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Abstract. Resolution is the main technique used by query answering systems for logic programs. This
paper analyses and compares two methods that avoid infinite loops in the process of query evaluation for
logic programs with finite models. We present some search strategies and discuss a particular tabulation
technique, SLG resolution, and a particular transformation technique, Magic Templates. They are all goal-
oriented and can be applied to evaluate queries for the Datalog programs. The primary differences between
direct implementations of both approaches are in the maintenance of data structures.

T6111 t't. Phep ph an gi<l.iIi ky thuat chinh du'o'c cac h~ thong trd lai d.u truy van st!· dung trong cac
chtrorig trlnh logic. Bai bao t~p trung phan tich va so sanh hai phu'ong ph ap nh Srn ngan ch~n cac vong l~p
vo han trong qua trlnh iro-c hro-ng cau truy van d6i voi cac chiro'ng trlnh logic voi mo hlnh hiru han, Chung
toi trlnh bay cac chign hro'c tlm kigm, thdo lu~n ve phep bign do'i ma t~p va ph ep U'Crchrong b:l.ng SLG. Ci
hai phiro-ng ph ap nay d'eu 111.nhimg thuat toan hutmg dich, chting ta co the' ap dung M iro'c hrong cfiu truy
van d6i v6i chu'o'ng trlnh Datalog. Sv' khac nhau CO' bdn trong vi~c thuc hi~n cd a cd hai each tiep c~n nay
111.ve m~t cau true dir li~u.

Cac ky thu~t d~ tn!. Uti cau truy van doi vrri cac chircng trinh logic da diro'c nghien ciru nhieu
trong cac nam qua va co th~ tlm thay nhi'eu cong trinh nghien crru [2,4- 8,11]. Nhirng ky thu~t
nay diro'c ap dung theo hai each khac nhau, thiro'ng diro'c goi la tren xudng (top-down) va dirci len
(bottom-up). Cac phuo ng ph ap top-down co ve la cac phirong phap trtrc giac do di~m khci dau cna
viec tinh toan la tir dich truy van, va chiing se khOng tinh cac fact khong thich ho'p v6i. cau truy
van. Tuy nhien cac ket qua trung gian co th~ du oc tinh toan l~p di l~p lai nhieu tan, ehhg han vai
phircng phap tro'c hrong SLD [5], phtro'ng phap nay Ill.day dd, nghia la tat d cau td lei dung diro'c
bi~u di~n trong cay SLD. Cay SLD da t ao ra m9t sV' phan ehia chinh xac trong khOng gian tlm kigm:
Can tinh toan gi va thtr tV' t inh toan la nhir thg nao. M9t di'eu dang tiec doi voi phtro'ng phap nay la
no khOng hi~u qua, viec tfnh toan tren cay SLD co th~ keo dai va t~n. Cac phuong phap bottom-up
dam bao tinh kgt thuc trong qua trlnh tinh toan lai giai ciia cau truy van, nhung di'eu nay khOng
co nghia la no hi~u qua. Chung thirong khong dinh hiro'ng dich, nhieu fact khOng lien quan den cau
truy van ciing duoc tinh toano M9t so phirong phap m& r9ng M tra len cau truy van diroc dira ra
trong then gian gan day rna muc dich Ill.dira ra dtro'c m9t chien hroc tlm kiern huang dich nhir trong
SLD, d<'mgthai co tinh hi~u qua la dam bao ket thtic qua trlnh tinh toan cau td loi truy van. f)i~n
hlnh cua cac phirong phap nay la phiro-ng phap bign d5i ma t~p va phuong phap iroc hrong bang
(xem [2,6,11]).

Trong bai bao nay chiing toi t~p trung VaG m9t so phircng phap u'ae hro'ng cau truy van doi vo'i
cac chtro'ng trlnh v&i cac ma hlnh hiru han, ev th~ chung toi thao luan cac phuong phap rr&e hrong
cau truy van tren chirong trlnh Datalog: phep ph an giai SLD, phep bign d5i ma t~p va phep u'&e
hrong bang SLG, dong thai ciing neu len mdi quan h~ giira cac phircng phap.
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2. MQT SO D~NH NGHIA vA KHAI Nl~M CO·BAN

Trong phan nay gioi thi~u mot so dinh nghia va khai niern CO" ban, chi tiet day dd hon co the'
xem trong [10].

D!nh nghia 2.1. M9t term diro'c dinh nghia d~ qui nhir sau:

• M9t hhg ho~e bien la m9t term.

• Neu f la kf hi~u ham b~e n va tl, t2,"" t« la cac term thi f(tl' t2,"" tn) la m9t term.

Term co' so' la term khong chira bien.
Neu p la ki hieu vi tir b~e n va tl, t2, ... , tn la cac term thl p( tl, t2, ... , tn) dtro c goi la m9t

nguyen tli-. M9t literal Ia m9t nguyen tli- ho~e phu dinh cua m9t nguyen tli-.

D!nh nghia 2.2:
• M9t qui t&c la m9t cong tlnrc logic co dang:

p t- ql /\ q2 /\ ... /\ qn ,

trong do p, ql, ... , qn la cac nguyen tli-. Vi t.ir p diro'c goi la dau, ql /\ q2 /\ ... /\ qn dtro'c goi la than
va cac vi tir ql, q2,'''' qn diro'c goi la cac dich con cua qui d.e. Y nghia cu a qui tlfe nay la "neu
ql, q2, .. ·, qn dung thl p cling dung". Neu than cua qui tlfe la r6ng thl no diro'c goi Ia m9t fact, ta bo
qua ki hi~u "t-".

Cac vi tir diro'c dinh nghia b&i cac quy tlfe goi Ia vi tV: IDB. M6i vi tir IDB irng vci mi}t quan
h~ IDB, cac b9 cua quan h~ IDB khong co sg,n va chi dtro'c tao ra tir cac qui t~e. Vi tV: EDB Ia vi
tir khong d .ro'c dinh nghia qua cac qui tlfe ma chfnh la nhirng quan h~ dtro'c IU"Utrong CO" s& dir Ii~u.
Turmg irng m6i vi tjr EDB la m9t quan h~ EDB.

• Mqt iUch (goal) hay cau truy wLn (query) co dang nhir sau: ?- ql /\ q2 /\ ... /\ qn'

• Quy t&c Datalog Ia qui t~e rna cac term ciia no gl)m hhg ho~e bien va khong chira ki hieu
ham.

• Mi}t clnro'ng trlnh Datalog la m9t t~p him han cac qui t~e Datalog.

3. UO'C LUQ'NG SLD (LINEAR SELECTION RESOLUTION FOR
DEFINITE CLAUSES)

Chung toi gioi thieu phucrig phap iro'c hrorig SLD (xem [5]) diroc thiet ke d~e bi~t eho vi~e tfnh
cac qui t~e Datalog theo htrong tir trai sang phai,

Djnh nghia 3.1. (Cay SLD): Cho P la mi}t phuong trlnh Datalog va Q la mcc dich truy van. Cay
SLD cua dfch truy van Q doi voi chtro'ng trinh P dtro'c xac dinh:

• M6i nut cu a cay Ia mi}t dich va gifn cung voi no b&i mi}t phep thay the.

• Dich Q la nut goe, phep thay the ciia no Ia r6ng.

• G9i dich Q' = t- ql /\ q2 /\ ... /\ qn (n 2: 1) Ia mqt nut trong cay. Liic do Q' co mdt nut con doi
vm m6i qui tlfe r sao eho dau ciia r va ql la co the' hop nhat diro'c. D~t: H t- bl /\ B2 /\ ... /\ Bn
Ia m9t bien the' cua r bhg each dung cac bien moi. Nut con Q" Ia:

t- (BI /\ B2 /\ ... /\ Bn /\ qz /\ ... /\ qn)O,

trong do 0 Ia phep hop nhat ti5ng quat (mgu) cu a ql va H. Phep thay the tfnh toan (y Q" la <pO
trong do <p la phep thay the tinh toan (y Q'.

• Nut ket thiic la nut khOng co nut con.

Djnh nghia 3.2. Vi~e U'6'ehro'ng cau truy van tren chirrrng trinh Datalog dua vao cay phan giai
SLD diro'c goi la phep iroc hro ng SLD.
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Phep u'c:1Chrong SLD Ii m<?t chien hrcc xtl: li cau truy van theo kie'u top-down. Qua. trinh U'c:1C
hrcng b1l.t dau tjr dich truy van va l~p lai cac phep thay the than cii a qui t){c doi vc:1imot truong
hen> rieng cua dau trong dich dtroc chi ra. Qua. trinh U'c:1Chro'ng cau truy van se thanh cong neu tat
d. literal trong dich Ii diro'c tlm ra, c6 y nghia khi dich la nut ket tlnic.

Vi du 1. Xet chiro'ng trlnh P sau day:

rl : p(X, Y) <- e(X, Y),
r2 : p(X, Z) <- e(X, Y) 1\ p(Y, Z).

Cau truy van (Q): ?-p(1, Y).

Quan h~ EDB cua vi t ir e dircc cho bOi t~p hop E = {(I, 2), ... , (n-l, n)}.
Cay SLD doi voi cau truy van p(l, Y) nhir sau:

p(l, Y)

~
e(I,Y)

!
e(I,2)

e(l, Z) 1\ p(Z, Y)

~
p(2, Y)

~
e(2, Y) e(2, Z) 1\ p(Z, Y)

!
p(3, Y)

p(n, Y)..«>;
e(n, Y) e(n, Z) 1\ p(Z, Y)

Phep U'c:1Chrong SLD c6 the' se keo dai vo t~n trong truo ng hop cay SLD Ii vo han. Chung ta
xet vi du sau:

Vi du 2. Xet phurmg trlnh P sau day:
rl : p(X, Y) <- p(X, Z) 1\ p(Z, Y),
rz : p(X, Y) <- a(X, Y).

Cau truy van: ?- p( 1, Y).
Trong d6 a Ii vi tir EDB, gia sl1'quan h~ A cua vi tir a gom cac b<?(1,2), (1,3), (2,3). Cay phan giai
SLD doi vrri phtrong trinh nay va cau truy van da. cho nhu sau:

p(l, Y)

p(l, Z) 1\ p(Z, Y) a(I,2) a(I,3)

a(l, 2) 1\ p(2, Y a(l, 3) 1\ p(3, Y)
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Nhanh ben trai nhiit cii a cay phan giai nay la keo dai vo han, vi v~y phep U'ae hro'ng SLD se
di vao vong l~p vo t~n khi tim kiem cac leri giii cau truy van. Trong cac phan tiep theo, chiing toi
trlnh bay hai phuong ph ap U'CJeIU'q11gd€ tranh g~p phai trirong hop nay.

4. PHUO'NG PHAp MA T~P

Cac phirong phap U"<Jehrong theo each tiep e~n bottom-up co U'U di€m la vi~e tim leri giii cau
truy van dim bao ket thuc doi vm cac chtro ng trinh Datalog. Tuy nhien, no khong xem xet cau
truy van trong suot qua trinh U'ae IUq11g, tu'e la viec tinh toan khong diroc gltn lien vci diu truy van
nhu tlnrong xay ra trong cac phirong ph ap top-down, tir do dh den vi~e tinh toan nhieu fact khOng
lien quan den cau truy van din td 1m. MQt so tiep e~n ki€u bottom-up bao gom dinh htro'ng dfch
(goal-oriented) diro'c dira ra trong nhieu cong trlnh nghien ciru, trong do phtrong ph ap n5i tieng Ia
phirong phap ma t~p (xem [11]), Y tuo ng chfnh cu a phiro-ng ph ap nay lit. mo phong sir Ian truyen
cac tri buoc diro'c t ao ra trong tro'c hro'ng top-down cua cau truy van, SIr Ian truyen nay nhan diroc
bhg each viet lai chtro ng trinh goe ban dau, Trong m~i qui tlte goe mot dieu kien moi dircc them
vao M han ehe su' irng dung qui d.e. Cac dieu ki~n nay diro'c biet nhir la cac quan h~ loc. MQt t~p
qui tlte mo'i diro'c t ao ra d~ mo phong su' Ian truyen cac tri buoc.

Chung toi trinh bay m9t so khai niern CO' bin trircc khi neu len thu~t toan ma t~p,

4.1. Hoa van

Chung ta co th~ hlnh dung hoa van la each chii thich tren cac vi tlr M eung eap thOng tin ve
cac vi tir se diroc suodung nhir the nao trong qua trlnh iroc hro'ng cau truy van,

Djnh nghia 4.1.1. M9t doi tu'o'ng cua m9t dfch eon trong quy tlte r diroc goi la buoc neu trong
suot qua trinh iroc IU'q11gcau truy van, moi dich diro'c tao ra tir dich eon nay co m9t t~p cac h~ng
trong vi trf doi nay. Ngtrcc lai, doi dtro'c goi la tlJ.' do.

D!nh nghia 4.1.2.

• M9t hoa van (ho~e mh buoc] cua vi t ir P(tl' t2,"', tk) la m9t ehu5i cac ki tl! b, f eo ehieu dai
k. Neu ki hi~u thrr i cii a hoa van Ia b thi doi thrr i cii a p la buoc, neu ki tl! thrr i cua hoa van
la f thl doi thir i ciia p la tl! do. Chi eo cac vi tlr IDB hI.diro'c hoa van.

• Cho qui tlte p +- ql 1\ q2 1\ ... 1\ qn va w la hoa van cua vi tir p, hoa van ai ciia cac literal
q;(ti,l, ... ,ti,ni) drro'c xac dinh nhir sau: Neu ti,j Ia mQt Hng ho~e bien da xuat hien trong dich
con qk trtro'c do (k < i) ho~e trong mQt vi trf buoc cua p thi adj] = b, ngoai ra thi a[j] = f (vai
adJ']la ki hi~u vi trf thli- j cii a hoa van).

• Cho chiro'ng trinh P, clnrong trlnh hoa van cua P, ki hi~u la pad, gom cac qui t£e hoa van cua
moi qui tlte trong P.

• Hoa van a cua cau truy van p(tl' ... , tn) diro'c xac dinh bO'i: a[i] = b neu t; la m9t Hng va
a[i] = f neu ngiro'c lai,

Vi du 3. Chiro'ng trinh Datalog P trong Vi du 1 eo th€ bien d5i th anh chuong trinh hoa van pad
nhir sau:

?_ pbf (1, Y),

arl : pbf (X, Y) +- e(X, Y),

ar2 : pbf (X, Z) +- e(X, Y) 1\ pbf (Y, Z).

Cac vi tir diro'c hoa van pbf va pfb la khac bi~t nhau va khac vai tir khOng hoa van p, m~e dau cac
qui tlte dinh nghia pbf va pfb nhan diro'c t ir cac qui tlte dinh nghia p.
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4.2. Truy'en thong tin ngang

Mi?t chien hro'c truyen thong tin ngang SIPS (Sideway Information Passing Strategy) la mdt
quydt dinh ve each thsi c ll/ Lan truyen thong tin trong than qui tite khi Uclc LuC[ngqui t8.c, SIPS chi
ra cac tri buoc ctia d'5.uqui tile dtro'c dung nhir the nao, thli- tlJ.'ma cac dich con trong than se dircc
tfnh va each thirc M cac tri bui?e nay truyen ngang giira cac vi tir cua than quy tile. S1.I:dung SIPS
ta e6 th~ truyen cac tri buoc cu a d'au qui tile va cac tri buoc nhan dtroc tir vi~e iro'c hro'ng cac dich
con triroc do vao cac dfch con chira duxrc iroc hro'ng. Dieu nay tu'ong u'ng vo i vi~e t inh toan cac qui
tiie trong u'ae luong top-down nhung & day quyet dinh diro'c thuc hi~n & thOi gian dich. Noi each
khac, mi?t chien 11Iq'etruyen thOng tin ngang mf ti each thirc M u'ae hro'ng mi?t qui tile khi t~p cac
doi cua d'5.u la bi bucc vao cac Hng. D~ thirc hien di'eu nay ta co th~ dung cac qui tile diro'c hoa
van.

D!nh nghia, Mi?t chien 11Iq'etruyen thong tin ngang SIPS(r, a) doi vci qui titc r va hoa van cua

d'5.u qui d,e a cu a r la. mi?t dt thi co htro'ng diroc gan nhan, Cac eung co dang N ~ {q} vo'i N la
t~p cac vi tir trong chiro'ng trlnh, S 111.t~p cac bien va q la 111.mi?t vi tir don. Cac eung va nhan chi
dinh each th irc thOng tin duoc truyen giira cac dich con. Cae eung cua dt thi dira ra mi?t thli- tlJ.'bi?
phan ma & d6 cac dich con dircc u'ae hrong, con cac nhan chi dinh thong tin dtro'c truyen ngang tir
dfch con nay den dich con khac,

D~ Y rling m~i chien hroc SIP xac dinh mi?t mh ~n cac doi buoc ho~e tlJ.'do voi m(;i vi tu' diroc
trae hrong. Nhiern vv cii a qua trlnh hoa van 111.lam hien ra cac mh 3:n nay. Ch!ng han, ta xem vi
du sau: Xet mi?t qui tlte r voi dau 111.p va than q va mi?t cau truy viln p", Tjr qui tlte nay ta t ao ra
mQt phien ban hoa van cu a than q nhtr sau: Chite ehh ton tai mot SIP phii hop voi hoa van a tir
cau truy van. Di'eu nay co nghia la trong SIP qui tite r xuat hi~n voi cac doi p buoc ho~ tlJ.'do theo
hoa van a. Bily gia, mBi vi tu' IDB trong than qui tlte diro'c thay boi mi?t phien ban hoa van diroc
xac dinh b(h SIP. Neu phien ban nay la mo'i thl ta phai tao ra phien ban hoa van khac doi voi cac
qui tile dinh nghia n6.

Ta minh hoa vi du ve mot chien hro'c SIP M truy'en ngang cac tri buoc nhir trong Prolog.
Xem qui titc p(X, Y) +--- s(X, Z) /\ t(Z, Y). Cau truy van la ?p(a, X), tuorig dirong voi truy van
hoa van ?pbf(a). Neu p co hoa van bf thi s co hoa van bf b&i n6 nhan bien X bi buoc t ir dau
quy tJ{e va t co hoa van bf vi no nh~n Z t.ir vi tu: s. Luc d6 phien ban hoa van cua quy tJ{c se la
ph! (X, Y) +--- sbf(X, Z) /\ tbf(Z, Y). Liic nay neu khOng con qui tJ{e nao vci dich con s co hoa van bf
thi qua trmh hoa van diro'c ap dung doi vci cac qui tlte dinh nghia s. Di nhien, cac SIPS khac nhau
se xac dinh cac hoa van khac nhau doi vo'i cung m9t qui tJ{e.

Cac hoa van giii quyet bai toan truyen cac tri buoc dir thira b6i vi v~y bay gier no diro'c nhan
biet cac tham so nao la bi buoc va nhirng tham so nao la tlJ.'do.

4.3. Thu~t toan ma tr~ [11]

D!nh nghia 4.3.1.

• Literal magic cua literal p(t) la literal ki hi~u magicp(tb), trong d6 tb la kf hieu cac doi bi buoc
cu a p.

• Cac qui tite dinh nghia literal magic. p] tb) drroc goi la cac qui tlte magic.
Cac qui tite magic chi truyen cac tr] bUQeco' s&.

Thu~t toan:

Input: Cho chiro'ng trlnh P, m9t cau truy van q. G9i pad 111.chtro'ng trlnh hoa van nh an diro'c tir P
theo mi?t chien hro'c SIP dii eho.

Output: Mi?t chirong trlnh M pad sac eho khi iroc hrong M pad Se eho ket qui cau truy van q.
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Phuong phap:

1. ~5i voi m~i vi tir p vo'i doi la i trong chiro'ng trinh pad, tao ra m9t vi tir mo'i magic.ip v6i doi
tb, la cac doi bi buoc cii a vi tir p.

2. Doi voi m~i qui t1l.er trong pab : p(i) +- qt{ir) 1\ .. ·I\qn(in) ta sli'a d5i thanh milt qui tlfe trong
M pad: p(i) +- magicp(tb) 1\ qt{id 1\ ... 1\ qn(tn).

3. Doi vrri m6i qui t1l.e r trong pad: p(i) +- ql(ir) 1\ ... 1\ qn(in) va vci moi vi tir IDB qi, ta them
vao M pab qui t1l.emagic:

magicqdtf +- magicp(tb) 1\ qt{id 1\ ... 1\ qi-t{ii-r).

4. Them milt fact "hat nhan" magicq(c), trong do cIa q.p cac Hng tircng irng vrri cac doi bi buoc
cii a cau truy van.

Tinh dung ditn cti a thu~t toan nay dtro'c th~ hi~n bo-i dinh If sau day:

4.4. Dinh IY. Cho p(Cl,"" cn) la literal. Lsic a6:
• NeuMpadf--p(Cl,''''Cn) thiPf--p(Cl,""Cn),

• Neu p f-- P(Cl, ... , cn) va M pad f-- magic[p], thi M pad f-- p .

4.5. H~ qua [11] Cho chU:O'ng trinh P va cnu truy van q. Dung thu~t totin. ma t4p at bien a5i
chuO'ng trinh P thanh chsi o nq trinh M pad J chuO'ng trinh nay se tuO'ng auung v6-i P theo nghia khi
u6'c lucrng M pad se cho ra cung ket qud cnu truy van q.

4.6. P'htrrrng phap u6'c hro'ng ma t~p bao gom hai btro'c sau day:

1. Dung thu~t toan ma t~p M viet lai chirong trinh P th anh ehuong trinh M pad.

2. Urrc hro ng chirong trinh M pad b~ng cac thu~t toan ki~u dtroi len nhir Naive, Seminaive, ...

Vi du 4. Su: dung phep bien d5i ma t~p ta nh~n diro'c chirong trinh M pad sau day:

marl: p(X, Y) +- mag_pbf (X) 1\ e(X, Y)
mar-i : p(X,Z) +-mag_pbf(X) l\e(X,Y) I\pbf(y)
mar , : mag_pbf (Y) +- mag_pbf (X) 1\ e(X, Y)
mars: mag_pbf(l).

5. U6'c hro'ng bang (Tabled Evaluation)

U'oc hrong being 111.milt phuong ph ap iro'c hrorig cac cau truy van trong ccr sO-du' li~u suy di~n,
dii diro'c nghien ciru nhi'eu trong thai gian gan day. (xem [2,11]). U'cc hrong being mo rilng kha
nang cii a cac ngon ngir l~p trinh logic vi no co th~ duoc dung M iro'c hro'ng cac cau truy van d~ quy
nhir trong Prolog nhtmg vo'i cac tinh chat ket thiic tot hon nhieu, Phuong ph ap rrae hrong being se
ngan eh~n cac yang l~p vo han (dieu nay thucng xay ra trong iroc hro'ng SLD) va dam bao vi~e ircc
hro'ng se ket thiic doi vci chuong trinh Datalog.

Y trro-ng chinh cua phuong phap iro'c hro'ng being nhir sau: trong su5t qua trinh iro'c hrong
chirong trinh logic, cac dich con va cac cau td lai diro'c hru giu' vao milt being. M6i 1m goi den dich
con phai dtro'c ki~m tra xem dich con nay (ho~e milt bien th~ cua no) duoc goi truce do hay khOng.
N~u khOng co thl dich con nay ducc chen vao being va cac quy tlfe diro'c phan giai dira vao dich con
nay y nhu trong phtrong phap iroc hro'ng SLD. Ket qua cua viec u'ae hrong se dtroc dtra vao being.
N~u co milt bien th~ cii a dich con dii diroc goi truxrc do, dich con se duo c phan giii dira vao cac cau
tra 1m dii co trong being. Cac cau tra loi moi nhan diro'c, den hrot no se diroc them vao being va
gitn lien voi milt dich con trong suot qua trinh u'ae hro'ng. Vi~e iro'c hro'ng se ket thuc khi tat d cac
quy t1l.eva cac cau td 1m diro'c phan giai nho vao vi~c ap dung tat d 'cac dich con. Do cac cau td
lai dtro'c tao ra trong suot tien trinh cua cling m9t iro'c hrong dii str dung chung nen vi~e iroc hrorig
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bang c6 th€ xem nhir m9t tfnh toan di€m bat d9ng theo hurrng bottom-up truyen thong, Vi~c U'<1C
hrong tren cac dfch con dat tai m9t di~m co dinh thl nhirng dich con nay goi lit diro'c iro'c hrcng day
du.

Trong bai bao nay, chung tc3itrinh bay ky thu~t iro'c hrcng bang bhg each dung cac ki hi~u cua
phep phan giii SLG (Linear Resolution with Selection function for General logic programs) nhtrng
du cc xfiy dirng lai don gian han doi vci cac chirong trlnh Datalog. Chi tiet ve phep ph an giai SLG
doi vo'i chtro'ng trlnh logic t5ng quat c6 th€ xem [2,11].

5.1. M{>tso dinh nghia

Djnh nghia 5.1.1. M9t bang bao gom m9t t~p cac dich con, m~i dich con gh lien voi m9t t~p cac
cau tra lai, hai dich con hoac cac cau tra lai diro'c xem lit dong nhat vo'i nhau trong bang neu chung
lit cac bien th€ ciia nhau.

D!nh nghia 5.1.2. M9t h~ thong SLG bao gom m9t rimg cay SLG diro'c xay dung nlnr sau:

• M9t nut goc ciia cay SLG c6 dang: q +- q, trong d6 q lit m9t dich con, Nut goc du'o'c goi lit ilay
ild khi cay ttro'ng irng vo'i n6 lit dtro'c trrrc hrong day dl1 (xem Dinh nghia 5.1.5).

• Cac nut khc3ng phai lit nut goc c6 m9t trong hai dang:

- Nut that bai (Fail) dtroc them vao nlnr m9t nut la cua cac nhanh that bai, ho~c

- Nut c6 dang: Answer., Template +- GoaLList,

trong d6 Answer., Template lit m9t nguyen trl- diro'c dung d€ bi€u di~n cac tr! buoc thay d5i cua
cac dich con diro'c xep vao bang trong suot qua trlnh ph an giai, GoaLList chira danh sach cac
nguyen tll: vh con ph ai u'ac hrong. Gid thiet qua trinh tinli totin. tren. cdc qui tttc ilv:C(c th'/fc
hi~n tic trai sang phdi, cdc nguyen tJ du oc chon. csla mqt nut ld nguyen tJ ben trai nhat trong
GoaL List.

• M9t nut la trong cay SLG diro'c goi lit m9t nut td lai neu GoaLList cu a n6 lit r~ng.

Trong h~ thong SLG khc3ng c6 hai cay cung nut goc, nghia lit cac dich con tirong irng ciia chung
khc3ng th€ lit cac bien th€ do'i ten lh nhau.

U'o'c hrong cau truy van bhg each dung h~ thong SLG du'cc goi lit m9t iro'c hrong SLG, n6
dtro'c dinh nghia nhtr sau.

Diuh nghia 5.1.3. Cho chircng trlnh Datalog P, m9t u'ac hro'ng LSG E doi vci m9t dich truy van
root diroc xep bang lit m9t day cac rirng cay Fa, F1, ... , Fn sao cho:

• Fa la rirng chira mot cay don root +- root.

• Vai m~i i ~0 hiru han, Fi+1 nhan ducc t ir F, bhg each ap dung m9t trong cac phep toan SLG
(xem Dinh nghia 5.1.4). Neu khc3ng co phep toan nao diro'c ap dung vao Fn thl Fn dtro'c goi lit
h~ thong cudi cling cu a utrc hro'ng E.

Cac cay mdi se diroc tao b&i phep toan tao ilich con mcfi khi dich con diro'c dtra bao bang (la
dich con moi di.n tinh) tr& thanh cac literal dtro'c chon cua cac nut. Goc cua cac cay dc3ikhi con
diroc goi lit cac nut to' tien. Phep toan phan gidi qui tttc dtroc dung M sinh ra cac nut con cti a cac
nut to' tien vit cac nut trong (nut trong lit nut literal diroc chon cua no la khc3ng dtro'c dua vao bang).
Neu literal dtro'c chon cua m9t nut la dtroc dira vao bang thl cac con cii a n6 dtro'c sinh ra b&i phep
toan phiin gidi ciiu trd liTi. Cac phep toan nay ducc dinh nghia nhir sau.

D!nh nghia 5.1.4. (Cac phep toan SLG)

(i) Dich con m6i: G<;>iN lit nut khc3ng phai nut goc: Answer.Template +- A/\ GoaLList trong d6
dfch con S diro'c xep vao bang. Neu S lit dich con moi doi vm vi~c uxrc hrcng thi them m9t cay mo'i
vci goc lit qui tltc S +- S.
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(ii) P'han giai qui t.l{c: Coi N la m9t nut goe S - S va R la qui t){e Head +--- Body, trong d6 Head
hop nhat voi dich con S voi mgu la e. Them nut (S +--- Body)e nhir la m9t nut can ciia nut N neu
n6 la nut maio

Coi N la nut khOng phai nut goe: Answer., Template +--- S 1\ GoaLList, vci S khOng xe~~
bang. Coi R la qui tll.e Head +--- Body, trong d6 diu qui tll.e Head ho'p nhiLt v&i dich con S v&i m~
e. Them nut [Answer., Template +--- Body 1\ GoaLList)e nhtr la nut con cua nut N.

(iii) P'han giai cau tra Ufi: Goi N la nut khOng phai goe ma literal /3 diro'c chon cua n6 la diro'c
xep vao bang va Ans la m9t nut td lai. G9i N' la ho'p nha:t ciia N va Ans tren S. Luc d6 neu N'
khOng phai la can cria N thl them N' nhir la nut con ciia N.

(iv) Ket thuc: Cho truxrc m9t t~p S cac dich con diro'c rro-ehrong diy dd (xem Dinh nghia 5.1.5),
cac nut goe cu a cac cay irng voi cac dich con trong S du'cc goi Ia nut day dd.

Vi du 5. D~ minh hoa cac phep toan trong Dinh nghia 5.1.4, ta xet tr6- lai chirong trinh Datalog
P trong Vi du 1, gii quan h~ A dOi vo'i vi tir e gom cac b9 (1,2), (1,3), (2,3). U'oc hrong SLG cua
chirong trinh P nhir sau:

1. p( 1,Y) +--- p( 1,Y)

~~
2. p(1.Y) +--- p(l, Z) 1\ p(Z, Y) 3. p(l, Y) +--- a(l, Y)

~~~ .r>:
5. p(l, Y) +--- p(2, Y) 11. p(l, Y) +--- p(3, Y) 4. p(1,2) +--- 20. p(1,3) +---)

~ ~
10. p(1,3) +--- 17. Fail

6. p(2, Y) +--- p(2, Y)

.>'>:
7. p(2, Y) +---p(2, Z) I\p(Z, Y) 8. p(2, Y) +---a(2, Y)

t t
18. p(2, Y) +--- p(3, Y) 9. p(2,3) +---

~
19. Fail

12. p(3, Y) +--- p(3, Y)

~~
13. p(3, Y) +--- p(3, Z) l\a(Z, Y) 14. p(3, Y) +--- a(3, Y)

~ t
16. Fail 15. Fail

Dich con TdlOi.

p(l, Y) p(1,2), p(1,3)

p(2, Y) p(2,3)

p(3, Y)

Chung ta xem xet cac phep toan SLG diro'c ap dung vao ircc hro'ng SLG cu a vi du nay. Trinrc
tien dich con p(l, Y) diro'c dira vao bang va h~ thong SLG khoi diu tu: nut 1. Cac nut 6, 12 diro'c
tao ra b~ng each dung phep toan tao dich con maio Cac nut 2, 3, 7, 8, 13 va 14 diroc tao ra b~ng
phep toan phfin giai qui ti{e diroc ap dung eho nut goe. Cac nut 4, 9, 20 diro'c t ao ra bhg phep toan
phan giai qui tll.e tu' cac mit trong. Cac nut 5, 11, 18 dtro'c tao ra bhg ph ep toan phan giai cau td
lo-i. Trong h~ thong SLG nay thl cac nut 1, 6, 12 la cac nut t5 tien, cac nut 3, 8, 14 Ia cac nut trong,
cac nut td lo-i la 4, 9, 10.
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Dlnh nghia 5.1.5. (U&c hro'ng day dll)

Cho milt h~ thong SLG va t~p S cac dfch con diro'c xgp vao bing. S la diro'c tro'c hrong day dll
neu co it nhit milt trong cac dieu kien sau day diro'c thoa man doi vo im~i dfch con q E S:

1. q co milt nut td. 1m la milt bien th~ cua q, ho~c

2. Doi v&i m~i nut N trong cay co goc la q:
a) Literal diro'c chon S L ciia N la day dll, hoac
b) S L E S va khOng can ap dung diroc cac phep toan SLG doi v6i S L.

TInh dung dh ciia SLG doi voi chirong trrnh logic t5ng quat diroc chi ra trong [11], t ir do dh
theo tinh dung din trcng trtro'ng hop ta dang xet, la milt thu hep cu a SLG doi vci chirong trinh
Dat alog.

G9i F la h~ thong LSG doi v6i u&c hrcng LSG ciia milt chuo ng trmh P va cau truy van Q.
Th~ hien bi? phan cu a F, I(F), la milt t~p cac nguyen tll' CO" s6' diro c xay dung nhir sau: A E I(F)
neu A la milt hien hanh CO" s6- cua milt so cau td. lo-i trong F, A ff- I(F) neu A la hien hanh CO" s6-
cua milt vai nguyen tll' A'va cay LSG doi v6i A'Ia day dll trong F nhirng khong chira A nhir la
milt hien hanh cua cau td. lo-i n ao do.

Ta co dinh ly sau day:

Dinh IY. [11] Goi Q Ia. cau truy van aoi v6-i chv:ang trinh Datalog P. Lslc a6 mi}t v:6'c luerng SLG
se aq,t aen mi}t h~ thOng cuoi cung Fn ma. trong a6 mi}t nguyen ttl: ca Sd A la thui}c va.(l I(Fn) neu
va. chi neu n6 thui}c va.o Mp/sJ trong a6 Mp/s Ia. mo hinh cu:« tie'u ctia P du oc gi6-i ho« aoi veri
t~p cac aich con trong F.

6. KET LU~N

Vi~c phfin tfch tien hanh trong bai bao nay bao gom hai phirong ph ap chfnh nHm ngan ch~n
cac vong l~p vo han khi tirn kidm cac 1m giai cua cau truy van doi voi chircng trlnh Datalog. Cel.
hai phiro'ng phap nay thirc chat thirc hien cung milt str tinh toan va d'eu lit cac thu~t toan hmrng
dich. SlJ."khac nhau CO" bin trong viec thuc hien cua ca hai each tiep c~n nay la ve m~t cau true dfr
lieu. Phuong phap U"&chrong bing duy trl milt cay stack cua phep tinh sao cho cac cau trel.lo-idtroc
td. ve tru-e tiep doi v6i cac ph ep toano V6i thu~t toan ma t~p, cac cau trel. 1m diro'c dira ra b~ng
each thuc hien phep toan noi. M~c du chien hro'c iroc hrong bing dtroc xem la thucc each tiep c~n
top-down va phep bien d5i ma t~p diroc xem la bottom-up, nhimg milt dieu dang ghi nh~n la U"&C
hro'ng bing gi&i thieu milt thanh phan bottom-up trong khi phep bien d5i ma t~p gio'i thi~u milt
thanh phlin top-down trong cac chien hro'c chung cua chiing. Milt di~m bat lo'i cua ca hai phirong
phap la qua trlnh tun cau td. lo-i truy van khfmg tach ro-i duoc khong gian tim kidm ra khoi chien
hro'c tlm kiern. Milt so thu~t toan chi tiet M iro'c hrong cau truy van dOi vo i chirong trinh logic t5ng
quat co th~ tlm thay trong cac tai li~u [2,6,11].
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