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Abstract. This paper represents a study of reasoning methods in knowledge systems of F-rules. Beside the
reasoningoperator ta defined in [3,6] which is called here the global reasoning operator, we introduce the
partialreasoning operator, in each step of which only a certain number of rules (but not necessarily all) of the
knowledgebase is used. It is proved that for monotone knowledge systems, these reasoning methods based
ontworeasoning operators are equivalent to each other. It is shown also that, by using the partial reasoning
operator,we can, in some cases, achieve the result more quickly.

T6mtlh. Trong bai nay, chiing t5i trlnh bay nghien cii'u cac CO' chg l~p lu~n trong cac h~ tri thirc F-lu~t.
Ngoaitoan tll: suy di~n ta trong [3,6] ma trong bai vigt nay ta goi no la toan tll: suy di~n t8ng the', chung
t5idira them toan tu' suy di~n bi?phan v&im6i biroc l~p luan ta chi ap dung mi?t s5 chir khOng phai tih d.
cae lu~t trong cO'sO-tri thirc. £)5i voi cac h~ tri thirc don di~u, chiing t5i da. clnrng minh diro'c cac phiro-ng
phap l~p lu~n du'a tren hai toan t11-suy di~n nay la tirong dircng voi nhau, Tir do go'i cho ta khd nang suy
lu~nnhanh ho'n de' dat tm kgt qua cu5i cling bting each ap dung phep l~p lu~n bi? phan.

1. MO'DAU

Vi~c nghien crru cac h~ tri thirc khOng cUe ehh ngay cang diro'c nhieu tae gii quan tam, bJ'i
nhirngh~ tri thirc nay eho phep xU-li cac tri thirc chuyen gia trong thirc te. Do v~y, no rat co y
nghiatrong nhieu linh virc img dung [1,2,4].

Trong [3,5,6] cac tac gia da xay dirng va nghien ciru tfnh 5n dinh cua m9t sf) h~ tri thli'e F-Iu~t,
trongd6 m6i tri thirc dtro'c bie'u di~n diro'i dang m9t F-Iu~t (se diroc dinh nghia trong Ph'an 2). Cac
baibao [3] va [6] cling dira ra m9t phirong phap l~p lu~n dira tren toan tu- suy di~n t5ng the', trong
d6tai m8i burrc l~p lu~n, ta phai ap dung tat ca cac lu~t trong h~ tri thtrc. Trong bai viet nay,
cluing toi se d'e xuat them phirong phap l~p lu~n b9 phan, trong do t~i m8i butrc suy lu~n se chon va
chi ap dung m9t sf) lu~t nao d6 trong h~ tri thirc. Df)i v&i cac h~ tri thirc don di~u, chiing toi chirng
minhdiroc s¥, tiro'ng dirong giira cac phircng phap l~p lu~n, tit do eho phep ta e6 the' tlm diro'c each
l~plu~n nhanh ho'n phep l~p lu~n da neu trong [3,6] v&i ket qua. hoan toan nhir nhau.

I , A •••• ,." •••• , ••••

2. CAC PHUO'NG PHAP L~P LU~N DOl VOl H~ TRl THUC F-LU~T

2.1. CO' seYtri thrrc F-Iu~t vOi ghi tr! khoang

G9i t~p cac khoang con cua [0',1]la C[O, 1] = {[a,.B]I 0::; a::;.B::; I}.

Sl! ki~n: la m9t e~p gom m9t atom 8 va m9t khoang I E [0,1]' va diro'c ki hieu la (8, I) vci y nghia
rhg d9 tin e~y cila khhg dinh rhg 8 dung n~m trong khoang I (ta n6i I la gia tri cua 8).

Tri thtrc dang F-Iu~t [goi titt la m9t F-Iu~t) e6 dang sau:

trongd6 f la ham cila cac bien khoang Ii .
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Co" sO- tri thirc F-Iu~t [kf hi~u la B) gom hai thanh phan: t~p cac su' ki~n B, = {(8, I)} va t~p
cac F-Iu~t Br = {rJ. M~i lu~t ri E Br co dang:

ri: (Ail, Ii,) r. ... /\ (Aim' Iim) -+ (Ai, Ii = Ii (Iil , ... .I«; ))., , .
Ki hi~u I' la t~p cac atom xua:t hien trong cac lu~t cua co' sit tri thuc B, R. la t~p chi so cac lu~t

(R. = {l, ... ,M}).

2.2. Cac toan ttr suy di~n

Cho CO" sit tri thirc B.
G9i J la t~p cac anh x~ tiT I' vao e[o, 1], m~i IE J diro'c xem la phep gan gia tri eho cac atom.

Toan td- suy dien be? ph~n ttro'ng u:ng voi t~p cac chi so E (E ~ R.), ki hi~u la te, dtroc dinh nghia
nhir sau:

ts : J -+ J
ts (I)(A) = I(A) n ( n Ii (Iill" .. ,Jim))' VA E I', It day EA la t~p cac lu~t co ve phai

iEEnEA •

chira atom A.

Toan ttl: suy di~n tB trong [3]la truorig hop rieng cila toan tu- suy di~n b9 phan tE voi E = R..
Do v~y, trong bai nay, ta goi no la toan tu- suy di~n t5ng th€ va kf hi~u la tR = tB.

Ki hi~u te, ...En toan tu- suy di~n hop thanh tiT toan tu- suy di~n b9 phan ttrong irng v&i cac t~p
chi so E1, ... ,En' ta goi Vn = El ... En la m9t vet suy di~n b~e n cua toan tu- suy di~n b9 ph~n.

+ Vo'i vet v(n) = E1 ..• En, kf hieu vet con b~e k (k ~ n) cii a v(n) la vet v(k) = E1 ... Ek va
phan tu- thU: k cii a vet la v(k) = Ek•

+ Xet hai vet vdn) = E1 ... En va v2(m) = Fl ... Fm, ta noi vet vdn) n~m trong vet v2(m) (ki
hi~u bo'i tan tiT in(vdn), v2(m))) neu va chi neu 3k, k + n ~ m: Fk+1 = EI, Vl = !,n.

H~ tri thuc F-lu~t ~B (ho~e ~PB ttrong irng] bao gom CO" sit tri thirc B va toan tu- suy di~n t5ng
th~ (ho~e toan tu- suy di~n b9 ph an tirong irng].

Gia tri cac atom doi vOi h~ tri thrrc F-Iu~t dtro'c xac dinh nlnr sau:

+) Phep gan gia tri ban dau eho cac atom IBo E J:
IBo(A;) = Ii neu (Ai, Ii) E B, va IBo(Ai) = [0,1] neu ngiro'c lai,

+) Phep gan gia tr] eho cac atom sau btrtrc l~p thtr n (doi voi toan tu- suy di~n t5ng th~) IBn E J
xac dinh nhu sau:

IB1 = tR (IBo),
IBn = tR(I~-l)·

+) Phep gan gia tri eho cac atom v&i vet suy di~n v(n) = E1 ... En (doi vo'i toan tli- suy di~n b9
phan] I~(n) E J xac dinh nhir sau:

I~(l) = te, (IBO),

I~(k) = tEk(I~(k_1)), Vk = 2,n.
Phan loai cac h~ tri thrrc:

Trong [3] chung toi ta dira ra dinh nghia d~ phan loai cac h~ tri thrre dang F-Iu~t doi vo'i toan
tu- suy di~n t5ng th~. Sau day ta se dira ra dinh nghia phan loai cac h~ tri thirc doi voi toan tu- suy
di~n b9 phan: .

- H~ ~PB la phi mau thuan ilOi veri vet v(n) khi VA E I', I~(n) =I 0.
- H~ ~PB la dung aoi v(ri vet v(n) khi tR(Iv(n)) = Iv(n).
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- H~ ~PB Ii o'n il~nh Mi v6'i vet v(n) khi ~PB vita Ii h~ phi mau thuh vita Ii h~ dirng doi v&i
vet v(n).

M9t so qui u'&c:

• Vigt JV(n) thay cho I~(n)' In thay cho IBn, voi A E r, 11 thay cho IBn, I~(n) thay cho I~(n) (A),
khi 8 diroc higu ngam ma khOng sq nharn lh.

• Vigt fdlv(n)) thay cho h(I;l(n), ... ,I;~7)) (trong do I;t) Ill.gia tr! cua atom Aij sau phep l~p
lu~n v&i vet v(n)).

• lefti' right, tuong irng Ill. t~p cac atom xuat hi~n & vg td.i, vg phai cua lu~t ri.

• V&i E ~ R., rightE Ill. t~p cac atom & vg phai ciia cac lu~t co cac chi so thudc t~p E.

• V&i m~i khoang I = [x, y] E e[a, 1], ta d~t: l(I) = z, r(I) = y.

3. H¥ TRI THUe DON DI¥U

Trong [3] chung toi dira ra dinh nghia v'e h~ tri tlnrc don di~u manh v&i CO" s6- tri thirc chi bao
gomcac lu~t vita Ill.don dieu trai vira Ii don di~u phai, Lu~t don di~u trai [phai] Ill.lu~t sao cho sir
co gi<itrt khoang cu a menh d'e ket qua. v'e ben trai [phai] Ii do sl! co gia tri khoang cua it nhat me?t
menh de gia. thiet ve ben tr ai [phai]. Trong bai nay chung toi se dira ra dinh nghia ve h~ tri thtrc
don di~u v6i. rang bU9C bat ch~t che hen.

3.1. Lu~t do'n di~u

Xet lu~t J: (81,11) /\ (8n, In) --+ (8, 1= f(h, ,In)) trong w s6- tri thii'c 8.

V&i hai be? gia tri bat kl (11,'" ,In) vi (IL ,I~), ta ki hi~u I = f(I1, ... ,In) va l' =
f(I~, ... ,I~).

Lu~t J diroc goi Ill. ilo n. ilifu khi v&i hai b9 gia tr! bat ki I va I' thoa man: II ~ Ii, Vi = 1,n,
ta co: I' ~ I.

3.2. H~ tri thrrc drrn di~u

CO"s& tri thuc 8 ilv:q'c gqi lei ilo n. ili~u neu rnoi lu~t cua no Ill.do'n di~u.

H~ tri thuc ~ PB (~B) ilu oc gqi lei dan. ili4u ngu w s6- tri thuc cua no Ill.do'n di~u.

4. MOl QUAN H¥ GIUA cAe ToAN TU SUY DIEN TRONG H¥ TRI TRue
F-LU~T DON DI¥U

Dinh ly 1. Xet h~ tri thu:c ilO'n ili4u ~P B .

Khi ita neu ~PB lei o'n ilinh iloi v6'i hai vet vdn) vei v2(m) thi gia tri cac atom Mi v6'i hai vet vdnL
v2(m) se b5.ng nhau.

Bf5 de 1. Xet ca sd tri thuc ilO'n iliiu 8 vei hai vet vdnL v2(m) thda man: in(vdn}, v2(m)). Khi
iloVA E r ta co: I~dn) :2 I~2(m). .

Ch,cng minh. Tit in(vdn}, v2(m)) ta co thg bi~u di~n:

v1(n) = G1 Gn,

v2(m) = L1 JkG1 ... GnL1 ... Lt (k + n + t = m).
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Ta co VA E r .I~dO) = I~'(O) ;2 I~·(k)
Do do:

I~dl) = I~dO) n ( n /i{I"dO)))

iEG1nEA

;2 I~dO) n ( n h(I"·(k))) [vl h~ CO' s& tri thirc Ill.do'n di~u)
iEG1nEA

;2 I~·(k) n ( n /i{I".(k)))
iEG1nEA

;2I~·(k)n( n fdI"·(k)))
iEEA

= I"2(k+l)
A .

V~y:
I~l(1) ;2 I~·(k+l), VA E f.

Hoan toan tU'011g tv":

I~dj) ;2 I~·(k+j), VA E r, Vj = l,Ti".

Suy ra:
I"dn) ::) I,,·(k+n) ::) I,,·(m) VA E f.
A - A - A ,

[

Chung minh Dinh If 1:
Vi h~ tri thU:c 5n dinh v&i cac vet vl(n) va v2(m) nen v&i moi A E I' ta co:
I"dn) _ I"dn)".(m) - I,,·(m)

A - A =- A ,

I~·(m) = I~·(m)"l(n) ;2 I~dn).

Do do
I~dn) = I~.(m). [

Tir Dinh Iy 1 ta th3:y neu h~ ,6,Pa Ill.5n dinh thl gia tr] cac atom doi voi h~ ,6,Pa dircc xac dinl
duy nhat va bhg gia tri cac atom doi voi m9t vet v(n) di ,6,Pa Ill.5n dinh doi vo'i no. Do v~y ta CI

thi dira ra dinh nghia ve tinh fin d!nh cii a h~ tri thirc ,6,Pa nhir sau:

H~ ,6,Pa la. s« ainh khi va chi khi t<>nt~i vet v(n) d~ ,6,Pa Ill.5n dinh dOi voi vet v(n), va khi de
v(n) diro'c goi Ill.m9t vet suy dien ifn ainh va gia tri cac atom doi v&i h~ ,6,Pa chinh bhg gill.tl
cac atom doi voi vet v(n) do.

(; day, ta da. du a ra dinh nghia khac ,,'e tfnh chat 5n dinh cua h~ tri thirc F-Iu~t vci toan td- su
di~n b9 phan, D~ thay khi ap dung trong trtronghop rieng voi toan td- suy di~n ta ta co dinh nghi
hoan toan phii hop voi dinh nghia trong [3].

Djrih Iy 2. H~ tri thu:c ilo n. ai4u,6,a veri todr: t'li suy dien tifng iu u ifn ainh khi va. chi khi h~ tl
thu:c aO"nai4u ,6, Pa veri todn. t'li suy dien bQ ph4n lei ifn a~nh.

Trircc Mt ta chirng minh b5 de sau:

Bfi de 2. Xit CO" sd- tri thV:c aO"nai4u B va. mqt vet suy dien bat ki v(n).
Khi i16 ta luon co:

IA < I~(n), VA E f.

Chung minh. Ta chimg minh b~ng qui nap.
V&i n = 0: ~ = I~(O), VA E f.
Gii sd- menh de da. dung t&i n -1, tu-c la: VA E I": I~-l ~ I~(n-l). Ta chirng minh m~nh(

dung voi n.
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VAEr,tac6:
I1=I~-ln( n Ii (In-1))

iEEA

~ I~(n-1) n ( n fdIn-1))
iEEA

~I~(n-1)n( n Ii (In-1))
iEi1(n)nEA

= I~(n). 0

Chung minh Dinh If 2:

Chieu thuan: Gid sV: h~ ~B lli 5n a;nh. Ta se chung minh rling h~ ~PB lli 5n a;nh.

M~nh de nay hie'n nhien dung VI ngu ~B 5n dinh & bU'<1Cl~p thir N thl h~ ~PB 5n dinh vo'i vet
v(N) = E1 ... EN voi E; = R, Vi = !,n.
Chi'eunghich: Gid s'li' h~ ~PB lit 5n ainh. Ta se chUng minh rling h~ ~B lit 5n a;nh.

Vi h~ ~PB 111. 5n dinh nen ttn ti).i vgt v(N) de' h~ ~PB 111. 5n dinh doi vo'i vet v(N).
Theo B5 de 2:

(3)

Xet K b3:t kl va. vet va(N + K) thoa man: va(N) = v(N) va va(t) = R, VN + 1 ~ t ~ N + K (tli'c
la.vi~cl%plu%n vo'i vet vo la. vi~c l~p lu~n voi vet v, sau do l~p K ran phep suy lu%n tB)'
Khi do theo B5 de 1:

VA E r : I~o(N+K) ~ If.

Vi h~ t"PB Ia 5n dinh doi vai vet v(N) nen:

VA E r , I~(N) = I~o(N+K).

(4)

(5)

Tir (4), (5) suy ra:
(6)

Tir (3), (6) rut ra:
(7)

Vi ta xet KIa so bat kl, nen voi moi K > N, (5) vh dung.

M~t khac
VK > N : If ~ If . (8)

Tir (7), (8) rut ra

Do do h~ ~B la. 5n dinh.

Nh~n xet: Dinh ly 2 tren cho phep ta khOng din phan bi~t tinh 5n dinh cila h~ tri thirc dang F-Iu~t
doiv&itirng toan trr suy di~n. N6i each khac, ta chi can dung chung m9t khai niern h~ tri thsi c F-lu4t
6n i1.inh M ngam chi h~ tri thli'c d6 111. 5n dinh vai eel. hai toan trr suy di~n tren, Trong khi do, ket
hop them voi Dinh ly 1, ta thay doi vo'i cac h~ tri thtrc F-Iu~t 5n dinh (t5ng the' hay b9 phan], cac
ket qui suy dih la. nhu nhau. Do do, ta c6 the' thay vi~c suy di~n theo tB ti).i m6i birrrc doi hoi ap
dung t3:t d. cac lu~t bhg in9t phirong phap suy dih khac (co the' nhanh hen] trong d9 m6i btrcc
suy di~n chi can ap dung m9t so lu~t thich hop trong CO' s& tri thirc.
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. Vi du 1. Cho"CO' sO-tri thirc 8:
• 'I

A[a,a.8]; ,

rl: A[x, y]-+ B[y'x, ~];

r2: C[x, y]-+ B[x, !!.];
-2

r3: D[x, y] -+ C[x + 0.25, y-a.2];

r4: E[x, y]-+ D[x, y-a.2];

Do thi tirong irng voi h~ tri thrrc ~B :

~~ •

A c D E

B
Neu ap dung toan tu- suy di~n t5ng th~ thl h~ se 5n dinh sau 4 birtrc voi ket qua:

A[a, 0.8]; E[a, 1]; D[a, 0.8]; C[a.25,a.6]; B[a.25, 0.3].
'I'ai m~i biroc I~p Iu~n ta phai thuc hi~n 4 phep tinh tircng trng v&i 4 Iu~t, do v~y so phep tinh

t5ng ci?ng 111. 16.

Tuy nhien, neu ta ap dung toan tu- suy di~n bi? phan thl c6 th~ tlm dtro'c vet v(3) = El ... E3
voi El = {4}, E2 = {3}, E3 = {2} d~ h~ 5n dinh vai vet nay va tat nhien ket qua dat diro'c se giong
nhau. Vi m~i biroc chi thu'c hi~n dung mi?t Iu~t nen so phep tinh t5ng ci?ng se chi 111.3.

Tuy v~y, khOng phai hie nao ta cling c6 th~ d~ dang tim diroc m9t vet suy di~n hi~u qua. Trong
nhi'eu trirong hop ta d~ bi mitc phai nhirng vet c6 chieu dai vo t~n nhimg I¥ khong dtra diro'c h~ t&i
trang thai 5n dinh. Ta xet vi du sau day. .

Vi du 2. Cho CO's6' tri thirc 8 :

C[0,0.5]; A[0,0.9];

rl: A[x, y]-+ B[x, (y-0.5)2 + 0.5];

r2: B[x, y] -+ A[x, (y-0.5)2 + 0.5];

r3: C[x, y] -+ A[x, y].

Do thi ttrcmg irng v&i h~ tri thtrc ~B :

A B c
Neu ta luon chi chon ap dung I'lin hrot hai Iu~t rl va r2 thl qua trlnh I~p Iu~n se khOng dirng va

gia tri ciia cac menh de A, B se Ian d'lin tai [0, 0.5]. Trong khi d6 neu ta ap dung toan tu- suy di~n
t5ng th~ thi h~ se dimg ngay sau 1 buxrc vci ket qua: A[0,a.5], B[a,a.5], C[a,a.5].

Tuy nhien, dinh Iy don gian sau day se cho thay vi~c su- dung hop Ii toan tu- suy di~n bi? ph~D
se khOng dh den ket qua toi hon so v&i khi srr dung roan tu- suy di~n t5ng th~.
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Dinh It 3. Doi v6-i mqt h4 tri thU'c F-Iu4t o"'nainh, ta luon. co the' chon. au-erc mqt vet suy diln au-a
h~tri thu-c t6-i trq,ng thai 5n ainh v6-i so phep tinh. can thiet khong wert qua so phep tinh. khi ap d'lf-ng
toan ttt suy diln t5ng the'.

Trlfae Mt ta chirng minh b5 de sau:

BCi ae 3. Xi! vet suy sa« v(M) = E1E2 ... EM v6-i E, = {i}, Vi = I,M.
Khi it6 JV(M) ~ 11, VI E J.
Trong it6 M lit so lu4t csia ca sd- tri tMcc.

ChUngminh. Ta e6:

tv(M)(I) = tV(M) (tv(M-1)(I))
= tv(M-1)(I) ntv(M)(tv(M-1)(I)) (vi tv(M)(tv(M-1)(I)) ~ tv(M-1)(I))
~ tv(M-1)(I) ntv(M)(I) (vi tv(M-1)(I) ~ I).

Ttrong tV', ta se diro'c:
M

tv(M) (I) ~ n(tv(i)(I)) = tR(I)·
;=1

ChUng minh Djnh If 3:
Gii s1l:h~ tri thirc 5n dinh sau N phep l~p d5i vo'i roan tll- suy di~n t5ng th~. Khi do ta xet

vgt v(M.N) = E1E2 ... EMN vo'i Ek = {id, vrri ik = k (mod M) + 1 (M Ia s5 lu~t).
Khi d6 theo B5 de 3, d~ thay: Iv(M.N) ~ IN.
Mil theo B5 Ue 2: r(M.N) :2 IMN = IN (vi h~ 5n dinh sau N burrc I~p).
V~y ta e6: Iv(M.N) = IN.
Dod6 h~ Sf 5n dinh voi vet v(M N). S5 phep tinh din thuc hi~n (s5 Ian ap dung Iu~t) Ia M.N, bhg
so phep tinh M thuc hi~n N phep l~p d5i vo'i phep l~p lu~n t5ng th~.

5. KET LU~N

Tren day ta da nghien ciru ve m9t s5 phtro'ng phap l~p Iu~n trong h~ tri thirc F-Iu~t. Phirong
phap l~p Iu~n b9 ph~n eho ta nhieu "S\l' hra chon" trong cac burrc suy lu~n. Trang cac h~ tri tlurc
don di~u, nho' tinh tircng dircrng giira cac phtro'ng phap I~p lu~n da diro'c chimg minh tren day, co
thg s11-dung toan tti: suy di~n b9 ph~n M di t&i ket qua nhanh hon d5i voi cac h~ tri thuc 5n dinh,
Tuy v~y, vi~e I1!a chon sl1' dung cac toan tti: suy di~n m9t each hi~u qua la m9t van de khOng don
giin va.din diroc tiep tuc nghien ctru.

Vi~e nghien ciru diro'c thu'c hi~n d day mo'i dimg lai 6- cac h~ tri thtrc F-Iu~t don di~u. Do v~y,
ngoaivi~e tim each ket hop hieu qua cac toan tll' suy di~n, m9t huang nghien ctru thu vi khac Ia mo'
r~mgkgt qui eho cac h~ tri tlnrc khOng co tinh do'n di~u ho~e tlm each dtra m9t h~ tri thli'e bat ki
ve h~ tri thirc don di~u.
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