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TOM TAT: Lap trinh ludn ly (Logic programmming) gém cé hai phdn chinh la ngit
nghia va gidi thudt dé tinh mé hinh tit chuong trinh cho trudc. Hién nay chua cé mot gidi
 thudt 16ng thé dé gidi quyét bai todn nay. Trong bai bdo nay, chiing ti sé trinh bay mét s6
cdi tién trong vigc tinh mé hinh doi vdi ngit nghia téng qudt ciia IGp trinh ludn 1y. Gidi
thudt nay phdn chia chuong trinh thanh cdc chuong trinh con, rit gon va tinh mé hinh cia
cdc chuong trinh con va téng hgp két qua mo hinh téng thé dua trén ngit nghia Fitting, ngit
nghia Stable Model va gidi thudt tim “Thanh phdn lién két chat ché”.

Tir khéa: Lip trinh ludn ly, ngif nghia, md hinh, chuong trinh.

I. Gidi thiéu

Trong phan nay ching tdi gidi thiéu cdc dinh nghia cd ban ciia 1ap trinh ludn 1y ciing nhu
tém tdt mdt s6 ngi nghia va gidi thuat phd bi€n hién nay.
I.1. Dinh nghia [1, 5]
- Chuong trinh ludn Iy gdbm mot tip hitu han cédc luét ¢6 dang

Ap Ao A 1At ey —AL (1)
v6i Ag 12 nguyén tf ddu; Ay, .., Ay, 12 cdc nguyén ¥ thin duong va Ap., .., Ag 12 cdc nguyén
tf thdn am cda luét.
Vi du:
gidm_gid(A) <« hoc_sinh(A), — ky_luit(A)

Ludt nay ¢6 thé duge doc 1a: ngudi A sé duge gidn gid néu ngudi A 12 hoc sinh va khdng
bi vi pham ky ludt trude do.

Chuong trinh 1a don diéu n€u khong c¢6 nguyén tif thin am trong moi ludt. Ngugc lai,
chuong trinh 1a khong don diéu. A
- Ngit nghia 1a cdc ¥ nghia va quy tdc cla nguyén tf va luit duge dua ra d€ tinh cdc mé hinh
cia chuong trinh cho trudc.
Vi du:

Nguyén tif c6 gid tri 12 Puing, Sai hodc KhongBiét.

Gid tri clia nguyén i ddu s& 12 Ping néu t6n tai m6t ludt ma cdc nguyén tf than duong
l1a Ping va cdc nguyén st than 4m 1a Sai.

Gid tri clia nguyén tif ddu s& 12 Sai néu vdi moi ludt ma cdc nguyén ti¥ than c6 gid tri

- Puing hodc Sai va tdn tai mdt nguyén ti¥ than dudng 1a Sai hodc mot nguyén sif than am 1a

Pung. ' | _
- M6 hinh la mdt tdp cdc nguyén ti véi mdt gid tri cy thé ndo dé da dugc dinh nghia trong ngi¥
nghia va ddm bdo tét cd cdc luat clia chuong trinh 1a diing thuc t&.
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Vi du:

{hoc_sinh(an) = Piing, ky_luédt(an) = Sai, gidm_gid(an) = Piing} 12 m§t m6 hinh nhung
{hoc_sinh(an) = Piing, ky_luit(an) = Puing, gidm_gid(an) = Ping} khéng phdi 1a m6 hinh.
- Gidi thudt 1a phuong phép tinh gid trj ctia cdc nguyén uf dya trén ngit nghia va chuong trinh
cho trude. Gidi thuat thudng di kém véi ngit nghia cu thé nao dé.
Vi du:

V8i mot tip cac nguyén tif c6 gid tri cho trudc, gid tri nguyén tt ddu s& dudc theo ngir
nghia trén. Qu4 trinh nay dudc lidp cho d&n khi tip cdc nguyén i c6 gid tri khng déi.

1.2. Ngit nghia va giai thudt

Lap trinh ludn 1y ¢6 qué trinh phdt tri€n 4t 14u dai, dic biét trong nhitng thap nién 80 va
ddu 90, véi nhiéu ngit nghia phé bién nhu Fixpoint [5], Completeness [5], Fitting [2], Well-
founded [3], Stable Model [4], ... Ng& nghia don gidn Fixpoint cho phép tinh mé hinh duy
nhit clia t4t cd cdc chuong trinh don diéu. P8i v6i chudng trinh khéng don diéu, mdi ngdt
nghia chi gidi quyé€t duge mdt 16p cdc chuong trinh va thue t€ viéc x4y dung mot nglt nghia
t8ng qudt 1a diéu chua thé. Ching t6i gidi thiéu hai ngi¥ nghia s& dudc dé cp trong gidi
thuat cdi ti€n sau nay.

Cho chuong trinh P gém tap céc luat cé dang (1).

1.2.1. Ngit nghia Fitting [2]
- Ngit nghia
Gid tri clia nguyén tif: Puing, Sai, KhéngBiét.
Ao € Puing néu 3 Ap « Ay, ., Amy 2Amils o, A € P ma
Vie[l, m] Aj=bBiling AV je [m+l,n] Aj= Sai
Ag € Sainéu V Ag < Ay, .., A, ~Amst, .., 7Ay € P ma
(Vie[l,n] Aj=Dbing v A; = Sai) A
(3j € [1, m] Aj= Sai v 3k € [m+], n] A= Diing)
- Gidi thudt
= {nguyén t ¢6 gid tri Piing hodc Sai cho trudc, nguyén tf khéng phdi nguyén uf
diu c6 gid tri 1a Sai}
Repeat
A=B
Tinh nguyén ti¥ diu theo ngit nghia trén va tip gid tri B.
UntilB=A
Vi du:
P, = {a « —b. b « —c.} ¢6 dudc mdt mé hinh Fitting 12 {a = Sai, b = Piing, ¢ = Sai}
P,= {a « —b. b « —a.} khéng c6 m6 hinh Fitting. Thuc t€, chudng trinh niy cé hai mé
hinh 1a {a = Piing, b = Sai}, {a = Sai, b = Piing}.

1.2.2. Ngit nghia Stable Model [4]
- Ngit nghia

Gid tri cda nguyén ti: Piing, Sai.

Cho mét tip M cdc nguyén tlf cia chudng trinh P goi Py 12 chudng trinh ¢é dugc bing
cdch xd6a:

(i) M&i luét ¢6 nguyén it thdn &m —B v6iB € M, va
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(i) T4t cd nguyén t thin 4m cla cdc luit con lai.
RO rang Py la chuong trinh don diéu va do d6 né ¢6 mot mo hinh duy nhat (Fixpoint).
Né&u mé hinh nay tring v6i M thi M 12 m6 hinh 6n dinh ciia P.
- Gidi thudt
Piy 1a bai todn NP-complete nén né khdng cé 15i gidi cho bai todn tdng quét. Hién nay,
Simons dé nghi mot gidi thudt phic tap tinh mé hinh 8n dinh dya trén kinh nghiém tia khong
gian tim ki€m tip con M cla tip tit ca cdc nguyén t& [7]. Chi tiét gidi thuét nim ngoai pham
vi bai bdo nay.
Vi du:
Py= {a <~ —b. b <~ —a.} c6 hai md hinh Stable Model 14 {a = Pung, b = Sai}, {a= Piing,
b = Piing}.
P3 = {a ¢ —b. b « —a. ¢ « —c} khong c6 m6 hinh Stable Model. Tuy nhién, trong thuc
t&, ta ¢6 hai md hinh {a = Pung, b = Sai}, {a = Sai, b = Piing].

I1. Gidi thuit cai tién
Gidi thudt cdi tién dua chi y&u trén tr tudng cia hai ngit nghia trén. Ngit nghia Fitting
duge sit dung d€ rit gon va tinh gid tri cdc nguyén it (néu duge). Chiing t6i ciing biéu dién
chudng trinh thanh do thi ¢6 huéng véi niit 12 nguyén ti¥ va canh c¢6 hudng tif nguyén tif than
(am hodc duong) dé€n nguyén (f diu. Cdc do thi con dugc tch rdi va sdp x&p lai thi tu theo
tinh chat cia “Thanh phan lién két chit ché”. Cdc chuong trinh con dudc tich ra tuong ting
v6i cdc do thi con trén. Vi tiing chuong trinh con, chiing t6i s& tinh md hinh 6n dinh, thém va
cip nhit vao md hinh t8ng thé.
Gidi thudgt:
M([1] = khdi_tao_m6_hinh(J)
P’ = rnit_gon_tinh_Fitting(P, M[1])
G = biéu_dién_dd_thi_cé_hudng(P’)
SG[] = tach_sdp_x&p_thanh_phan_lién_ké&t_chit_ch&(G)
For mdi dé thi con SG[i] Do
SP[i] = tdch_chuong_trinh_con(SG[i]);
For mdi mé hinh M[j] Do
SP’[i] = rit_gon_tinh_Fitting(SP[i], M[j])
SM[] = tinh_m&_hinh_&n_dinh(SP’[i])
For mdi m6 hinh 8n dinh SM[k] Do
thém_cdp_nhdt_md_hinh(SM[k], M[j])
End For
End For
End For

_ IL1. Thanh phdn lién két chdt ché [6]
Khuyé&t diém cilia ngif nghia Stable Model 12 n€u mét phidn chuong trinh khong ¢é md
. hinh thi todn bd chuong trinh s& khéng ¢6 md hinh. P&u niy hoan toan trdi ngudc vdi thuc t&
vi chiing khong lién quan véi nhau. Y twdng & day 1a ching toi s€ tdch chuong trinh thanh
nhifng chudng trinh con ddc 14p hodc chi lién k&t theo mdt hudng c6 thit ty x4c dinh. RS rang,
néu diéu nay c6 thé thuc hién duge thi khuyét diém ciia ngit nghia Stable Model s& dudgc
khic phuc. Hon nifa, viéc tinh todn mé hinh 8n dinh s& don gidn hon rat nhiéu.
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“Thanh phén lién két chat ch&” trong 1y thuy&t db thi ¢6 hudng cho phép chiing ta tich
dd thi thanh tirng phin doc 1ap hoidc ¢6 hudng xdc dinh. May mén la viéc biéu dién chuong
trinh dudi dang dd thi c6 hudng ¢ thé dude thyc hién vdi nit 12 cdc nguyén tif va canh c6
hwéng tir nguyén tl thin (Am hodc dudng) d&n nguyén tir dau cla tit cd cdc ludt trong chudng
trinh. Hién nay c6 rat nhiéu gidi thuat tinh d6 thi con “Thanh phan lién két chat ché”, tuy
nhién chiing t5i st dung gidi thuat don gidn va kinh dién ciia Tarjan.

Viéc thao tdc trén dd thi con (chifa niit géc) s& dnh hudng dén do thi con (chia ndt dinh)
¢6 canh nd gitta hai dd thi con nay va hudng tir niit géc dén niit dinh. Dya trén tinh chat ¢6
huéng xdc dinh, cdc dd thi con dugc sdp x&p theo thif ty sau: Vi hai dd thi con ¢6 li€n két vdi
nhau thi dd thi con chita mit géc s& ¢é thit tu truSc db thi con chifa nit dinh. Piéu nay ddm
b4o cdc md hinh clia cdc chuong trinh con tudng Wng vdi cdc do thi con s& chi tinh mot lan
duy nhat.

Chuong trinh con dugc tach dia vao d6 thi con véi quy tdc sau: Néu cde nguyén t¥ dau
va cdc nguyén tf than (Am va duong) thude dd thi con thi ludt nay s& thudc chuong trinh con.

I1.2. Fitting mo rong
Pé mo ta y nghia clia cdc chudng trinh con khdng ¢6 md hinh, chiing t6i dé nghi tap gid
tri clia nguyén tif gdm {Pung, Sai, KhongBiét, KhéngXacDinh}. Gid tri KhongXdcDinh s&
biéu dién cho cdc nguyén tlf trong chuong trinh con khéng ¢6 mé hinh.
Ngit nghia Fitting ciing s& duge md rong nhu sau:
Ao € Bing néu 3 Ag < Ay, .., Am, 2Amil,y -, 2Ay € Pma
Vie[l,m]A;=Bing AV je [m+],n] Aj=Sai
Ap € Sainéu V Ag < Ay, .., Am, 2Antls - mA, € Pma
(Vi e [1,n] A;=Bung v A; = Sai v Aj = KhéngXacbinh) A
((3j € [1, m] A;=Sai v A; = KhongXdcbinh) v
(3 k € [m+1, n] Ax = Buing v Ax = KhongXdcBinh) )
o] day, chuong trinh it gon c6 duge bang cdch xda:
(i) Luat trong P ma nguyén ti dau c6 gid tri Buing, Sai hodc KhéngXdcbinh
(ii) Ludt trong P ma nguyén td than dudng c6 gid tri Sai hodc KhéngXacPinh
(iii) Luat trong P ma nguyén t& than 4m cd gid tri Puing hodc KhéngXdcPinh
(iv) Nguyén tf than duong c6 gid tri Pung
(v) Nguyén tif than 4m c6 gid tri Sai

I1.3. Stable Model titng phédn

Chuong trinh da rit gon chi con tdp cdc ludt v6i cdc nguyén tf chua cé gid tri thudc
Pung, Sai hoic KhéngXacPinh (nghia 12 mang gid tri khdi tao KhongBiét). Phin chuong
trinh con lai chinh 12 khuyét diém da dugc dé cip cda ngif nghia Fitting. Chiing ta s€ sif dung
ngi¥ nghia Stable Model dé gidi quyét phan ba nay. Mot di€ém kha thd vi ciia gidi thudt nay
chinh 13 tinh phéi hgp va y nghia ding lai cic g1a1 thuat phd bién trong viéc gidi quyét cdc
khuyét diém ciia chinh cdc gidi thudt nay.

Viéc sit dung “Thanh phan lién két chit ché” gitp ching ta khdc phuc duge khuyét diém
cuda ngif nghia Stable Model khi tinh cdc phan chuong trinh doc 1dp. Pai vdi cdc phan chuong
trinh lién quan, n€u phan chudng trinh thi ty trude ¢6 md hinh &n dinh thi phan sau dudc tinh
binh thudng dua trén két qua trude. Ngude lai, néu phén chuong trinh trude khong c¢é md
hinh, Fitting m3 rong (thém mdt gid tri KhongXdcPinh) s& giip x6a cdc lién két giita céc
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phan chuong trinh nay. Do d6 phan chuong trinh thif t sau vin s& tinh dude mé hinh cda
minh.

I11.4. Nhan xét
V6i nhitng cdi ti€n trén, gidi thuat cho phép tinh md hinh rét t6t. RS rang, né khic phuc
dudge cdc khuyét diém trong ngif nghia Fitting, Stable Model.

IL5. Viduy
Pi={pe——-p.qeq.re —q.}
- Fitting: khong md hinh.
- Stable Model: khdng md hinh vi két qué tinh md hinh ciia ludt p <~ —p. 1am dnh hudng md
hinh t8ng thé.
- This algorithm:

P43

b

Chuong trinh s& dudc tdch thanh ba chuong trinh con theo thit tu: Py; = {p < —p.}, Ps2
={q < q.} va Py3 = { r < —q.}. P4; khong c6 md hinh, P4, ¢6 mdt mo6 hinh {q = Sai} va P43
c6 mot md hinh {r = Piing}. M6 hinh tdng thé 1a {p = KhéngX4cPinh, q = Sai, £ =
Pung}.

I1.6. Chuong trinh
Hién tai ching t6i dang ciing dang phat trién tng dung Logic Programming based Trust
Management 1.1.3 dya trén gidi thudt cdi ti€n trén. K&t qua cia gidi thuét 1a rdt kha quan.

£ Logic Programming based Trust Man

File Policy Help
a.0LD (CERT) 3 p - a, ~p. NORMAL
p. NEW 2 5f g - a, q. NORMAL
r. NEWY 1 ir- a, ~0. NORMAL
q. NEW 3 i
Ground rules
7ip - a, ~p. NEW

Ar - a, ~y. NEW
il - 3, 0. NEW
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I11. K&t ludn va dé nghi

Gidi thuat nay chinh 12 sy phoi hdp hai ngit nghia phd bién Fitting va Stable Model véi

su hd trg chia tinh chat ‘Thanh phin lién két chat ché” trong 1y thuyét do thi. N6 phdt huy thé
manh cia ting ngif nghia cling nhu khic phuc khuyét diém lAn nhau. Tuy nhién, gidi thudt
chi dimng lai & mifc thyc nghiém. Trong thdi gian tdi, ching t6i s& khdo sét tinh can thiét va
ddy di mot cdch t8ng qudt dya trén mo hinh todn hoc gidi thudt nay.
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AN ALGORITHM FOR CALCULATING MODELS
IN LOGIC PROGRAMMING

Tran Ngoc Thai Kha

ABSTRACT: Logic programming consists of two main components (semantic and
algorithm) in order to calculate the models from particular logic programs. Recently,
there is not an algorithm for solving this problem completely. In this paper, we will
present an extended algorithm for calculating models of general semantic in logic
programming. The extended algorithm divides the originally program into subprograms,
reduces, calculates subprogram models and then synthetize to the whole program models.
It is based on fitting semantic, stable model semantic and “strongly connected
components”.
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