl(H) = CF(Pl) * CF(Tl) = —0,8 * 0,8 = —0,64
¥a b= CFy(H) = CF(P,) * CF(ry) = 0,6 + 0,6 = 0,36.
Theo cdng thirc ching ta cb
a+b
CRs(H) = =t e = O R7E
La(H) = 1= min{|al, [6]}

- Trong trudmg hop a.b = 0, thi rd rang van dé trd nén phic tap. Chang han, néu a = 0, thi b

c6 thé nhin gi4 tri bit ky trong doan [—1,1]. Khi dé
a+b b
1 — min{|al,[s]} 1-0

= b,
nghia 13 néu nhu su tin ciy vao két ludn H trén co sé ludt thi nhit khéng xdc dinh dwoc, thi sw
tin cdy vao H bdi viéc két hop gitra hai ludt hoin toan do luit thi hai xdc dinh.

Vi du 2.9. V5 tuyén dy bdo mua véimiec d6 CF(P;) = 0,8, con ngudi ndng dan khéng khing dinh
gi CF(P;) = 0. Khi dé

a = CF,(H) = CF(P,) * CF(r;) = 0,8%0,8 = 0,64



20 LE HAI KHOI

b= CFy(H) = CF(P;) % CF(rz) = 0+0,6 = 0.
Thé thi CF, 2(H) = a = 0,64, ttc 1d khd ning mua 13 Ién.
4) Trudng hop thi tu: a.b = —1, didu nay cé nghia 13 hoic a = —1,b=1hodc a=1,b = —1.
Hién nhién ring diy sé 13 ditu “khéng xac dinh dwoc?, vi ngudn khing dinh tuyét déi két ludn H

bi ngudn phd dinh tuyét d8i két ludn H lam cho “trung hda”. Trong trwdng hop niy cé thé coi
CFLQ =0.

C6 thé thiy ring nguyén tic két hop néu trén khong thé cé dwoc tir cic dinh nghia xiy dung
theo ly thuyét xac suit ddi véi CF.

3. THUAT TOAN TIM BAO DONG

3.1. Vin dé két hop nhiéu luit c6 cung két ludn

Céng thtrc két hop & Muc 2.3. d8i véi cdc CF cung diu, vé nguyén tic, c6 thé t8ng quat 1én
cho trudmg hop nhidu ludt bing cich 4p dung Iin lwgt ting lust mot. Khi d6 dwdng nhu 13 néu cé
nhigu ngudn khéc nhau khing dinh cing mét két luin véi cing mirc dd tin ciy nhu nhau, thi gid tri
CF s& tién téi 1. Chdng han, néu CF(H = mua) = 0,8, thi

CFy . (H) — 0,99 = CF,(H),
& day, CF,(H) bi€u thi dd tin cay c6 duwgc sau khi két hop cédc ngudn théng tin cii di c6. Gid st ¢
thém ngudn théng tin méi ma phi nhén viéc mua CF,,,(H) = —0,8. Khi d6, theo cdéng thirc, ching
ta cé

CF,+ CF,, _0,999-0,8
1 — min{|CF,|,|CF,|}  1- min{0,999,0,8}

CF, m = = 0,995.
Ditu nay néi lén ring mot ngudn tin phd nhin két luin chi 4nh hwéng rit khong ding ké dén két
qud do nhiéu ngudn tin khic khing dinh két luan dé tao nén.

Tuy nhién, viéc két hop nhiéu ngudn théng tin c6 cing két luin khong phai bao gi& ciing tdt.
C6 nhirng trudmg hop cé thé giy ra su phién phirc. Ly do 13 néu nhu cic ngudn thong tin déu khing
dinh két ludn H véi cing mdt mtc d6 tin cdy nhu nhau CFy(H) = CF;(H) = CF3(H) = ..., thi
nhan t8 chdc chin CF) 25, (H) sé ting lén rit nhiéu so véi két ludn cda chuyén gia. Ching han,
tat cd cac chuyén gia déu khing dinh 13 két luin cd thé ding, thi sau khi két hop cic nhan dinh nay
lai, hé th&ng sé& cho khing dinh 13 két luin chdc chdn ding - diéu niy vé nguyén tic 13 khé cé thé
chip nhén.

Vi thé, viéc st dung nhigu ludt ma cho cing mot két ludn phdi dwgce thuc hién hét strc thin
trong.

3.2. Vé nguong déi véi cac CF

Nhu chiing ta déu biét, d€ khing dinh su ding din cda mét két ludn ndo d6, vé nguyén tic, hé
thdng s& phai tim ki€m t4t cd cic luit khing dinh két luin dé, cho du CF cé gia tri thé ndo. Néu
nhu t3p luit R twong d8i 16m, thi qua trinh tim ki€m s& doi hdi rit nhiéu thoi gian. Vi thé, d6i khi
ngudi ta ding mét nguwdng nhit dinh d€ han ché thoi gian theo nghia: trong qua trinh ti€n t&i muc
dich d4t ra, néu nhw dd tin ciy thip hon ngwdng cho phép thi nén dirng viéc tim ki€m lai v chuyén
sang huéng khdc. Thong thudng hay chon gia tri cda ngudng khéng qua thip. Ngoii ra, ngudi ta
ciing c¢6 thé thay ddi gid tri cda ngudng trong qué trinh tim ki€m.

3.3. Bao déng cda tip su kién

Trong muc nay, ching ta xét hé luit véi mét s8 rang budc nhat dinh trén co s& nhirng phin
tich néu & trén.

- Gi thi€t ring trong tip luit dSi véi mdbi két luin thi hodc chi c6 mét ludt cho két ludn dé,
hodc c6 nhi€u nhit 13 hai luit cho cing két luin dé.



MO HINH HEURISTIC TREN CO SO PHUONG PHAP TIEP CAN NHAN TO CHAC CHAN 21

- Qui dinh mét ngudng o € (0,1) cho trwée: néu nhu |CF(két luan)| < o thi dimg lai, chuyén
sang huémg khac. Néi chung, ¢6 thé chon o = 0,5, vi v&i d6 tin ciy trong khodng (—0,5;0,5) thi khé
¢6 duoc két ludn gi. Can lwu ¥ ring ludn cé

|CF(két ludn)| = [CF(ludt) * CF(su kién)| < |CF (su kién)]|.

T d6 suy ra ring dé€ |CF (két ludn)| > a thi phdi ¢ (sw kién)| > . Néi cach khéc, rang budc
|CF(f)| > a, f € F la diéu kién cin dé c¢é thé ti€p tuc suy dién.

- D€ xét bao déng cia tap su kién F' C F, viéc gid thi€t ring F’ 1 tip con cda tip F* cic sw
kién chi c6 mit & v€ trai ma khéng c6 mit & v€ phdi cda céc ludt (con goi Ia tap cdc su kién gdc) 1a
diéu cé y nghia.

Nhu viy, m&i mét luit trong R c¢6 dang
r: néu Py APy A...A P, thi H, v6i CF(r),

trong d6 mbi mot sy kién P; & vé phdi cda luat r déu c6 CF(F;) cla né. Ching ta ki higu Left(r)
13 tip cac su kién & vé trai va Right(r) 13 sy kién & vé phdi cida luat r. Khi d6, véi ki hiéu vira néu,
c6 thé bi€u dién ludt r nhw sau: “r : Left(r ) —r Right(r), CF(r)”. Ngoii ra, dé cho gon, chiing ta
viét CF(Left(r)) = mln{CF( Wi t= 1,2,

Ki phép (Fp,, )" duoc st dung dé chi te_Lp tat cd cac su kién dwoc suy dién tir F’ trong hé luit
R vé&i ngudng a, c6 nghia la déu ¢6 CF véi gid tri tuyét d8i bing hodc vwot ngudng a.
Thuat todn 3.1. (tim bao déng (Fy ,)*)

Input: L= (F,R) v6i F = (f1,..., fp), R={(r1,...,7q), F' C F* vi ngudng a € (0,1).

Output: (Fp ,)*

- Buéc 0: D3t Ko = F';

- Buéc e

(a) Néu cé luit r € R thda man di€u kién Left(r) C K;_; ma Right(r) = H ¢ K;_;, thi tim
xem cé con luit ndo cho cing két ludn H nira hay khéng:

+ néu khong cé luit nio nira, thi cho CF(H) = CF(Left(r)) * CF(r);

+ néu con ludt khic s € R cling cho k&t ludn H va Left(s) C K;_1, thi cho CF(H) = CF, ,(H)

\b] B . { Ki_i U{H), néu|CF(H)|2 a,
o Koy, néu ngwoc lai.

- Qué trinh duogc 13p lai cho dén khi K; = K, ;.

Lic d6 dit (Fp )t = K..

Dinh 1y 3.2. Thudt todn ld ding vd cho két qud ld bao ddng (Fp, )" cda tdp sy kién F' C F, trong
a6 mov sv kién f € (Fp )t déu ¢ (f)| > a, véi a € (0,1) cho trude.

Chitng minh. St dung phwong phép qui nap todn hoc, twong tw nhw trong [2].
Ménh dé 3.3. Thudt todn cé @6 phic tap ld da thic theo luc luong cia F va R.

Vi du 3.4. (minh hoa thuit todn)
Xét hé luat L = (F,R), trong 46 F = {A,B,C,D,E,F,G,H,I,J,K},R = (ry,...,1g), véi
ngudng o = 0,5 va

ro=CD — E, CF(r3) =0,8;
r3=EF — G, CF(r3) = 0,85;
rs = DH — I, CF(ry) = —0,8;
rs =I1J — K, CF(rs) =

re = AH — I, CF(rg) = —0,75

= AB — C, CF(r1) = 0,95;
(
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va F' = {A,B,D,H}. Khidé F* ={A,B,D,F,H,J} vai F' C F*. Gid st d8i véi cic su kién trong
F' ¢6 céc gia tri sau: CF(A) = 0,6; CF(B) = 0,65; CF(D) =0,7; CF(H) = 0,75.

Theo cac buéc clda thuit todn, ching ta cé:

- Buéc 0: Ko = F' = {4, B, D, H}.

- Buéc 1: Luit r; cho thém su kién C ¢ F', ngoai ra khéng con luit ndo cho sy kién C nira.
Vi thé CF(C) = CF(Left(r1)) * CF(r1) = min{CF(A); CF(B)} *+ CF(r;) = 0,6 + 0,95 = 0,57. Do
CF(C) > 0,5 nén ta ¢ K; = {A, B,C, D, H}.

- Bwéc 2: Ludt r5 cho thém su kién E ¢ K, ngoai ra khéng cdn ludt nao cho su kién E nira.
Vi thé CF(E) = CF(Left(rz)) * CF(ry) = min{CF(C); CF(D)} * CF(ry) = 0,57« 0,8 = 0,456. Do
CF(E)<0,5néntacé K; = K, ={A,B,C,D,H}.

- Buéc 3: Luét r4 cho thém sw kién I & K, vi luit rg ciing sinh ra sw kién /. Vi thé, trong
trudng hop nay ta cé: a = CF, (I) = CF(Left(rs)) * CF(rs) = min{CF(D); CF(H)} * CF(rq) =
0,7 % (—0,8) = —0,56 va b = CF, {I) = CF(Left(re)) * CF(r¢) = min{CF(A); CF(H)} * CF(r¢) =
0,6 * (—0,75) = —0,45. Suy ra

CF(I) = CF,, ,,(I) = a+ b+ ab = —0,56 — 0,45 + (—0,56) = (—0,45) = —0,758.
Do |CF(I)| > 0,5 nén ta cé K3 = {A,B,C, D, H, I}.
- Buéc 4: Do khéng c6 ludt ndo nira ma cho thém :u kién méi khdng thudc Ks, nén Ky = Ks.
VaY! (F;Z )+ = K3 = {A’B) C: D) H) I}

, &

4. LOAI BO LUAT THUA

4.1. Khéai niém luat thira

Gid st F* 13 t3p cac su kién gbc cda hé ludt L = (F, R) va o € (0,1) 13 ngudng cho truéc. Khi
d6 néu c6 r € R sao cho (Fp )t = (F}*z\{r},a)+ (& day cin phdi luvu y rdng CF cda céc sy kién
giéng nhau trong hai bao déng nay néi chung 13 khéc nhau, di€ém chung duy nhit I1i ngudng cda
chiing déu dat hojc vwgt ngudng «), thi luit r dugc coi 1 ludt thira va vé nguyén tic, ching ta ¢
thé loai bd luit nay di (trong qua trinh suy dién).
4.2. Thuat todn loai bd luat thira

Céc rang budc trong muc nay nhu & Muc 3.3 khi dé cip bao déng cda tip su kién.
Thuit toin 4.1. (loai bd luit thira)

Input: L= (F,R) véi F = (f1,..., fp), R = (r1,...,74) va ngudng o € (0,1).

Output: R' thda min R' C R, (Ffz,ya)+ = (Frq)t, VreR'": (FE,\{r},a)+ # (FE,‘Q)+.

- Buée 0: D3t Ko = R, tinh (F5,)".

-Buéci (1<:<qg—1):

~ % + *
K; = Ki-1\{r:}, néu (FKi—l\{’i}va) - (FRvO‘)+’
K; i, néu ngwoc lai.

- Buéce ¢

Néu K,_; chi con r, thi dit K, = K, ;.

Néu K,_; chira khong chi ¢é ry, thi d&t

z . + .
K, = Ko \ {Tq}, B (FKq—l\{"q}ya) = (FR,a)+’
K, 1, néu nguoc lai.

- Buéc g+ 1: ddt R' = K.
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Dinh 1y 4.2. Thudt todn trén ld ding va cho két qud la tdp ludt R' khéong cd ludt thia.
Chitng minh. St dung phwong phip phin chirng, twong tw nhw trong [2].
Ménh dé 4.3. Thudt todn cd @6 phitc tap ld da thic theo lwc lwong cda F vd R.

Vi du 4.4. (minh hoa thuit toén)
Xét hé luit L = (F,R), trong 46 F = (A,B,C,D,E,F,G,H,1,J,K},R = (r1, ...,re), véi
nguong o = 0,5 va
ry = AB — C, CF(ry) = 0,95;
ro=CD — E, CF(r3) = 0,8;
rs=EF — G, CF(r3) = 0,85;
re = DH — I, CF(ry) = —0,8;
rs =1J — K, CF(rs) =0,7;
re = AH — I, CF(r¢) = —0,75.
Khi d6 F* = {A,B,D, F,H,J}. Gi4 st d8i véi cac su kién trong F* cé céc gid tri sau: CF(A) =
0,6; CF(B) = 0,65; CF(D) = 0,7; CF(F) = 0,51; CF(H) = 0,75; CF(J) = —0,8.
Theo thuit toan ching ta cé: -
- Buéc 0: Dt Ko = R, khi d6 (Fj ,)* = {4, B,C, D, F, H,I,J,K}.
- Buéc 1: Do (Fje\ (11y.0) | = {A,B,D,F,H,I,J,K} # (Fp ,)*, nén K1 = Ko.
- Bude 2 Do (Fip\ (1) = (Fio\iraya) = {4, B,C,D,F,H,1,J,K} = (F;,)*, nén
K, = Ky \ {r2} = Ko \ {r2}.

- Buéc 3: Do (Fl*{g\{rs},a)—* = (F;(g\{r;Ur;},a)+ = {A,B,C,D,F, H; I; J;K} = (Ffz,a)+1 nén
K3 = K2 \{7'3} = KO \ {7‘2 @] T3}.

‘ * + * =+ * ~
- Buéc 4: Do (FK;,\{n},a) = ( Ko\{TzU":iUN},Ol) = {AyB:C)DyF)Ht J} :/é (FR,a)+a nen
K4 B Ks — Ko \ {'I‘Z U'I‘3}.
- Buéc 5: Do (Fi\(re).a)
Ks = K4 = Ko \ {Tg U Ts}.
7 * + * + %
- Buéc 6: Do (FKs\{re}.a) = ( Ko\{rgUrJUrs}‘a) = {A,B, C, D: F) H: I) JaK} = (FR,0)+7
nén Ke, = K5 \ {76} = Ko \ {T2 Urs U 7’6}.

- Bwéc 7: Ching ta dwoc R' = Kg = (ry,74,75) Vi 1o, 73,76 12 cdc ludt thira.

t= (Ff*{o\{rzUraUrs},a)-’— = {4,B,C,D,F, H,1,J} # (Ff*i,a)+’ nén

5. XU LY MAU THUAN
5.1. Khai niém mau thuan

Dinh nghia 5.1. H¢ ludt L = (F,R) v6i F = (f1,..., fp), R = (r1,...,rq) va nguéng o € (0,1),
dwoc goi 1 mau thudn, néu 3F' C F ma (Fp )% chira cd sy kién H 1in sy kién H.

Nhé& c6 thuit todn tim bao déng ma ching ta c6 thé xac dinh ngay L = (F, R) 1 miu thuin
hay khéng véi nguéng o, bing cich tinh (F ,)* va ki€m tra xem (Ff.o)t c6 chira mdt cdp nao dé
céac su kién d8i nguoc nhau H, H hay khéng.

5.2. X1 1y mau thuin

Khi hé luat L = (F, R) v6i ngudng o 13 mau thuin, thi ching ta phdi gidi quyét viéc mau thuin.

Khéng mat tinh t8ng quat cia bai todn, gid si ring c6 hai ludt r; va r, dwa dén viéc xuit hién cd

H 14n H, néi cich khac, hai luit r; va r, din dén hai sy kién d8i nghich nhau. DE loai trir mét
trong hai luit niy (trong qué trinh suy dién), cé thé lam theo cic cach sau:
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1) Trong s8: luit ndo cé trong s8 cao hon thi giir lai.

2) Tan xuit: ludt ndo cé tan s xuit hién lén hon thi giir lai.

3)Tam quan trong: luit nao quan trong hon trong qué trinh suy dién thi gifr lai.

4) Riéng chung: ludt 13 trudng hop riéng thi giir lai, b luat 13 trwong hop chung di.

5) Theo y ki€n chuyén gia: giit lai luat theo ¥ kién cia chuyén gia la can thi€t hon.
Vi du 5.2. (minh hoa viéc xi& Iy miu thuin)

Xét hé luat L = (F,R), trong 46 F = (A,B,C,C,D,E,F,H,I1,J,K}, R = (ry,...,rs), véi
nguong o = 0,5 va

— AB — C, CF(r)) = 0,9
ro=CD — E, CF(r;) =0,9

= EF —C, CF(rs) = 0,6

=DH — I,CF(ry) = 0,8,
rs = 1J — K, CF(T5) = —0,7.

Khi d6 F* = {A,B,D, F, H,J}. Gi4 st d6i véi cac su kién trong F* cé céc gid tri sau: CF(A) =
0,92; CF(B) = 0,93; CF(D) = 0,88; CF(F) = 0,8; CF(H) = 0,75; CF(J) = —0,55.

Khi dé (Fy ,)* = {4, B,C, C,D,E,F, H,I,J} véi nhan t3 chic chin nhw sau: CF(A) = 0,92;
CF(B) = 0,93; CF(C) = 0,87; CF(C) = 0,5; CF(D) = 2.88; CF(E) = 0,78; CF(F) = 0,8; CF(H)
=0,75; CF(I) = —0,6; CF(J) = —0,55. Viy la trong bao déng tim dwoc cé mét cdp céc su kién d6i
ngugc nhau C v C do hai luit r; va rs sinh ra, vi thé cin loai bd mdt luit.

Dwa vio cic phwong phép xi Iy miu thuin néu trén, ching ta thiy ring cé thé loai luit rs,
vi khéng chi CF(r3) = 0,65 < CF(r;) = 0,95, ma con CF(C) = 0,5 < CF(C) = 0,87. Nhu viy,
R' = (ry, 13,74, 75) sé 13 tip luit khong giy ra mau thuin.

Truéc khi két thic bai bdo chiing t6i mudn luu y mot dieu 13 & c4c vi du néu trén, trong sd cic
gid tri CF tinh duwoc c6 thé cé trudng hop 12 gid tri x4p xi véi dd chinh xdc rat cao (0,01) va su sai
khéc dé khéng hé dnh hudng dén viéc d&i chi€u véi ngudng (o = 0,5).

L&i cdm on. Téc gid xin chan thinh cdm on PGS. TS. Vit Dtc Thi di déng gép nhitng y kién qui
bau trong qué trinh hoan thanh bai bdo ndy. Téic gid cling xin cdm on KS. Tran Anh Thuw di doc
va gép ¥ ki€n véi bdn thdo bai bio.
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