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VE MO HINH HEURISTIC TREN CO' SO' PHLJaNG PHAP TIEP CAN

NHAN TO CHAc CHAN DOl voi HE CHUYEN GIA

LE HAl 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.

T6m tl[t. Bai bao de dj.p mo hlnh heuristic suy di~n tren cac thong tin khong chiic chh doi v&i h~ chuyen
gia, dtroc xay dirng tren err sd' phutrng ph ap tigp c~n nh an to chac chdn. Tigp theo la cac thu~t to an tlm
bao dong ciia t~p Sl).'kien, loai bo lu~t thira va xU-ly mau thu[n doi voi h~ lu~t ciia h~ chuyen gia nhung
thong tin khOng cMc cMn.

Thirc te cua h~ chuyen gia la phai bie'u di~n nhimg tri thii'c tan rn an , manh rmin va khOng cHc
ch1n, tu:c la ngiro'i ta phai suy di~n tren nhirng thong tin c6 d9 chitc chitn thay d5i. VI vh, hau het
cac h~ chuyen gia deu phai xU-ly vi~c suy di~n vm. cac su ki~n khOng chitc chln. C6 the' chi a cac suy
di~n v&i nhfrng sir kien khong chitc chln nay th anh 3 loai: (i) gln cac su ki~n va cac lu~t vrri fan s5
xuat hien hay xac suat cda chung (d9 tin c~y); (ii) suy di~n tren cac su kien va cac lu at , sti· dung cac
h~ do mo ; v a (iii) xU- ly cac suy dih v&i cac Sl! kien va cac lu~t thee cac ky thu~t heuristic. Trong
cac loai suy di~n nay thi loai thfr nhat - dira tren ly thuydt xac suat va 10<.J.ithfr hai - su: dung d9 do
me, deu tiro'ng d5i plnrc tap va kh6 cai d~t, can loai thtr thtr ba - ky thu~t heuristic - diro'c nhieu
ngiro'i quan tam. Cac ky thu~t heuristic ciing co nhieu md hmh khac nhau. Trong bai nay, cluing toi
de c~p rnf hlnh dira tren CO' s6- nhan t5 chitc chitn.

Cach tiep nhan cua mf hmh nhan t5 chitc chitn (Certainty Factor, CF) nh Lm tranh nhfrng van
de phirc tap cua ly thuyet xac suat lien quan den viec khOng ph an bi~t du'o'c str khac nhau giu'a thieu
tin c4y va nghi nga ho~c la kh a n ang bie'u di~n viec bd qua khi thieu tri thtrc. HO'n the nira, each
tiep c~n nay doi hoi dung hro'ng dir li~u it ho'n so v6i. ly thuyet xac suat.

Mo hlnh nhan t5 chitc chitn dtro'c the' hi~n ro trong h~ chuyen gia MYCIN n5i tieng (xuat hien
trong nhirng nam 70). Nhir moi nguoi deu biet, MYCIN la h~ chuyen gia diro c xay dung nh~m tro'
giup cho viec dieu tri benh nhi~m khuin. Trong MYCIN dau vao la dii lieu ve benh nhan, can dau
ra la nhirng goi y chin dean va di'eu trio Tuy nhien, din hru y rhg tinh "heuristic" cua cac thu~t
toan trong MYCIN diro'c sti· dung de' lam viec vo i tri thirc khOng cHc chitn va ve m~t cu phap thi
ttrong tl! nhir xac suat, chir khong phai la su: dung ly thuyet xac suat.

D9c gia co the' tlm trong [1,4,5] nhirng kien thirc CO' s6- ve mo hlnh nh an t5 chitc chitn ciing nhtr
h~ chuyen gia MYCIN.

Trong hai bai bao trtro'c [2,3] cluing toi da: trlnh bay m9t s5 van de lien quan den bie'u di~n tri
thirc b~ng h~ lu~t voi nhirng thong tin chitc chln (thu~t toan tlm bao dong cua t~p su kien, 10<,Libo
dir thira cua t~p lu~t, lam min luat, v.v.). Trong bai nay, chiing toi ph at trie'n nhfrng nghien ciru do
sang suy di~n tren nhimg thong tin khOng cHc chh, du'a tren mf hlnh nh an t5 cHc chin. Cu the'
hon, cluing tai cung cap m9t cong CI~ de' co the' 10<.J.ibo lu~t thira trong h~ lu~t co nhung nhan t5
cHc ch1n. M9t dieu can chu y la khi 10<.J.ibo lu~t thira can can nHc den ngir canh cii a toan b9 h~
lu~t trong qua trlnh thu th~p va suy di~n.

Cau true cii a bai bao nhir sau. Muc 2 gi&i thieu rndt so khai niern CO' ban lien quan den mo hinh
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nh an to ch1c ch1n. Muc 3 trlnh bay thu~t toan tlm bao dong cti a t~p su' kien. Thuat toan loai bo
lu~t thira diro'c neu trong Muc 4. Cudi cling, Muc 5 lien quan den vi~c xU- ly mau thuh doi voi h~
lu~t.

2. M(>T s6 KH.AI NI¥M co' BAN

2.1. DC?do tin c~y, dC?do bat tin c~y va nhan to ch.iic ch~n

Nhan to ch1c chh co th€ coi nhir di? do doi vai su' dung dh cii a menh de ho~c gi<l.thuydt dira
tren hai di? do khac Ht di? tin c~y va di? bat tin c~y. Hai di? do nay dtro'c hi€u theo nghia trirc giac
v a khi noi den can sll' dung gia tri so. Gi<l.sll' vci su' kien E chung ta co dtro'c gi<l.t.huyet H. Khi do
cac di? do diro'c dinh nghia nlur sau.

D!nh nghia 2.1. - Dq do tin c4y (Measure of Belief, MB) Ill, gia tri so ph an anh di? tin c~y vao gi<l.
thuydt H tren CO' s6' su' ki~n E, 0 < M B :::::1.
f!~ . - Dc? do bat tin c4y (Measure of Disbelief, MD) Ill, gia tri so phan anh di? bat tin c~y vao gi<l.
1n~J1yetH tren CO' s6- sv· ki~n E, 0 < M D < 1.

Bihh nghia 2.2. Nluin. to chttc .ss« (Certainty Factor, CF) Ill,gia tr] so ph an anh rmrc di? tinh (net
level) cu a di? tin c~y vao gilt thuyet H tren ca s6- nhirng thong tin cho trircc, ducc tfnh theo cong
tlnrc:

CF=MB-MD.

Nhir v~y, nhan to cHc chan CF co th€ coi Ill,di? sai khac giira MB va MD, th€ hi~n di? tin c~y
thu'c vao gi<l.thuyet H tren CO' s6- su- kien E. Tir dinh nghia suy ra rhg -1 :::::C F :::::1. Gia tri 1
bi€u thi su' "chitc chlin dung", gia tr] -1 -s~· "chlic chh sai", gia tri am - "rmrc di? bat tin c~y", gia
tri diro'ng - "mire di? tin c~y", can gia tri 0 - "thong tin khong xac dinh" .

Lrru y rhg cac dai hrong "di? do tin c~y" va "di? do bat tin c~y" chi Ill, cac di? do tircng doi,
clnr hoan toan khOng ph ai Ill, tuy~t doi nlnr di? do trong xac su St. Vi the, nhan to ch1(c chh cling
mf t<l.sir thay d5i cua di? tin c%y. V~y thl, doi vai cac dinh nghia neu tren, vi~c C F > 0 chimg t6
rhg du co tfnh d viec tin c%y hay bat tin c~y thi chiing ta vh co CO' S6-d€ khiing dinh rhg, vo i
su' xu at hien cua su' ki~n E, thien ve tin c%y vao gi<l.thuyet hon 111. bat tin c~y vao no.

Neu ki hieu CF(HIE) [tuong iing , P(HIE)) 111. nhan to chitc chlin [t irong irng , xac suat) cua
gi<l.thuyet H khi co su: kien E, thl di€m khac bi~t rat CO" ban ciia nhan to chlic cHn CF vo'i di? do
xac suat P chfnh Ill,h~ th irc:

CF(HIE) + CF(HIE) < 1.

(Doi vo'i di? do xac suat P thl P(HIE) + P(HIE) = 1). Nho' co h~ thirc nay di? do CF linh heat hen
rat nhieu so voi do do xac suat P.

Ngoai viec bi~u thi di? tin c%y thuc, CF can diro'c lien ket vai cac lu~t chuyen gia. Nhan to
cHc chh nay dong vai tro quan trorig doi vo'i viec hlnh thanh nhimg nguyen tlic ket ho p trong cac
ky thuat l~p lu%n dua tren h~ lu~t cu a h~ chuyen gia.

2.2. M6 hinh toan hoc

Cau true cu a lu~t su- dung mo hmh nh an to ch1c chh co dang sau (theo dang chufin Horn):

r : neu Pi /\ P2 /\ ... /\ P« thl H, voi CF(r). (1)

Trong cau true tren, CF(r) bi€u thi CF (lu~t), co nghia Ill, rmrc di? tin vao ket luan H khi co cac
dieu kien Pi'"'' Pn. Nhir v~y, neu cac Pi (i = 1, ... , n) Ill,dung, thl cluing ta co th€ tin vao H theo
rmrc di? CF(HIPl /\ ... /\ Pn) = CF(r).

Van de dau tien d~t ra a day 111.: neu nhir biet cac CF(Pi), i = 1, ... , n, thi Iam the nao tfnh
diroc C F(H)? SV' tinh toan nay doi khi ngtro i ta can goi 111. su' Ian truyen nhan to chlic chh. Co hai
loai lu~t 111. lu%t do'n va lu~t phirc. Cu th€ nhir sau:

1) Doi vci lu~t don, tu'C la lu%t 6- ve tr ai chi co mi?t su' ki~n
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r: neu P thl H, v6i. CF(r).

Khi do, cong thirc rat don gian, chi c"an nhan gia tri C F cua gill. thiet vo'i gia tr] C F cu a luat:

CF(H) = CF(P) * CF(r).

2) Doi v6i. lu~t plurc, trrc Ii lu~t co dang (1), cong thtrc diro'c tfnh nhir sau:

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

2.3. Cong thirc ket hop

Van de tiep theo Ii lam the nao ket hop diro'c cac lu~t khac nhau m a co cung m9t ket luan?
CI,l the', gill. s11-co hai lu~t

rl: neu P, /\ Pz /\ /\ Pn thl H, vci CF(rd,
rz: neu Ql r. Qz/\ /\ Qm thl H, voi CF(rz).

Vi~c s11-dung lu~t nao, bo lu~t nao Ii khOng the' d~t ra, vllu~t nay hay lu~t kia, du C F co the' khac
nhau, ciing deu co nhirng gia tr] nhat dinh (tinh chat ti~m c~n). Them nira Ii viec ap dung lu~t nao
truxrc, lu~t nao sau khOng duoc anh huong den qua trlnh suy di~n (tinh chat giao hoan]. VI the, de'
darn bao duoc hai yeu diu nay, ngirci ta da. xay dung nhieu cong thtrc, giong nhau ve nguyen til.c,
nhirng khac nhau ve chi tiet. M~i cong thuc co m9t Y nghia va d~c trtrng rieng cua no. Trong bai
nay cluing ta xem xet cong thu'c sau:

CFdH) + CFz(H) - CFdH) * CFz(H),
CFdH) + CFz(H) + CFdH) * CFz(H),

CFdH) + CF2(H)
1-min{\CFdH)\, \CFz(H)\} ,
khoug xac dinh

neu d hai C F cung dircng,

neu d hai C F cimg am,

neu CFdH).CFz(H) E (-1,0]'

neu CFdH).CFz(H) = -1,

trong do C Fk (H) la sir tin c~y vao Ht lu~n H tren CO" sO-lu~t thtr k, tu'C Ii
CFdH) = min{CF(P:.); i = 1, ... , n} * CFh) vi CFz(H) = min{CF(QJ)' j = 1, ... , m} * CF(rz).

Trong suot phan con lai cua muc nay, cluing ta se s11-dung vi du minh hoa truyen thong ve dir
bao thai tiet sau:

- Lu~t thu' nhat:
rl : neu P, (vo tuyen du bao nra]. thi H (se rmra] vo'i CF(rl) = 0,8.

- Lu~t thu' hai:
rz : neu Pz [nong dan dtr dean mira}, thi H (se rmra] v&i CF(rz) = 0,6.

Diro i day chiing ta de c~p y nghia cii a each W;p c~n neu tren. De' ti~n theo dai, kf hieu
CFdH) = a, CFz (H) = b, chii y rhg -1 ~ a, b ~ 1. Khi do cong thtrc ket hop diro'c viet nhir sau:

a + b - ab, neu d a vi b cling dtrcrng ,

a + b + ab, neu d a va b cung am,
CFl,Z(H) = a + b

{\ I \ ll ' neu a.b E (-1,0]'1- min ai, b
khong xac dinh neu a.b = -1.

1) Truong hop thtr nhfit: a, b deu durmg, tu'C Ii a, bE (0,1]. Chung ta co ket qui sau.

B8 de 2.3. Gid sJ: a, b E (0, 1]. Khi ss
(0 <) max{a,b} ~ a+ b - ab ~ 1.
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Dii« bl1ng d· cd hai bat ailng thsic xdy ra (aong thO-i) khi hoq,c a = 1, hoq,c b = l.

ChUng minh. (i) a + b - ab - 1 = -(1 - a)(l - b) ma 1- a ~ 0, 1- b ~ 0, suy ra (1- a)(l- b) ~ 0,
hay a + b - ab ~ 1; dau bhg xay ra khi (1 - a)(l- b) = 0, ttrc la khi ho~c a = 1, hoac b = l.

(ii) Ta co a + b - ab ~ a ttrong dtrong v&i b(l- a) ~ 0: di'eu nay luon dung vi b > 0, 1- a ~ 0;
dau bhg xay ra khi 1 - a = 0. Ttrong t'!, a + b - ab ~ b; dau bhg xay ra khi 1 - b = 0. V~y
a + b - ab ~ max{a, b}; dau bhg xay ra khi (1- a)(l - b) = 0, trrc la khi hoac a = 1, ho~c b = l.

Ket qua tren chimg t6 rhg neu co nhieu nguon khiing dinh H, thi nhan to ch<ic chdn cua ket
lu~n H, ve nguyen titc, se tang len. ve m~t tru-e giac thi dieu nay hoan toan co If, vi neu c6 them
co' s6- d€ khiing dinh ket lu~n H thl cang them tin trro-ng vao s,! tin c~y do.

Vi du 2.4. Khi d vo tuyen l~n ngrro'i nong dfin d'eu khitng dinh se rmra, CF(Pd = CF(P2) = l.
Khi do

va

a = CFdH) = CF(P1) * CF(rd = 1* 0,8 = 0,8

b = CF2(H) = CF(P2) * CFh) = 1* 0,6 = 0,6

nen theo cong thirc chiing ta co

CFl,2(H) = a + b - ab = 0,8 + 0,1'\ _. 0,8 * 0,6 = 0,92.

2) Trtrcng ho'p thir hai: a,b deu am, tu'c Ia a,b E [-1,0). Trong trtro'ng hop nay chung ta co
ket qua sau.

B5 de 2.5. Gid sJ: a,b E [-1,0). Khi a6

-l~a+b+ab~min{a,b} «0).

Dau bling d- cd hai bat ailng thu:c xdy ra (aong thai} khi hoq,c a = -1, hoq,c b = -l.

Chu:ng minh. Tiro'ng t\).' nhir B<5de 2.3.

Ciing giong nhir doi v&i trirong hen> thir nhat, dieu nay chirng t6 d.ng neu co nhieu nguon khitng
dinh khOng xay ra H, thi nhan to ch<ic chh cua ket lu~n H, ve nguyen titc, se giarn di. ve m~t true
giac thi di'eu nay ciing hoan toan co If, vi neu co them co' sO-d€ khiing dinh vi~c khOng xay ra ket
lu~n H thi cang giam SIr tin tU'o-ng vao ket lu~n do.

Vi du 2.6. Khi vo tuyen va ngtro'i nong dan deu dir bao se khOng mira, nhirng v&i rmrc d<}khac
nhau CF(P1) = -0,8, CF(P2) = -0,6. Khi do

a = CFl(H) = CF(Pd * CFh) = -0,8 * 0,8 = -0,64

va b = CF2(H) = CF(P2) * CFh) = -0,6 * 0,6 = -0,36

nen thee cong thirc cluing ta co

CFi,2(H) = a + b + ab = -0,64 - 0,36+ (-0,64) * (-0,36) = -0,7696.

3) Tru'o ng hop thu- ba: a.b E (-1,0] tu'c la ho~c a va b td.i dau, nlnrng khOng cling dat gia tri 6-
hai diiu, ho~c trong hai gia tr] a va b c6 it nhat m<}t gia tri blng 0. Noi each khac, co hai kha nang
xay ra: ho~c a,b tr ai dau va neu a = 1 thi b i- -1, con neu a = -1 thi b -1-1; hoac a.b = 0.

Ch' . , . , . .1 b'''' h' a + bung t a xet gla tr; cua leu t ire . {I I I .-1-mm a, b

- Trong triro'ng hop a, b tr ai dau va neu a = 1 thi b i- -1 ho~c a = -1 thi b i- 1, khOng mat
tfnh t<5ng quat, c6 the' coi rlng a < ° < b.

B5 de 2.7.
(i) Neu a + b < 0, thi
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Dau bling cf bUt iJ,J,ngthU:c ben trai xdy ra khi a = -I, con cf bat a8.ng thsi c ben phdi khong the'
thay 0 bcfi so nhd lurn,

[ii] »s« a + b > 0, thi
0< a+b <b«l).

1- min{lal, Ibl} - -

Dau bling d- bat a8.ng thv:c ben phdi xdy ra khi b = I,
thay 0 bd-i so ltrn. ho n,
Ntu a + b = 0, thi

con cf bat a8.ng thU:c ben trai khOng tht

[iii]
a+b

-----:-:---,----,---:-:-=0.
1 - min{lal, Ibl}

Chung minh. (i) Gia sti: a + b < 0, do b > 0 nen dieu nay c6 nghia Ill. lal > b. Khi d6

a+b a+b
1- min{la!, Ibl} 1- b .

Mi?t m~t, do a + b < 0 nen b < 1. Do d6 bat dhg thirc ~ ~: ?: a tirong diro'ng vci b(l + a) ?: 0:

luon dung. Dau bhg xay ra khi a = -1.
Dieu khltng dinh di)i vo i bat dhg thtrc ben phai suy ra tir viec a < -b va khi a -+ -b thr

a+b
-- -+0.
1- b

[ii] TU'O'ng tIT nhir (i).
[iii] Hi~n nhien.

Nhir v~y, di)i voi truong h9'P (i), chiing ta thay r&ng khi khiing dinh khong xay ra H "tri?i" hon
khhg dinh xay ra H, thl nh an to cUc chh cii a ket lu~n H, ve nguyen tltc, se thien ve khhg dinh
khong xay ra H, nhirng voi rmrc di? thap ho'n (do bi khhg dinh xay ra H lam yeu di). Doi voi (ii)
clning ta c6 nhan xet ttro'ng tv'. Con trtro'ng ho'p [iii] cho thay khi ngudn kh!ng dinh va nguon phu
dinh di)i nhau thl khOng th~ c6 ket lu~n gl d.

Vi dV 2.8. VO tuyen dir bao se khOng rmra voi rmrc di? CF(Pl) = -0,8, con nguoi nong d an lai dir
dean c6 rmra v&i mire di? CF(P2) = 0,6. Khi d6

a = CFdH) = CF(Pd * CFh) = -0,8 * 0,8 = -0,64

va b = CF2(H) = CF(P2) * CFh) = 0,6 * 0,6 = 0,36.

Theo cong thii-c chiing ta c6

a+b
CFl 2(H) = . {I I Ibl} = -0,4375., 1-mm a,

- Trong trtro'ng h9'P a.b = 0, thl ro rang van de tro- nen phirc tap. Chhg han, neu a = 0, thl b
c6 the' nhan gia tri bat ky trong dean [-1, 1]. Khi d6

a+b =_b_=b
1 - min{laJ, Jbl} 1 - 0 '

nghia Ill. neu nlur SITtin c~y vao ket lu~n H tren cO' sO-lu~t thrr nhat khong xac dinh diroc, thi str
tin c~y vao H bo-i vi~c ket hop giira hai lu~t hoan toan do lu~t thfr hai xac dinh.

Vi du 2.9. Vo tuyen dir bao rmra vo'i mire di? CF(Pd = 0,8, con ngirci nong dan khong kh!ng dinh
gi CF(P2) = O. Khi d6

a = CFl(H) = CF(Pd * CF(rd = 0,8 * 0,8 = 0,64
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va
b = CF2(H) = CF(P2) * CF(T2) = a * 0,6 = o.

The thl CF1,2(H) = a = 0,64, ttrc 111.kha nang rmra 111.IOn.

4) Trtro'ng hen> thu- tir: a.b = -1, di'eu nay co nghia 111.ho~c a = -1, b = 1 ho~c a = 1, b = -l.
Hi~n nhien rhg day se 111.di'eu "khOng xac dinh diroc", vi ngubn kHng dinh tuy~t doi ket lu~n H
bi nguon phu dinh tuy~t doi ket lu~n H lam cho "trung hoa", Trong trtro'ng hop nay co th~ coi
CF1,2 = O.

Co th~ tHy d.ng nguyen tl{c ket hop neu tren khOng th~ co diroc tir cac dinh nghia xay dirng
theo ly thuyet xac suat doi vci C F.

3. THUAT ToAN TiM BAO DONG

3.1. Van de ket ho'p nhieu lu~t co cung ket luan

Cong thirc ket hop 11Muc 2.3. dOi voi cac C F cling dau, ve nguyen tl{c, co th~ t5ng quat len
cho trufrng ho'p nhieu lu~t bhg each ap dung fan hrot tirng lu~t mot. Khi do dirong nhir Ia neu co
nhieu nguon khac nhau kh3.ng dinh cling me;>tket lu~n voi cling rmrc de;>tin c~y nhir nhau, thi gia tri
CF se tien t&i l. Ch3.ng han, neu CF(H = mira] = 0,8, thl

CF1,2, ... (H) ----+ 0,999 = CFe(H),
11day, C Fe (H) big u thi de? tin c~y co drroc sau khi ket ho'p cac nguon thOng tin cii dii co. Gia s11-co
them nguon thOng tin moi ma phu nhan vi~c mira CFm(H) = -0,8. Khi do, theo cong thtrc, cluing
ta co

CFe + CFm
CFe,m = 1- min{ICFel, ICFml} 1- min{0,999, 0,8} = 0,995.

0,999 - 0,8

Dieu nay noi len d.ng me;>tnguon tin phu nhan ket lu~n chi inh hiro'ng rat khOng dang kg den ket
qua do nhieu nguon tin khac kh3.ng dinh ket lu~n do tao nen.

Tuy nhien, viec ket hen> nhieu nguon thOng tin co cling ket lu~n khong phai bao gia cling tot.
Co nhirng trufrng hen> co th~ gay ra su' phien plnrc. Ly do 111.neu nhir cac nguon thong tin d'eu kh3.ng
dinh ket lu~n H v&i cling me;>trmi'c de? tin c~y nhir nhau CFdH) = CF2(H) = CF3(H) = ..., thl
nhan to ch~c chh CF1,2,3, ... (H) se tang len rat nhieu so voi ket luan cua chuyen gia. CHng han,
tat d. cac chuyen gia deu kh3.ng dinh 111.ket luan co tht dung, thl sau khi ket hop cac nhan dinh nay
lai, h~ thong se cho kh3.ng dinh 111.ket luan chitc chltn dung - dieu nay ve nguyen tl{c 111.kh6 co thg
chap nhan.

Vi the, vi~c s11-dung nhieu lu~t ma cho cling me;>tket lu~n phai duoc thirc hien het strc th~n
trong.

3.2. ve ngufrng doi v6'i cac C F

Nhir cluing ta deu biet, d~ kh3.ng dinh su dung diin cua me;>tket lu~n nao do, ve nguyen tiic, h~
thong se phai tlm kiem tat d. cac lu~t kh3.ng dinh ket lu~n do, cho du C F c6 gia tr] the n ao. Neu
nhir t~p lu~t R turmg doi Ion, thl qua trmh tlm kiem se doi hoi rat nhieu thai gian. VI the, doi khi
ngiroi ta dung me;>tngufrng nh St dinh dg han che thai gian theo nghia: trong qua trinh tien t&i muc
dich d~t ra, neu nhir d9 tin c~y thap hen ngufrng cho phep thl nen dimg viec tim kiem lai va chuydn
sang htro ng khac. Thong thiro'ng hay chon gia tri cua ngufrng khOng qua thap. Ngoai ra, nguxri ta
cfing co thg thay d5i gia tri cii a ngufmg trong qua trinh tlm kidrn.

3.3. Bao dong cda t~p sll ki~n

Trong ml,lc nay, chiing ta xet h~ lu~t vo'i m9t so rang bU9C nhat dinh tren CO' sl1 nhirng phan
tich neu 11tren.

- Gia thiet r~ng trong t~p lu~t doi voi m6i ket lu~n thi ho~c chi co m9t lu~t cho ket lu~n do,
ho~c co nhieu nhat 111.hai lu~t cho cling ket lu~n do.
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- Qui dinh m9t ngufrng Q E (0,1) cho trurrc: neu nhir ICF(ket lu~n)1 < Q thl dimg lai, chuye'n
sang huang khac. N6i chung, c6 the' chon Q = 0,5, VI v6i d9 tin c~y trong khoang (-0,5; 0,5) thi kh6
co diro'c ket luan gi. ciin hru y rhg luon co

ICF(ket lu~n)1 = iCF(lu~t) * CF(sq.- ki~n)1 ::; ICF(sq.· ki~n)l.

'I'ir do suy ra rhg de' ICF(ket lu~n)1 ~ Q thi phai co ICF(sq.· ki~n)1 ~ Q. N6i each khac, rang bU9C
ICF(f) I ~ Q, f E F la dieu ki~n can de' co the' tiep tuc suy di~n.

- De' xet bao d6ng cua t~p sq.' ki~n F' c::;; F, viec gii thiet r~ng F' Ii t~p con cu a t~p F* cac sq.'
kien chi co m~t & ve trai ma khOng co m~t & ve phai cua cac lu~t (con goi la t~p cac str ki~n goc) la
dieu c6 )' nghia.

Nhu v~y, m~i mot lu~t trong R c6 dang
r: neu PI /\ P2 r; ... /\ P; thi H, v&i CF(r),

trong do m6i m9t sq.' ki~n Pi 6' ve phai cua lu~t r deu co CF(Pd cua no. Chung ta ki hieu Left(r)
la t~p cac su kien & ve trai va Right(r) la Sl1.' ki~n & ve phai cua luat r. Khi d6, v&i kf hieu vira neu,
co the' bie'u di~n lu~t r nhir sau: "r: Left(r) --+ Right(r), CF(r)". Ngoai ra, de' cho g9n, cluing ta
viet CF(Left(r)) = min{CF(Pi); i = 1,2, ... , n}.

Ki ph ap (F}lc,)+ diro'c sti· dung d€ chi t~p tat d cac SV'kien diro'c suy di~n tir F' trong h~ lu~t
R vo'i ngufrng Q, co nghia la deu co C F vo'i gia tri tuy~t doi bhg ho~c vu'ot ngufrng Q.

Thu~t toan 3.1. (tim bao d6ng (F~,a)+)
Input: L = (F, R) v6i F = (II, ... , fp), R = (rl, ... , rq), F' c::;; F* va ngufrng Q E (0,1).

Output: (F~ .r
- Butrc 0: D~t Ko = F';
- Buxrc i:

(a) Neu co lu~t r E R thoa man dieu kien Left(r) c::;;Ki-1 ma Right(r) = H f/ Ki-1, thi tim
xem c6 con lu~t nao cho cling kCt lu~n H nira hay khong:

+ neu khong c6 lu~t nao nira, thi cho CF(H) = CF(Left(r)) * CF(r);
+ neu con lu~t khac s E R cling cho ket luan H va Left(s) c::;; K-l, thi cho CF(H) = CFr,.(H)
(b) D~t s, = { s«, U {H}, n~u ICF(H)I.~ Q,

K,_1, ne u ngtro'c lai.

- Qua trinh diro'c l~p lai cho den khi K, = Ki+ 1.

Luc d6 d~t (F~,(,)+ = Ki.

Dinh Iy 3.2. Thu~t totin. la dung va cho ktt qud la bao a6ng (F~,a)+ csl« t~p S1.[ ki~n F' c::;;F, trong
a6 moi s1.[ki~n f E (F~,a)+ aeu c6ICF(f)1 ~ Q, v6'i Q E (0,1) cho truo:c,

Chung minh. Sti· dung phiro'ng phap qui n~p toan h9C, ttrong tV' nhir trong [2].

M~nh de 3.3. Th.uiit to an c6 aq phuc top la da thuc theo 11.[cluC(ng ctla F va R.

Vi du 3.4. (minh hoa thu~t toan]
Xet h~ lu~t L = (F, R), trong d6 F = {A, B, C, D, E, F, G, H, I, J, K}, R

ngucng Q = 0,5 va
r1 = AB --+ C, CFh) = 0,95;
r2 = CD --+ E, CF(r2) = 0,8;
r3 = EF --+ G, CFh) = 0,85;
r4 = DH --+ I, CF(r4) = -0,8;
r5 = IJ --+ K, CF(r5) = 0,7;
re = AH --+ I, CF(r6) = -0,75
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va F' = {A, B, D, H}. Khi do F* = {A, B, D, F, H, J} va F' c F*. Gii stl: doi voi cac su' ki~n trong
F' co cac gia tr] sau: CF(A) = 0,6; CF(B) = 0,65; CF(D) = 0,7; CF(H) = 0,75.

Theo cac buxrc cua thu~t toan, chiing ta co:

- Buoc 0: Ko = F' = {A, B, D, H}.
- BU"<1C 1: Lu~t rl cho them su' ki~n C ~ F', ngoai ra khOng con lu~t nao cho su' ki~n C nira.

Vi the CF(C) = CF(Lefth)) * CF(rl) = min{CF(A); CF(B)} * CFh) = 0,6 * 0,95 = 0,57. Do
CF(C) > 0,5 nen ta co tc, = {A, B, C, D, H}.

- Btro'c 2: Lu~t r2 cho them str kien E ~ K1, ngoai ra khOng con lu~t nao cho s~· kien E nira,
Vi the CF(E) = CF(Left(r2)) * CF(r2) = min{CF(C); CF(D)} * CFh) = 0,57 * 0,8 = 0,456. Do
CF(E) < 0,5 nen ta co K2 = K, = {A, B, C, D, H}.

- Biro'c 3: Lu~t r4 cho them str ki~n I ~K2 va lu~t re cling sinh ra su' ki~n f. Vi the, trong
trtro'ng hop nay ta co: a = CFr, (I) = CF(Lefth)) * CF(r4) = min{CF(D);CF(H)} * CFh) =

0,7 * (-0,8) = -0,56 va b = CFr6(I) = CF(Left(r6)) * CF(r6) = min{CF(A}; CF(H)} * CF(r6) =
0,6 * (-0,75) = -0,45. Suy ra

CF(I) = CFr"r6(I) = a+ b+ ab = -0,56- 0,45+ (-0,56) * (-0,45) = -0,758.

Do ICF(f)1 > 0,5 nen ta co K3 = {A, B, C, D, H, I}.

- Biro'c 4: Do khong co lu~t nao nira ma cho them '-~ Ki~n moi khOng thucc K3, nen K4 = K3.
V~y, (F~,a)+ = K3 = {A, B, C, D, H, I}.

4. L041 Be) LU~T THlrA

4.1. Khai ni~m lu~t thita

Gii stl: F* la t~p cac str kien goc cila h~ lu~t L = (F, R) va a E (0,1) la ngufrng cho truxrc. Khi
do neu co r E R sao cho (F~,a)+ = (F~\{r},J+ (& day can phai hru y rhg CF cii a cac S,! kien
giong nhau trong hai bao dong nay noi chung la khac nhau, digm chung duy nhat la ngufrng cda
chung deu dat ho~c vtro't ngufrng a), thi lu~t r dtro'c coi la lu4t thita va ve nguyen titc, cluing ta co
thg loai b6 lu~t nay di (trong qua trinh suy di~n).

4.2. Thu~t toan loai bo lu~t thira

Cac rang buoc trong rnuc nay nhir (y Muc 3.3 khi de c~p bao dong cua t~p su' kien.

Thu~t toan 4.1. [loaibo lu~t thira]

Input: L = (F, R) vo'i F = (11, ... , fp), R = h,...,rq) va ngufrng a E (0,1).

Output: R' thoa man R' ~ R, (F~"at = (F~,a)+' Vr E R': (F~'\{r},J+ i- vi:'.
- Biro'c 0: f)~t Ko = R, tinh (FR,at.
- Bucc i (1 ~ i ~q - 1):

{

K;-l \ {ri},K, =
Ki-1,

neu (F* )+ - (F* )+
K;-l \{r;},a - R,a ,

neu ngiro'c lai,

- Buoc q:
Neu Kq-1 chi con rq thi d~t Kq = Kq-1.

Neu Kq-1 chira khOng chi co rq, thi d~t

{
Kq-l \ {rq}, neu (FK* \{})+ = (F~ a)+'K - q-l rq .o I

q-
Kq-1, neu ngu'oc lai,

- Bu'cc q + 1: d~t R' = Kq•
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Dinh lj 4.2. Thu4t iotin. tren. lei dung vei cho klt qud ld t4p lu4t R' khong co lu4t thiea.

Chung minh. Sti: dung phurrng phap phan chirng, tiro'ng tl! nhir trong [2].

M~nh de 4.3. Thu4t totiti co aq phsi c top td da thu:c theo lc c luqng ciia F vd R.

Vi du 4.4. (minh hoa thu~t toan]
Xet h~ lu~t L (F, R), trong do F = (A, B, C, D, E, F, G, H, I, J, K}, R

ngufrng Q = 0,5 va
Tl = AB -+ C, CFh) = 0,95;
T2 = CD -+ E, CF(T2) = 0,8;
T3 = EF -+ G, CF(T3) = 0,85;
T4 = DH -+ I, CFh) = -0,8;
TS = I J -+ K, CF(TS) = 0,7;
T6 = AH -+ I, CF(T6) = -0,75.

Khi do F* = {A, B, D, F, H, J}. Gia sti: doi voi cac su kien trong F* co cac gia tri sau: CF(A) =
0,6; CF(B) = 0,65; CF(D) = 0,7; CF(F) = 0,51; CF(IJ) = 0,75; CF(J) = -0,8.

Theo thu~t toan cluing ta c6:

- Biroc 0: D~t Ko = R, khi do (F;?,a)+ = {A, B, C, D, F, H, I, J, K}.

- Bircc 1: Do (F;(o\{r,},,J + = {A, B, D, F, H, I, J, K} i= (F;?,a)+, nen «, = Ko.

- Bu'o c 2: Do (F;(,\h},,J+ = (F;(o\h},at = {A,B,C,D,F,H,I,J,K} = (F;?,a)+, nen
K2 = s, \ {T2} = s; \ {T2}.

- Bu'oc 3: Do (F;(2\{rJ},at = (F;(o\{r2Ur3},,J+ = {A, B, C, D, F, H, I, J, K} = (F;?,a)+, nen
K3 = K2 \ {T3} = Ko \ {T2 U T3}'

- Bircc 4: Do (F;(3\{r.},a)+ = (F;(O\{T2Ur3ur.},a)+ = {A,B,C,D,F,H,J} i= (F;?,a)+, nen
K4 = K3 = s; \ {T2 U T3}'

- Bu'o'c 5: Do (F;(.\{rs},,J+ = (F;(O\{T2Ur3Urs},,J+ = {A,B,C,D,F,H,I,J} i= (F;?,a)+, nen
Ks = K4 = Ko \ {T2 U T3}'

- Buxrc 6: Do (F;(S\{T6},,J+ = (F;(o\{r2Ur3Ur6},,J+ = {A, B, C, D, F, H, I, J, K} = (F;?,a)+,
nen K6 = «,\ {T6} = s; \ {T2 UT3 UT6}.

- Biroc 7: Chung ta dtro'c R' = K6 = (Tl' T4, TS) va T2, T3, T6 la cac lu~t thira.

5. xtr LY MAD THDAN

5.1. Khai ni~m mau thuan

Djnh nghia 5.1. H~ lu~t L = (F, R) v6i F = (11, ... , !p), R = h,...,Tq) va ngufrng Q E (0,1),
diroc goi la mau thuh, neu 3F' ~ F ma (F~ a)+ chria d Sv· ki~n H lh sir kien H.

Nho' co thudt to an tim bao dong ma cluing ta co th~ xac dinh ngay L = (F, R) la mau thuh
hay khOng vo'i ngufrng Q, bhg each tinh (F;?,a)+ va ki~m tra xem (F;?,a)+ co chira m9t c~p nao do
cac su ki~n doi ngtroc nhau H, H hay khOng.

5.2. XU-lj mau thuan

Khi h~ lu~t L = (F, R) v&i ngufrng Q la mau thuh, thi chung ta phai giai quydt viec mau thuh.
KhOng mat tinh t5ng quat cu a bai toan, gia stl- rhg co hai lu~t ri va T2 dira den vi~c xuat hien d
H lh H, noi each khac, hai lu~t r i va T2 dh den hai sir ki~n doi nghich nhau. D~ loai tn'r mdt
trong hai lu~t nay (trong qua trinh suy di~n), co th~ lam theo cac each sau:
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1) Trong so: lu~t nao co trong so cao ho'n thi giu: lai,
2) Tan xuat: lu~t nao co tan so xuat hi~n Ian hem thi giir lai,
3)Tam quan trong: lu~t nao quan trong hon trong qua trlnh suy di~n thl giii: lai.
4) Rieng chung: lu~t la truong hop rieng thi giir Iai, bo lu~t la truong hop chung di.
5) Theo y kien chuyen gia: giii' lai lu~t theo y h~n cila chuyen gia la can thiet hon,

Vi du 5.2. (minh hoa viec xli- ly rnau thuh)
Xet h~ lu~t L = (F, R), trong do F = (A, B, C, 0, D, E, F, H, I, J, K}, R = h,...,r5), vo'i

ngufrng 0: = 0,5 va
rl = AB -> C, CF(rl) = 0,95;
r2 = CD -> E, CF(r2) = 0,9;
r3 = EF -> 0, CF(r3) = 0,65;
r4 = DH -> I, CF(r4) = -0,8;
rs = I J -> K, CF(r5) = -0,7.

Khi do F* = {A, B, D, F, H, J}. Gilt s11-doi v&:icac Sl]." kien trong F* co cac gia 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 do (F}'l,,')+ = {A, B, C, C, D, E, F, H, I, J} voi nhan to chitc chh nlnr sau: CF(A) = 0,92;
CF(B) = 0,93; CF(C) = 0,87; CF(O) = 0,5; CF(D)'= 8.88; CF(E) = 0,78; CF(F) = 0,8; CF(H)
= 0,75; CF(I) = -0,6; CF(J) = -0,55. V~y la trong bao dong tim duoc co m9t c~p cac su' ki~n doi
ngucc nhau C va C do hai lu~t rl va rs sinh ra, vi the can loai bo m9t lu~t.

Du'a vao cac phiro'ng phap xli- ly mau thuh neu tren, chung ta thay rhg co th~ loai lu~t r3,
vi khOng chi CFh) = 0,65 < CF(rt) = 0,95, ma con CF(C) = 0,5 < CF(C) = 0,87. Nhir v~y,
R' = (rl, r2, r4, r5) se la t~p lu~t khong gay ra mau thuh.

Truxrc khi ket thiic bai bao cluing toi muon hru y m9t dieu la & cac vi du neu tren, trong so cac
gia tri CF tinh diro'c co th~ co truong hop la gia tri xap xi v&:id9 chinh xac rat cao (0,01) va str sai
khac do khOng he anh hirong den vi~c doi chieu vai ngufmg (0: = 0,5).

LOi cam ern. Tac gia xin chan tha~h earn Oil PGS. TS. Vii Dire Thi da dong gop nhirng y kien qui
bau trong qua trinh hoan th anh bai bao nay. Tac gia ciing xin earn Oil KS. Tran Anh Tlnr da d9C
va gop y kien vo'i bin thao bai bao.
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