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1.0i n6i dau

uén sach nay nham cung cap co sd Iy thuyét va nhirng phuong phap

|&p trinh co ban nhat cia mon hoc “Lép trinh 1dgic" (Programming in

Logic). Nguai doc sé dudc lam quen vai mét s6 ky thuat iap trinh l6gic
duae Ung dung tuong d6i phd bién va cha yéu trong linh vue tri tué nhan tao (Artificial
Intelligence) nhu cong nghé x{ 1y tri thirc, may hoc, hé chuyén gia, x{ Iy ngén nglt ty
nhién, tro chai, v.v...

Cudn sach gdm nam chuong, trong moi chuong, tac gia déu ¢é gang dua vao
nhiéu vi du minh hea. N6i dung cac chuong nhu sau:

Chuong 1 gidi thiéu ngén ngl Iap trinh Prolog. Ngudi doc duge lam quen véi
cac kiéu dir liéu cia Prolog, khai niém luat, su kién dich va viét duge cac chuong
trinh Proleg don gian.

Chueong 2 trinh bay cac muc nghia khac nhau cla mot chuang trinh Prolog:
nghia légic, nghia khai bio va nghia thii tuc, cach Prolog trd 18i c4c cau hoi, cach
Prolog lam thod man céc dich.

Chuang 3 trinh bay cac phép toan so hoc, phép so sanh cac déi tugng va dinh
nghia cac ham st dung phép dé quy trong Prolog.

Chuong 4 trinh bay cau tric danh sach va cac phép x{r ly co ban trén danh
sach cua Prolog.

Chuang 5 trinh bay ky thuat 1ap trinh ndng cao vdi Prolog.

Phan phu luc giéi thiéu ngén ngit ap trinh SWI-Prolog, huéng dan cach cai dat
st dung phan mém nay va mot sé chuong trinh vi du tiéu biéu viét trong SWI Prolog
da chay co két qua.



Cudn sach nay dung lam giao trinh cho sinh vién nganh Tin hoc va nhing ban
doc mudn tim hiéu thém vé k§ thuat 1ap trinh cho linh vue tri tué nhan tao,

Trong qua trinh bién soan, tac gid da nhan dugc tir cac ban déng nghiép nhigu
dong gop bd ich v& mat chuyén mén, nhitng déng vién khich 1& vé mat tinh than, su
gitip d& vé bién tap 8 cun sach dugc ra dai. Tac gia xin dugc bay 6 lang bigt on
sAu sac.

Téac gia chan thanh cam on moi y kién phé binh dong gop cla ban doc gan xa
vé& ndi dung cla cuén sach nay.

Pa Nang, ngay 27/05/2004
Tac gia



Chuong 1

M¢ dau vé ngon ngur Prolog

" A peogrant 1y d theory (in some logie)
i vompnitatton iy deduction from the theory”
I AL Robinson

“Provriam = data srevetie + algorithn”
N Wirth

"Mueorithm = lowe + control”
[ Kowalski

1.1 Gidi thiéu ngon ngir Prolog
1.1.1 Prolog la ngon ngu lap trinh logic

rolog L ngon ngit duge st dung pho bicn nhat trong

dong ¢ic ngon ngir lap trinh logic (Prolog ¢o nghia la

Programmimg in Logic). Ngon ngir Prolog do giio su
ngudn Phap Alain Colmermuer vi nhém nghién ctiu ciia ong dé xuat lin
dau tien tai trrong D hoe Marsedle dau nhimg nam 1970, DBén nam
19800, Prolog nhanh chong duoc dp dung rong rdi o chan Au, duge
ngudi Nhat chon lam ngon ngit phidt trien dong mdy tinh the h¢ 3.
Prolog da duge i dit trén cie miiy vi tinh Apple 11, IBM-PC,
Micuntosh.

Prolog con duoc goi 1 neon ngit Lip trinh ky lién (symbolic
progiramming) Wong e cic ngon ngiw fap wink hdame (functional
progiramming), hay fip trinh phi s (non-numerical programming).
Prolog rit thich hop dé gidi quyét cic bai todn lién quan dén cic doi

fion (object) vt mon guein hié (relation) gitia chiing.



2 Lap trinh lagic trong Proiog

Prolog duge s dung pho bién trong linh vue i ¢ nhan tao.
Nguyén ly lap trinh logic dua trén cic ménh dé Horn (Horn clauses). Mol
ménh dé Hom biéu dién mot su kién hay mot su viée ndo dé 1a ding
hoac khéng ding, xdy ra hoac khong xay ra (¢6 hoiic Khong cé, v.v...).

Vidu 1.1 Sau day 1a mot s6 ménh dé Horn:
1. New mor ngiiai gic ma (va) khion ngoan thi ngreot do hanh plii
Jimda pgueoi hantl phite,

2 a Cha e cua Y va Y la cha me ciia P X 1 Hnre ha cria 7
Neu X la cha nig YvaY lacha e Zthi Xla ong ba cia Z

A B R

Tom la ong ba cuia Swe.

fn

- Tar cd wmoi ngeot dén chiér

(hoac Néw ai la ngwon thi ai dé phai chét).

6. Socrat la ngiiol.

Trong cic ménh dé Hom o trén, ciic ménh dé 1, 3, 5 duoge goi la
cdc fuat (rule), cac ménh d¢é con lai duge goi 1a cac sir kién (fact). Mol
chuong trinh logic ¢6 thé duoc xem nhu la mot co so dir licu gom cic
ménh dé Hom, hoac dang luat, hoac dang sur kién, chang han nhu tat
ca cdc su kién va ludt tir 1 dén 6 ¢ trén. Nguoi stir dung (NSD) goi chay
mot chuong trinh logic bang cich dat ¢dn hoi (query/ question) truy
vin trén co 8¢ dir liéu ndy, chang han ciu hoi:

Socrat ¢é chét khong (wong duong vai khang dinh “Socrar cheét”
I diing hay sai)?

Mot hé thong légic sé thue hién chuong trinh theo cdch “suy
luan”-tim Ki¢m dua trén von “hiéu biét" di c6 1a chwong trinh - co s
dir lieu, d¢ minh ching cau hoi la mot khang dinh ditng (Yes) hoac sai
(No). V&i cau héi trén, hé théng tim kiém trong co so dir liéu khing
dinh Socrat chét bdng cach xem ai dé la Socrar v “tim thay" luit 5
thoa min (v& thi). Van dung ludt 5, hé thong nhin duge Socrat la
ngiror (vé& néu) chinh 1a su kién 6. Tir d6, cdu tra 161 $€ i

Yes

co nghta su kién Socrat chét [a ding.
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1.1.2 Cua phap Prolog
1.1.2.1 Cac thuat ngu

Mot chuong trinh Prolog 1 mot co so dir liéu gom cde menlt de
(clause). Mol ménh dé duoe xay dung tir cie v oy (predicate). Mot vi
i 1 mot phat bicu ndo do vé cic doi wong cd gid tri chan 1y ding
(true) hode serd (fail), Mot vi tlr ¢6 thé ¢d cic d6i 1h cde ngiven tir
(logic atom).

Moi nguyén tr (nor con) bicu dién mot quan hé gitra cic hany
(termi). Nhu vay, hang v guan B¢ gitra cde hang tao thanh ménh dé.

Hang duoce xcim Iy shiong dén twong “dir 1icu™ trong mot trinh
Prolog. Hang ca the 10 bung se cap (elementary term) gom Juing
(constant) liay tuc kien thiteral). bién (vartable) v cic hang phite hop
(compourul term),

Cac hang phuc hop bieu dién cde dai trong phite tap cua bai todn
can giai quyet thude Tinh vie dang xét. Hang phiae hop 1 maot hdam tr
(functor) o chia cic doi (argument), co dang

Tén ham ti(Doi 1, ..., Poi n)

Ten ham tr 1 mot chudi chir edi vivhoic chit so duge bit diu boi
mot chir ¢ii thudmg. Cac doi ¢6 thé 1h bién, hang so ¢ip, hoic hang
phitc hop. Trong Prolog. him ur dae biét =, (didu chim) bi¢u dién ciu
tric dunh sach (list. Kieu dr lieu ham tr twong ur Kiéu ban ghi
(record) vau danh sdch (list) tromg tre Kiéu mang (array) trong cdc ngén

ngit [ap trinh ménh lénh (U, Pascal...).
Vid 1.2:
.E (JJ ! il ¥ ].-]:] .

stident (robert , 1975, info, 2, atddress (6, "'mal
juint, 'Caen')).
[ 'q- i 1] ? = ]
Menh dé ¢o the 1a mot sir kién, mot ludt (hay quy tac), hay mot
cant loi.
Prolog quy ude viél sau moi ménh dé mot dau chim dé két thic
nhr saus:



4 Lap trinh logic trong Proleg
e Sukién: -~ ... . flwonaitmzvorluat - L e Lrue

e Ludt:

e Canhoi ~- - ... . (0ch¢dotuong tic cé diu nhac lenh)

1.1.2.2 Cac kiéu dir li¢u Prolog

Hinh 1.1, bicu dién mot su phan 16p cie kicu dit licu trong Prolog

gom kicu dir lidu so cap viv kKicu dir licu ¢6 ¢iiu trie, Su phan 16p niy

nhin bict Kicu cia mor doi trong nhd bé ngoai cii phip,

Cu phip cus Prolog quy dinh méi kieu doi wong ¢6 mot dang

khiie nhau. Prolog khong can cung cip mot thong tin nio khic deé nhan

bict kicu cua mot doi wong. Trong Prolog, NSD khong ein khai bio

Kicu dir licu.

ferde it ficu

OO

Kiétr socap Aecw pluie hop

P

fidng hien

|

86" chudr ky ne nguvén ni

Hinh 1.1. Cac kiéu dir liéu trong Prolog
Ciie kicu dir licu Prolog duoe xay dumg tir ede Kyt ASCHE
Cac chir ¢ in hoa 2,1, ..., 7 va chit ¢ioin thuong =, |,

+ spita

Cicchttso 0,1, ...,9.

Cac ky wrdac liét, chimghan+ - * / <« = = @ |

1.1.2.3 Chu thich

Trong mot chuong trinh Prolog. ¢lui thich (comment) duoc din

gita har cip Ky hicu /7% v */ (twrong te ngon ngir C). Vi du:

[:i-:*’i::{-: B R e S S (Ol O e :,'-:’J'



Trong tradmge hop muon dat mot chie tich ngan sau maoi phin

Elvon boo Prodoe eho den e I[i-lﬁ:.,l, cio the oLt traedie mol I\}’ |Ii'f}‘LI e .

JJ'f

By cting Lvmot ebu thich

Prolog <& bo quu tit ca cic phan chi thich trong tha tuc.

1.2 Cace kiéu dur lieu so cap cua Prolog
[.2.1 Cackicu hang

1.2.1.1 Kic¢u hang so

Prolog st dung ca so nguyen vi s6 thue. G phip cua edc o
neuyven vir o e rat don gidn, chiang han nhu cde vi du sau:

L ol { =37

3s T - Q035 B 08 b I

Tuey theo phicn ban cai dat, Prolog ¢d thé xir Iy cdc mién s6
neusen v omicn 30 thie Khae nhau. Viodu trong phién bin Turbo
Prolog. micn s6 nguyén cho phép tie - 0768 dén 32767, mién so
thie ¢ho phép tr 1o 207 den Lo o Cae sé thae vt it khi duge
ste dung trong Prolog. Ly do chu véu o cho Prolog I ngén ngtr lap
inh Ky Inéu. phi so.

Cie so nguyen thuong chi duoe st dung khi can dém so luong cie phan
ttehién dién trong mot danh sich Prolog dang [ 1, a2, ..., an].

1.2.1.2 Kicéu hang logic

Prolog sir dung hai hing logic ¢ gid tri ld true va fail.
Thong thudng edc hing logic khong duwge ding nhu tham s6 ma
duroe ditng nhur ciic ménh dé. Hang 71 | thuong duge ding dé tao
sinh Lon gran bai todin.
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Lap trinh logic trong =i

1.2.1.3 Kiéu hang chubi ky tu

Cic hiang la chuoi ky tr (string) duge dat giita hai dau nhay kép

"Toto \#V{E@ rata® chudicduy y kytu

i

chudi rong (emply string)

ll'\ iy

chudi chi co mot dau nhiy kép

1.2.1.4 Kiéu hiang nguyén tir

Cic hing nguyén tr Prolog 1 chudi ky wr ¢ mot trong ba dang

nhu sau:

(1) Chudi gom chit cidi, chir s6 vt ky twr _ ludn luon dwoc hae den

hang nigt clut edi in Hong.

newyork a_
nil XY
X25 ol crill se

Chudi cic ky tu dac bict:

Chuoi dit gifta hai dau nhiy don (quote) duge bt di beng ol i
hoa, diing phan biét vai cic tén bién:

LJerry’ "Tom SMITH'’

1.2.2 Bién

Tén bién 1a mot chudi ky we gém chir cai, chir s0, hat dean boi it

hoa hode dan gach diei dong:

X, ¥, A
Result, List_of_members

. XA3, X
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1.3 Swu kien va luat trong Prolog
1.3.1 Xay dung su Kkién

Ve 13 Quan hé gia dinh.

b xdy dung cide su kion trong miot chuong trinh Prolog, ta ldy
maot vi du vé cay gia hé nhu lnnb 1.2

Trong cay gia hé (a). cic nuit chi nguoi, con ¢de mii tén chi quan
he el me cua (parent of ). Su Kien Tom la cha me cia Bill duge viét
thinh ot vi tir Prolog nhu sau (chid vy menh dé duge két thie bai mot
dat chim):
paten (tom, bill). (Chay khong co diu cich trude diu mo ngoic)

O Jdy, vi tlr parent ¢d hai doi 1 tom va bill. Ngudi ta ¢d thé
bicu dien vi tir niy bing mot cay nhur trong hinh 1.2 (b): nat géc 1i tén
Vi tir ¢ ndit L eae doi.

(b)

\ parent

ﬂar tom

. 1)&]) tom bill

Hinh 1.2. Cay gia hé

Tircay gia hé trén day. co the 1ép e viet cde vi tir khic dé nhan
duoe mot chuong trinh Prolog s6m 6 vi tir nhr sau:

parent (mary, bill).

parenti{tom, bill).

parent (tom, liz).

parentc(bill, ann).



8 Lap trinh légic trong Prelog

Sau khi hé thong Prolog nhan duge chuong trinh nay, thue chat [
mot co s dit ligu, nguot ta o the dat ra cic cau hot lien quan den
quan hé parent. Vi dy caw hoi Bitl o6 phai la cha nie cia Ste duge
06 vao trong he thong doi thoai Prolog (diu nhac ?-_) nhu sau:

Y- parent{bill, sue).

Sau khi tim thay su kién nay trong chuong trinh. Prolog tea Lo

Yas

Ta ti¢p tue dit cdu hoi khic:

v- parent (liz, suel.

Boi vi Prolog khong tim thiy su kién Liz [ ngudi me cun Sue

trong chuong trinh. Twong tr, Prolog tra 1o Ho cho su Kien:

W omyarent (tom, luern) .

Vi tén ben chua duge dua vio trong chuong trinh. Ta ¢d the tiep
tue dat ra cic cau hoi thi vi khic. Chang han, ai 1 cha (hay me) con
Liz?

s- parentix, 11iz).

Lan nay, trude khi dua ra trd 101 Yo hoae No, Prolog dua v nol
gid tri coa X 1am thod min cau hoi trén diy:

X = bom

B¢ bigt duoc ai la con cta Bill, ta chi ¢in vidt:

?- parent(bill, X).

V6i cau hoi ndy, Prolog sé ¢6 hai ciu tra 101, dau tién L

X = anm =>;

Pé biét duoc ciu tra loi tiép theo, trong hiau hét cde ¢l diat coa
Prolog. NSD phai g6 vie mot diu chim phay (:) sau -> (Arity Prolog):

X = sue



Mo dau vé ngon nglt Prolog 9

Neu da hét phueng an tra 101 ma viin Liép tue yéu cau (). Prolog
ra 101 o, nguoe Tai trd o1 Yoo

NSD ¢6 thé dat c¢ic cau hoi tong qudt hon, ching han: «i la cha
e Criwi? ot cideh Khie, can tim X va Y sao cho X lachamecua Y.
Ta vigt nhu sau: '

7= parent(X, Y).

Sau khi hién thi cau tra loi dau tién, Prolog s€ lan lugt tim kiém
nkimg cip cha me — con thoa man va lin lugt hién thi két qua néu
chimg nio NSD con yéu ciu cho dén khi khong con két qua 1oi giai
niwo nira (ket thie bai ves):

!

¥ = mary

Y = bill ->;
2 = Lom

Y = bill =>;
2 = tom

¥ o= liz -»;
X = bill

Y = annn -»;
X = bill

Y = sue ->;
X = sue

¥ = jid

Yes

Tuy theo cai dit Prolog, NSD ¢é thé gb vao mdt didu cham (.)
hoac Enter dé cham dint gitta ching luéng tra loi.

Ta c6 thé ti€p tue dua ra nhitng cau hoi phitc tap hon khic, chang
han «i la ong (ba) cua Jim ? Thuc t€, quan hé o6ng — ba
(grandparent ) chua duge dinh nghia, cin phai phén tich cau hoi
nay thinh hai phin so cip hon:

Ailacha (me) ctia Jim? Giastrcé ténla Y.

A1 1d cha (me) cua Y? Gia strco tén la X.
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parent

grandparent

parent

Hinh 1.3. Quan hé dng ba dudc hgp thanh i hai quan hé cha me

Liic ndy, ¢6 thé viét trong Prolog nhur sau:

?- parent (Y, jim), parent (X, Y).

Prolog tra loi:

Y = sue
X = Bill
Yes

Cau hoi trén day tuong (g véi cau hoi: tim X va Y thoa min:

parent (Y, jim)

parent (X, Y).

Néu thay déi thit tu hai thanh phdn ciu hoi, thi nghia logic vin
khéng thay ddi va Prolog tra 1di ciing két qua (cé thé thay doi vé that
tu), nghia 1a ta ¢6 thé dat cau hoi nhu sau:

?- parent(¥X, YY), parent(yY, jim).

X = bill
Y = sue
Yes

Bay gid ta dit ciu hoi ai la chdie ctia Tom?

?- parent (tom, X), parent (X, Y).
X = bill
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Mot cau hoi khic ¢ the nhu sau: Ann va Sue 6 cang cha me
Mrong? nghia 1a ta dién dat thanh hai giai doan:
I Tim X la cha me cua Ann.
2. X tim thay c6 cung li cha me cta Sue khong?
Ciu hoi va trd 181 trong Prolog nhu sau:
?- parent (X, ann), parent (X, sue).
X = bill
Trong Prolog, cau hoi con duoce goi 1a dich (goal) ¢an phai duoe
thod mdan (satisfy). Moi cau hoi dat ra doi véi co so dit lieu cé thé
trong dng véi mot hode nhiéu dich. Chang han diy cdc dich:
parent (X, ann), parent (X, sue).
rong tng vai cau hoi la phép héi (conjunction) ciia 2 ménh dé:
X ld mot cha me cua Ann, va
X la mét cha me cua Sue.
Néu ciu tra i 1a Yes, thi ¢6 nghia dich did duge thoa min, hay
di thanh eong. Trong truong hop nguoe lai, cau tra 1oi 1a No, cé nghia
dich khidng duoe thod mdn, hay da thdt bai.
Neéu ¢o nhiéu cau tra 161 cho mot cau hoi, Prolog s€ dua ra cau tra
Lot ddu tién va chd yéu cau ciia NSD tiép tuc.

1.3.2 Xaiy dung luat

1.3.2,1 Dinh nghia luit

Tir chuong trinh gia hé trén day, ta ¢6 thé dé dang bo sung cic
thong tin khdc, ching han bé sung cdc su kién vé gici tinh (nam, nif)
cua nhimg ngudi dad néu tén trong quan hé parent nhu sau:
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womarn (mary) .
man { tom) .
man(bill).
womani{liz) .
woman {sue) .
womari {(ann) .
man{jim) .

Ta da dinh nghia cdc quan hé don (unary) woman va man vi chling
chi lién quan dén mot doi twong duy nhat. Con quan hé parent li nhi
phan, vi lién quan dén mot cap doi tuong. Nhur vy, cdc quan hé don
dung dé thiét 1ap mot thude tinh clia mot déi trong. Ménh dé:

woman (mary) .
dugc gial thich: Mary la nit. Tuy nhién, ta ciing ¢é thé st dung quan hé
nhi phan dé dinh nghia gidi tinh:

sex (mary, female).

sex (tom, male) .

sex(bill, male).

Biy gio ta dua vao mot quan hé méi child, doi nguoc vai
parent nhu sau;
child(liz, tom).

Tir do, ta dinh nghia ludt méi nhu sau:

child (Y, X) :- pdrent(X, Y).
Ludt trén duoe hiéu 1a:
Viai moi Xva 'y,
Y la con cuia X néu
Xla cha (hay me) cia Y.
hay
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Ver metd Xva 'Y,
néu X la cha Chay me) et Y thi
Y ia con cua X
Co sir khde nhau co ban gilia surkién va luat. Mot su kién, chiang han:
parent{tem, liz).
1h mot diéu gi d6 luon dung, khong co diéu kién gi raing budc. Trong
khi d6, cdc luat Lien quan dén cde thuge tinh chi duge thoa min néu
mot 56 di¢u kién ndo o duge thod min. Méi ludt bao gom hai phén:
« phan bén phai (RHS: Right Hand Side) chi dién kién, con duoc
ool la tldn (body) cua luat, va
e phan bén trdi (LHS: Left Hand Side) chi két ludn, con duoe goi la
dau (head) cua luat.
Néu diéu kién parent (%, Y} lading, thichild(yY, X) cling
ding va 1a hau qua 1égic cua phép suy Iuin (inference).

child(Y, X) :- parent (X, Y).
G i
d;‘iu th -.‘in

Ciu hoi sau day giai thich cach Prolog sir dung cdc luat: Liz ¢6
phai la con cua Tom khong?

?- child(liz, tom)

Thue 1€, trong chuomg Irinh khong cd sir kién nao lién quan dén
con, ma ta phai im cdch dp dung cac luat. Ludt trén day ¢ dang tong
qudt vdi cde doi tuong X va Y bat ky, ma ta lai ¢dn cde doi tugng cu
thé 11z va tom.

Ta can sir dung pliép thé (substitution) bing cdch gin gid tri 11z
cho bién Y va tom cho X. Ngitdi ta néi ring cdc bién X va Y da duge
rang bude (bound):

A = tom
vi

¥ = lig



