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Tém tit

Trong bai bao nay, ching t6i xem xét cit phdp va ngir nghia cua ngon ngir ldp trinh
logic DLPA ciing cdc tinh chdt ngit nghia ciia ngén ngit DLP®, dwoc goi don gidn la chiong

trinh logic dang tuyén két tdp. Chiing téi ciing trinh bay mét sé vmg dung dién hinh sir dung
ngén ngit DLPA chay trén hé thong ldp trinh DLV
Tir khoa: Ldp trinh logic, ngén ngit DLPA, hé thong DLV

1. Giéi thi¢u

Trong sudt nhitng thap ky qua, mot
mo hinh 13p trinh méi 1a “Lap trinh logic”
da ra doi. Lap trinh logic (LP) chi yéu dua
trén y tudng lap trinh khai bdo, & d6 céac
chuong trinh khong dugc tao ra tur cac cau
Iénh cling nhu tir cac ham ma duoc tao ra
chu yéu dua trén tdp cac vi tur. Linh vuc
nghién cuu LP dugc nhiéu nha khoa hoc
quan tam va da duoc ap dung vao viéc biéu
dién va xir 1y tri thirc phirc tap trong linh
vuc tri tué nhén tao va cac linh vuc ndi 1én
khac nhu quan tri tri thirc va tich hop thong
tin. Hi¢n nay LP dugc mé rdng theo nhidu
huéng khic nhau, trong ¢6 ngon ngit DLPA
— mdt sy md rong cua LP, cho phép céc
ham két tip xuat hién trong cac quy tic cua
chuong trinh logic.

Ham két tdp c6 ¥ nghia rat dang ké,
no6 cho phép md hinh héa mot cach ty nhién
va ngin gon vé nhiéu van dé. N6 lam ting
kha ning dién dat cic thudc tinh, thuong
nay sinh trong cac tng dung thé gigi thuc,
dugc ma hoa theo cach don gian va tu
nhién. Trong s6 d6, co6 nhirng thudc tinh
yéu cau ap dung cé4c toan tir toan hoc (nhu
sum, times, count...) trong mét tap cac yéu
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td thoa man mét vai diéu kién, duoc dién
dat mot cach dé& dang va ty nhién bang
ngon ngir DLPA. Ngon ngit DLP” dugc ap
dung dé giai quyét duoc nhiéu bai toan thuc
té phuc tap, ching han bai toan sép xép chd
ngdi, cac bai toan tdi wu hoa cua 1y thuyét
d6 thi va nhiéu dang suy luin phong doan.
2. Ngon ngir DLPA

2.1. Ca phap cia ngon ngir DLPA

2.1.1. Tap DLPA (Armi et.,2003).

Mot tap DLPA 1a mot tdp ky hiéu hoic 1a
mot tap nén. Trong do:

- Tdp ky hiéu c6 dang {Vars : Conj},
trong d6 Vars 1a mot danh sach cac bién va
Conj 1a hdi cua cac literal thong thuong (co
thé chira céc literal am).

- Tdp nén 1a tap cac cip co6 dang
(t:Conj), trong d6 t la danh sach céc
hing va Conj 13 hoi cua cac literal thong
thudng nén.

2.1.2. Ham két tap/nguyén t6 két tap
(Armi et., 2003).

a) Mot ham két tap c6 dang f(S), trong
d6 S 1a mot tap DLPA va f 12 mot trong sd
cac ham #count, #min, #max, #sum,
#times.

b) Mot nguyén to két tip co6 dang
Lgp, f(S)p, Rg, trong do f(S) 1a mot
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ham két tp, p,p,€{=<,<,>2}, Lg
va Rg 1 cac hang thirc (bién hoidc hing) va
goi 1a chan. “Lg p,” hoac “p, RY” co
thé khong co.

2.1.3. Nguyén td, literal (Armi et.,2003).
a) Mot nguyén to 1a mot nguyén td thong
thuong hodc mot nguyén to két tap.

b) Mot literal L 1a mot nguyén t6 A hoic
phu dinh cua nguyén t6 A. Néu A I
nguyén t6 két tap thi L 13 literal két tap.
2.1.4. Quy tac DLPA (Faber et., 2011).

MGt quy tic DLPA T 1a mét cau tric c6 dang:
arvav...van.—b , bz, C ey bk, not by+1
, ..., bm

trong d6 a1 , @z, . . . , an la cac nguyén té
thong thuong, b1 , bz, . . ., bm 1a nhitng
nguyén t6, n>=0, m>=k =0, m+n >

1, tuyén a1 v az v . . .v an 1a dau cua r va
hoi by, by, . .., bk, not bx+1, . . ., bmla thén
cua r. Ky hiéu H(r) = {ay, ..., an} va B(r) =
{b1, ba,..., bk, not b+,..., not bm}. Mot quy
tac v6i phan dau rdng (nghia 1a n = 0) thi
duoc goi la rang bugc toan ven (hay rang
budc manh). Mot quy tic véi than rdng
(nghia 1a k = m = 0) duoc goi la mét sy kién
va ta thuong bo qua ky hiéu “:—”.
2.1.5. Rang budc yéu (Faber et., 2008).
M6t rang bugc yéu we cd phap cé dang:
~Lin o AaLe[wi ]
trongdok>1vacacLi(i =1,.,n)lacac
literal, con weight(wc) = w va layer(wc) =
| 12 cac hang hoac bién nguyén dwong va w,
| 6 thé duoc bo qua va mic dinh 1a bang 1.
Rang budc yéu cho phép ta biéu dién
mot sb cac bai toan toi wu theo mot cach tu
nhién va don gian. Trong khi cac rang bugc
chuan (rang budc toan ven, rang budc
manh) luén phai duoc thoa mén, rang bugc
yéu biéu di&n mot mae d6 mong mudn nao
do, tic 1a chiing cd thé dugc thoa man khi
c6 thé nhung chung khong loai bo bat ky

mo hinh nao.
Xét chuwong trinh co cac rang budc yéu
nhu sau:

avb. c:—b. ~a :~b. ~c

O day, muc d6 danh gia va d6 wu tién
duogc bo qua, gia tri dugc gan ngam dinh 1a
1. Néu ta goi trong DLV, ta thu duoc két
gua sau:

Best Model: {a}

Cha y rang céc tap tra oi ciia chuong
trinh {a v b, c:—b } l1a {a} va {b, c}. Su
Xuit hién cua céac rang budc yéu da loai bo
{b, c} vi n6 mau thuan véi céac rang buoc
yéu (trong khi d6 {a} chi mau thuin mat
rang buoc yéu).

2.1.6. Chwong trinh DLP* (Faber et., 2008).
Mot chuong trinh DLP” 1a mot tap cac quy
tdc DLPA va céc rang budc yéu (néu co).

Pé don gian va khdng mét tinh tong
quat, ta gia sir rang than cua mdi quy tic
gom nhiéu nhat 1a mot nguyén té két tap.
Bién toan cuc cua r 1 bién xuat hién trong
nguyén té thong thudng cua r, bién cuc bg
la bién chi xuat hién trong ham két tap cua
r.

2.2. Ngir nghia ctia ngén ngir DLPA

2.2.1. Cac khdi niém

a) Vii tru va co sé cia chwong trinh
DLPAP

Cho P 1a chuong trinh DLPA, vii tru cua P,
ky hiéu U, chi tap cac hang xuit hién trong
P, co so cua P, ky hiéu Bp la tap cac nguyén
t6 thong thuong xay dung tir cac vi tir cua
P vai hang trong Ue.

b) Phép thé va hién hanh cia chwong
trinh DLPAP (James, P. D., & Faber, W.
(2011)).

Phép thé 1a mot anh xa tir tap cac
bién dén tap Up cac hang trong P. Phép thé
tir tap cac bién toan cuc cua quy tic r dén
tap Up la phép thé toan cuc ddi véi quy tic
r. Phép thé tir tap cac bién cuc bo cua tap
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ky hiéu S dén tap Up la phép thé cuc bé dbi
Vai S.

Cho tap ky hiéu S khong chira bién
toan cuc, S = {Vars: Conj}, hi¢n hanh cua
S, ky hiéu inst(S), 1a tap nén:
inst(S) = {{y(Vars) : y(Conj) ) | y la phép
thé cuc bo ddi vai S}.

M6t hién hanh nén cua quy tic r nhan
duoc qua 2 budc:
(1) Phép thé toan cuc o ddi véi r duoc ap
dung dau tién trén r.
(2) Moi tap ky hiéu S trong o (r) duoc thay
thé bai hién hanh inst(S).

Hién hanh ciia chwong trinh DLPA P,
ky hiéu Ground(P), 1a tap tat ca cac hién
hanh c6 thé c6 cua cac quy tic cua P.
¢) Thé hién va phép dinh gia (Faber
et.,2004).

Mot thé hién cua chuong trinh DLPA
P 1a mot tap cac nguyén té thong thuong
nén | < Bp.

Viéc xac dinh gia tri chan ly cua A
theo thé hién 1, trong d6 A Ia literal théng
thuong nén hoac hoi cac literal thdng
thuong nén, ky hiéu 1a 1(A) dugc dinh nghia
theo cach thong thuong.

Bén canh viéc gan gia tri chan ly cho
cac literal thong thuong nén thi mot thé
hién con cung cap ngir nghia cho cac tap
nén, cac ham két tap va cac literal két tap.
Ngir nghia ciia mot tap nén, mot ham két
tap, mot nguyén té két tap theo mot thé
hién, twong tng la mot da tap, mot gia tri
va mét gia tri chan ly.

Phép dinh gia I(S) cua tap S theo thé
hién | 1a da tap cua hang dau tién cua cac
phan tir trong S ma hoi cua chung 1a dang
theo 1. Chinh xac hon, 3t S, = {
oty | ¢t Conj) e S AConj 1a

dung theo I}. Phép dinh gia I(S) cua S theo
thé hién | 1a da tap

[t <, 1) €S, ]
Phép dinh gia I(f(S)) cua ham két tap
f(S) theo 1 1a két qua cua viéc &p dung ham
f trén 1(S). Néu da tap 1(S) khdng nam trong
mién cua f thi 1(f(S)) = L |
Mot nguyén t6 két tap A = Lgp,f(S)
P, Rg la ding theo thé hi¢n I néu:
() 1(f(S)) = L, va
(i) Quan hé¢ Lgp,I(f(S)) Va
I(f(S))p, Rg déu théa man;
con nguoc lai thi A sai.
Mot literal két tap hién hanh not A= not
f(S)p k dung theo 1 néu:
(i) 1(f(S)) # L, va
(i) 1(f(S))p k déu thoa min;
con nguoc lai thi A sai.
Mot qui tic r dung theo | (ky hiéu la: | &
r) néu mot vai nguyén té trong phan dau
cua quy tic dung theo | (Jh € H(r):I E
h) va tat ca literal trong than quy tic dung
theo | (Vb € B(r):1 E b).
(M0 hinh ctia chuong trinh DLP#) Mot mo
hinh cua chuong trinh DLPA P la mét thé
hién M cia P sao cho moi quy tic re
Ground(P) la dung theo M. Md hinh M cua
P 1a mé hinh cyc tiéu néu khong ton tai md
hinh N cua P sao cho N Ia tap con thuc su
cua M.
2.2.2. Tap trd loi
a) Phép bién d6i Gelfond Lifschitz (Faber
et.,2008).
Phép bién doi Gelfond Lifschitz cia chuong
trinh DLPA nén P theo tap X < Bp 12 mot
chuong trinh DLPA nén dwong PX thu duoc
tir P bang cach:

- X04 tat ca quy tic r € P ma literal
phu dinh trong B(r) la sai theo X hoac
literal két tap la sai theo X,

- X04 céc literal két tap, literal phi dinh
tir nhitng quy tac con lai.
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b) Tdp tra loi cua chuong trinh DLP” P la
tap X < Bp sao cho X la tap tra loi cua
Ground(P)*.
Cho chuong trinh DLP” P sau day:
d(1):—
avbi—c
b:—nota, not ¢, #count{Y: d(Y)}>0
av c:—notb, #sum{Y: d(Y)}>1
Xét thé hién | = {b, d(1)}, luc d6 P' nhu
sau:
d(1):—
avbi—c
b:—
Ta nhan thiy | 1a tap tra 1oi cia P', nén n6
1a tap tra 101 cua P.
Xem thé hién J = {a, d(1)}, luc d6 P’ nhu sau:
d(1):—
avVv b:—c
Ta nhén thiy J 1a tap tra 10i cia P°, vi vay
no6 cling 1a tép tra 101 cua P .
Xét tap K = {c, d(1)}.ta c6 PX = P? nhung
K khong phai 1a tap tra 1oi cua PX | vi dbi
v6i quy tic r: a vV bi—c, thi B(c K
nhung H(r) N K# & khong thoa. Thuc vay,
¢6 thé chi ra rang chi co | va J 1a cac tap tra
trd 101 cua P.
3. Mt s ing dung
3.1. Bai toan xay dung ddi lam viéc cho
mot du an
Mot doi 1am viéc cho mot dy an dugc xay
dung tir tap cac nhan vién theo cc yéu cau
sau day:
P1. Doi phai c6 mot s6 lwong nhan vién
cu thé.
P,. Trong ddi phai cé it nhét cac k¥ ning
khéc nhau theo yéu cau
Ps. Tong luong cia cac nhin vién lam
viéc trong do1 khong vuot qué ngan sach
dé ra.
Ps. Luong ctia mdi nhan vién nam trong
gidi han cho phép.
Ps. S6 lao dong nit trong do6i phai dat mirc

toi thiéu da dua ra
Gia st rang cac nhan vién dugc cung

cdp mot s6 sy kién co dang emp(Empld,
Sex, Skill, Salary); Qui mé cua doi, sd
luong t6i thiéu cac k§ niang khac nhau,
ngan sach, muc luong t6i da va sb lwong tdi
thiéu nhan vién nir lan luot duoc qui dinh
boi cac nguyén t6 nEmp(N), nSkill(N),
budget(B), maxSal(M) va women(W). Tu
nhitng thong tin nay, thuc hién ma hoa cac
yéu cau bang ngén ngit DLPA ta nhan duoc
chuong trinh sau:

(r)in() v out(l) :- emp(l, Sx, Sk, Sa).

(r2):- nEmp(N),not #count{l : in(1)} = N.

(r3):- nSkill(M), not #count{Sk : emp(l,

Sx, Sk, Sa), in(l)} = M.

(r4) :- budget(B), not #sum{Sa, I : emp(l,

Sx, Sk, Sa), in(l)} < B.

(rs):- maxSal(M), not #max{Sa : emp(l,

Sx, Sk, Sa), in()} < M.

(re):- women(W), not #count{l : emp(l, f,

Sk, Sa), in()} > W.

Quy tic dang tuyén (r1) “duy doan”
mot nhan vién c6 trong doi hay khong,
trong khi 5 rang budc (r2-re) tuong ng
v6i 5 yéu cau P1 - Ps . Nho vao cac ham
két tap nén viéc chuyén ddi cac yéu cau
dé dang hon. Pay 1a mét vi du lam nbi
bat tinh hitu ich cia biéu dién tap hop va
da tdp. Viéc ma hoa cua yéu cau P2 doi
hoi mot tap boi vi ta mudén dém sd ky
nang khac nhau; hai nhan vién trong doi
c6 k¥ nang gidng nhau s& duoc dém mot
lan. Nguoc lai, P3 yéu cau tinh téng cac
phén tor cua da tap; néu 2 nhan vién co
lwong gidng nhau thi ca hai gia tri lwong
phai duoc cong tong hop cho Ps. Piéu
nay dat duoc bang cach thém bién | (dinh
danh ctia mdi nhan vién) trong Vars. Viéc
dinh gia cua {Sa, | : emp((l, Sx, Sk, Sa),
in(l)} sinh ra tagp S = {<Sa, I>: Sa la

lwong cua nhdn vién I trong doi}. Ham
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tong #sum dugc ap dung trén da tap cua
thanh phan Sa dau tién cta bd (Sa,l)
trong S.
Gia str cac su kién dau vao la:
emp(a, s,2,10). emp(b,s,1,5).
emp(c,s,3,3). emp(d,f,4,40).
emp(e,f,5,10).

D :~NhuLy>DLU BAITOAM31.DL

DLU [build BEN-Dec 17 2812 gcc 4.6.11

nEmp(3). nSkill(2). budget(40).
maxSal(40). women(1).
Thuc thi chuong trinh niy bang hé
théng DLV ta nhan duoc két qua nhu
hinh sau:

- O] *

empta,.s.2,.18>,. empch,.s.1.5>, emplc.2.3,.3>, empld. £, 4. 48>, emple.f.5.18>, nEmpC3
>, n8kill<2>, budget<4@>,. maxS5al{4@8>, women<l>, out<aX, inch>, inf<c?>, outd{d>, in

Cedl

empta.s.2,.18>, empth.s.1.5>, emplc.s5.3.3>, empld.f. 4. .483, emp(q,f,E,lE), nEmp<3

>, n5kill<2), budget<4@>», max5al{48>, women<l?>. inda?, out¢h?, in<dc?,. outdd>, in

Cedl

empta.s.2,.18>, empth.s.1,.5>, emplc.s.3.3>,. emp{d.f.4.468>, empfe.f.5%.18>,. nEmpL3
2. n5kill<2), budget<4@>, max5al(48>, womentl?. in<a,. in{h?, outdc),. outd{d>,. in

(el

D=~ MNhuLyX»_

Hinh 1: Két qua thiee thi chirong trinh bang hé thong DLV

Chuong trinh nay c6 3 tap tra 101 sau:

M1 = {emp(a,s,2,10), emp(b,s,1,5),
emp(c,s,3,3), emp(d,f,4,40), emp(e,f,5,10),
nEmp(3), nSkill(2), budget(40),
maxSal(40), women(1), out(a), in(b), in(c),
out(d), in(e)}

M = {emp(a,s,2,10), emp(b,s,1,5),
emp(c,s,3,3), emp(d,f,4,40), emp(e,f,5,10),
nEmp(3), nSkill(2), budget(40),
maxSal(40), women(1), in(a), out(b), in(c),
out(d), in(e)}

M3z = {emp(a,s,2,10), emp(b,s,1,5),
emp(c,s,3,3), emp(d,f,4,40), emp(e,f,5,10),
nEmp(3), nSkill(2), budget(40),
maxSal(40), women(1), in(a), in(b), out(c),
out(d), in(e)}

3.2. Bai toan tim ciy khung nho nhét dé thi
Cho G =<V, E> 1a mot d0 thi ¢6 hudng va

¢6 trong s6. Tim cay khung cia G va cb
trong s6 nho nhat.
a) Chuong trinh viét bang ngdn ngit DLPA
va khong sir dung ham két tap:
root(a).
node(a). node(b). node(c). node(d). node(e).
edge(a,b,4). edge(a,c,3). edge(c,b,2). edge(c,d,3).
edge(b,e,4). edge(d,e,5).
in_tree(X,Y,C) v out_tree(X,Y) :-
edge(X,Y,C), reached(X).
:- root(X), in_tree(_,X,C).
- in_tree(X,Y,C), in_tree(Z,Y,C), X 1= Z.
reached(X):- root(X).
reached():- reached(X), in_tree(X,Y,C).
:- node(X), not reached(X).
-~ in_tree(X,Y,C). [C:1]
Thuec thi chuong trinh nay bang hé thong
DLV ta nhan dugc két qua nhu ¢ hinh sau:
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e+ Command Prompt

SMhuLy>DLU MIN_SP.DL

DLU [build BEN/Dec 17 2812 gcc 4.6.11

Best model: {root<a). nodefa), nodech?. nodetfc?, nodefd?, nodefe?. edgefa.bh.4>,
edgeda.c,.3>,. edgech.e. 4>, edgedc.b.2), edgedc.d.3>, edgedd,e.5>, reached{al, out
_treefa.b>. in_treefa,c.3?, reached{(b),. reached{c?, in_treech.e.4>, in_treedc.h.
2>, in_treefc,.d.3), reached{e?, reached{(d}, out_treedd.e’>

Cost ([Weight:Levell)>: <[12:11>
D :“MhuLy>

Hinh 2. Két qua thuc thi chuong trinh cua Bai todn do thi

Tap tra 161 tim dugc la:
M: = {root(a), node(a), node(b), node(c),
node(d), node(e), edge(a,b,4),

edge(a,c,3), edge(b,e,d4), edge(c,b,2),
edge(c,d,3), edge(d,e,5), reached(a),
out_tree(a,b), in_tree(a,c,3), reached(b),
reached(c), in_tree(b,e,4), in_tree(c,b,2),
in_tree(c,d,3), reached(e), reached(d),

out_tree(d,e)}

Cost ([Weight:Level]): <[12:1]>

b) Chuong trinh viét bang ngon ngit DLPA
va c6 st dung ham két tap:

root(a).

node(a). node(b). node(c). node(d). node(e).

edge(a,b,4). edge(a,c,3). edge(c,b,2).
edge(c,d,3). edge(b,e,4). edge(d,e,5).
in_tree(X,Y,C) v out_tree(X,Y) :-
edge(X,Y,C).

%niit gbc cua cay khong c6 cung dén

:- root(R), not #count{X : in_tree(X,R,C)}
=0.

%mdi nit trong cdy chi c6 mot cung dén

;- edge(_,Y, ), not #count{X :
in_tree(X,Y, )} =1.

-~ in_tree(X,Y,C). [C:1]

Thuc thi chuong trinh nay bing hé thong
DLV ta nhan duoc két qua nhu ¢ hinh sau:

Hinh 3. Két qua thue thi chwong trinh ciia Bai todn do thi (ding ham két tdp)

Tap tra 101 tim duoc la:
M: = {root(a), node(a), node(b), node(c),
node(d), node€, edge(a,b,4),

edge(a,c,3), edge(b,e,d4), edge(c,b,2),
edge(c,d,3), edge(d,e,5), reached(a),
out_tree(a,b), in_tree(a,c,3), reached(b),
reached(c), in_tree(b,e,4), in_tree(c,b,2),

in_tree(c,d,3), reached€,
out_tree(d,e)}

Cost ([Weight:Level]): <[12:1]>
Ta nhan thay két qua chuong trinh khi ding
ham két tap va khi khong dung ham két tap
déu cho ra tap tra 1oi nhu nhau. Tuy nhién,
khi dung ham két tap thi sd luong quy tic

reached(d),
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phai dung s€ duogc rut ngan, ma hdéa mét
cach truc ti€p, ty nhién va st dung duoc

khi thém vao ham két tap thi khong lam
tang d0 phuc tap cua chuong trinh logic

cac quan hé ké thira nén s& biéu dién tri  dang tuyén (Faber et.,2004).

thirc tot hon. Va cac nghién ctru chi ra rang

o |{Ms} [{M} [{AJ} |{Ns} | {MsAs Ns | {A} |[{N} | {MAN}
Khoéng | co-NP | co-NP | co-NP n” H" n” H" n” H"
Cé phﬁ 2 2 2 2 2 2
dinh
(not)

R T I AR VR VR VAT
(ﬁot)

Bang 1. Su phuc tap cua chuwong trinh logic dang tuyén véi ham két tap

chuong trinh DLP” thong qua mot sd bai
toan thuc té va cai dat cac bai toan nay trén
hé théng DLV.

- Viéc mo rong chuong trinh logic
dang tuyén voi cac ham két tap gop phan
tao thém diém manh trong viéc mod hinh
hoéa mdt cach ty nhién cac tri thirc khong

Trong do:
Ms: Két tap don diéu phan tang
M: Két tap don diéu hoan toan (c6 thé co
de qui)
As: Két tap khong don diéu phan tang
A: Két tap khang don diéu hoan toan
Ns: Két tap khong don diéu phan tang
N: Két tap khong don diéu hoan toan
Tt ca cac dang két tap déu co két qua la
[15 ciing chinh bang chwong trinh logic
dang tuyén chuan.
4. Két luan
- Bai bao da biéu dién tri thic bang

déy du va lam ndi bat nhitng ddc tinh cta
cac ngdn ngit biéu dién tri thirc méi. Ngoai
ra, con gdp phan vao nghién ctru phuong
phap dinh gia truy van ddi v6i chuong trinh
DLPAO
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Abstract
In this paper, we summarize some syntax, semantics and semantic properties of the
Logic Programming Language DLP” which is also simply called Disjunctive logic program
with Aggregate Functions. We also demonstrate some applications in using the Logic
Programming Language DLP” implemented in the Datalog plus Vel (DLV) system.
Keywords: Logic Programming, DLP* Language, DLV system.
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