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TOM TAT

Trong cac thap ky da qua, viéc nghién cttu lap trinh logic da dat dwgc nhiéu thanh
teu quan trong ca vé ly thuyét va ting dung. Lap trinh logic duoc ap dung rong rai
dé bidu dién tri thitc va x ly thong tin trong nhiéu linh viec. Hién nay, cdc chwong
trinh logic v6i ngt nghia tap tra 1oi da duoc duwa ra nhw mot mo6 hinh méi cho viéc
4p dung cdc ky thuat lap trinh khai bdo d€ bidu dién tri thirc. Trong bai bao nay,
chting t6i trinh bay tng dung cta 1ap trinh tap tra 1oi d& biéu dién va thuc thi mot
s0 cac bai toan cua ly thuyét do thi.

Tt khoa: Lap trinh logic, tap tra 10i, ngt nghia tap tra 1oi.

1. MO PAU

Trong hon ba thap ky qua, viéc nghién cttu lap trinh logic (LP - Logic
Programming) da dat duoc nhiéu thanh teu quan trong ca vé ly thuyét va ing dung dé
biéu dién tri thike [1, 3, 5, 11, 13]. Lap trinh logic la mot dang lap trinh khai bao, né la
mdt mau hinh 1ap trinh dua trén logic toan hoc trong cac mdi quan hé va cac suy luén,
cho phép biéu dién c4c bai todn trong nhiéu linh vic bang cac chuong trinh logic va dua
ra cac co ché&1ap luan suy dién rat hiéu qua. Cac chuong trinh duwoc viét trong cac ngdn
ngit 1ap trinh logic 1a cdc tap hop quy tac logic, biéu dién cac su kién va cac quy tac vé
mot van dé nao do trong thuc t&€ va duoc thuc thi boi cac hé thong 1ap trinh logic, chéng
han DLV, SWI-Prolog, ...

Lap trinh logic 1a mot thanh phan cua linh vyce rong 16n la Tri tué nhan tao (Al).
Trong s& cac mod hinh khac nhau cua né, lap trinh tap tra 1oi (ASP — Answer Set
Programming) da n6i 1én nhu mét cach tiép can hap dan va manh mé [4, 9, 13, 14]. Cac
chuong trinh logic v6i ngit nghia tap tra 1oi da duoc dwa ra nh mét mo hinh méi cho
viéc 4p dung cac ky thuat 1ap trinh khai bdo. Trong ti€p can nay, mot bai toan sé duwoc
giai quyét bang cach tao ra mot chwong trinh logic ma cac tap tra 10i ctia chwong trinh
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cung cdp cau tra 10i cho bai todn. ASP 1a mot phuong phap 1ap trinh hudng t6i cac bai
toan tim kiém t0 hop. Trong mot bai todn nhu vay, muc tiéu la tim ra 10i giai gitta mot
s0 luong 16n nhung hitu han cac kha nang. Céc bai toan tim kiém t6 hop thuwong phat
sinh trong khoa hoc va cdng nghé, va ASP da tim thdy cac ting dung trong cac linh vuc
da dang - trong tin sinh hoc, trong robot, trong kham pha khong gian, trong nganh cong
nghiép dau khi va nhiéu linh viec khac. Logic la mot thanh phan thiét yéu cia Al va ASP
6 y nghia sau sic trong linh virc nay. Kha nang xtt ly 1y luan khong don diéu, thong tin
khong chac chan va cac van dé phtic tap, ASP gép phan vao tam quan trong ctia né trong
Al ASP da duoc Hiép hoi vi su tién b cta Tri tué nhan tao — Tap chi vé Tri tué nhan
tao cong nhan vao nam 2016, khi Tap chi Al nay xuat ban mot s& dac biét vé 1ap trinh
tap tra 1oi [15]. Hién nay, ASP da va dang duoc ti€p tuc nghién ctru phat trién mé rong,
cac chwong trinh logic trong ASP ¢6 thé bao gom nhiéu dang quy tac khac nhau, chang
han céc quy tac c6 chita ban s8 va trong sd [6, 8], cac quy téc c6 rang bude [2, 10, 14],...

Bai bao nay nham muc dich trinh bay mot s8 ting dung ctia 1ap trinh tap tra 1oi
trong viéc bi€u dién tri thirc thong qua mot s6 bai todn ctia ly thuyét d6 thi. Phan con lai
ctia bai bao dwoc t8 chitc nhu sau, phan 2 trinh bay vé cti phép ctia cdc dang quy tac ctia
chuong trinh logic cung véi ngt nghia tap tra 10i. Phan 3 trinh bay mot s6 bai toan dé
minh hoa viéc tng dung lap trinh logic trong viéc biéu dién tri thie. Cubi cung, két luan
duoc néu trong phan 4.

2. CUPHAP VA NGU NGHIA TAP TRA LOI CUA CHUONG TRINH LOGIC
Phan nay chi trinh bay tém tét cti phép can thiét, chi tiét day dt hon cé thé xem
trong [1, 7, 9].
2.1. Ct phap cac quy tac
Pinh nghia 2.1 (Quy tic) [1] Mt quy tic 1a cong thikc c6 dang:
p<qi,..., gm..., not gm+ ..., 10t qn (n=2m=0) @)

trong d6 p, gi 1a cic nguyén t& c6 ddi 1a hang hodc bién, p duoc goi 1a phan dau vagi,...,
Gu,y..., 10t Gmn ..., ot g« 1a phan than ctia quy tic. Ddu phay trong phan than quy tac la
ky hiéu thay cho phép hdi (). Quy tic nén 1a quy tac khong chira bién.

Y nghia ctia quy tic cé dang (1) 1a néu than quy tic nhan gia tri true thi dau sé nhan
gia tri true. Quy tic voi phan than rong:

p <
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sé duoc goi 1a sy kién. Ky hiéu miii tén c6 thé khong viét. Y nghia ctia sy kién 1a né luén
nhan gia tri true.
Dinh nghia 2.2 (Rang budc) [2] Mot rang budc la cong thirc c6 dang:

«Li,... Ln (1= 0) @)
trong d6 vé€ trai mac dinh 1a false, Ly, ..., Lw 1a cac literal (nguyén td hodc phu dinh cua
nguyén t8) cé d6i 1a hang hodc bién. Y nghia ctia rang budc (2) 1a Ly, ..., L» khong thé
dong thoi nhan gia tri true.

Phan tiép theo sé trinh bay mot s6 md rong cac quy tac va rang budc.

Pinh nghia 2.3 (Literal diéu kién) [6] Mot literal diéu kién eoco dang L:A, trong d6 L va A
la cac nguyén td. o 1a ky hiéu cua tap cac literal nén L(a) sao cho A(a) 1a true.

Vidu 1.1 Véip, qla cac vi tt mot ngdi, literal diéu kién p(X):q(X) la tap hop {p(a) | 9(a)
la true}.

Trong cac tng dung ctia ASP, mot s6 luwong 16n cac bai toan c6 thé duoc giai
quyét bang chuong trinh logic thong thuwong, nhung d6i khi bai toan c6 mot s3 rang
budc ma mdt chuong trinh logic thong thuong phai mat nhiéu quy tac dé cé thé giai
quyét duoc hodc khong thé giai quyét dwoc. Han ché nay cé thé dugc khic phuc boi viéc
mo rong cia chrrong trinh logic bang cach cho phép cac quy tac c6 chira cac rang budc
ban s, trong s0 [6, 8, 13]. Trong phan nay ching toi chi dé cap dén cac rang budc ban
s0.

Pinh nghia 2.4 (Rang budc ban s6) [6] Mot rang budc bin so'C 1la mot biéu thic c6
dang nhu sau:

L<ih, ..., l}<U )

trong d6 L va U la hai s6 nguyén, lan luot la chdn dwdi va chan trén cta rang budc C,
mdi Ii 1a mot literal hodc literal diéu kién. Céc gia tri L va U c6 thé bo qua, trong truong
hop nay chdn duwdi duwoc xem la -oo va chén trén 1a oo.

Pinh nghia 2.5 (Tinh thoa méan cua rang budc ban sd) [6] Cho C 1a mt rang budc ban sd
co dang;:

L<{h, ... LjsU

va S la mot tap cac nguyén t6 nén. Luc d6 S duoc goi la thoa C néu tong cac literal trong
tap {Iy, ..., In} dwoc thoa bdi S la thudc khoang [L,U].

Pinh nghia 2.6 (Quy tac chon) [6] Quy tic chon 1a cong thikc c6 dang:
{Ay,.., An} <~ ~1,..., v (n20) ()
trong d6 Aila cac nguyén t5, oi la cac rang budc ban sé.

115



Ung dung ciia Idp trinh tdp trd 10i dé'biéu dién va thiec thi mot s’ bai todn cia by thuyét do thi

Quy tac (2) c6 y nghia 1a néu than quy téc 1a true thi moi tap con ctia cac nguyén
t6 trong dau quy tac ciing 1a true. Néu mot nguyeén t6 khong xudt hién trong dau ctia bat
ky quy tac nao ma lam than 1a true thi né sé 1a false.

Dinh nghia 2.7 (Quy tic rang budc ban s6) [6] Quy tic rang budc bin so'1a cong thirc co:
CO(—CI,. . .,Cn
trong d6 Cila cac rang budcbansg, i=1,..., n (n>0).
Dinh nghia 2.8 (Rang budc mé rong) [2] Mot rang budc mé rong 1a quy tac c6 dang:
false <« Ci,...,Cu

va thuong duoc viét: «~Cy,...,Cn
2.2. Ngit nghia tap tra 16i cua chwong trinh logic

Phan nay chi trinh bay ngtt nghia tap tra loi cua chuwong trinh logic c6 chita cac
quy tac va rang budc thong thuong. Chi tiét vé ngit nghia tap tra 16i ctia chrrong trinh
logic chtta cac quy tac va rang budc mo rong cé thé xem trong [6, 8].
Pinh nghia 2.9 (Chuong trinh logic) Chuong trinh logic 1a mot tap hitu han khac rong cac
quy tac va c6 thé chita cac rang budc. Chirong trinh logic nén 1a chuong trinh logic chi
gém cac quy tac neén.
Pinh nghia 2.10 (Phép bién d6i Gelfond — Lifschitz) [8] Cho P la chwong trinh logic, I la
mot thé hién tuy y cua P. Phép bién doi Gelfond — Lifschitz thwee hién hai budce sau day trén
ground(P):

1. Loai bé cdc quy tac ctia ground(P) cé chita literal &m not g trong than ctia no,
voig el
2. Loai bo tat ca literal am trong cac than ctia cac quy tac con lai ctia ground(P).

Chuong trinh logic nén chta cac quy tic con lai, ky hiéu la P!, P! duoc goi la
chwong trinh thu hep ctia P theo 1.
Nhin xét: Chwong trinh thu hep P’ la chwong trinh logic nén khong chira ky hiéu pha
dinh, né la chwong trinh logic dwong, vi vay P’ c6 mo hinh nho nhat [1].
Pinh nghia 2.11 (Tap tra 1oi) [4] Mot thé hién I ctia chwong trinh logic P dwoc goi 1a tdp
trd loi cia P néu I trung v6éi mo hinh nho nhat cua Pl
Pinh nghia 2.12 (Ngit nghia tap tra 10i) [4] Ngir nghia tdp tra loi ciia chuong trinh logic P
la tap cac tap tra 10i ctia P, ky hiéu ASP(P).

Vi du 1.2 Xem churong trinh logic P g6m cac quy tac sau day:
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p(1,2) «

9X) <« pX Y),notg(Y)

Xét thé hién I = {g(2)}. Luc d6, thuc hién phép bién doi Gelfond — Lifschitz, ta nhan duoc
chuwong trinh P! bao gdm cac quy tac:

p(lL2) <«

q1) <« pL1)

q2) <« p21)
M6 hinh nho nhét caa P! 1a {p(1,2)}, né khac v6i I. Vi vay I khong phai la tap tra 10i caa
P.
Bay gio, ta xét tiép thé hién | = {p(1,2), g(1)}. Luc d6, thuc hién phép bién doi Gelfond —
Lifschitz ta nhan dwoc chiong trinh P/ gom cac quy tac:

p(l,2) <«

q1) < p(12)

92) <« p22)

Mo hinh nhoé nhét cta chwong trinh P/ 1a {p(1,2), (1)} trung v6i J. Vay J = {p(1,2), q(1)} 1a
tap tra 10i cua P.

3. MOT SO BAI TOAN UNG DUNG CUA LAP TRINH TAP TRA LOI

Trong phan nay sé trinh bay viéc ting dung 1ap trinh tap tra 1oi &€ biéu dién mot
s0 bai toan kinh dién cua ly thuyét d6 thi, viéc thuc thi d€ tim cac cau tra 10i cho cac bai
toan nay sé duoc thuc hién boi cac hé thong lap trinh logic thong dung nhu DLV, SWI-
Prolog, Clingo,...Sau day la so d6 biéu dién va thuc thi bai toan bang lap trinh tap tra
1oi:

Bai tooan —» | Ma hda » | Chuong | Hé thong | Tap tra 10i,

trinh logic ASP

Dt liéfu — | Ma hoa

Hinh 1. So &6 biéu dién va thuc thi bai toan bang lap trinh tap tra 1oi

C4c bai toan trinh bay trong phan nay sé duoc thyc thi bang hé thdng 1ap trinh
logic Clingo, day la hé thong 1ap trinh logic véi nglt nghia tap tra 10i va la mot thanh
phéan ctia Hé thong ASP Potassco (Potsdam Answer Set Solving Collection) dwgc phat
trién tai Pai hoc Potsdam, BDtc, duong link cua hé théng nay:
https://potassco.org/clingo.
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3.1 Bai toan sic s6 ctia do thi

Bai todn sic s6 cua db thi duoc phat biéu nhu sau: Cho G = (V, E) la mot do thi
v6 hudng. Hay t6 mau cac dinh cua d6 thi, sao cho hai dinh ké nhau khong cung mat
mau va s6 mau duoc st dung la it nhat. S6 mau it nhat c6 thé st dung dé€ t6 mau cac
dinh cta do thi dugc goi la sic s6'cta d6 thi do.

Bai toan sac s8 6 nhigu ting dung trong thuc t& [7], ching ta c6 thé giai quyét
cac bai toan khac nhau vé 1ap lich, 1ap ké hoach, phan b6 cong viéc, xdy dung nhom,...
bang viéc duing cac chuong trinh logic dé biéu dién. Ta sé minh hoa bai todn sac s§ qua
mot sO bai toan 1ap lich thi nhw sau:

Bai todn Ldp lich thi: Hay lap lich thi trong mot truong dai hoc sao cho khong
6 sinh vién nao ¢ hai mon thi cung mot thoi diém va s6 cudc thi la it nhat.

Co thé giai bai toan lap lich thi bf?mg mo hinh d06 thi, v6i cac dinh 1a cdc mon thi,
c6 mdt canh ndi hai dinh néu cé sinh vién phai thi ca hai mon duoc biéu dién b?ing hai
dinh nay. Thoi diém thi cia mbi mén dwoc bidu thi bang cac mau khac nhau. D& minh
hoa, gia st c6 7 mon thi can xép lich thi. Cac mon hoc duoc danh s6 tie 1 t61 7 va cac cap
mon thi sau ¢6 chung sinh vién: 1va2,1va3,1va4,1va7,2va3,2va4,2vab,2va7,
3va4,3va6,3va7,4vas5,4va6,5va6,5va7, 6va7. Do thibiéu dién cho bai todn nay
nhu sau:

Hinh 2. D6 thi G minh hoa cho bai toan Lap lich thi

Débiéu dién bai toan nay bang chuong trinh logic, trirdc hét ta sé dinh nghia cac
nguyén t6 cung voi y nghia duoc gan cho nhitng nguyén t6 nay: ky hiéu vertex 1a vi twe
1-ngoi va vertex(X) dé chi X la mot dinh, edge la vi tir 2-ngoi va edge(X,Y) d€ chi canh ti
dinh X dén dinh Y, size: 1a vi ttr 1-ngoi va size(N) d€ chi N 1a s6 dinh cua d6 thi, color la
vi ttr 2-ng6i va color(X,C) d€ chi mau cua dinh X la mau C. Do d6 thi chi ¢6 7 dinh nén
s0 mau t0i da cé thé st dung la 7, ta sé€ danh sd thit tw mau la 1, 2,...7. Luc d6, chuong
trinh logic biéu dién bai todn nay nhu sau:

vertex(1..7).

edge(1,2) edge(1,3) edge(1,4) edge(1,5) edge(1,6) edge(1,7)
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edge(2,1) edge(2,3) edge(2,4) edge(2,5) edge(2,7)
edge(3,1) edge(3,2) edge(3,4) edge(3,6) edge(3,7)
edge(4,1) edge(4,2) edge(4,3) edge(4,5) edge(4,6)
edge(5,2) edge(5,4) edge(5,6) edge(5,7)
edge(6,3) edge(6,4) edge(6,5) edge(6,7)
edge(7,1) edge(7,2) edge(7,3) edge(7,5) edge(7,6)

size(N) <= N = #count{X : vertex(X)} (1)
1 {color (X,C) : C=1.. N} 1 < vertex (X), size(N) (2)
«edge (X,Y), color (X,C), color (Y,C) 3)
#minimize{1,C : color(X,C)} 4)

Y nghia ctia quy tac (1): D6 thi c6 kich thude 1a N

Y nghia ctia quy tic (2): Mbi dinh X ctia d6 thi c6 duy nhat mot mau C
Y nghia ctia rang budc (3): Hai dinh lién ké khong cling mau.

Y nghia ctia rang budc (4): S6 mau d€ t6 cho cac dinh 1a nho nhat

Tién hanh thyec thi chuong trinh nay bang cac hé théng lap trinh logic, chang han
Clingo ta nhan dugc 1 tap tra 10i nhw sau:

{color(2,6), color(1,7), color(3,5), color(4,4), color(7,4), color(5,5), color(6,6)}

Vi két qua nay thi s6 mau it nhat can dung 1a 4 (twong ting cac mau c6 s6 thir
twla4, 5, 6,7) nén sé co 4 cudce thi duoc to chire.

Mot s6 cdc bai todn thuc té'cé thé chuyén vé bai todn sdc so:

Bdi todn phdn chia tin s6: Gia st ¢6 n dai phat truyén hinh, ta can phén chia cac
kénh truyén hinh cho cac dai phat sao cho khéng c6 hai dai phéat nao cach nhau khong
qua k km lai dung cing mot kénh va s kénh 1a it nhat.

Dé€ giai bai toan nay, cé thé xay dung mot d6 thi c6 cac dinh 1a cac dai phat, hai
dinh dugc ndi véi nhau bang mot canh néu ching & cach nhau khoéng qua k km. Kénh
truyén hinh ctia mdi dai duoc biéu thi b.%mg cac mau khac nhau. Nhu vay bai toan nay
duoc dwa vé bai todn sic s6 ctia db thi.

Bai todn xdy cdc dung kho luu trit héa chit: Can td chire cac kho d€ luu triv céc
hoa chat, biét rang c6 mot s6 loai hoa chat khong thé d& canh nhau vi chiing c6 thé két
hop gay nd. Ta c6 thé giai quyét bai toan nay bang cach xay dung mot d6 thi ma cac dinh
cua do6 thi dai dién cho cac loai héa chat khac nhau. D6i véi mdi cap hoa chat co thé phat
nd néu két hop lai, c6 mét canh gitta cac dinh tuong ¢ng. S6 mau cua d6 thi nay la sd
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lwong cac khu viee lwu trit khac nhau can thiét d& khong c6 hai héa chat nao tron 1an né
dwoc lru trit cung nhau.

Bdi todn phdn chuéng nudi thii: Mot vuon bach tht mudn xay dung chudng tu
nhién d€ trung bay cac con thi. Mot s6 loai thu sé an thit cac con tha khéc néu ¢é co hoi.
C6 thé dung mo hinh d6 thi va t6 mau d6 thi nhu trén dé xac dinh s6 chuéng khac nhau
can c6 va cach nhét cac con thii vao cac chuéng thu ty nhién nay.

3.2. Bai toan tim clique cuc dai

Bai toan clique la mdt bai toan kinh dién cta ly thuyét do6 thi va cé nhiéu ting
dung. Nhiéu van dé trong cac mang xa hoi, sinh hoc, tai chinh, ... duoc giai quyét thong
qua bai toan tim kiém cac clique trong d6 thi [7]. Clique cing duoc stt dung nhw mot
cong cu phan cum hay phan loai dit liéu.

Mot clique trong d6 thi v6 hudng G 1a tap cac dinh V’ (V”1a tap con cta tap cac
dinh V cta G) thoa man: véi mdi cdp dinh thudoe V’ luon ton tai mot canh ctia G néi
chung. Do vay, mot do thi con dugc tao ra tir V’ sé 1a mot d6 thi day dua. Kich thudc caa
mot clique la s6 dinh cua no. Bai toan dat ra la xac dinh xem c6 ton tai hay khong mot
clique vdi kich thuwdce ciee dai. Ta minh hoa qua bai toan sau:

Bdi todn tim moi quan hé quen biét cia nhiing nguoi trong mot mang xd hoi: Mot
mang xa hoi thuong cé tap dir liéu ctia nhitng nguoi tham gia va nguoi ta mong mudén
phan tich di liéu tir nhitng ngudi c6 moi quan hé quen biét véi nhau nh3m phuc vu viéc
nghién ctru va tdi wu hod hoat dong cuia ho. Bai toan dat ra la tim cadc nhom nguoi tham
gia 16n nhat trong mang xa hoi c6 quan hé quen biét véi nhau.

Dé€ giai quyét bai toan nay, tredc hét ta xay dung mot do thi G = (V, E), trong do
tap dinh V biéu thi cho ho so dit liéu ctia cac nguoi tham gia mang xa hoi va tap canh E
thé hién mdi quan hé quen biét 1an nhau gitta hai nguoi. Lc d6 bai toan dit ra cé thé
chuyén vé bai toan tim clique cyc dai cua d6 thi G, nghia la tim cac tap dinh V' < V cuc
dai sao cho hai dinh bat ky trong V' déu ¢ canh ndi gitra 2 dinh d6. D€ minh hoa, gia st
¢ d6 thi G =(V, E) nhw hinh sau:

Hinh 3. D6 thi G minh hoa cho bai toan tim clique cyc dai
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Chuong trinh logic biéu dién bai todn nay nhu sau:
vertex(a) vertex(b) vertex(c)
vertex(d) vertex(e) vertex(f)

edge(a,b) edge(b,c) edge(c,d) edge(d,a)

edge(e,f) edge(f,g) edge(gh) edge(h,e)
edge(a,e) edge(b,f) edge(d,h) edge(f,h)
{cliqgue(X)} < vertex (X)} (1)
« clique(X), clique(Y), X!=Y, not edge(X,Y), not edge(Y,X) (2)
#maximize {1,X : clique(X)} (5)

Trong chwong trinh nay: vertex la vi tir 1-ngdi va vertex(X) dé€ chi X la mot dinh.
edge 1a vi tir 2-ngdi va edge(X,Y) d€ chi canh tir dinh X dén dinh Y. clique: 1a vi tit 1-ngdi
va clique(X) d€ dinh X thudc vao clique.

Y nghia ctia quy téc (1): Cac dinh thudc clique la dinh ctia d6 thi. Rang budc (2):
Loai bd cac tap con c6 2 dinh khong lién ké. Rang budc (5) dé€ tinh s6 dinh cuc dai cua
clique.

Tién hanh thuec thi chuong trinh nay bang Hé théng Clingo ta nhan dugc mot tap
tra 101 kich thwdc 16n nhat la 3 nhu sau:

{clique(f), clique(g), clique(h)}

Ngoai tap tra 10i tim dwoc nay, mot tap tra 10i khédc cua bai toan voi kich thwede 3
la:

{clique(f), clique(h), clique(e)}
3.3. Bai toan tim chu trinh Hamilton

Trong d6 thi G, duong di qua tat ca cac dinh cta do6 thi va mdi dinh ding mot
lan duoc goi 1a duwong di Hamilton. Chu trinh bat dau tir mét dinh v nao dé qua tat ca
cac dinh con lai, moi dinh diing mot lan roi quay tré vé v dugc goi la chu trinh Hamilton.
D6 thi G duoc goi la d6 thi Hamilton néu no chita chu trinh Hamilton va goi la d6 thi
ntta Hamilton néu n6 c6 duong di Hamilton.

Cho dén nay viéc tim mét tiéu chuan nhan biét d6 thi Hamilton van con 1a mo,
mdc du day 1la moét van dé trung tam cua ly thuyét d6 thi. Hon thé nita, hién nay ciing
chwa c6 thuat toan hiéu qua d€ kiém tra mét d6 thi c6 1a Hamilton hay khong. Phéan nay
sé trinh bay viéc biéu dién bai todn tim chu trinh Hamilton qua bai todan minh hoa nhu
sau:
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Bai todn tham quan du lich: Mot co s& du lich mudn t6 chitc mot chuyén tham
quan cho khéch hang. Ho can t6 chitc tham quan céc dia diém sao cho méi dia diém chi
dén mot [an, véi hanh trinh bit dau tir mot dia diém va két thuc tai dia diém do. bay
chinh la bai toan tim chu trinh Hamilton trong do thi vd hudng.

Gia st G la mot d6 thi c6 hudng nhu hinh sau:

Hinh 4. D6 thi G minh hoa cho bai todn tim chu trinh Hamilton
Bai toan nay dwoc bidu dién boi chuong trinh logic nhuw sau:
vertex(1..6)
edge(1,2) edge(2,5) edge(2,6) edge(2,3)
edge(5,3) edge(3,4) edge(4,6) edge(6,1)

start (1) 1)
{cycle(X)Y) } < edge(X,Y) (2)
« cycle(X,Y), cycle(X,Z), edge(X,Y), edge(X,Z), Y'=Z 3)
« cycle(Y,X), cycle(Z,X), edge(Y,X), edge(Z,X), Y'=2 4)
« vertex(X), not reachable(X) (5)
reachable(Y) < cycle(X,Y),edge(X,Y), start (X) (6)
reachable(Y) < cycle(X,Y), edge(X,Y), reachable(X), not start(X) (7)

Trong chuong trinh logic nay, nguyén t6 cycle(X,Y) d€ chi mot canh tir dia diém
X dén dia diém Y trong chu trinh Hamilton. Nguyén t6 start(1) d€ chi dia diém xuat phat
la dja diém 1. Y nghia ctia cac quy tac ctia chuong trinh:

Quy tic (2) chira r.%mg tap cdc canh trong chu trinh Hamilton la tdp con cac canh
cua do thi G.

Rang budc (3), (4) chi ra ¢6 nhiéu nhat mot dinh duoc chon trong canh dén va
canh di va chi ¢ cac tap con cdc canh cycle(a,b) thda rang budc sé tao nén chu trinh.
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Rang budc (5) va cac quy tac (6), (7) cé y nghia: mdi dinh tim dwoc tir dinh khoi
dau va thong qua viéc chon cac canh cycle(a,b).

Tién hanh thyec thi chuong trinh nay bang Hé thong Clingo ta nhan dwoc chi mot

tap tra 101, twong ting 1 chu trinh Hamilton xudt phat tir dinh 1 cua d6 thi G nhu sau:
{cycle(1,2), cycle(2,5), cycle(5,3), cycle(6,1), cycle(3,4), cycle(4,6)}
3.4. Bai toan tim phu dinh

Trong ly thuyét d6 thi, phu dinh ctia d6 thi 1a mot tap hop cac dinh chia it nhat
mot diém cudi ctia mdi canh ctia d6 thi [7]. Bai todn dit ra 1 tim pht dinh c6 kich thwdc
nho nhat, bai toan nay c6 nhiéu tng dung trong thuc t€, ta minh hoa qua bai toan sau:

Bai todn ldp dit camera: Gia st ban c6 mot phong trung bay nghé thuat véi
nhiéu hanh lang va 16i ré. Phong trung bay ctia ban dang trung bay nhitng bitc tranh ¢
gid tri va ban mudn gitt chting an toan. Ban dang c6 y dinh lap d&t camera an ninh 6 mdi
hanh lang d€ camera cé thé€ quan sat moi bitc tranh. Néu ¢ camera an ninh ¢ hanh lang
thi c6 thé nhin thady moi bitc tranh ¢ hanh lang. Néu c6 camera ¢ goc noi hai hanh lang
gdp nhau thi c6 thé xem tranh ¢ ca hai hanh lang. Chiing ta c6 thé m6 hinh héa hé thong
nay dudi dang d6 thi G trong dé cac dinh biéu thi noi cac hanh lang gdp nhau hoéac khi
hanh lang tro thanh ngd cut va cac canh la hanh lang. Trong d6 thi nay, hay chi ra noi
ban sé dat cac camera sao cho tat ca cac buc tranh déu duoc giam sat - day la bai toan
tim phu dinh cia mét d6 thi va c6 thé c6 nhiéu phuwong an tra 1oi.

D6i voi bai toan nay, ta can tim mot tap V' gom it nhat cac dinh khac nhau trong
d6 thi G sao cho it nhat mot dinh ciia mdi canh ctia G 1a thudc V7, day chinh la bai toan
tim pha dinh cyece tiéu cua d6 thi G. D€ minh hoa cho bai toan nay, ta gia st d6 thi G duoc
cho nhw hinh sau:

(=)
he
O

Hinh 5. D6 thi minh hoa bai todn lap dat camera
Bai toan nay duwoc biéu dién boi chuong trinh logic nhuw sau:
vertex(a) vertex(b) vertex(c) vertex(d) vertex(e) wvertex(f) vertex(g) vertex(h)
edge(a,b) edge(ah) edge(b,d) edge(be) edge(c,d)
edge(ce) edge(ef) edge(eh) edge(f,g) edge(gh)
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{ cover(X)} :- vertex(X) <« (1)
« edge(X,Y), not cover(X), not cover(Y) (2)
#minimize{1,X : cover(X)} 3)

Trong chuong trinh logic nay, quy tic (1) yéu cau tap tra 10i 1a tap con ctia ctia
tap dinh. (2), (3) la rang budc phai thoa man theo yéu cau bai toan.

Tién hanh thyec thi chirong trinh nay bang Hé thdng Clingo ta nhan dwgc mot tap
tra 10i twong tng véi moét pha dinh ctia G c6 kich thuwde nho nhat la 4 sau day:

{ cover(b), cover(h), cover(c), cover(f)}

4. KET LUAN

Hién nay lap trinh tap tra 10i c6 nhiéu tng dung trong rat nhiéu linh vuc khac
nhau nhu Tri tué nhan tao, X ly ngon ngit tu nhién, Hé chuyén gia, web ngi
nghia,...Trong khuon kho bai bao, ching t6i chi gidi thiéu mot s6 tng dung tiéu biéu
cua lap trinh tap tra 1oi d€ biéu dién va thue thi mot s6 bai toan t6i wu kinh dién cua ly
thuyét d6 thi va ap dung qua thuec t€ ctia nhitng bai toan nay. Cac bai toan minh hoa déu
thudc 16p bai toan NP va viéc giai quyét 1a khong don gian, tuy nhién c6 thé thay rang
viéc sit dung lap trinh tap tra 1oi dé€ biéu dién cac bai toan 13 kha tw nhién, diéu nay nh3m
thé hién cac uu diém cta viéc sit dung logic trong viéc biéu dién tri thiec.
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APPLICATION OF ANSWER SET PROGRAMMING TO REPRESENT AND
IMPLEMENT SOME PROBLEMS OF GRAPH THEORY

Truong Cong Tuan
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ABSTRACT

In the past decades, research on logic programming has achieved significant
advancements in both theory and application. Logic programming has been widely
applied for knowledge representation and information processing in various fields.
Nowadays, logic programs with answer set semantics have been proposed as a new
paradigm for applying declarative programming techniques to represent
knowledge. In this paper, we present the application of answer set programming to

represent and implement some problems of graph theory.

Keyword: Logic Programming, answer set, answer set semantics.
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