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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.



6

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
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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
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Ldc nay, phan diéu kién ¢é gid trj parent (Lom, liz vi (o
thanh dicli con (sub-goal) dé Prolog thay thé cho dich chila( i
tom) . Tuy nhién, dich nay thoa min vi ¢é gia tri Yes vi chiah 1a sir
kién da thiét 1ap trong chuong trinh.

Sau day, ta ti€p tuc bd sung cdc quan hé mdi. Quan hé me 1o he:
duoe dinh nghia nhur sau (chi ¥ ddu phdy chi phép héi hay phép vi logic):

mother (X, Y) :- parent (X, Y), woman({x).
duroc hiéu la:
Vér moi Xva Y, Xla me ciia Y

néw X la cha (hay me) cia Y va X la nit.

Do thi sau day minh hoa viéc dinh nghia cic quan hé child,
mother va grandparent st dung mot quan hé khic:

Trong d6 thi, ngudi ta quy ude rang: cac nit twong ung vai cic
déi twong (1a cdc déi ciia mot quan h¢). Cdc cung ndi cde nit lrong
ting véi cdc quan hé nhi phan, duge dinh hudng tir déi thit nhat dén doi
thit hai ciia quan hé.

Mot quan hé don duogc biéu dién bai tén quan hé tuong (mg vii
nhan cta déi tugng dé. Cic quan hé cdn dinh nghia duoc béu dién
bang cdc cung ¢6 nét didt. Mdi do thi duge giai thich nhur sau: néu cic
quan hé duge chi boi cic cung ¢ nét lién duoc thod man, thi quan hé
biéu dién boi cung ¢é nét ditt ciing durge thoa min.

woman
parent ¢ child parent : mother
O} )
parent
grandparent
parent '

O

Hinh 1.4. Binh nghia quan hé con, me va éng ba s dung mol quan he khac
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Nhu vy, quan hé ong—hiy crendparent duge viét nhu sau:
ardparent X, 7\ - parent A, Y). parent (Y. Z).
Ppé thuian tién cho viée doc chuone trinh Prolog, 1a ¢ thé viét mat
ludt trén nhiéu dong, dong diu tién la phin diu cua Judt, cde dong tiép
theo T phin than cua ludt, moi dich trén mot dong phan biét. Bay gio
quan hé grandparent duoc viét lai nhur sau:
grandoarent (X, Z):-
parent (X, Y,
parent (Y, 4}.
Ta tiép tuc dinh nghia quan hé chi em gii sister nhu sau:
Vior moi Xva Y, Xla mor chi (em) gdi ciia Y néu
(1) Xva Y oo cing cha (cing me), va
{2y X nir .
g Lster (X, Y) -
parent (Z, X),
parent(zZ, Y),

woman (X) .

parent parent

woman sister

Hinh 1.5. Dinh nghia quan hé chi (em) gai

Chii ¥ cdch gidi thich diéu kién X va Y ¢ ciing cha me: mot Z nio
d6 phai 1a mot cha me cua X, va ciing Z d6 phai 1A mot cha me cia Y.

[1ay néi mot ciach khdc la: Z1 Ia mot cha me cia X, Z2 1a mot cha
me cia 'Y, va Z1 dong nhit vai Z2.

Ann la nit, Ann va Sue cliing cha me nén Ann 12 chi em gdi cla
Sue, 1a ¢o:

7- sister(ann, sue).

Ven
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Ta ciing c6 thé hoi ai 1a chi em gdi cia Sue nhur sau:
?- sister(X, sue).

Prolog sé lan Iuot dua ra hai cau tra loi:

X = ann
¥ = sle
Yes

Vay thi Sue lai la em gii clia chinh minh?! Dicu niy sai vi ta chua
gidi thich 16 trong dinh nghia chi em gidi. Néu chi dua vito dinh nghia
trén day thi cau tra 16i cua Prolog 1a hoin toan hop ly. Prolog suy luan
ring X va Y c6 thé dong nhat véi nhau, méi nguoi dan b cé cung cha
me s& la em gdi clia chinh minh. Ta cén sita lai dinh nghia bing cich
thém vao diéu kién X va Y khic nhau. Nhu sé thay sau nay, Prolog co
nhiéu cdch dé giai quyét, tuy nhién lde nay ta gia su riing quan hé:

different (X, Y)
da dugc Prolog nhan biél va dugc thod man néu va chi néu X va Y
khong bang nhau. Pinh nghia chi (em) gdi mdi nhu sau:
sister(X, Y) :-
parent (2, X),
parent (Z, Y),
woman (X) .
different (X, Y).
Vi du 1.4: Ta ldy lai vi du c6 dién sir dung hai tién dé sau day:

Tdat cad moi nguoi déu chét.

Socrate la mot ngion,

Ta viét trong Prolog nhu sau:

mortal (X) := man(X).

man (socrate) .

Mot dinh ly duoc suy ludn mot cdich logic tir hai tién dé nay la
Socrate phai chét. Ta dit cdc cau hoi nhu sau:

?- mortal (socrate).

Yes
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Vel 4.5

£2¢ chi Paul ciing 1 ngudi, con Bonzo i con vit, ta viét cdc su kién:

P s |
3T l'[_)-:;":a.'- | (8

arnimal (bonzo! .

Con ngudi ¢6 the néi vir khong phai 1a loai vat, ta viét luat:

speak(X) - man(X), not(animal (X)) .
Ta dat cic cau hoi nhu sau;
7 - gpeak(bonro) .
N3
7 - speak(paul)
Yos
Vidul 6:

Ta did xay dung cic s Kién va cdc ludt c6 dang vi tir chita tham
doi, sau day, ta lay mot vi du khic vé su kién va luat khong chita tham
dor

'EE is sunny'.

'If is summer’'.

'IE 3s hob Y-

"IL 1@ sununer ', 'IL L LAY,

"It is cold':-

*Tt is winter', '1t is snowing'.

Tu chuong trinh trén, ta ¢ thé dat cau hoi:

= *“TE 18 hor".

Yas

Cantrd 1o ' 1t is hot' 1a ddng vi dd ¢6 cie su kién "1t is
sunny tova "It is summer ' trong chuong trinh. Con cau hoi *7-
‘10 1 cold". ¢dciu tra 1ol sai. !

|

N clidA
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1.3.2.2 Dinh nghia luat dé quy

Bay git ta tiép tuc thém moét quan hé moi vao chwong trinh.
Quan hé nay chi su dung quan hé parent, va chi ¢é hai ludt, Luj
thit nhat dinh nghia cdc to tién true ti€p, Tuat tha hai dinh nghia
cdc 6 tién gidn tiép.

. Tandiring X la mot to tién gidn 1iép ca Z néu ton tai mot licn
hé cha me (6ng bi) gitta X va Z:

parent ancestor parent

@é

{H} ['}':ITC’,I‘]I J/ éiﬂCESlUl’

P%ll'{‘,l'lt

Hinh 1.6. Quan hé 16 tién: (a) X 14 t3 tién truc tiép clia Z,
(b) X 1a 16 tién gian tiép cla Z
Trong cay gia he & hinh 1.2, Tom 13 16 tién trye tiép clia Liz, vii 1o
tién gidn ti€p clia Sue. Ta dinh nghia ludt 1 (16 tién tric HEP) nhir sau:
Vi moi Xva Z,
X la mot 16 tién cita Z néu
X la cha me ctia Z .

ancestor (X, 2Z):-

parent (X, Z).

Dinh nghia ludt 2 (16 tién gidn tiép) phic tap hon, trinh Prolog trd
nén dai dong hon, méi khi cang m& rong miic to tién hau dué nhu chi
ra trong hinh 1.7. K& ca luat 1, ta ¢é quan hé t tién duge dinh nghia
nhur sau:
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meestor (¥, 2 : - % leidt | dinh nghia to tién true tiép
pParenc g iz
anceEsteri, Z): S ludt 2010 tén gian tép Li ong ba (tam dai)
parent {x; %),
parent (Y, 2 .
ancestlor (X, 2):- 6 10 tién gidn tiép 1 co ong co ba (1t dai)

parent (X, ¥1il,

parent(Y1l, ¥Y2),
parert (Y2, %)

aricestori(X,; 2) - % ngii dai dong duong
parent (%, Y1},
parent (Y1, Y2),

parent (Y2, Y3},

parent (Y3, 23 .
(x)
e ,
parent parent
\ : ancestor j '
parent parent - ancestor -:
: {--' :; Y2 ;,a-mcesto:'
parent ! :
‘:_ I:.'
@)

Hinh 1.7. Cac cap 6 tién hau dué gian tiép ¢ cac mic khac nhau.
Tuy nhién, ton tai mét cach dinh nghia 14 tién gian ti€p & mitc ba
Ky nho phép dé gy (recursive) nhu sau:
Voi moi Xva Z,
Xla mot 16 tién ciia Z nén
ton tai Y suo cho
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(1) Xla cha me cua Y va
(2) Y la mor 1o tien ciu Z.
ancestor (X, 4):-
parent (X, 2).
ancestor{Xx, 4):-
parent (X, Y},

ancestor (Y, 2).

ancestor
&~O-0~0-0~
s g : i}
anceslor

Hinh 1.8. Dang dé quy clia quan hé t6 tien (dudc quay ngang cho thuan tién)

?—- ancestor(mary, X).

X = dim ->;
X = ann ->;
X = sue ->»;
X = bill
Yes

Trong Prolog, hiu hét cdc chuong trinh phite tap déu sir dung de¢
quy, dé guy la mot kha nang manh cua Prolog.

Cho dén lic ndy, ta da dinh nghia nhiéu quan hé khic nhay
(parent, woman, man, grandparent, child, sister,
mother vd ancestor). Ta thdy méi quan hé chi twong tng vér mot
ménh dé, tuy nhién, quan hé ancestor lai ¢ hai ménh dé.

Ngudi ta n6i ring nhitng ménh dé niy /ién quan (concern) dén
quan hé ancestor. Trong trudng hop tit cd cde ménh dé déu lien
quan dén mot quan hé, ngudi ta nhan duoc mot thi re (procedure).

1.3.2.3 Sir dung bién trong Prolog

Khi tinh todn, NSD c6 thé thay thé mot bién trong mot ménh dé
boi moét doi tuong khic. Lic nay ta néi bién di bi rang buoc.



Ma dau vé ngén ngir Prolog 21

Cic bien xudt hien trong mot menh de duoe goi 1 bién wr do.
Nauor la gid thiet riang cic bien 1 duoe lrong (e toan thé va duge doc
i “ver med”. Tuy nhién ¢ nhieu cdch grii thich Khidce nhau trong
mrone hop cde bién chi xudt hien trong phin bén phai coa luat. Vi du:

IAVORLET LA LAY S PalresSc it 0 s
=6 hé duoe doe nhur sau:

) Vo mor Xva Y.

néu X 1a cha (hay me) cua Y thi X ¢6 mot nguoi con.
b) Vo moi X,

X ¢O mot ngudi con néu ton tai mor Y sao cho X 1a cha (hay me)
cua 'y,

Khi mot bién chi xuat hiécn mot 1an trong mot ménh dé thi khong
can dit tén cho no. Prolog cho phép st dung cdc bién nde danh
‘anonymous variable) L cde bién ¢6 tén chi la mét dau gach dudi dong
_. T xétvi du sau:

Bawo g ehild(X) = parent (X, Yi.

Ludt trén néu Ién rang vai moi X, X ¢6 mot con néu X la cha cua
mot Y nio dé. Ta thiy dich have_a_child khong phu thuoe gi vio
1én cua con, Vi vity ¢6 the st dung bign nac danh nhur sau:

have_a_child(X) :- parent (X, _).

Mai vi tri xudt hién dau gach dudgi dong _ trong moét ménh dé
twong tng vai mot bién nie danh méi. Vi du néu ta mudn thé hién tén
tai Mot ngudi ndo d6 ¢é con nitu ton tai hai doi twgng sao cho mot doi
tuong nay 1a cha clia doi trong kia, thi ta ¢6 thé viét:

someone_has,_ a_child:- parent (_, ).

Ménh dé nay tuong duong véi:

someone _has_a_child:- parent (X, Y).
nhing hoan toan khic vai:

someone_has_a_child:= parent (X, X).

Ncu bién nic danh xudit hién trong mot cau hoi, thi Prolog sé

khong hi¢n thi gid tri cia bién ndy trong két qua tra vé. Néu ta mudn
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tim kiem nhimg ngudi ¢6 con, ma khong quan tam dén ¢n con | g1,
thi ¢hi ¢an viet:

parent (X, _).
hode tim kiém nhimg ngudi con, ma khong quan tam dén cha me i gi

/= parent(_ , X}

Tam vie nv vieng (lexical scope) cua cic bign trong mat ménh dé
khong vuot ra kKhoi menh de do. C6 nghia 13 néu, vi du, bién X135 xudt
hi¢n trong hai ménh dé khic nhau, thi s¢ twong tng vai hal bién phian
biét nhau. Trong ciing mot ménh dé, X15 ludn luon chi biéu dién mat
bién. Tuy nhién d6i véi cdc hang thi tinh hudng lai kKhic: mot nguyén
tr the hién mot doi tuong trong tat ca cic ménh dé, ¢6 nghia i trong
tat ca chuong trinh.

1.4 Kiéu dir liéu ciu tric cua Prolog
1.4.1 Binh nghia kiéu cau tric cua Prolog

Kicu dir liéu ¢6 ciu tric, tuong tu ¢au tric ban ghi, 1a doi tong
cd nhi¢u thanh phian, méi thanh phin lai ¢6 thé 1a mot ciu tric. Prolog
xem méi thanh phdn nhu 1a mot déi twang khi xt 1y cide cdu tric. PE 16
hop cdc thanh phin thanh maot déi tuong duy nhat, Prolog str dung ciic
ham .

Vidi 1.7

Cau tric gém cdc thanh phan ngiy thing nam tao ra ham tr date

Ngay 2/9/1952 sé duoc viét nhu sau: date (2, septemnber,
1952)

Moi thanh phin trong him tir date déu la hang (hai s6 nguyén vi
mol nguyén tr). Tuy nhién ta cd the thay thé méi thinh phan bang mot
bién hay mot cilu tric khic. Chang han ta ¢é thé thay the thanh phin
thir nhat bing bién Day (chil v tén bién bit diu bdi chir hoa) thé hien
bat k¥ ngay nio cla thang 9:
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".':.;-1‘.-"|:.4::'~|'__.-'. Mty HiF e 2 0
Chu y rang Day la mot bien, ¢ thé duoe ring bude kKhi xu 1y sau
16y

Trong Prolog, vé mat cu |1I1L1|1 cie doi tumm li nhing hang.

Prong vi du trén, may viv dateiDay, september, 2003) déu
i himg hang.

cac tham doi
e

date date( T)u}-'. september, 2003')
/ } \ “1 A /\ A
2- september 2003 fme e bién - ky hién 56
(b)
()

Hinh 1.9. Ngay thang 1a mat doi tuong ¢d ¢au tric:
(a) biéu dién dang cay cla cau truc ; (b) giai thich cach viét trong Prolog

Moi doi tugng ¢6 ¢iu tnic déu ¢d thé duge biéu dién hinh hoc
duoi dang eay (tree), véi hiim tir 1a goc. con cde thanh phin tham
do & cde nhinh cta cay. Néu mot trong cic thanh phin la mot cau
triz, thi thanh phan dé tao thainh mot ¢ay con cua cay ban diu. Hai
harg 1 cé cling cdu tride néu ¢6 cling ciy biéu dién va ¢6 cling
thinh phan (pattern of variables). Ham (i cua gde duge goi 1a ham
tie hinh caa hang.

Vilu |.8:
Cau tric (don gian) cia mot cudn sich gom ba thanh phin: tiéu
dé /& tac gia cling [a cde cau trie (eon), ndm xull ban 1a mot bién:
booki{title(Name), aunthor (Auther), Year)
Vilu 1.9:
Xay dung cdc doi trgng hinh hoc don gian trong khong gian hai
chizu. Mdi diém duoc xdc dinh boi hai toa do, hai diém tao thinh mot

dueng thing, ba diém tao thinh mét tam gidc. Ta xay dung cdc ham tir
sav diay:
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point biéu dién diém,
seq biéu dién mot doan thing (segment),

triangle  biu dién mot tam gidc.

X i
> (6, 4)
g | ,
P2 = (2, 3)

3 o A

Dt 4,2)

| + (7. 1)

Pl=(l 1)

| | | | | | i |
i I i | I i =¥ 1
1 2 3 4 5 6 1 8

Hinh 1.10. Mot s6 déi twgng hinh hoc don gian

Tir dé, cdc doi tuong trén hinh 1.10 duge biéu dién bang cic hing
nhur sau:
Pl = point(l, 1)
P2 = poinkt (2, 3)
S = seg{Pl, P2) = seg(point(l, 1), point(2, 3))
T = triangle(point(4, 2), point(6, 4), point(7, 1)
Néu trong ciing mot chuong trinh, ta ¢6 cic diém trong 110l
khéng gian ba chiéu, ta ¢é thé dinh nghia mot ham tr méi i poirt
nhu sau:
paint3 (X, Y, 7Z2)
Prolog cho phép sir dung cuing tén hai cau triic khic nhau. Vi di:
point (X1, Y1) va pointlX, ¥, 7)
li hai cdu tric khdc nhau,

Trong cing mét chuong trinh, néu mot tén dong hai vai tro kadc
nhau, nhu trudng hop point o trén, thi Prolog sé cin ci vac s6
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wong doi so dé phan bict, Cung mot tén nay s€ tuwong (tng vai hai
Fam tr, mot hium wre co hai doi so viv mot hiim e ¢é ba doi s0. Nhu

vy, mot ham i duioe dinh nghia boi hai yéu 10:

Pl = poinl Pl = seg
N\ | P |
N poimt pomnt
| NN
! 1 2

T = triangle

Point point point

/\ /\ /\

2 6
Hinh 1.11. Biéu dién dang cay cla cac ddi tugng

(1) Tén him wr co cu phip la ci phidp cua cdc nguyén tur.

(2) Kich thudc cia ham tr la s6 cac doi s6 clia nd.

Biéu dién dang cay cla cdc dai twong diém, doan thing vi tam
wiie wén day duge cho trong hinh 1.11. Nhu di trinh bay, moi d6i
eong ciu tric cla Prolog déu duge bién dién dudi dang cay, xudt hién
trong mot chuong trinh dudi dang ciac hang.

N
NN

Hinh 1.12. Cau Iric cay cla biéu thifc (a + b) * (¢ - 5)
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Vi du biéu thite 86 hoc : (¢ + b) * (¢ — §) ¢6 dang ciy, cd thé viél
dudi dang biéu thic tién t6 gém cdc ham tir *, + vit — :

*{"":a': b): _(c-‘s 5}}
1.4.2 So sanh va hop nhat cac hang

Ta vira xét cich biéu dién cde cau tric dir liéu su dung hang. Bay
gidr ta s€ xét phép todn quan trong nhdl lién quan dén cdc hang la phép
so khép (matching), thuc chat 1a phép so sanh (comparison operators)
trén cdc hang va cdc vi tir.

Trong Prolog, viéc so khop tuong (ng vai viéc fhop nhiai
(unification) dugc nghién ciru trong ly thuyét 16gic. Cho hai hang.
ngudi ta néi rang chiing 1a hop nhit duoc véi nhau, néu :

(1) ching la gi6ng hét nhau, hoac
(2) céc bién xudt hién trong hai hang ¢ thé duge rang buoc sao cho
cdc hang ctia méi d6i tuong trd nén gidng hét nhau.

Tt ti clucn (standard order) trén cdc hang duge dinh nghia nhu
sau;

1. Bién < Nguyén tir < Chudi < S6 < Hang

2. Bién cii < Bién méi

3. Nguyén tir dugc so sinh theo thir tu ABC (alphabetically).

4. Chudi duoc so sinh theo thir tr ABC.

5.  S6 dugce so sdanh theo gid tri (by value). S6 nguyén va so thue duge

xur 1y nhu nhau (treated identically).

6. Cic hang phic hgp (compound terms) dugce so sinh bac hay so
luong tham déi (arity) trudce, sau dé so sanh tén ham tu (functor-
name) theo thit tv ABC va cudi ciing so sinh mdt cich dé quy
(recursively) lan luot cdc tham déi W trdi qua phai (leftmost
argument first).

Vi du hai hang date (D, M, 1890) vi date (D1, May, YI1)
la 6 the so sdnh vdi nhau nho rang buée sau:

e D dugc rang budc véi D1
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o M duoce rang budc vai Moy
o v | duge rany buoc val 18430

Trong Prolog. 1a ¢6 thé viet:

[y = DI
M = May
Y1 = 1890

Tuy nhién, ta khong thé rang buoc hai hang date(D, M,
1£90) va date(Dl, May, 2000), hay date(X, Y, 2Z) va
Seoint (X, Y, 2).

Ciu triic book {title(Name), author (Author)) dugc so
khop voi:

book (title(lord of_the_rings), author(tolkien))
nho phép thé:

Name = lord_of_the_rings

Author = tolkien

Thuat toan hop nhat Herbrand so khdp hai hang Sva T
(1) Néu S va T I cdce hang, thi S vd T chi ¢é thé khép nhau néu va chi

néu ching c6 cling gid tri (chi 1a mot déi tuong).

(2) Néu S [a mot bién, T la mot doi tugng nio d6 bat ky, thi Sva T
khdp nhau, véi S duge rang buéc véi T. Tuong tu, néu T 1a mot
bién, thi T duge rang bude vai S.

(3) Néu Sva T lacdc ciu trie, thi S v T khép nhau néu va chi néu:

(a) S va T c6 ciing mét ham tr chinh, va

(b) tat ca cdc thanh phan la khap nhau timg déi mot.

Nhur vay, su ring bude duoe xde dinh boi sir rang bude cua cée thanh
phin.

Ta cé thé quan sat ludt thit ba ¢ cdch biéu dién céc hang dudi
dang cAy trong hinh 1.13 duéi day. Qua trinh so khép duge bat ddu tir
goc (him tir chinh). Néu hai him tir la giong nhau, thi qua trinh s€
duoce tiép tuc vai timg cap tham doi clia ching.
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Moi qua trinh so Khdép duge xem nhu mot diy cic phép tinh don
gian hon nhu sau;

triangle = triangle

point(l, 1) = X

A = peint (4, Y)

point (2, 3) = point(2, Z)

triangle

il D™
1})]{2 ’ 3yu\4-

triangle
X point - point

4/ \Y ?./ \Z

Hinh 1.13. Két qua so khdp:
triangle(point(1, 1), A, point(2, 3)))= triangle(X, point(4, Y). point(2, Z)))

Moi qua trinh so khdp la tich cie (positive), néu tat cd cic qud
trinh so khdp bé trg I tich cue.

Su riang budc nhin duge nhu sau:

X = point (1, 1)

A
Z. = 3

point (4, Y)

i

Sau day 12 mét vi du minh hoa sir dung ky thudt so khdép d¢ nhan
biét mot doan thing di cho 14 niim ngang hay thing ding.

Mot doan thing 14 thing ding néu hoinh dé (abscissa) cia hai
mut 14 bing nhau, tuong tu, 1a ndm ngang néu tung do (ordinate) cia
hai mut 14 bang nhau.
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Ta s dung quan hé don phin dé bicu dién cdc tinh chat nay nhu
sl

vertical (sog (point (X, ¥), point (X; YL} ).
norizoatal (segi(point (X, ¥, point (X1, Y))).

Ta co:
vertical (seg(point(l, 1), point{(l, 2)1)).

vert ical (seg(point (I, 1), point(2, ¥))).

hot izontal (seg({point {1, 1), peint(2, ¥Y))).

pomt(X, Y1)
point(X, Y)
L

pomt(X1,Y)

point(X. Y)

Hinh 1.14. Minh hoa cic doan thdng ndm ngang va thang dimg

Vi ciu hoi thit nhit, Prolog tra 1&i Yes vi cic su kién duge so
khop ding. Vai cau hoi thi hai, vi khong ¢d su kién nao duge so khop
nén Prolog tra 10 Mo. Vi cau hoi thit ba, Prolog cho ¥ gid tri 1 dé
diroe so khop ding.

Ta ¢6 thé dat mét cau hoi téng quat hon nhu sau: Cho biét nhitny
doun thang thang ditng ¢6 mot miit cho trige la (2, 3)7

7- vertical (seg(point{2, 3}, P)).

P = pointt(2, _0104)
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Cau tra 161 c6 nghia 1A moi dudng thing cé phuong trinh X = 2 1i
thing ding. Chii y rang & day, ta khéng nhin dugc tén bién nhu mong
muén (12 Y), m tuy theo phién ban cai diit cu thé, Prolog s€ 120 ra mox
tén bi€n khi thuc hién chuong trinh, _0104 trong vi du trén, nham
tranh dat lai tén bién clia NSD véi hai 1y do nhu sau: Thir nhit, cling
mot tén bién nhung xuat hién trong cdc ménh dé khic nhau thi s& bi¢u
dién nhitng bién khic nhau. Thir hai, do khi dp dung lién tiép cling mat
ménh dé, chinh ban “copy” duoc sir dung véi mot bo bién khic.

Bay gio ta dat tiép mot cau hoi thi vi nhu sau: Cé rén tar migr
doan thing vitu thdng ditng vita ndm ngang hay khéng?

?- wvertical(S), horizontal(8).
S = seglpoint(_00ES, _0D0EC), point (_0OULER,
_Q00EC) )

Yes

Cau tra 161 ¢é nghia 12 moi doan thang khi suy bién thanh mol
diém thi vira thing dimg, lai vira ndm ngang. Ta thdy rang két quil
nhan duoc 1a nhd so khép. O day, cde tén bign _00ES va 00k,
tuomg tng véi X va Y, di dugc tao ra bai Prolog.

Sau day la mét vi du khdc minh hoa hai céu tric duoc so khap vai
nhau.

student
Jjean /X | 7 address
i 'y_. .- 1/‘:,/"m\\
f 7~ maljuin caen
~_student "ai
| N
L \
jean . info Y

Hinh 1.15. K&t qua so khdp:
student( jean, X, address(maljuin, caen) ) = student( jean,info, Y )
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Tom tat chuong 1

- -1

Chuong 1 di trinh bay nhimg y&u 16 so cip cia Prolog, rit gan giii

vai logic hinh thae. Nhing diém quan trong ma ta ¢é duge la:

Nhitng doi tuong so cip cua Prolog la nguyén ni, bién va sé. Cic
d6i trong ¢ cau tric, hay can triie, ding dé biéu dién cédc dai
twrong ¢6 nhiéu thanh phan.

Cdc ham tir diing dé xdy dung cice cau tric. M6i ham tir duge dinh
nghia bai tén va thir nguyén (dimension).

Kiéu coa mot dai twong duoe dinh nghia hoin toan nhe vao su
xudl hién ve mat cd phip cha no.

Tam vite tir ving (lexical scope) ciia mot bién 1a duy nhéit ménh dé
ma bién xuat hién, Cing mét tén bién xudt hién trong hai ménh dé
s¢ luong tng vol hai bién khae nhau.

Cédc cdu triic duoc bicu dién rit don gidn bdi cde cay. Prolog duoc
xem nhu 1a mot ngon ngir xtr |y cdy.

Phép todn so khiép so sinh hai phan tir va tim cdch dong nhit
chiing bai cace ring buoc cha chiing.

Néu so khdp thanh cong, Prolog dua ra rang budc cdc bién 1ong
gticit nht.

Nhtng khai niém da trinh bay [#:

niénh dé, su kién, ludat, eau hor,

nguyén tie, bién, hién rang buéc,

plicin daw va phan thdn ciia mée ménh de,

lndat dé quy, dinl nghia dé quy,

dich,

dor tiwgng: ngryén nt, s0, bién, hang

cau frice, ham t, thie neuyén cia mot ham te, ham ne chinh cia

mor hang

50 khép cde hang, rang buéc téng qudt nhat.
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Bai tap chuong 1

I. Tim cdc doi tugng Prolog ding dédn vé mdt cu phdp trong so doi
tugng duoc cho dudi diy. Cho biét kicu cia chiing (1 nguyén ulr,
s0, bién hay ciu tric)?
a,Diane
b, diane
c, 'Diane’

d,_diane

e, 'Diane va en vacances'’

f, va(diane, vacances) -
a, 45

B BiER: Y}

i, +(nord, owest)
j, three (small(cats))

2. Haiy tim mot biéu dién dang dai tuong ciu tric cho cic hinh chir
nhat, hinh vuéng vi hinh tron. Xem hinh 1.10 dé ¢6 cich giai
quyél. Sir dung cic biéu dién cho cdc hinh cu thé dé minh hoa

3. Chuong trinh sau néi rang hai ngudi 1a ¢é quan hé dong ho véi nhau
néu:

a) mot 12 16 tién cha ngudi kia, hodc,
b) hai ngudi ¢6 chung 14 tién, hoic,
¢) hai ngudi ¢é cling con chiu.
kindred(X, Y):-
ancestor (X, Y).

kindred(X, Y):-
ancestor (X, Y).
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kindred(X, %): ¢ X va Y ¢ocling 1o 1ién
ancestor {9, 2,
SrRgttr AW, )

Rindred (X, Y):- X va Y cociing con chdu
ancestiot X, &)

ancestor (¥, 4).
Hay cho biét ¢6 thé lam ngian chuong trinh trén bing cdch sir dung
i chiam phay: duoc Khong?
4. Hay tim hieu mot dinh nghia méi vé quan hé ancestor
aneestor (X A): -
parent (X Z).
ancestor (X %):-
parent (¥, 4).,
ancestor (X, Y).
Dinh nghia niy ¢o dung hay khong? C6 thé thay doi lai so dé da
cho trong hinh 1.7 d¢ twong tng vdi dinh nghia méi nay?
3. Ngoai cic dinh nghia quan hé gia dinh da c6 trong phan 1y thuyét
v bii tap, hiy dinh nghia ciac quan hé khdce theo tap quin Viét Nam
(¢o, di, chq, bic...)?
6. Hay dinh nghia cic quan hé trong thé giéi sinh vat (dong vat, thue
vit)?

7. Cho biét ciic hang Prolog hop thiic sau day (valid Prolog terms):

23 +{fred, jim)
fool(X, bar(+ (3, 4}))) L+2.
Foo (x) Alison Cawsey

8. Cho quan hé parent duoe dinh nghia trong phan 1y thuyét, cho
biét k&t qua cua cic ciu hoi sau:
a) ?- parent(jim, X).
b) ?- parent (X, jim).
c) ?-parent (mary, ¥), parent (X, part).

d)y ?- parent (mary, X), parent(X, v},
parenbt {y, jim).
9. Viet cdc meénh dé Prolog dién ta cic ciau hoi lién quan dén quan hé
arentc:
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10.

11.

14.

15,

a) Ai la cha me cua Sue?

b) Liz c6 con khong?

c) Ai la ong ba (grandparent) cua Sue?

Viél trong Prolog céc ménh dé sau:

a) Al co mot dira tré ngudi dé 14 hanh phiic.

Hudng din: Xy dung quan hé mot ngdi happy.

b) Véi moi X, néu X ¢é mot con ma ngudi con niy ¢ mot chi 2ni
gii, thi X ¢6 hat con (xdy dung quan he
have two_children).

Dinh nghia quan hé grandchild bang cich sir dung quan he
parent.

Huéng dan: tim hiéu quan hé grandparent .

Pinh nghia quan h¢ auntc (X, Y) bang cich sir dung quan he
parent. ‘

Pé thuan tién, ¢6 thé vé so dé minh hoa.

. Céc phép so khdp dudi day cé ding khong? Néu ding, cho et

cdc riing budc bién tuong tng?

a) point(A , B) = point(l , 2)

b} point{A , B) = point(X , Y, Z)

c) addition(2 , 2) = 4

d) +(2 , D) = +(E , 2)

e) triangle(point(-1 , 0), P2, P3) =
triangle(Pl, point{(l, 0}, point (0, Y))

Cic ring budc & day di dinh nghia mot 16p cdc tam gidc. lam

cach nao dé mo ta 16p nay?

St dung moé ta cde dudng thang da cho trong bai hoc, tim not

hang biéu dién moi dutmg thing dimg X = 5.

Cho hinh chit nhat duoc biéu dién boi hang: rectangle (71,

P2, P3, P4).

Vi Pi li cde dinh clia hinh chir nhat theo chiéu dwong, hiy dnh
nghia quan hé:

regular (R) |
la diing néu R la mot hinh chir nhat ¢é cdc canh thang ding va
nim ngang (song song vdi cdc truc toa do).



(Chuong 2

Neir nghia cua chuong trinh Prolog

2.1 Quan hé gira Prolog va logic toan hoc

rolog ¢6 quan hé chat ché véi 16gic todn hoc. Dua vao

logic todn hoe, ngusi ta ¢d the dién ta ci phdp va nghia

ctia Prolog mot cdch ngin gon va stc tich. Tuy nhién
khong vi vay ma nhimg ngudi hoc 1ap trinh Prolog can phai bi€t mot
56 khdi niem vé logic toan hoc. That may man la nhimg khdi niém vé
logic todn hoc khong thuc sy cdn thiet dé c6 thé hiéu va sir dung
Prolog nhur 1a mot cong cu lap trinh. Sau day 1a mét s6 quan hé gilta
Prolog va logic toin hoc.

Prolog ¢ cu phdp 1a nhig cong thie légic vi tir bde mét (first order
predicate logic), duoc viét dudi dang cdc ménh dé (cic luong 1 v va 3
khong xudt hién mét cich tutmg minh), nhung han ché chi don thuan &
dang ménh dé Horn, 1a nhimg ménh dé duge khing dinh 12 diing. Nam
1981, Clocksin va Mellish da dia ra mét chuong trinh Prolog chuyén cic
cong thie tinh vi tir bic mot thanh dang cic ménh dé.

Céich Prolog dién gidi chuong trinh 1a theo ki€u todn hoc : Prolog
xem cdc su kién vi cde Judt nhu 14 cde tién dé, xem cau hoi ciia NSD
nhit 1a mot dinh 1y cdn khang dinh. Prolog s& tim cich chiimg minh
dinh 1y nay, nghia 1a chi ra riing dinh Iy ¢6 thé duoc suy luan mét cdch
logic tir cdc tién dé.

Vé mat thi tuc, Prolog sit dung phuong phip suy dién quay lui
(back chaining) dé hop gidi (resolution) bai todn, duge goi 1a chién luge
hop gidi SLD (Selected, Linear, Definite : Linear resolution with a
Selection function for Definite sentences) do J. Herbrand va A. Robinson
Jdé xuat nam 1995,
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C6 thé tom tit nhu sau: dé chimg minh P (a) , ngudi ta Gim su kicn

P{L)
hoac mét luat:

FlE = Ty Loy sy K
sao cho a ¢o thé hop nhat (unifiable) dugce véi L nhd so khép. Neu in
duge P (t) 1a su kién nhur vay, viée chimg minh két thic. Con néu im
duge P(t) la luat, can lan lugt ching minh vé& bén phai L |
., L. cuand.

Trong Prolog, cau hoi luon luon 1a maét day tir mot dén nhicu deh.
Prolog tra o1 mot cau hoi bing cach tim kiém dé vod (erase) tit ca zic
dich. Xod mot dich nghia 12 ching minh rang dich nay duge thod nin,
vGi gia thiét rang cdc quan hé cua chuong trinh 14 ding. Néi cich
khdc, xod mot dich ¢é nghta 1a dich nay duge suy ra mét cach ligic
boi cde sur kién va luat chita trong chuong trinh.

Néu cé cic bién trong cau hoi, Prolog tim cdc déi tuong dé tay
thé viio cdc bién, sao cho dich duge thoa min. Su rang bude gid 11 tua
cic bién tuong tng véi viee dua ra gid tri coa cdc doi tugng niy vi (ra
101 Yes. Néu Prolog khong thé tim duwge rang buoe cho cic bien suo
cho dich duoc suy ra tir chuong trinh thi né s€ tra 161 No.

2.2 Cac miic nghia cua chuong trinh Prolog

Cho dén liic nay, qua cdc vi du minh hoa, ta méi chi hiéu droc
tinh ding dan vé kél qua cua mot chuong trinh Prolog, mi chua ligu
duge 1am cdch ndo dé hé thong Gim duoe 101 gidgi. Mot chuong tinh
Prolog c6 thé dugce hiéu theo nghiu khai bdo (declarative significaton)
hoac theo nghia thu fue (procedural signification). Van dé [ ¢cian pan
biét hai muc nghia cia mot chuong trinh Prolog, 1& nghia khai hd: va
nghia thit tee. Ngudi ta con phan biét muace nghia thit ba cha not
chuong trinh Prolog la nghia légic (logical semantic).

Truoe khi dinh nghia mét cach hinh thire hat mie ngiv nghra
khai bdo va thu tuc, ta can phan biét sy khdc nhau gitta chiing. Tho
ménh dé:
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- Ji R
vivi B, v 1 ede hang nibo da.

Theo nghia Khat bao. ta doe ching theo hai eich nhu sau:
o U ladiung néu ca o va i déu ding.
o  Oviiddanra P

Theo nghia tho tue. ta ctng doe ching theo hai cdach nhur sau:

o B¢ gidi bai tean F. dair rién. gidi b todn con Q, san do giai bai
toan con k.
o D¢ xod b, ddn tien Xod Q. sant dé xoa .

Su khide nhau gitra nghia khat hio vt nghia thi tuc 1a ¢ chd, nghia
thu tue khong dinh nghia cic quan hé logie gitta phin daw cua ménh
de va cac dich cta thian, mi chi dinh nghia t/ue ne xa ly céc dich,

2.2.1 Nghia khai bio cua chuong trinh Prolog

V& miat hinh thae, nghia khat bido. hay ngie nehia chi y
(intentional semantic) xdc dinh cic moi quan hé da dwoe dink nghia
trong chuong trinh. Nghia khai bio xde dinh nhitng gi la két qua (dich)
ma chuong trinh phai tinh todn, phai tao ra.

Nehta Khai bdo cua churong trinh xiac dinh néu mét dich la ding,
vid trong trudmg hop niy, xie dinh gid tri coa cie bién. Ta dua vio khit
niem thé nehiém (instance) ctia mot ménh dé C 1 ménh dé C ma moi
mot bien cia no da duoe thay the bai mot hang, Mot hién thé (variant)
cta mot ménh dé € 1a ménh dé C sao cho modi mot bién cha né da
duoc thay thé bot mot bién khic.

Vidu 2.1 Cho ménh dé:
hasach Ld (X) -
parent (X, Y} .

Hai bien the caa ménh dé niy la:

hasachild (A) -
parent (A, B).
hasachild (X1) ;-
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parent (X1, X2}.

Cdc thé nghiém cua ménh dé nay la:

hasachild(tom) : -

parent (tom, Z).
hasachild(jafa) : -

parent (jafa, small {iago)).

Cho trude mot chuong trinh va mét dich G, nghia khai biao ndi
rang:

Mot dich G la ding (thoa man, hay suy ra duge tir chuong trinh
mot ciach 1ogic) néu va chi néu

(1) tén tai mot ménh de C ciia chuong trinh sao cho

(2) t6n tai moét thé nghiém I ctia ménh dé C sao cho:

(a) phdn ddu cua I la giéng hét G, va
(b) moi dich ctia phan than cua I la ding.

Dinh nghia trén day ap dung duoc che cdc ciu hoi Prolog, Céu
hoi 1a mot danh sach cdc dich ngan cdch nhau bdi cdc diu phay. Mot
danh sdch cdc dich 1a ding néu rdt cd céic dich cta danh sich 1a ding
cho ciing mgt rang budc cua cic bién. Cic gia tri ctia cdc bién la nhimg
gid tri rang budc tong quét nhait.

2.2.2 Khai niém vé géi ménh dé

Mot goi hay bé ménh dé (packages of clauses) 1a tap hop cic
ménh dé cé cling tén hang tir chinh (cling tén, cling s6 lugng tham
doi). Vi du sau day 1a mot g6i ménh de:

a(X) :— b(X, _).
a(X) ::= c(X), e(X).

X} 2= £iX, Y).

G6i ménh dé trén ¢6 ba ménh dé c6 cung hang la a (¥). Mai
ménh dé cha goi la mot phuong dn giai quyét bai todn di cho.

Prolog quy uéc:
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o mbi ddie phedy (comma) dit gita cic ménh dé, hay céde dich,
déng vai o pliép hoi (conjunction). VE mat logic, chiing phai
ding rdr cu.

o mbi dan chdm phdy (semicolon) dat gitta cic ménh dé, hay
cic dich, dong vai trd pliép tuyén (disjunction). Lic nay chi

citn mot trong cic dich cua danh sich la dang.
1 ! t!-’_! 2 :_‘

P 1@y R
duce doc 1a: P diing néu @ ding hoac ® ding. Ngudi ta cling ¢d thé

viél tach ra thanh hai ménh de:

B oa= ).

B o= R

Trong Prolog. dau phay (phép hoi) ¢é mite dé wu tién cao hon dau
cham phay (phép tuyén). Vi du:

P := 0, R; &, T, U.
duge hicu 1a ;

B o= {0 Ri: (& T, ©)-:
va ¢6 thé duoc vict thanh hai ménh dé:

Pos= (0 B .

Boe= (8, T, M.

Hai ménh dé trén duge doc la: P ding néu hoic ca Q vi R déu
ding, hoac ca $,'T va U déu ding.

Vé nguyén tac, thit tir thue hién cic ménh dé trong mot gdi la
khong quan trong, tuy nhién trong thue t&, can chd y ton trong thit
cua ciic ménh dé. Prolog s€ lin luot thue hién theo thir tr xudt hién cic
ménh dé trong g6i va trong chuong trinh theo moé hinh tudn tu bang
cich tha quay lui ma ta s€ xét sau day,

2.2.3 Nghia logic cua cac meénh de

Nghia l6gic thé hién méi lién hé gifta dac ta logic (logical
specification) ctia bai todn cén gidi v6i ban than chuong trinh.
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1. Cdc ménh dé khong chita bién

Meénh de Nehia logic Ky hiéu Todn hoe

P(a) . P(X) dingnéux = a PIX) & X = a
]

Pla) . P(X) ding néu ¥ = a|P(X) < (¥ = a) v |

Eib) . hodc X ® (% = i)

Pla) :— | P(X) dingnéu X = avi|P(X) < X = 1 A

Q(e) . Q(c) ding O(c)

' = . ot N P(X X =

el P (¥) ding néu hoac (X = a Sl o i

Q) . viaQ(c) ding)hoicx = b Qleh) _

P{b) . v (X 1) ]

Quy udc : néu = néu va chi néu.

2. Cdc ménh dé co chira bién

e
Ménh dé Nghiu logic Ky hiéu Toan hov |
P(XY . V@i moi gid tri cta X, P(%) ding | VX P (X)
P(X) :- |V moi gid tri cua ¥, FP(¥) _
. a . PIX) & Q(X)

0(X) . ding néu ¢ (X) dang

V&l moi gid tri cia X, P(X)
BIEY = |a L e P(X) < 3y

S ding néu ton tai Y la moét bién cuc I

L " bosaocho Q (X, Y) dung o

V&l moi gid tri cua ¥, P(X)

ding néu ton tai mot gid tri nio dé
PAXY 5= | . |P(X) < 3Ty
- ) cua Y sao cho Q(X, YY) ding {

— 7 |(khéng quan tam dén gid tri cua Y g i

nhur thé nio)

P(X) :- |Vdi mol gid tri cua X, P(X) , _
" v g : P(X) <dY (X,
O(x%, v), |ding néu ton tai Y sao cho Q (X, Y)A BLY)
p : A B(Y

R{Y) . Y) vaR(Y) ding
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Py o= fGL Mol erd nocua ¥, PR | =
. ) ';-H moi ﬁll~ II.l.lLlll. Y, [r}f] PIR) e (3Y
0 ) diun Y ne 0ac ton tal si0 cho . b
" T (i neu \__L o - ) ; 01X, YJ* R(Y))
RIY) . O(x, ¥y va R(Y) dang, hoae X
vo(X a)
| '\1] . |

3. Nghia logic cua cac dich

_ bich Nghia logic
B _r ayi, Cé phai F(a) ding (thoa man)?
play, Otb). Cé phiticda P (o) vaQ(b) déu ding?
F{X) . Cho biét gid tri cha X dé P (%) |a ding?
PUX), 00X, ¥Y). Chobiélcic gidtrictia X victa Y dé P (X)

va QO (¥, Y} déulading?
2.2.4 Nghia thu tuc coa Prolog

Nghia thu tue, hay ngir nghiu thao tdc (operational semantic), lai
xdc dinh lam cdeh nao dé nhan duoge két qua, nghia 13 lam cdch nao dé
cic quan hé diroe vt Iy thue su boi hé thong Prolog.

Nghia tha tue twong tmg v6i cich Prolog tra loi cic cau hoi niur
thé” nao (how) hay lap ludn trén cdc tri thie. Tra 161 mét cau hoi cé
nahia 14 im cdch x6a mot danh sich. Diéu ndy chi ¢é thé thuc hién
duoc néu cdc bién xuat hién trong cic dich nay duge rang buoc sao
cho ching duge suy ra mot cdich logic tir chuong trinh (hay tir cdc tri
thiie di ghi nhan).

Prolog ¢6 nhiém vu thue hién lian lugt timg dich trong mot
danh sidch cic dich tir mot chuwong trinh dia cho. "Thuc hién mot
dich” ¢6 nghia 1a tim cdch thoa mian hay xod dich dé khoi danh
sach cace dich.

Chuong trinh (su kién+luat)

!

Danh siich cic
dich

ety

cxecute

— Diu hiéu thanh cong/that bai
(Y Rang buéc cdc bién

Hinh 2.1. M& hinh vao/ra ctia mot thi tuc thuc hién mot danh sach cac dich
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Goi thu e nay 1a execut o (thue hién), Cai vao o el i gl ne

b sau:
e (a1 vao: mot chuong trinh va mét danh sich cac dich
e  (Cal raz mot diu hiéu thanh cong/that bai va mot ring buoc cac bicn

Nghia cua hai cai ra nhu sau:

(1) Dau hiéu thanh cong/thit bai la Ye s néu cicdich duoc thoa man (ol
cong), la No néu nguoc lai (that bai).

(2) Surang bude cde bién chi xay ra néu chuong trinh duge thue hien

Vidy2.3:

Minh hoa cdch Prolog tra 161 cau hoi cho vi du chueng trinh gia
hé trude day nhu sau:

Dich can tim la:

?— ancestor(tom, sue)

Ta biét ring parent (bill, sue) 1a mot su kién. D¢ st dung
si Kién nay va luat | (vé 18 tién truc tiép), 1a ¢6 thé két luan ring
ancestor (bill, sue).Day la mot su Kién kéo theo: su kién nay
khéng ¢6 mat trong chuong trinh, nhung c6 thé duge suy ra tir cic lual
va sur kién khic. Ta c6 thé viét gon su suy dién nay nhu sau:

parent (bill, sue) = ancestor(bill, sue)
nghia la parent (bill, sue) kéotheo ancestor(bill, usue)
boi luat 1. Ta lai biét ring parent (tom, bill) cling & mot s
kién. Mat khdc, tir su kién duge suy dién ancestor (bill, sue),
luat 2 (vé 16 tién gidn tiép) cho phép két ludn rang Ancestor {Com,
sue). Qud trinh suy dién hai giai doan nay duoc viet:

parent (bill, sue) = ancestor(bill, suo)

parent (tom, bill) vad ancestor(biii, <ie)

— ancestor(tom, sue)

Ta vira chi ra cdc giai doan dé xod mot dich, gor tn mot chimg
minh. Tuy nhién, ta chua chi ra ldm cdeh nao Prolog ahan divoc mot
chirng minh nhur vay.



NgU nghia cUa churang trinh Prolog 43

Prolog nhin duoc phép chimg minh nay theo thit tu nguoe lai
nhimg gi da trin ) bay. Thay vi xuat phat wr cdc su kién chua trong
chiromg trinh, Prolog bat ddu béng cdc dich va, bang cich sir dung cdic
ludt. n6 thay thé cic dich nay bing cic dich méi, cho dén khi nhin
duoe cdc s kién so clp.

D¢ xoi dich:

?- dneestor (bom, sue).

Prolog tim kiém mot ménh dé trong chuong trinh ma dich nay duge
suy dién ngay lap tic. RO rang chi ¢é hai ménh dé thod man yéu ciu
nay 1a luat 1 v Tudt 2, lién quan dén quan hé ancestor. Ta néi rang
phin dau cua cdc ludt nay fiiong 1mg vo1 dich.

Hai ménh dé nay biéu dién hai kha ning ma Prolog phai khai thic
xtr ly. Prolog bat dau chon xit Iy ménh dé thir nhat xuat hién trong
chuong trinh:

ancestor (X, 2):- parent (X, Z).

Do dich la ancestor(tom, sue), cic bién phai duge rang budc nhur sau:
X = tom, 4 = sue

Liic nay, dich ban diu tr¢ thanh:
parent (Eom, sue)

Hinh 2.2 dudi diay biéu dién giai doan chuyén mot dich thanh
dich mai sir dung mot ludt. That bai xay ra khi khéng ¢6 phan ddu nao
trong cic ménh dé cua chuong trinh tuong (ng vai dich

péarent (Com, sue).

ancestor(tom, sue)

Boi luat |

parent(tom, sue)

Hinh 2.2, X Iy bude dau tién:
Bich phia trén dugc thod man néu Prolog cé thé xoa dich & phia dudi
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Li¢ niy Prolog phai tién hiinh guay T (backtracking) tré L dicl
ban diu, dé tiép tuc xu 1y ménh de Khic Lo luat thid hai:

ancestoer(X, 2):- pareast{(X; YY), ancestor(y,

Tuong tu bude xur ly tha nhat, cic hien X va Z duoc rang buaog
nhur sau:

A = tom, Z = sue

Dich phia trén ancestor (tom, sue) duge thay the bor hin
dich la:

parent (tom; Y), ancestor(Y, sua).

Nhung lic nay, Y chua ¢é gid tri. Lic niy can xod hai dich,
Prolog s€ ti€n hanh xoi theo thir ir xudt hién cia chiing trong chirong
trinh. D61 véi dich thit nhat, viée xod rat dé dang vi do [a maor trong cic
sur kién cha chuong trinh. Su twong tng sir kién dan den Y duoe vang
budc bai gid tri bill.

Cac giai doan thure hién duoc mo ta boi cay hop giai sau day:

ancestor(lom, sue)

Bai luat | Bot ludt 2
That bai

parent(tom, sue) parent(tom, Y)

ancestor(Y, suc)

Hinh 2.3. Cac giai doan thuc hién xu ly xo3 dich

Sau khi dich thit nhat parent (tom, bill) thoa min, con L
dich thir hai:

ancestor (bill, sue)
cing phii duge thod mian. Mot lan nia, luat | duoe sir dung. Cha v
rang viéc dp dung 1dn thit hai cang ludt nay Khong Licn quin @i den Lin
ap dung thit nhat. Prolog sur dung cic bién mdi mai Lan luat deoe goi
dén. Ludt 1 bay gior ¢d thé duoc dat tén lai nhu sau:
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- — —

Phim dau phat tueme ane s dich thar nhat, anceatordnill,

) T T

‘ daneestortlom. suey

— —— -

[ T

3ot luat | [{ ‘ ‘ Boi luat 2

— e ——— e — i - —

| | arentitom
| pareni(tont, sue . i -'Y)

ancestor( Y. sue)

That ban Tr Y = hill b('“

parent(tom, bill)

’7 ancestor{bill, sue)

.:*TL

Thinh cong Baoi Tuae |

parent(bill, sue)

Hinh 2.4. Jua trinh thue hién xoa dich anceslor{lom, sue)

Tir dé dich (trong phin than) phai thay the bing:

parent (hill, @sue)

Dich nay dwoe thoi mian ngay lip nic, vi chinh la moét su kién
trong chuong trinh. Qua trinh xu Iy duge minh hoa lai day du trong
hirh 2.4

Hinh 2.4 ¢6 dang mot ciy. Moi nit wwong dmg véi mot dich, hay
met danh sich ede dich cian thoia man. Moi cung nét hai ndt tuong ing
vy viee ap dung mot ludt trong chuong trinh. Viée dp dung mot luat
chy phép chuyén cde dich coa mot nit thinh cde dich mdi cia mot
ni Khic. DPich trén ciing (goc cua ciy) duge xod Khi tim duoe mot
cor duong di tr gée dén i ¢o nhan la thanh céng. Mot nat la €6
nhin L thanlt céong khi trong mit la mot su kién cua chuong trinh,
Vixe thue thi mot chuong trinh Prolog 1 viée tim kiém nhiing con
Jdung nhar vy,
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Nhdnh bén phdi chimg 16 ring cé thé xod dich

Trong qu4 trinh tim ki€m, c6 thé xay ra kha nang la Prolog di trén
mot con dudng khong tét. Khi gap nit chita mét su kién khong ton tai
trong chuong trinh, xem nhu that bai, nit duge gan nhin rhdr bai, ngay
lip tirc Prolog tu dong quay lui 1&n nat phia trén, chon dp dung mot
ménh dé tiép theo c¢6 mit trong niit nay dé ti€p tuc con dudng mdi,
chimg nao thanh céng.

Vi du trén day, ta di giai thich mét cach khéng hinh thic cich
Prolog tra 16i cau hoi. Tha tuc execute dudi day mo ta hinh thire vii ¢o
hé théng hon vé qua trinh nay.

Pé thuc hién danh sach cic dich:

Gip Gip seap G,
tha tuc execute ti€n hanh nhu sau:
¢ Néu danh sdch cdc dich 1a rong, thu tuc thanh céng via dimg.
e Neéu danh sach cic dich khdc rong, thu tuc duyét scrutinize
sau day durge thue hién

Thi tuc scrutinize:

Duyét cic ménh dé trong chuong trinh bit diu tir ménh dé dau
tién, cho dén khi nhan dugec ménh d€ ¢ c6 phén dau tring khap vai
phin ddu ctia dich dau tién G,.

Néu khéng tim thdy mot ménh dé nao nhu vay, thu tuc roi vao
tinh trang thdt bai,

Néu ménh dé C dugc tim thay, va c6 dang:

I“I . DJ ] oow g D."I
khi d6, cdc bién cha C duge dat tén lai dé nhan duoc mot bién thé ¢
khéng co6 bién nao chung véi danh sach G,, G,, ..., G

Ménh dé ¢/ nhu sau:

HE am TP o woy BE

Gia su S la rang budc cua cdc bién tir viée so khép gilta G1  va
H', Prolog thay thé G, b&i D', ..., D’ trong danh sach cic dich
dé nhin dirgc mot danh sdch méi:
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Cha v rang néu 1o mot sw kién, khi do, #=0 va dunb sach maéi <@
nean hon danh sich ei Trudmg hop danh sdch mai rong, két gua tanh
Cong

Thay the cic bien cua danh sdch moi nay boi cie gid tri mai ¢chi
dinh boi rang bude 5, ta nhin duge mot danh siach cde dich mdai:

Iy [y pr e il
. [ “ o " ’ | T =

Thue hién tha tue mot cich dé quy cho danh sich cic dich mai
nay. Néu ket thie thanh cong, tiép tue thue hién danh sdch ban dau.
Trong trugmg hop nguoe lal. Prolog bo qua danh sdch cde dich dé quay
tur Tai thit ue cout S 2o, Qua trinh tim kieém cdc ménh dé trong
chuong trinh duoce bat diw lai tir sau meénh dé ¢, vai mot meénh dé maoi.

Quit trinh thare hién thu tue execut e duoe mé ta nhu sau:

T o of ol
Chirong trinh Prolog 17 G, G, .., Gm

hay co sa dit licu

Khong ¢é hién

Cf TRy A trivng nhau:
) Gi, D', H
S C: H:=D,.D, Y
Cl g Dy iy B “_S= (Gl H) Nén n=()
L o ' D’ ... Dn’, G, .., Gm ménh dé mai
- 8¢ ngan hon
D s B i O s eons & J

Hinh 2.5. Qua trinh thie hién execute

Sau day Ia thi tue execut e duge viét bang gia ngir Pascal.

Procedure execute (program, goallist, success);
[ Tham doi vao:

program danh sich cic ménh dé
iroall ist danh sich cdc dich

Tham dén ra:
BUCCESS kicu Boolean. li true néu goallist la
t rue doi vai tham ddi program
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Ciéc bien cuc bo:

goal dich
othergeoals  danh sich cic dich
satisfied ki¢u Boolean

matchOK ki¢u Boolean

process ring budc cua cic bién

H, H', D1, Dl1’, ..., Dn, Dn‘’cicdich

Cde hanm pha:

empty (L) c6 gid tri true néu L 14 danh séch rong

head (L) tra vé philn tr ditu tién cta danh sich L

tail (L) tra vé danh sach L sau khi di bo di phan tr
dau tién

add(L1l, L2) ghépdanh sach L2 vao sau danh sich L1
match(T1l, T2, matchOK, process)
so khép cic hang T1 va T2, néu thanh
cong, bién mat chOK ¢6 gid tri true, va
process chifa cic rang budc tuong tng vai
cic bién.
substitute(process, goals)
thay thé cdc bién cua goals boi gid trl rang
budc trong ng trong process.
}
begin ( execute_main }
if empty(goallist) then success:= tLrue
else begin
goal:= head(goallist);
othergoals:= tail{goallist);
satisfied:= false;
while not satisfied and there_are_again_some_terms
do begin
cho ménh dé trong chuong trinh nhur sau:
H :- D., ..., Dn
Xay dung mot bién thé cia no:
HY = Dy*, «..; DR
matchi{goal, H', matchOK, process)
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1 matchOE then begin
newaoals: - addi|] D", «.., n* ] otBergoals);
newgoals: - subslitute{process, newgoals);
exacutelprogyain, hewgoals, satiskied)
end { if }

cel; {0 while )

sal.isfied:= satisf ied

(nd

il 1 execute_main

Tu tha tie execut e rén day., @ co mot so nhan xét sau. Trude
hét. thi tue khong mo ti lam cich nao dé nhian duge rang bude cuoi
ciing cho cdc bién. Chinh rang buoc S da din dén thimh cong nho cic
loi goi dé quy,

Moi lian 1a1 goi d¢ quy execut e that bai (teong tng viét ménh
dé O), tha e covat tnize Gm kiem ménh dé tiép theo ngay sau
ménh dé ¢, Qua trinh thue thi I hicu qui, vi Prolog bd qua nhiing
phan vo ich dé ré sang nhinh khie.

L.ic nay, moi rang buoc cho bién thuoe nhinh vé ich bi loai bo
hoan toin. Prolog sé lin luot duyét hét tit ¢a ede con dudng ¢6 the de
dén thinh cong.

Ta ¢ing di thay rang ngay sau Khi ¢6 mot Két qua tich cure,
NSD ¢é thé yéu cdu he thong quay lui dé tim kiém mot két qua mdi.
Chi tiét nay di khong duoc xur |y trong thii tuc execute. Trong cic
ciai dit Prolog hién nay, nhiéu kha ning mdé da duge thém vao
nham dat hi¢u qua t6i vu. Khong phai moi ménh dé trong chuong
trinh déu duge duyét dén, ma chi duyét nhirng ménh dé cd lién quan
dén dich hién hanh.

Viidu 2.4:
Cho chuong trinh:

thick (bear) . % clause |1

rthieck (elephant) . % clausc 2
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(h
(2)

(3)

(4)

small (cat ). %oolausae 3

browni{beany ) . % clause 4

greyv (elepharn' | . Z clause 5

blacktcat) . % clause 6

dark(Z) :- Liack(Z).% claugse 7: all this wh
blaok cte vl

dark(zZ) :~ byoum(Z).% claluse §: d11 this whao i

brown 12 dark
Cau hoi:
?= dark{X), thicki(X). g who 1s thick and dark?
X = bear
Yes
Danh sach ban dau cna cic dich la: dark (X)), thick(xXi.
Tim kiém (duyét) tir dau dén cudi chuong trinh mot ménh de co
phin dau tuong iing véi dich dau tién dark (X) . Prolog tim duge
ménh dé 7:

dark (Z) :- bldack(z).

Thay thé dich dau tién bai phdn thin cua ménh dé 7 sau ki da
duoge rang budc (thé bién Z boi X) dé nhan duoc mot danh sich
cdc dich mai:

black(X), thick(X).

Tim ki€m trong chuong trinh mot ménh dé sao cho dich con
black (X) duwge so khdp: tim duge ménh dé 6 1a su Kién
black(cat) . Lic nay, rang budc thinh cong, danh sich cic
dich thu gon thanh:

thick (cat)

Tim kiém dich con thick(cat) . Do khong tim thiy ménh dé
nao thoa min, Prolog quay lui lai giai doan (3). Rang buoe - ca:
bi loai bo. Danh sich cic dich trg thanh:

black(X}, thick(X).
Tiép tuc tim Kiém trong chuong trinh bat dau tir ménh dé 6. Do

khong tim thay ménh dé ndio thod man, Prolog quay lui lai giai doan
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(2) d¢ tiép tue tim kiem b ddu tirménh dé 7. Két qua tim duge ménh
dé 8:
dark(d) == brownfdy.
Sau khi thay thé boi birown () trong danh sach cac dich, ta nhin
duoic:
brrown(X), thick{X)

(5) Tim keém cho rang budoc brown(x), duge két qua la
brown bear) . Ménh dé nay [a mot su kién, danh sich céc dich
thu gon lai thanh:
thick(bear)

(6) Viéc tim ki€ém trong chuong (ninh din dén két qua thick (bear) .
Do day la mot su kién. danh sich cde dich trd nén réng. Diéu nay
chimg to chuong iinin Ja thue hién thanh céng, su rang budc cho
bién li:

X = bear

Qua trich thue hién duge gian thich trong hinh duéi day.

dark(X). thick(X)

dark(Z) := back(Z). : Quay lw dark(Z) :- brown(Z.).
(ZIX) V (ZIX)
‘ black(X). thick(X) brown(X), thick(X)
; .
black(cal). ¢ Quay lui brown(bear).
! (XIbear)
(Xlca) \?
‘ thick(cat) thick (bear)
That bai Thanh cong, X=bear

Hirh 2.6. Qua trinh thuyc hién xoa dich dark (%), thick{X)
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2.2.5 To hop cic yéu to khai bao va thu tuc

Nguoi ta thuong quan tam den tinh v viet cua Profos B ke non
tr quan Iy cic chi ¢t thu tue. Bién nay cho phép nouai lap i
(NLT) dur Kien truae duoe nghia Khar bdo cua mot chuong trinh mot
cach doc Lip vor nghia thiu tue cta né. VE nguyén tic, do két qui thue
hién cua mot chuong toinh phu thude vao phin khai bio, nén phiai Kha
bdo diy dit cac o Kien, luat v quan hé khi 1ap trinh. Bicu iy mang
tinh thue tén, vi luon luon cic yéu t6 khai bio cua mot chirong trinh
dé hicu hon <o v cie chi tiét tha toe.

De tin dung Jduoe kha nang tu quan 1y cie chi tét thi e cia
Prolog. NLT phii tip trung dac biét vao yéu to khai bio, trénh nham
lan trong chimyg mue ¢ the bai ede ¢hi tiét thue hién chuong trinh.
Can dé cho Prolog ur gia quyét cace chi tiét mang tinh thu tue niw.

Nho tiep cin khai hio, lip tinh trén Prolog luon luon thuin tién
hon so van cic ngon ngtt thu tue khac nhu Pascal. Tuy nhién, tiép ¢in
khai bio khong phai luon Tuon diy dio. Nhu s€@ thiy san naw, doi val
cic chuong trinh 1dn, khong (hé loai bo hoin toan tinh ti¢p cin thi tu,
do tinh hiéu qua thue tién cua nd khi thue hién chuong trinh.

Vi vay, ty theo chuong trinh Prolog mi str dung hoin tean véu 1o
khai bdo, loai bo yéu 16 thu tuc khi rang budc thue ticn cho phiép.

Nhu s& thay trong chuong sau ring viée siap dat thit tr ic menh
dé va cic dich cting nhu thir tr cde hang trong moi menh dé ¢o vai o
quan trong trong viée tim ra két qua. Mat khic, mot so chuong trinly
tuy dding dan vé mat khai bdo nhung lai khong chay duge trong thue
t€. Ranh gidi gitta yéu 10 thu tuc va yéu té khai bio rit kho suy xét.
Ménh dé sau dday 1d mot minh chimg vé viée khai bdo ding. nhung lai
hoan toan vo ich vé mal chay chuong trinh:

ancestor (X, Z) :- ancestor(X, 4).

Do nhiing tién bo cua k¥ thuat 1dp trinh, ngudoi ta quan tam dén
nghia khai bio dé bo qua nhitmg chi tiét thu e, 1in dung nhimg ¢
ti€t khai bdo lam &1 giai don gidn hon vit dé hieu hon. Khong phii 14
NLT, ma chinh hé thong phai quan Iy nhimg chi tiét thu tue. Prolog i
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neon nete nham vao mue dich nay. Nl ta da thay, Prolog chi giap
ot by dung danmat phin nhimg chi tiet tha tue, ma khong the quan
by e B30 Cnt

Moty cuto thiee e nma [ ngudn 1a dé dang chdp nhan mot chuong
trinh chay diroe ing nehia tha ey hen 1 mot chuong trinh ¢hi diing
dan vé mar khai bao ma chir chay duoc. Vi vily, dé gidi quyet mot bai
tonn o do mot cich ca Tol, ngudi ta tap trung gidi quyét nhitng yéu 1o
Kha bao, nén hiinh chay thir chuong trinh trén mdy, roi sap dat lai cie
menh Jé v cdc dich néu no vian chua chay ding vé mat thu tuc.

2.3 Vidu: con khi va qua chuoi
2.3.1 Phat bi¢u bai todn

Trong tri tué nhan tao. ngudi ta thuong 1y dé @i con ki va gua
chudi (monkey dand banana problem) dé minh hoa viée hop giai bai
todan. Sau ddy, ta s€ trinh by lam edch nio dé van dung so khdp va
quay Tui cho nhitmg @ng dung nhu vay. Ta s€ trién khai mot cich phi
thi tue, sau do nghién curu tinh thi tue mot cach chi tét.

J

—

Hinh 2.7. Minh hoa bai toan con khi va qua chudi

Ta st dung mot bién (hé (variant) cta bai todn nhu sau: mot con
Khi dang o trude etira mot cin phéng. Trong phong, & chinh gitta tran
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¢é treo mot qua chuoi. Con khi dang doi nén tim cach dé lay gin
chuéi, nhung qua chuat lai tree qua cao dor vai no. O canh cita 0, ¢o
dat mot cdi hop dé con khi ¢6 thé treo 1én. Con khi ¢ thé thue hign
cdc dong tiac nhu sau: bude di trong phong, nhay 1&én hop, di chuyeén
cdi hop (néu con khi dimg canh cdi hop), va vai ldy gua chuéi néu no
dang ditng trén hop dit ding phia dudi qua chudi. Cau hoi dat ra 1a
con khi ¢é an duge gqua chudi hay khong?

Trong lap trinh, viin d¢ quan trong 4 lam sao bicu dién duoc bai
todn phit hop véi ngon ngir dang sir dung. Truomg hop cha chiing ta ¢6
thé nghi dén la rrang thdai ciia con khi c¢é thé bién doi theo thoi gian.
Trang thai hién hanh duge xdc dinh bai vi tri cua cdc doi tuong. Ching
han, trang thii ban ddu cua con khi duge xic dinh boi:

) Con khi dang & trude cura (to the door).

) Con khi dang ¢ trén san nha (on the floor).

) Cii hop dang ¢ canh cira s6 (to the window).
)

(
(
(
(4) Con khi chua 12y duge qua chudi (not have),

1
2
3
]

Ta cé thé nhém bon théng tin trén thanh mot doi tugng ¢6 cau
triic duy nhil. Goi state la ham tir ma ta lua chon dé nhém cic thanh
phan ctia d6i tuong. Hinh 2.8 trinh bay cich bi¢u dién trang thdi diu la
mot doi tugng ¢6 ciu tric.

state
_— \\
tothedoor onthefloor tothewindow nothave

Hinh 2.8. Trang thai ddu clia con khi la mot doi tugng b ¢au tric gom bon thanh
phan: vi trf ndm ngang, vi tri thang ditng cla con khi, vi tri clia cal hép va mét chi dan
cho hiét con khi da |8y duge qua chubi chua

2.3.2 Giai bai toan vaéi Prolog

Bai todn con khi va qua chuéi duge xem nhu mét tro chui chi ¢o
mot ngudi choi. Ta hinh thite hod bai todn nhu sau: ddu tién, dich cua
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1
|

troy chen L ninh huone con kh lay duge qua chuoi, nghira Lot traog thia
Ré thianh phin, thanh phan tha e B poseos o cpe (chidm hitay:

; po O RRENSES LTI

Ficp thoo, Gt cie dong tie cia con kKhi dé chuyén tir mot trang
thid niy sare mot trang thit khae. Co bon kicu dong tic (movement)
Bher s

(1) Nam 13y qua chudi (grab),

(20 Treo 1én hop (chimbing).

(30 Bay cin hop (pushing).

(4) Di chuyen twalking)

Tuy theo trang thidi hicn hinh, khong phai 1at cd moi dong tic déu
¢o the s dung. Chang han, dong tac “nam ldy qua chudi” chi ¢é thé
xay ra khi con khi dd ding wrén ¢di hop, ¢ ding vi tri phia dudi qua
chuor (0 chink it phong), va né chua nam lay qua chuéi. Quy tac
Prolog i1 ocement dud day o ba doi s6 mo ta di chuyén cha
con Khi nhur sauw:

divplacement {Statel , Movement, State?) .

Vai tro cia cic doi so ding the hign di chuyén i

State | ~

—_—

Movement
Hinh 2.9. Di chuyén trang thai

Quy ude statel latrang thii trude khi di chuyén, 1 1a di chuyén
da thuc hién, va stare2 li trang thai sau khi di chuyén, Pong tac
“nam 1ay qui chudi™ vai dieu kién dau cdn thiét duoe dinh nghia béi
ménh d¢ co noi dung: “sau khi di chuyén, con khi di lay duge qué
chuoi, vii né dang ding trén cii hop, o gitta can phong™. Ménh dé duoe
viet trong Prolog nhu sau:

displacement (

stabe(t othorent or, onthebox, tothecenter,

vent bave % e khi di chuyén
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qrab, % dichuyén

stateltothecenter, onthebox, tothecentor,

possessing) . % saukhi di chuyén

Mot cach wong tur, ta ¢4 thé dién ta di chuyén cta con Khi trén
san nhit tir mot vi i nam ngang P1 bat ky nao dé dén mot vi tri moi
P2. Viéc di chuyén cta con khi 1a doe 1ap véi vi tri clia cdi hop. vi doc
1ap vai su kién con khi di lay dugce qua chuoi hay la chua:
displacement(

state(Pl, onthefloor, G, H),

walking(Pl, P2), % dichuyéntirPl dén P2

state (P2, onthefloor, G, H).

Ménh dé trén diy ¢d rat nhiéu nghia:

e Dichuyén da thuc hién 1a “di tir P1 dén P2".
e  Con khi & trén siin nha trude va sau khi di chuyén.
i e ‘ = ¥ i " a
e  Vitri hop la G khong thay doi sau khi di chuyén.
e Qui chudi viin & vi tri cil trude v sau khi di chuyén
(chua bi con khi lay di).

Meénh dé nay dac trung cho mot tap hop diy da cdc dong tidc vi ¢co
thé dp dung cho bt ky mot tinh huéng nio twong dng vaéi trang thii da
chi ra trieée Khi di chuyén. Nguoi ta goi cic ménh dé ki¢u nay 11 mot
sordo di chuyén.

Hai kiu hinh dong khic 13 “day™ va “trgo” ciing duoe die triing
mot cich turong ur.

displacement

M
B—E @O —G
couldtake couldtake possessing

Hinh 2.10. Dang dé quy cia vi L{f couldtake

Cau hoi dat ra cho bai todn s& 12 “Xudt phat tir vi tri diu S, con khi
6 the 1y duoc qua chudi khong?”’ vai vi tir sau day:

couldtake(8)
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var tham doi S 1a mot trang thai chi vi tri cua con khi. Chuong trinh

xiy dumg cho vy tirnay dua trén har quan sat sau day:

(1) V& mot trang thdi S ma con klu di lay duge qua chuoi, vi tir
Couldtake ¢d gid tri true, khong cin mot di chuyén nao khic
nir Dicu ndy wong tng vai sur kien:

couldtake(statel(_; _, _, possessing)).

(2) Tromg cic truong hop khie, cin thuc hién mét hoac nhiéu di
chuyén. Xudl phdt tir mot trang thdi S1, con khi ¢6 thé 14y duge
quit chudi néu ton tai mot 5o lin di chuyén M nao dé tir S1 dén
mot trang thdi S2 sao cho trong trang thidi S2, con khi ¢é thé lay
duoc qua chuoi.

Ta ¢ ménh dé sau :

couldtake(81) :-
displacement (81, M, 82),
couldtake(S2) .
Vi tr couldtake c6 dang dé quy, tuong tu véi quan hé
ancestor di xét o dau chuong,

Chuong trinh Prolog diy di nhu sau:

displacement (
state (tothecenter, onthebox, tothecenter,
not have), grab, % vé lay quachuoi
state{tothecenter, onthebox, tothecenter,
posasessing)) .

displacement (
state (P, onthefloor, P, H),
climbing, % tréolén hop

state (P, onthebox, P, H)}.
Cisplacement (

state(Pl, onthefloor, P1, H},

pushing(Pl, P2), % diy cdihoptirPl dén P2

state(P2, onthefloor, P2, H)).
displacement (

state(Pl, onthefloor, G, H),

walking(P1, P2), % dichuyéntirPl dén P2

state (P2, onthefloor, G, H)).



o8 Lap trinh idgic treny Praleg

pushing(tothewindow, tothccontor).

walking(tothedoor, tothewlndow) .

% couldtake(state) : con khi ¢6 thé 1y duge qui chudi trong state

couldtake(state(_, _, _, possessinu)). % ruony
hop 1: con khi di ¢6 qua chuéi

couldtake (Statel) :-%truang hgp 2 : cin phai hinh dong

displacement (Statel, Move, State2), % hinhdong
couldtake(State?) . % ldy qua chudi

Chuong trinh trén diy di duoc phdt trién mot ¢ich phi thu tue be
xét tinh thu tuc ciia chuong trinh, ta dat ra cau hoi sau day:

?- couldtake(state (tothedoor, onthefloo:,
tothewindow, nothave)).

state(tothedoor, onthefloor, tothewindow, nothave) ]

grab lclimbingl pushingl walking(tothedoor, P2)
failure  failure failure
y

[ state(P2, onthefloor, tothewindow, nothave) I

grabl climbing

pushing(P2, P27)

failure backtrack
i
Etnte(tothcdoor,onlhebox,tothcwindow, nmhavc}][;lalc(m‘, onthefloor, P2, noma'w;*ﬂ
grat:l/ climbing\l/ walkingl pushing ‘L gruhl ]ulimhing
fallure  failure failure failure failure

[ state( P27, onthebox, P27, nothave) ]
Grab
P2" = to the cenler

state(tothecenter, onthebox, tothecenter, possessing) l

Hinh 2.11. L&i giai cda bai toan con khi va qua chud,

Qua trinh tim Ki&m bat dau tir nut trén cung va tiép tue xudng dudi
Cac phép thir thuc hién Ian Ut L trai qua phai

Chi xay ra mét 1an quay lui ma thdi
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— e e ——

B¢ ed cau tra loi, Prolog phan thoi man mot danh sach cic dich
theo ngit nghia thi e, B 1a qui trinh tim kiém cho con khi mot di
chuyén hop 1y trong moi di chuyén ¢6 thé. Poi khi, qud trinh nay sé
din den mot ngd cut. d¢ thodt ra, ¢in phai guay [ui. Cau hoi trén c¢in
Guay lui mot lan. Cic di chuyen hop Iy tiép theo duge tim thiay ngay
do cide ménh dé lien quan dén quan hé displacement co mat trong
chuong trinh, phi hop vaéi finh huong.

Tuy nhién, van ¢6 thé xay ra kha nang cdc di chuyén khong hgp
Iy. Con khi di téi di lui mai ma khong cham duge cdi hép, hodc khong
co dich thue sur. Trong vi du trén. ta da wu tién qua trinh so khop cic
menh dé dé din dén thinh cong.

2.3.3 Sap dat thi tu cic ménh deé va cac dich

2.3.3.1 Nguy co gap cac vong lap vo han
Xé1 menh dé sau day:

| P

Nghia cta ménh dé la “p ding néu p ding”. V&€ mat khai bdo,
ménh dé hoan toan ding dan. Tuy nhién, vé mat tha tuc, ménh dé
khong diing dé lam gi. Trong Prolog, ménh dé ndy gay ra ric roi. Ta
Xét cau hoi:

g D

St dung ménh dé trén, dich p duoc thay thé boi chinh dich p, roi
lai duwe thay thé bai p, va cir the tiép tuc. Prolog bi roi vao tinh trang
quan vo han.

Vi du nay lam phuong tién thue hién cic vong lap cia Prolog. Tro
lai vi du con khi va qua chudi trén day, ta ¢6 thé thay déi tha tu céc
dich bén trong cua cic ménh dé. Ching han cidc ménh dé thuoc vé
quan hé¢ displacement da duge sip xép nhu sau:

gqrab, climbing, pushing, walking

(ta cO thé bo sung thém ménh dé descending chi ring con khi nhay
xuéng san sau khi 1ay duoge qua chuéi néu muén tron ven 16i giai).
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Cac ménh dé nay ndi ring con khi ¢6 the nam lay qua chudi (grah).
tréo lén hop (climbing) v.v... V& mat ngir nghia thi tue, thir tu cac menh
dé néi rang trude khi con khi véi liy duge qua chudi, nd phai tréo Ién
hop, trude khi tréo 1én hop, né phai ddy cdi hop v.v... Vai thit ur niy.
con khi Iy duge qua chuéi (gidi quyét duge bai todn). Biy gio néu 1
thay déi thi tu thi diéu gi s& xay ra? Gia thiét raing ménh dé wa 1110
xudt hién diu tién. Lic nay, viéc thuc hién dich da dat ra trén day:

?- couldtake(state(tothedoor, onthefloor,

tothewindow, nothave)).
s€ tao ra mot qua trinh thue thi khic.

Bon danh sdch dich dau tién nhu ci (cic tén bién duoc dat lai):

(1) couldtake(state(tothedoor, onthet Lloar,
tothewindow, nothave))
Sau khi ménh dé thit hai duge dp dung, ta cé:
(2) displacement (state (tothedoor, onthefloor,

tothewindow, nothave), M', 52'},
couldtake (S2")

Vi chuyén dong walking (tothedoor, P2‘), ta nhan duoc:

(3) couldtake(state(P2’, onthefloor, tothewinlow,
nothave) )

Ap dung lan nita ménh dé thit hai cliia couldtake:

(4) displacement (state(P2’, onthefloor,
tothewindow, nothave), M’*, S2''}),
couldtake(S2' ")

Tit thoi diém nay, su khdc nhau xudt hién. Ménh dé dau tién ¢
phan diu c¢6 thé so khép vé6i dich diu tién trén diy biy ity s¢ i
walking (ma khong phdi c1limbing nhur trude).

Rang budc la 82'* = state(P2'’', onthelloor,
tothewindow, nothave) . Danh sich cic dich ¢ thinh:

(3) couldtake(state(P2’'’, ontheflcor, !o' b owindow,
nothave) )

Bing cdch dp dung ménh dé thit hai couldtake. ta nhan duoc:
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(G) i oplacement izt ate(P2'*, onthefloor,

t hewindos, ot laves), Mo gase ey

bl ake ’
‘]"II.'P tee ap dl_lng menh dé walki w01 cho ménh dé thi nhat va 1a co:
(7Y cuisldtakE{gtai el P27, gathef loot,

ot hewindow, ol have))

Bay gio ta so sinh cie dich (3). (5) va (7). Ching gan nhur giong
hét nhau, trir cde bien 027, 227 va P2’ 7 . Nhu ta da thay, su
thinh cong cua mat dich kKhong phu thude vao tén ciac bién trong dich.
Dicu nay ¢é nghia 1a ke tir danh séch eie dich (3), qua trinh thue hién
khong ¢ s tién trién nio.

Thue &, ta nhan thay ring ménh dé tha hai clia couldtake vi
wa Lising dit duge st dung qua lai. Con khi di loanh quanh trong
phong mi khong bao gitr ¢o ¥ dinh st dung cdi hop. Do khong ¢6 su
1ién tricn nio, nén v&é mit 1v thuyét, qua trinh tim dén qua chudi sé
di¢n ra mat cdch vo han. Prolog s& khong xir Iy nhitng tinh huéng vo
ich nhir viy.

Vi du nay minh hoa Prolog dang thir giai mot bai todn mi khéng
bao gitr dat duge 101 giai, diu rang 181 gidi ton tai. Nhitng tinh hudng
nhu viy Khong phai 13 hiém trong lap trinh Prolog. Nguoi ta cling hay
giap nhimg vong lip quian vo han trong cic ngdn ngir lap trinh khdc.
Tuy nhién, diéu khong binh thudng so véi cic ngén ngit lap trinh khic
[ chirong trinh Prolog ding dan vé mat ngit nghia khai bdo, nhung lai
Khong ding din vé mit tha tue, nghia la khong ¢6 céu tra 161 d6i véi
cau hoi cho trude.

Trong nhitng trudng hop nhu viy, Prolog khong thé xod mot dich
vi Prolog c6 gang dua ra mot ciu tra 1oi trong khi dang di theo mot con
duomg xiu (khong dan dén thanh cong).

Cau hoi ching ta mudn dit ra 1a: liéu chiing ta ¢é thé thay déi
chirong trintf sao cho cé thé du phong trude nguy co bi quan? Cé phai
ching ta luén luén bi phu thudce vao sur sap dat thir tr diing dan cta cdc
meénh d¢ va cdc dich? R6 ring ring cdc chuong trinh 16n sé trd nén dé
sai 8Ot néu phai dua trén mot thit tu ndo dé cha cidc ménh dé va cdc
dich. Ton tai nhiéu phuong phip khic cho phép loai bd cdc vong lap
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vo han, téng quat hon vi ding tin ciy hon so vdi phuong phip sap dat
thir tu. Sau day, chiing ta s€ sir dung thudng xuyén nhiing phuong phap
nay trong viéc tim kiém cdc con dudng, hop gidi cdc bai todn vi duyel
cic dé thi.

2.3.3.2 Thay doéi thir tu ménh dé va dich trong chuong trinh

Ngay cdc vi du ¢ diu chuong, ta di thdy nguy co xay ra cic vong
lap vé han. Chuong trinh mé ta quan hé to tién:

ancestor (X, 2) :-
parent (X, 72).

ancestor (X, Z) -
parent (X, Y),
ancestor (Y, Z).

Ta hay xét mot s6 bién thé cia chuong trinh nay. Vé miit kKhai
bio, tit ca cdc chuong trinh 13 twong duong, nhung vé mat tha tuc,
chiing s& khidc nhau. Tham khao ngir nghia khai bdo cta Prolog, khong
anh huong dén nghia khai béo, ta c6 thé thay déi nhur sau:

(1) Thi tu céc ménh dé trong moét chuong trinh, va
(2) Thi we cdce dich bén trong than ctia cic ménh dé.

Thii tuc ancestor trén diy gom hai ménh de, duoi ménh dé thir
nhit ¢6 mot dich con va duéi ménh dé thi hai cé hai dich con. Nhu
vily chuong trinh s& ¢6 bon bién thé (=1x2x2) ma ca bon déu co cling
nghia khai bao. Ta nhin dugc nhu sau:

(1) Dao thir tu cdc ménh dé, va
(2) Dio thi tr cic dich cho méi sip dat thir tr cde ménh dé.
Hinh dudi didy m@ ta bon tha tuc ancl, anc2, anc3, ancd:

% Thu tuc goc

ancl (X, Z) :-
parent (X, 7).

ancl (X, 2Z) :-
parent (X, Y),
ancl (Y, Z).

% Bién thé a: hodn déi cic ménh dé
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(%,
CETEN {5, ;
iEe2 Y il

LA Xy )
atienl X%, Wi .

Bien thé h: hodn doi cic dich coa ménh dé tha hai

(&, ZYy -
amcsd (X, )

parent (Y, 2.

= Bign thé ¢: hodn doi ¢idc dich vi cde ménh dé

= FoRr r 4
JL < | B | -
et - |
alka

ancd X, 4A) 2=
parent (X, 4.

% Cace cau hoi duoe dat ra Lin luot nhr saue

?- ancl (tom, suel .
= 2= WS
ancz(tom, sue) .,
- > Yes
7o ancI(Lom, sue).
-3 Yoy
2o ancd(Lom, sue).

ElR 211 Not enougl: local stack
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anc2(tom, sue)

anc2(X, 7) :-
parent (X, Y),
anc2 (Y, Z).

parent (tom, Y')
anc2(Y’, sue)

anc2(X ,Z) :- A Y’ = bill
parent (X, Z). anc2(bill, sue)
A
parent (bill, Y'") parent (bill, sue)
anc2 (Y'', sue) thanh ¢ong
Y" = ann T
anc2(ann, sue)
4
parent(ann, Y'7) parent (ann, sue) Y = sue
ane MY o -
anc2(Y™, sue) thit bai
thit bai anc2(sue, sue)
A M
parent (sue, Y''') parent (sue, suc)
anc2(Y™"’, sue) thit bai

Y = jim
anc? (jim, sue)
\ A

parent(jim, Y''") parent (jim, sue)
anc2(Y ', sue)

that bai
thit bai

Hinh 2.12. Bién thé a cla quan hé t8 tién tra I8 cau hoi
"“Tom c6 phai la mat té tién clia Sue ?°

Trong trudng hop cudi cling, Prolog khong thé tim ra ciu tra o1
Do bi quin v6 han nén Prolog théng bio “khong di bo nhd™. Hinh 2.4
mo ta qud trinh thue hién ciia ancl (truée diy la ancestor) cho

cling mot ciu hoi.
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Hinh 2.12, 2,13, 2.14 m6 12 qui (rinh thue hién cua anc?,
anc 4 v ancd. Ta thiy ancd khong ¢6 hy vong va anc2 kém
hicu qua hon so véi anc? do thue hién nhiéu lan tim ki€ém va quay
lui hon trong cay.

So sinh cdc quid trinh so khdp trong cic hinh vé, ta thay ring can
khai bao cic ménh dé du don gian khi gidi cde bai todn. D61 voi bai
todn quan hé té tién, ¢i bon bién the déu dua trén hai y:

e  Kiém tra néu hai tham déi cia quan hé 10 tién thoa man quan hé
parent.
e Giai doan phice tap nhat 1a tim ai dé “gitta” nhimg ngudi la

parent hay ancestor.,

anc3(tom, sue)

anci(X, Z) :- / A
parent(X. Z). parent (tom, sue) anc3(tom, Y"')
anc N, 7Z) - e parent(Y', sue)
thit bai
anc3(X. Y), A

are Y 5 9
parent(Y, Z) parent(lom, Y')

parent(Y’, suc)
My =il

paren{bill, sue)

Hinh 2.13. Bién thé b clia quan hé 4 tién tra 18i cau hoi
*Tom co phai 1a mét 6 tién clia Sue 7"
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anc-H X, 7Z) - ancd(tom, suc) i
ancd( X, Y), /T

= 5 =

Pm:ﬂrnﬁ L) ancd(tom, Y ) :

ancd(X, Z) - carent(¥7, sue) J.

parent(X, Z).

ancd{tom, Y"") ]

parent(Y ™. Y")
parent(Y ', sue)
)
ancdtom, Y ')
parent(Y'"', Y)
parent(Y™, Y")
parent{Y', sue)

Hinh 2.14. Bién thé c clia quan hé 16 tién tra 18i cau ho
“Tom cé phai la mot to tién cla Sue 7

Trong 86 bon bién thé clia quan hé ancestor, chi ¢6 anc! la
thuc hién qud trinh so khép don gian nhat. Trong khi dé, anc4 bit diu
qud trinh khé khan nhit. Con anc? va anc3 nim giira hal (hil cue
nay. DU ta ¢6 xem x¢ét chi tiét cdc qua trinh thue hién thé nao di ching
nita, thi ancl vin la luat don gian nhat. Nguoi ta khuyén nén sir dung
cach nay khi lap trinh.

Ta khong cin so sanh bon bién thé ma xem xét vai kicu ¢iu hol
nio thi méi bién thé din dén thanh cong hay that bai. Ta dé nhan thay
rang ca hai thu tuc ancl va anc2 déu ¢6 kha nang dua ra cau tré o
cho moi kiéu cau hoi. Con anc3 thi khéng chac chan. Chang han cau

hoi sau day gay ra thit bai:
anc3 (1iz, Jim)
ERR 212 Not enough global stack

vi didn dén nhimg 1&i goi dé quy vo han. Nhu vay, ta khong the xem

anc3 14 ding dan vé mit tha tuc.
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Tom tat chuong 2

e Nhiing khdi niém da dugc gidgi thicu:
dich thou man, thanh céng
dich khiong thod man/bi thar bui,
dich bt xoua,
nghia khai bao. nghia th tue, nghia logic,
gy fui.
theé nghién cuee mor ménh dé, hién thé cia mor ménh dé

e Lip trinh trén ngdn ngit Prolog [ dink nghia cde guan hé va dét can
hoi trén cic quan hé niy.

e Mot chuong trinh Prolog buo gém cidc ménh dé. C6 ba kiéu ménh
dé :wie kién, hudr via cau hoi.

o Mot quan hé cé thé duge dic ti bai cie s kién, bing cich ghi nhin
bo-n doi tuong thoa min quan hé, hay thiét 1ap cdc luat lién quan
dén quan hé.

e Mot thi tue la mot tap hop cdc ménh dé lién quan dén cing mot
quan hé.

e Vicc dit cdc ciu hoi trén cac quan hé tuong tr viéc vin tin mot co
5o dit liéu. Prolog tra 11 cau hoi biang cdch liét ké tap hop cic doi
luong lam thod mian ciu hoi nay.

» Trong Prolog, khi mét doi tuwgng lam thod man mot cau hoi thi viée
tra 1oi cau hoi luén luén 1a maét qua trinh phie tap sit dung suy dién
logic, khai thac cdc kha nang khic nhau, va co ché quay lui. Prolog
1ién hanh tr déng qua trinh nay va vé nguyén tac, NSD c¢6 thé hiéu
hroce.

e Nguo; ta phan biét nghia khai bio va nghia thu tuc khi 1ap trinh.
Mot chuong trinh Prolog thudng ¢6 nghia khai bdo 1a cha yéu. Tuy
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nhién, ngudi ta van tim thay nghia thu tuc trong mot so chuomny
trinh Prolog.

® Theo nghia thu tuc, chuong trinh Prolog thuc hién qua tninh 1o
kiém, so kKhap va quay lui.

o Nyt nghia khai hdo cua Prolog xdc dinh néu mot dich la ding doi
v mot chuong trinh da cho, tuong tmg vdi ring bude ctia cice bicn.

o Ngudi ta quv udc viét phép givo (and) cha hai dich bing cich dal
mot diu phay & gitta chiing, phép hodc (or) boi mot didu cham phay

o Nt nehia thi tue cia Prolog duge thé hién boi mot thi e tim
kiem lam thoa mdn moét danh sich cac dich tir mot chuong trinh di
cho. Néu tim Ki¢m thod min, Prolog tra vé cic ring buoc cic bién
twong umg. Néu tai mot bude nao dé bi that bai, thi tuc nay cho
phép tu dong quay hii (backtracking) dé tim kiém cdc kha nang
khic ¢o thé dan dén thanh cong.

e Nghia khai bdo cua cdc chuong trinh thudn Prolog khong phu thuoce
sit sdp dat cac ménh dé, cling nhu khong phu thude su sap dat cic
dich bén trong cic ménh dé.

e Nghia thi tuc phu thuée thit tu cdc dich va cic ménh dé. Thir 1 sap
dat nay c¢é thé dnh hudng dén tinh hiéu qua chay chuong trinh, vi
¢ thé din dén nhimmg 161 goi dé quy vo han.

e Cho trude mat khai bdo ding, ¢6 kha nang 1am t6i vu hiéu qua van
hanh ctia hé théng bing cich thay déi thit tr cdc ménh dé, ma van
dam bao tinh ding dan vé mat khai bdo. Su sap dat lai thir tu cic
dich vi cdic ménh dé 14 mét trong nhitng phuong phédp nham trinh
cdc vong lip quan vo han.

e Ngoii ra con ¢é nhing k¥ thuat khdc t6ng qudt hon dé trinh cdc
vong lap quin vo han, va 1am cho chuong trinh vin hinh ddng tin
cdy hon.
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Bai tap chuong 2

Tr chrong trinh Prolog dudi day:

avroplane(congerde) .
aviroplanal jitmhao) .
onlfred, concorde).
ontiim, Neo 18 bus).
s diperay) .

artiial (leo) .

animal {(tweety) .
animal {(perer).
has_[eathers (Cweety) .
hau_feathers (peter) .
fliesd{X):- bird(X}.
flies(X): '.faeroplame(.‘-ij .

]

[}

Flles(X):- on{X, YY), asroplane(Y).

birdi(X):- animal (X), has_feathers(X).

hay cho biét cic két qua nhan duge (i ciu hoi:

5

P flies(¥).

bang cach liét ké theo thir ur:

(]

Xakgl;

A=kg2; w.v. ..

Sir dung so dé di cho trong phén 1y thuyét, hiy tim hi¢u cdich
Prolog tim ra cide ciu tra i dai voi cie ciu hoi dudi day. Ve so do
minh hoa twong tmg theo kiéu so dé dii cho. Cé kha nang Prolog
quay lut khong?
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a) ¥?- parent{mary , DBili}.

bh) ?- mother(mary , biil).

€c) ?- grand parent {mary, ann).

d) ?- grand parent(bill , jim).

Viet Lt chuong trinh duéi day, nhung khong sir dung dau cham
hot:

translate (Number, word) :-—-

Number = 1, Word = one:
Number = 2, Word = two:
Number = 3, Word = three.

Tir chuong trinh execute trong 1i thuyét, hily vé so dé qua trinh
thuc hién cua Prolog tir cau hoi sau:

?- thick(X) , dack(X).

Hiy so sanh cic qui trinh mé phong ciu hoi trén va cdc dich dui
day:

?- dack({X), thick(X).

Dicu gi xay ra khi yéu ciu Prolog trd 101 ciu hoi sau day:

2= X = F(X)=

So khdp ¢o thanh cong khong?

Giai thich vi sao mot 86 hé thong Prolog tra o1

X = E(E(E(ECE(ECECECDOEC .0 )by

Yes

Tim cdc phép thay thé hop thic va tim két qua (néu cd) cha cic
phép so khdp sau day:
ally 2) = alX, ¥) .
a [X: 3 } = d (4 i ¥l s
afa(3, X)) = al(¥Y).

142 = 34

X = 1+2.

Ei‘:xr ’Y) = a{—l-: X}-
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o il nd

Cho trieoe chuong trinh dudi day:

Hiy ¢ho biét cach Prolog tri 161 cdc cau hoi sau day (khi ¢é nhiéu ciu
ta Jon co theé, hiy dua ra it nhilt hai cau tra 161)?

L)oo R O S

ai - D, Chiae) .
8. Chocac viwrp, al, a2, a¥, ad duge dinh nghia boi cic
ménh dé sau day:
pla, bil.
Bils, e .

al (%, Yre- pi¥;, Y.

ol ]{Hf"- Y): 1 :'J... V}, ;JE“, 4
ANEX, Y- DX, 21, a3z, W¥i.
B0 T W " ill:;:.g:F “"'lj )

det 1L YV d (8 N, B0 B
ek e, X e opil®, Y.
a) V¢ cly hop gial SLD ¢6 cic goc 1a al(a, X), a2(a, X),

X (€, X), _-3.:1{.1'_ xX)?2

LT

by So sdnh nghia logic cuacdc vitiral, a2, a3, a4z

Y. Viéet g6i cic ménh dé dinh nghia cdc ham sau:

Ay gredathan (X, M) tra vé gid tri X nfu X > N, tra vé N néu
khong phii.
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b) sum_diff (X, v, X) tra vé trong 7 gid tri tdng ¥ + v néu
X » Y, travé hicu X - ¥ néukhong phii.
10. Viét chuong trinh Prolog tir biéu dién logic sau day:
VX: pet(X) A small{X) — aparimentpet(X)
VX cat(X) v dogtX) — pet(X)
VX! poodle(X) = dog(X) A small(X]
poodle(fluffy)
Tur dit cau hoi Prolog va vé so do qui trinh thuc hién.



(Chuong 3
Cac phép toan va so hoc
huong nay trinh bay 86 hoc sa cdp, cdc phép todn va mot

s6 vi tir chuan duge su dung trong cic chuong trinh

Prolog.
3.1 So hoc
3.1.1 Cac phép toan so hoc

Nhur da biél, Prolog 1 ngén ngir chu yéu ding dé xir ly ky hiéu,
khong thich hop dé tinh toidn s6. Do viy, cic phuong tién tinh todn
trong hdu hét cic hé thong Prolog déu rit han ché. Sau day 1a bang cdc

phép todn s6 hoc chudn (standard arithmetic operations) ctia Prolog:

Ky hién Phép toan

n (Cong (addition)

- Trir (subtraction)

* Nhan (multiplication)

/ Chia sd thue (real division)

. Chia 6 nguyén (integer division)
mod Chia lay phan du (modulus)

* Liy thira (power)
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3.1.2 Biéu thitc s6 hoc

Biéu thiic $6 hoc (arithmetic expressions) dugc xay dung nhd vi (i
is. Vi tlr nay 1a moét phép rodn tién té (infix operator) cé dang:

Number is Expr

Tham déi bén trdi phép todn is 1a moét déi tugng so cip, Tham
ddi bén phai 12 mot biéu thitc s6 hoc duge hop thanh tir cdc phép todn
s6 hoc, cdc s6 va cdc bién. Vi phép todn is s€ khoi dong viée tinh
toin, cho nén khi thuc hién dich nay, tit ca cdc bién cin phii duge
rang budc véi cdc gia tri 86. Prolog so khép thanh cong néu Nunbe:
khép duoc véi Expr. Néu Expr 1a kiéu thuc (float) thi dwoc xem nhue
mot s6 nguyén.

Vidu3.l:
?- X 1s 3*4.
X =312
Yes
?- 1s(X, 40+50).
X = 90
Yes

?- 1.0 is sin(pi/2).

No % saido sin(pi/2) duge lam tron thinh |

?- 1.0 is fleat({sin(pi/2)).

Yes

Trong Prolog, cac phép todn s6 hoc kéo theo su tinh todn trén cic
dir liéu. Dé thuc hién cdc phép todn s6 hoc, cidn biét cich goi ding
theo kiéu Prolog ma khong thé goi truc tiép ngay duge nhu trong cic
ngdn ngir 1ap trinh ménh 1énh.

Chang han, né€u NSD cén cong hai s6 | va 2 ma lai viét nhur sau:

2= X = 1 4 2
thi Prolog sé trd & theo kiéu clia Prolog:

X =14+ 2
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ma khong phai Ia % 3 nhir mong muon. Ly do rdt don gian: biéu
thie » = 1« 2 chi la mot hang cua Prolog ma ham tr chinh [a +,
con | vi 2 1 cic tham déi cua né. Khong ¢6 gi trong dich trude né dé
Prolog ti€n hanh phép cong. Sau day la mot s6 vi du:
X 1 + 1 + 1.

X =1 4+ 1 + 1 touX= 41y 1}, 49).

bé Prolog tién hinh tinh tedn trén cic phép todn s6 hoc, sit dung
phép todn i = nhu sau:

- X 15 1 + 2.

= 1

Phép cong thuc hién duge Ia nhé mot tha tuc diac biét két hop vai
phép toan . Nhitng thi tuc nhu vay duoc goi 1a thu tuc thuong tri
(built-in procedures).

?- X =1+ 1 + 1, ¥ 1is X.
X =1+ 1 4+ 31, Y= 3,
- X 1s 1 + 1 + a.
ERROR: Arithmetic: ‘a/0' is not a function (sai
do a khong phai 1a hiim s6)

- X is 1 + 1 + 4.
ERROK : Arguments are not sufficiently
instantiated (sai do a khong phai la 56)

7- %4 =2, Xis 1 + 1 + Z.

Do wru tién clia cdc phép todn s6 hoc tién dinh clia Prolog ciing 1a
d6 wu tién thoa min tinh chit két hop trong todn hoc. Cic cap dau
ngoic ¢6 thé 1am thay déi thi tr do uu tién giita cdc phép toan. Chu y
iing +, -, *, / vd // duogc dinh nghia nhu 13 y£x, ¢é nghia la
viéc tinh todn duge thuc hién tir trdi sang phai. Vi du, biéu thic:

X is 5 =2 = 1
duge giai thich nhu la:

X is (5 =-2) - 1
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Yes
Cdc phép so sanh gid tri 56 hoc trong Prolog dugc thue hién theo
nghia todn hoc théng thudng. Ching han, ta cin so sdanh néu tich cia
277 véi 37 la 16n hon 10000 véi dich sau:
?- 277 * 37 » 10000.
Yes
Bay gitr gia sir ta c6 quan hé birth, cho phép lién hé maét ngudni
v6i ngay thdng nam sinh cha ngudi dé. Ta cé thé tim dugic tén cha
nhimg ngudi sinh ra giita nam 1950 va nam 1960 (ké cd hai nani nay)
bang céch dat cau hoi:
?- birth(Name, Year), Year >= 195%0, Yyear <=
1960.
% két qua tra vé |a tén nhitng ngudi sinh ra trong khodng 1950) - 1 960

Yes

Prolog cé san cdc ham s6 hoc nhu: sin, cos, ten, atan,
sqrt, pi, e, exp, log,.
Vidu3.2:

?- X 1s exp(10).

X = 22026.5

Yes

?- X 1is sgrt(9).
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i,

.’_‘f “ s 1 ..r: l |_} |_'-4

3.1.3 Dinh nghia cac phép toan trong Prolog

Biéu thiic todn hoc thudong ducc viél dudi dang trung 6 (infix)
nhur sau:

2 * a + b *
vai + va * 1 cic phép toan (operator), con a, b va c la cdc todn hang
(operand), hay tham doi (argument). Biéu thirc trén con duge viét dudi
dung rién 16 (prefix) nha cac ham nr + va * nhu sau:

F(*(2, a), *(b, c))

hoic dang /rdie 16 (postfix) nhu sau:

{((2, a)*, (b, €)*)+

Do théi quen, ngudi ta thich viét cdc biéu thitc & dang trung 16 dé
dé doc hon. Prolog cho phép viét cdc biéu thifc dudi dang trung t6, 12
biéu dién bén ngoii, nhung thuc chat, cdc biéu thitc duoc bigu dién
bén trong vin @ dang tién 10, theo quy udc viét cic hang trong mét
ménh dé.

¢/+\=r.
NN

Hinh 3.1. Biéu dién dang cay cla biéu thic 2* a* b* ¢

Khi viét a + b, Prolog hiéu rang dé |a biéu thic + (a, b). Dé
Prolog c6 thé hiéu duge ding dian cic biéu thic nhe la a +b * c,
can cho Prolog biét riing phép nhin * ¢6 wu tién cao hon phép cong +.
Khi d6 bi€u thic nay phai dugc viét dudi dang:
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+(a, *(b, c))
ma khong phai la:
* (+(a, b), c)

Prolog quy uée phép todn ¢é do uu tién cao nhat la ham tir ¢linh
cua hang. Néu cdc biéu thic chia + va * tuan theo nhitng quy réc
thong thuong, thicichvieta + b * cvaa + (b * <) chilanot
Con néu muén thay déi thit tu wu tién, thi cin viét rd rang bang cich
sirdung cdc cdp dau ngodc (a + b) * c:

Mai NLT c6 thé dinh nghia cdc phép todn riéng cliia minh, cling
han dinh nghia cdc nguyén tir is va support nhu la nhimg phép odn
trung 16 dé viét cdc su kién trong mot chuong trinh. Chéng han:

tom bald
wall support ceiling

Ia nhitng su kién dugc viét trong Prolog:
bald) .

support (wall,

is(tom,
ceiling) .

M&éi phép todn 12 mot nguyén tir cé do uu tién 1a mot gid r s0,
tuy thudce phién ban Prolog, théng thudng nam trong khoang gitra | va
1200. Céc phép toan duoc dic ta béi hén hop tén phép todn f vi cic
bién (tham d6i) x va y. M6i dac ti cho biét cich két hop (associaive)
phép todn dé va duge chon sao cho phan dnh duge cdu tric cla iéu
thizc. Mot phép todn trung 6 duoc ky hiéu bai moét £ dat gitra hai tiam
doi dang x fy. Con cdc phép todn tién t6 va hau t6 chi ¢6 mot than doi
duge dat trude (hoac dat sau tuong timg) diu phép toan f.

Cé ba nhém kiéu phép todn trong Prolog nhur sau:

Cdc phép toan | Khong két hop Két hop phai | Két hop wii
Trung t8 xfx xfy sifi____
Tién t6 fx fy -
Héiu t6 xf ¥E

Hinh 3.2. Ba nhom kiéu phép toan trang Prolog
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e —— e e

Co sur Khie nhau gitra = va . Bé i thich, ta dua vio khat niém
do v tien cua than dor. Néu cde din ngoac bao quanh mot tham déi,
hay tham dor nay la mot dér twong khong ¢6 cau trae, th do uvu tién
ctia né bang 0.

Do wru tién cua mot cau trice 1la dé wu tién caa ham tir chinh. Do x
12 mot tham déi nén do uu tién cia x phai thap hon han dé wu tién cha
phép todn f, con tham déi v ¢6 do vu tién thdp hon hoac biang do wu
tién cua phép todn 1.

Khi giip mot biéu thic chira phép todn op dang:

a op b op c
tinh két hop xédc dinh vi tri dau ngoac theo thit tu wu tién nhur sau:
e Néula két hop tridi,taco: (a op b op c©
e Neéu la két hop phat.tacé: a op (b op c)

Cic quy tac trén cho phép loai bo tinh nhdp nhing ctia cic biéu
thifc chifa cde phép todn ¢6 cling do wvu tién. Chang han:

o - il
s¢ duge hieu 1a (a - b) - o, makhong phdia - (b - c). O
day, phép trlr # - ¢o kiéu trung 16 v £x. Xem hinh 3.3 dudi day.
Biy gio ta ldy mot vi du khdc vé phép todn tién t6 mot ngdi not.
Néu not duge x&p kicu fy, thi biéu thife sau day viét ding:

riot not p

dowutien 0 dowutién O b

Cichgidithich1: (a - b) - ¢  Cichgidithich2:a - (b - ¢)

Hinh 3.3. Hai cach giai thich cho biéu thirc 2 - b - « vdi gia thiét rAng phép trir -
c6 do wu tién 1a 500, Néu - » |a v £x, thi cach giai thich 2 1a sai vi d6 wu tién cla
b - © khong thdp han d6 wu tién clia » - *
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Trai lai, néu phép todn not duge dinh nghia nhu Ia fx, thi biéu
thitc trén sé€ khong con diing nita, vi rang tham déi cia not diu tién la
not p, sé ¢ ciing do uu tién v6i né. Trong trudng hop nay, bidu thiw
phai dugc viét két hop vdi cic cap déu ngodc:

not (not p)

Tinh dé doc clia mét chuong trinh tuy thudc vio cich sir dung cac
phép todn. Trong cdc chuong trinh Prolog, nhitng ménh dé sir dung
phép todn mdi do ngudi ding dinh nghia thudng duge goi la cdc i
ddan hay dinh hicomg (directive). Cdc chi din phai xuat hién tride khi
mot phép todn mdi duge sir dung dén trong mot ménh de, ¢6 dang nhu
sau;

:— op(Po wu tién, Cdch két hop, Tén phép todn).
Chéang han ngudi ta dinh nghia phép toén i s nho chi din:

1- op(600, xfx, is).

Chi din ndy bdo cho Prolog biét ring is s€ duge sir dung nhu [a
mdt phép todn cé dé wu tién 13 600, con ky hiéu dic td xFx chi dinh
day 12 mot phép todn trung t6. Y nghia clia xfx nhu sau: £ T dau
phép todn dugc dat ¢ giita, con x 1a tham déi duge dit hai bén dau
phép todn.

Viéc dinh nghia mot phép todn khong kéo theo mot hanh dong
(action) hodc mét thao tic (operation) nao. Vé nguyén 1y, khdng mot
thao tdc nao trén dit liéu duoe két hop voi mot phép todn (trir mot vai
truong hop hi€ém gap dac biét, nhu cic phép todn so hoc). Twong ur
nhur moi ham tir, céc phép toan chi dugc diing dé cau tric cdc ham
ma khong kéo theo mot thao tic nao trén cdc dit liéu, diu ring tén goi
“phép todn” ¢6 thé goi 1én vai tro hoat déng.

Prolog cung cdp sin mot s6 phép todn chudn, Nhimg phép todn
tién dinh nghia nay thay déi thy theo phién ban Prolog. Bing 3.1 trinh
bay mot s6 phép toin chudn tién dinh nghia cla Prolog. Chi § ring
cting m6t ménh dé cé thé dinh nghia nhiéu phép todn, mién [i ching
cung kiéu va ciing do wu tién. Cac tén phép todn duge viét trong mol
danh séch.
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(“dc phép todn tién dinh nghia trong Prolog nhu sau:

1’)?__5 e tién | Céchi kéi m_;p- a Cic phép todn
[ 200 xfx | soage 3w
! 1 200 Fx S
1_ = R=vu | : s
l ]{}“' ..ij-" Ha
1 000 XTIy ,
900 fy \+
N 1) Fx =
S Ty omn o p SRy Sheep =0y oy
700 xIfx =\=, >, >=, @<, B=<z, @>, @>=,
e =S A=, Y==, IS
GUU _,s'(f}-'
E 500 vIx +, -, /Ny Ny HoOr
500 Fx e Tx e N
400 yEx *, /. /). <<, >>, mod, rem
200 XX L

Béng-3.1. Cac phép toan tién dinh nghia trong Prolog

Dé minh hoa, ta xét vi du viét mot chuong trinh xir 1y céc biéu
thite 16gic (boolean). Gia st ta cdn bigu dién mot trong cdc dinh 1y
tirong dirong ciia Morgan, duge viét dudi dang toan hoc nhu sau:

~ (A & G) <===> =~ A v <~ B

Trong Prolog, ménh dé trén phai duge viét nhu sau:

equivalent (not (and(A, B)), or(not (A), not (B))).

Tuy nhién, cdch 1ap trinh t6t nhat 1a thi tim cdch bao lvu t6i da su
giong nhau giita cac Ky hiéu trong bii todn did cho vdi cic ky hiéu
duge sir dung trong chuong trinh.
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C===>
T
s v
| /N
/ &\ T T
A B A B
Hinh 3.4, Biudiéncayclahang -~ ( & & B ) <===> - A v - 2

Trong vi du trén, ta dé dang dinh nghia lai cac phép todn legic
nhur sau:

= op(B800, xix, z===s5i,

:- op(700, xfy, v}.

:- op(600, xfy, &).

= op(500, fy, -).

Tir diy, dinh 1y Morgan duge viét lai thanh hang sau (xem linh
trén):

-

~ (A & B) <===> ~ AV ~ B

3.2 Cac phép so sanh cua Prolog
3.2.1 Cac phép so sanh sé hoc

Prolog c6 cdc phép so sdnh va ham s6 hoc nhur sau:

Ky hiéu Gidi thich phép todn
Exprl > Thanh cong néu Exprl cé gid tri sO lon w0n
Expr2 EXpr2
Exprl < Thanh céng néu Exprl cé gid tri s nho won
Bxprs Expr2
Bxprl =< Thanh cong néu Exprl cé gid tri s6 nho 1on
Expr2

hoic bang Expr?2
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Brprl >= Thinh cong néu Exprl cd gid tri s6 lén hon
Zto skl hodc bing Expr2

Exprl =\= - 2 2 F i i

5 o Thanh cong néu Expr 1 ¢6 gid tri s6 khic Expr2
Xpra

X ‘]: == i i , Rt i I

L"xp o Thanh cong néu Exprl ¢d gid tri s6 bang Expr2

b 8l

betwoeen{Low,
High,
Valug)

Low vd High la cdc s0 nguyén, Low=<
Value=< High. Value la bién s€ dugc nhin
gid tri gita Low va High

suce (Intl,
Int?2)

plus (Inel,
Int2, Int3)

Thinh cong néu Int2= Intl+ 1vaIntls= 0

Thanh ¢cong néu Int3- Intl4Int2

Chii ¥ rang cdc phép todn = va =:= 12 hoan toan khdc nhau, chang

han trong cic dich X = YvaX =:= Y:

e Pich X = Y kéo theo viéc dong nhat cic déi tuong X va ¥, néu
chiing déng nhit vdi nhau thi ¢6 thé rang budc mot s& bién nio do
trong X va Y. |

e Pich X =:= Y chi gy ra mot phép tinh s6 hoc dé so sinh ma
khong xay ra phép ring budc nao trén cdc bién.

Vidu3.3:

?- X = Y.

¥ = G997

Y = G397

Yers

= 1 %+ 2 =:= 2 + 1.
Yes.

2= 1 + 2 =2 + 1
No.

- 1 + 2 =1 + )-
Yes.



84

Lap trinh logic trong Prolog

X = 2

-1+A=B+2

A=2

B=1

72— 1 % 2 =:= 2 % 1
Yes.

=1 3 % =1=1 % 2,

ERROR: Arguments are not sufficiently

instantiated (sai do a khong phai la s6)

7-1 + 2 == 1 + 2
Yes
-1 + 2 == 2 + 1
No

-1 #a == 1 % a.
1€5.

1 is sin(pi/2).

Yes

?- 1.0 1s sin(pi/2).
No

?- 1.0 is float(sin(pi/2)).

Yes

F- 4.8 == SN Dz ER) .
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3.2.2 Cac phép so sanh hang

Ciic phép so sanh hang cia Prolog nhu sau:

Ky hiéu Giat thich phép todn
Farml == Thianh cong néu Terml tweng duong véi Term?2.
T2rma Mot bién chi dong nhat véi mot bién cting chia sé

trong hang (sharing variable)

.._
-

—
I
1

Tuong duong voi \Terml == Term2.

!T'| -\..-= | -J
Tatinl = i " s , ; . .

, Thanh cong néu Terml kKhdop duge véi Term?
T2X ma
Farml \= .

, Tuong duong v6i \Terml = Term2
T2xrme
T2rml =@= Thanh cong néu Terml c¢6 cing cdu tric

 oe]

T2rmd (structurally equal) v Term2. Tinh_cé clng

cdu tric yéu hon tinh tuong duong (equivalence),
nhung lai manh hon phép hop nhit

Tarml \=8= . .
Tuong duong véi " \Terml =@= Term2'

Tat m.2

Tarml @< Thanh cong néu Terml va Term2 theo thi

Tarm? chudn ca cdc hang

Terml @=< Thanh céng néu hodc hai hang bing nhau hoac

Torm) Terml dimg trude Term2 theo thit tu chudn cla
cic hang

Terml @> Thanh cong néu Terml ding sau Term2 theo thi

Texm? tir chudn clia cdc hang

Terml @>= Thinh céng néu hodc hai hang bang nhau both

Terma hodac Teerml ding sau Term?2 theo thar wr chudn

cua cic hang
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compare (?0rder, Term |, Term2) Kiém tra thit tu <, > hodc -
gira hai hang

Vidu3l4:

?- free_variables(a(X, by, X), 2), L).
L = [G367, G366, G371]

X = G367

Y = (G366

Z = G371

?7- a =@= A

No

?7- a =@= B.

No

?- X(A, A) =@= x{(B, C).
No

?- xX(A, A) =@= x(B, B).
A = _G267

B = 6250

Yes

S5 P- X{A, B} =8= x{(C, D).
A = _G267

B = _G268

¢ = G270

D= 3271

Yes

?- 3 @< 4.

Yes

?7- 3 @< a.

Yes

?7- a @< abch.

Yes

?- abchb €< t(c, d4).

Yes

?- t(c, 4) @< t(c, d, X).
X = G284

Yes
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3.2.3 Vi tir xdc dinh kiéu

Do Prolog i mot ngon ngir dinh kieu yéu nén NLT thuong xuyén
phii xdc dinh kiéu cua cde tham doéi. Sau day 1a mot s6 vi tir xdc dinh

Kicu (lype predicates) cua Prolog.

_ Viur Kiém tra
vay (V) v 14 mot bién ?
nonvar (X} X khong phii [h moét bién ?
Aatom(A) A la mot nguyén tir ?
integer (I) [ la moét s6 nguyén ?
float (R) R i moét so thue (dau chdm dong) ?
number (N) N la mét s6 (nguyén hoac thuc) ?
atomic (A) A 1d mét nguyén tir hodc mot s ?
compound (X) ¥ 1a moét hang ¢6 céu tric ?
ground (X) ¥ 1a mot hang da hoan toan ring budc ?
Vie iy 3.5

?- vari(X).
X = _G201
Yés

7- integer (34) .

Yes
- ground(f({a, b)).

Yes
?- ground(f(a, Y)).

NO
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3.2.4 Mot so vi tir xir Iy hang

Vi tir

Kiém tra

functor (T, F, N)

T =..L

clause (Head, Term)

arg(N, Term, X)

name (A, L)

Vidu3.6:

?- functor(t{a, b
F=t

N = 3

Yes

'

T la mot hang véi F 1a hang tar vi co I
doi (arity)

Chuyén déi hang T thanh danh sich L

Head :- Term la mét ludl trong
chuong trinh ?

Thé bién X cho tham dai thit N cta hang
Term

Chuyén nguyén tr A thanh danh sich L
gom ciac md ASCII (danh siach sé duoc
trinh bay trong chuong sau).

¢y, F, N).

?- functor(father(jean, isa), F, N).
F' = father, N = 2,

Yes

?- functor (T, father, 2).

T = father(_G346,

_G347) .

% _G346 va _G347 lahai bién cua Prolog

7= Eula, B, ) =,
L = % a, by <]
Yes

?- T =..[t, a, b,
T = tla: B, c; &,

Yeu

L

c, d, e].

e)
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0y . he wall, 1sal. X)
1 wlla
mamer (C aoto, L) .
| i 11 :_J_'{:, ilJ

Vil 3.7 Cho co so dir liéu:

nETEaNa L (Lam)..
parsona L lann) .
¥Y) - sonlY, X}, male(X).
anse(father(X, Y), Cl.
{ (mon(yY, X), male(X)).
Gelpersonal (X)), €).
Lrue:

X = ann, € = true

3.3 DPinh nghia ham

Proluog khong co kigu ham, ham phai duge dinh nghia nhu maot
quan heé trén cde doi tugng. Cic tham déi cia him va gid tri trd vé cla
him phan Ly cie doi tegng cla quan hé do. Diéu nay c6 nghia la khong
thé xay dung duge cic hiim 16 hop tir cdac him khdc.

Vi iy 3.8 Dinh nghia haim s6 hoc cong hai so bat ky

plus(X, ¥, Z) :- % truonghgptinh 2 = X + Y
netvar (X}, nenvar(y),
5 X o4 Y
IR, X, Z) 3- o truong hoptinh X = 2 - ¥

nonvar (Y, nenvar(z),

i — v
. 162 —
a Lwy L !
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plus(X, ¥, 72) := % trudng hop tinh ¥ - 7
nonvar (X), nonvar{z),
Y is Z - X.

- addl(2, 3, X).

X. = 5

Yes

addl(7, X, 3).

X = -4

Yes

addl(X, 2, 6).
X =4
Yes

3.3.1 Dinh nghia ham sir dung dé quy

Trong chuong 1, ta da trinh bay cich dinh nghia cdc luiu (ménh
dé) dé quy. Sau day, ta tiép tuc img dung phép dé quy dé xay dung cic
ham. Tuong tu cdc ngon ngir lap trinh ménh 1énh, moét tha tuc Jdé quy
cua Prolog phai chifa cic ménh dé thoa man 3 diéu kién:

o Mot khoi dong qud trinh ldp.
o  Morsodo ldap lai chinh no,
o Mot diéu kién dinyg.

Vi du thi tuc dé quy tao day 10 s6 tu nhién chan diu tien nhur saw:
déu tien 1dy gid tri 0 dé khdi dong qud trinh. Sau d6 lay 0 1a gid tri
hién hanh dé tao sé ticp theo nho so db lap: even_succe _nat
even_succ_nat + 2. Qud trinh cit ti€p tuc nhu vay cho dén khi di
coda10s60 2 4 6 8 10 12 14 16 18 thidung lai

Trong Prolog, mot ménh dé dé quy (dé tao so da lap) 1d ménh de
c6 chira trong than (v€ phai) it nhat mot 1an 161 goi Lt chudy oo b dé
do (ve trdi):

a({X) :-= b({X, YY), aly).
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Ménh dé . gor lai chinh no ngay trong vé phai. Dang so do lap
nhu vy duoc got 1y de quy e tiep. DE khong xay ra 101 goi vo han,
can o mot ménh dé lam diéu kién dimg diat trude ménh dé. Moi lan
a0 lap mai, diéu kién dimg sé duoc kiém tra d€ quyét dinh xem c6 thé
Liep tue goi @ hay Khong?

Ta xay dung thi tuc even_gucc_nat (Num, Count) tao lan
| ot cdc so e nhién chan Hum, bién Count dé dém so bude lap. Diéu
kien dimg 1a Count =10, ta ¢é:

el suce_nat (Num, 10).
Ménh dé lap duge xay dung nhur sau:

cvern_succe_nat (Num, Count) -
write (Num), writel(' '},
Countl is Count + 1,
Numl 1is Num + 2,
even_succ_nat (Numl, Countl).
Nhu vay, [o1 goi tao 10 s6 tu nhién chan dau tién sé la:

Y- even_succe nat(0, 0).
0 24 6 8 10 12 14 16 18

 fz2

Mot cach khic dé xay dumg so do lap dugce goi 1 dé quy khdng
true 1iép o dang nhu sau:

a(x) := b(X)-:

LUX) 2= (Y. )y @) .

Trong so d6 lip nay, ménh dé dé quy a khong goi trirc tiép dén a,
rnd goi dén mot ménh dé b khic, ma trong b nay lai ¢6 1oi goi dén a.
)¢ khong xay ra 101 goi ludn quén vo han, trong b cin thuc hién cic
tinh toan 1am giam din qua trinh 1ap trude khi goi lai ménh dé a (vi du
ménh dé c). Vi du so dé dudi day s& gy ra vong ludn quin v6 han:

alrx) == b(X, Y).

bitX,; ¥) := alzj).

Bai todn tao 10 s6 tu nhién chdn ddu tién duge viét lai theo so d6
dlé quy khaong truc tiep nhur sau:
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a(0).
a(X) = b(X).
b(X) :— X1 is X - 2, write(X), write(" '), a(xl).

Chuong trinh nay khong goi “d¢ quy” nhu even_succ_nar.
Két qua sau 1od goi a(20) la day so giam dan 20 18 16 14 1.
10 8 6 4

Vidu 3.9: Xay dimg <6 tr nhién (Peano) va phép cong trén cac so

nhién
/* Dinh nghia so tur nhien -+
nat (0) . % 0 1a m6t s6 1r nhién
nat (s(N)) - % s(X) cling la mot so turnhién
nat (N) . % néu N 14 mot s6 tr nhién

Ching han $6 5 dugc viét: s (s (s (s (s(zero))) ) |
/* Dinh nghia phép cong * /

addi (0, X, X). Fludt1:0 + X = X
addi(X, 0, X). Fludt2: X + 0 = X
addi(s(X), Y, s{2)) :- %luat3:nfux + Y - Zthi

(X+1) + ¥ = (4411)
addi(X, Y. Z).
Hoic dinh nghia theo nat (%) nhu sau:

addi(0, X, X) - nat(X).

?- addi(X, Y, s(s(s(s(0))))).
X =0

Y = s(s(s(s(0))))

Yes

?- addi(X, s{=s(0)), s(s(s(s(s(0)))))}.
X = s(s{s(0)))
Yes

?- THREE = s(s{s(Q0))), FIVE =
s(s(s(s(s(0))))), addi (THREE, FIVE, EIGH"
THREE = s(s({s(0)))

FIVE = s{s(s{s(s{0)))))

EIGHT = s(s(s{s(s{s{s{s(0)))})))))

Yes
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Vi el 310 Tim wede <6 chung Ton nhat (GO Gireatest Common Divisor)
Cho trude hai s0 nguyén ¥ vi v, ta can tinh uée s6 D va USCLN

dira trén ba quy tice nhur sau:

I, Néuwx = v, thi Dbang x.

Néu ¥ < v, thi D bing USCLN cua X vacuaY - X.

{8

3. Neéu x> v, thi thuc hién tuong tr bude 2, bang cdch hodn vi vai
roXvay,
(6 thé dé ding tim duge cic vi du minh hoa su hoat déng clia ba
quy thc trén ddy. Vai ¥ =20 vl y =25, thi ta nhdn duge D =5 sau
mot diy ¢ic phép trir.

Churong trinh Prolog dugce xay dung nhu sau:

e 0, Xy XY .
giod (X, Y, D):-
X < ¥,
Yl 1s ¥ =~ X,
ged(X, Y1, D).
god{X, Y, D) :=
X =Y,
ged(Y, X, D).
bich cudi cling trong ménh dé thit ba trén diy ¢é thé duge thay
the bai:
XU is X — ¥,
god{Xl, Y, D).
Két qua chay Prolog nhu sau:
7~ gedt20, 55, D).
D= 5
Vi du 3.11: Tinh giaj thira
fac(0, 1).
fac(N, F) :-

N > 0,
M is N - 1,
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fac (M, Fm),
F 18 N * Fm.
Ménh dé thi hai ¢6 nghia rang néu 1an lugt:

N >0, M=N=-1, Fm 1s (N-1)!,vaF = N * I,
thi F1aN! . Phép todn is gidng phép gan trong cac ngén ngir lap trinh
ménh 1énh nhung trong Prolog, is khong gin gid tri méi cho bién. V¢
mat logic, thit tu cde ménh dé trong vé& phai ciia mot ludt khong ¢o vai
ird gi, nhung lai ¢6 ¥ nghia thuc hién chuong trinh. M khong phai Ia
bién trong 161 goi tha tuc dé quy vi s€ giy ra mét vong lap vo han.

Céic dinh nghia ham trong Prolog thudng riic r6i do him 1 quan
hé ma khong phai 1a biéu thitc. Cic quan hé duoc dinh nghia sir dung
nhiéu ludt va thit tu cdc ludt xdc dinh két qua tra vé ciia ham...

Vidu 3.12: Tinh s6 Fibonacci

/* Fibonacci function */

Fibit0, 1). T 01

£ib{l; 1),

fib(N, F) :- % fib,,, =fib,,, + fib,
N % I,

Nl is N - 1, fib(Nl, F1),
N2 is N - 2, fib(N2, F2),
F is F1 + F2.
7= £3E(20, F).
F = 10946
Yes
?2- Fib(21, F).
ERROR: Out of local stack
Ta nhan thay thuat todn tinh s6 Fibonacci trén day sir dung hai 1an
goi dé quy da nhanh chéng lam diy bo nhé va chi véi N=21, SWI-
prolog phai dimg lai dé théng béo 14i.
Vidu 3.13: Tinh ham Ackerman

/* Ackerman's function */
ack{0, N, &) :- % Ack(0,n)=n+1
A 1s N + 1.
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Pk M1, 0, &) - 2 Ack(m.n)= Ack(m-1,1)
T"‘[ =g “J

Mo1s M Iy

ack(M, 1, Ap.
Ak Aml, N1, A) - % Ack(m,n)= Ack(m-1, Ack(m, n-1))

M1 = O, N1 » 0O,
M is M - 1, N 1s N - 1,
ack({Ml, N, Al),
ack (M, AL, A).

Vil 314 Ham tinh tong

plus(X, Y, &)
nonvar(x), nonvar(Y},
% is X » ¥
plus (X, ¥, Zi ‘=
nonvar (Y, nenvar(Z),
X is 2 - Y.
plosiX, Y. 21 =
nonvar (X}, nonvar (Z),
Y is 2 - X.
Vi du 3.15: Thuat toidn hop nhal
Sau diy la maot thuat toin hop nhat don gian cho phép xtr 1y
truong hop mot bién nio dé duge thay thé (hop nhat) boi mét hang ma
hang nity lai ¢6 chia diing tén bién dé. Chang han phép hop nhat
¥ = £(%) la khong hop Ié.
2 unify(Tl, T2).
unify (X, v) :- % truong hop 2 bién
var(X), var{¥), X = ¥.
uni fy (X, Y) :- % truomg hop bién = khong phai bién
var(x), nonvar(y), ¥ = ¥.
uni fy (X, ¥Y) :- % truong hop khong phai bién = bién
nonvar (¥), var(y), ¥ = X.
uni fy (X, ¥) - % nguyeén i hay s6 = nguyén tir hay s6

nonvar {(¥) ., nonvari{y),

)
aromic ()
:\‘: = Y

, atomiciY),
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unify (X, Y) :- %% truong hop ciu tric = ciau truc
nonvar (X) , nonvar (YY),
compound{¥X), compound{Y),
termUnifv (X, Y).
termUnify (X, Y):-% hop nhit hang véi hang chita ciu tric
functor (X, F, N),
fificto® (¥, F, W),
argUnify (N, X, Y).
argunify (N, X, ¥) :- % hopnhit N tham déi cia X va Y
N=0,
argUnify1(N, X, ¥,
Ns is N - 1,
argnify (Ns, X, Y).
argUnify (0, X, ¥Y).

argUnifyl(N, X, ¥) :- % hopnhit cic tham déi 6 bac N
arg (N, X, ArgX),
arg(N, ¥, Arg¥},
unify (ArgX, Argy¥).

Vidu 3.16: Ly thuyét s6
Ta tiép tuc xay dung him méi trén cdc s6 tu nhién da duge dinh

nghia trong vi du 3.9. Ta xay dung phép so sdnh hai 50 tu nhién dua
trén phép céng nhu sau:

egal (+(X, 0), X). % phép cong co tinh giao hodn
egal (+(0, X), X).
egal (+(X, s(Y}}, s(Z)) := % .X .Y..

Z.egal (X+Y, 2) — egal (X+s(Y), s(%4))

egal (+(X, Y}, Z2).
Sau day 1a mot so két qua:
?- egal(s(s(0))+s(s(s(0)}), sis(s(sl(s(0)))))).
Yes

?- egal (+(s(s(0)), s(s(0))), X).

X = s{sis(s(0))))

?- egal (+(X, s(s(0))), s(s(s(s(s(0))))1).
X = s(s(s(0)))

Yes
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3 D+gsts(sief2y)v ) 3
¥ s{s{s (U] ) +s(0) ;
X Girsis(s{s500)))) 3
s{sfQ) yrsis (O} ) ;
X - O+si(sla{s(0¥))) 3
s b b g ;
y G+sde e sd Gl b
Drslsea tsiQ3 13 ) 3

Vardich eaa | (7, V) sau day, cau tra 1oi 1a vo han:

el (%, ¥ .

I

-
o

ead! a2
i-‘:'1 *
-

b 04 GR35
Y _G235
¥ - _G299+5(D)
Y = s{(_G299)
¥ o: Ors(_G302)

s(_G302) }
_G299+s(s(0))

s (&(_G299)
O+s(s(_G309))
5(s(_G30%)) ;
_G29% 4+ 5 (5(s(0)))
s(s(a(_G299))) ;
O+s(s(s(_G316)))
sis(s(_G316))) ;

N N &

ol L e S
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X = Das(g{s({s( GI23)1)1)
Y = s(si(s{s(_« V1Y)
X = _G299+s(sisisls(0)))))

Y = s(s{s{s(s(_6G299))))) 3

X = G299 s (sis(si{s(s(s(0)Y))))))
Y = s(s(e(s(s(s{s(_G299)1))) 1))

Vi W, ..
3.3.2 Toi uu phép dé quy

Lai giai cde bai todn sir dung dé quy trong cdc ngon ngit [ap (rinh
néi chung thudng ngin gon, dé hiéu va dé quan ly duge chuong trinh.
Tuy nhién, trong mot so truong hop, sir dung dé quy lai xay ra vin dé
vé d6 phic tap tinh toan, khong nhimng ton kém bo nhd ma corn 16n
kém thoi gian.

Trong cdc ngon ngir ménh 1énh, phép tinh #/ sir dung dé quy can
str dung bo nhd ¢6 ¢@ ((n) va thoi gian tinh todn ciing ¢é ¢ (1), thay
vi goi dé quy, ngudi ta thudng st dung phép lap fac=fuc®i, i=1 1.

Ta xét lai vi du 3.12 tinh s6 Fibonacci trén day vai 1oi goi dé (quy:

fib(N, F) :-

M > 1, N1 is N - 1, fib(Nl, Fl), N2 iz N -
2, Eib{(N2, F2), F is8 F1 &+ F2.

Dé ¥ ring méi ldn goi him £ ib(n) véi n>1 s& din 6 hai lan goi
khdc, nghia la s6 lan goi s€ tang theo liy thira 2. V&1 1 16n, chittong
trinh goi dé quy nhu vay dé gay tran bo nhé. Vi du sau day Ia 11 ca
cac 101 goi ¢d thé cho truong hop 11=5.
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3 T2 .
;/IGI/U\O |

Hinh 3.5. Biéu dién cay cac 1oi goi d& quy tim s6 Fibonacci

o 0

Mat s ngon neir ménh lénh tinh so Fibonacei sur dung cdu tric
lap dé tranh tinh di tinh Y ciing mot gid tri. Chuong trinh Pascal dudi
day dang hai bicn phi - i) vw=fib¢i+l)e

{tinh tib i) van

(1)
beain %o+ ¥ ¥i= % =y oend;

Ta viét lai chuong trinh Prolog nhu sau

Eibain, 0.
fibo (N, )
N == 1,
Fibl (d; Xy 0, )
fiel(l, F, _, FI.
CibldN,; F2, Fl. EN) -
N > 1,
Nl is n - 1,
3 is M ¢ F2,
fibl (N1, P3, F2
?- fibe(21, ¥).
o= 10946

FN) .

?- fibo(200, F).
F = 2.80571e¢+041

Yem
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3.3.3 Mot so vi du khic vé dé quy

3.3.3.1 Tim duong di trong mot do thi co dinh hudng

Cho mot do thi co dinh hudng nhu sau:

A

v
=

E
Hinh 3.6. Tim dudna di trong mét do thi co dinh hudng

Ta xé1 bai todn tim duong di gitta hai dinh cia do thi. Moi cung
néi hai dinh ctia dé thi biéu dién mot quan hé gilra hai dinh nity. Tur do
thi trén, ta ¢6 thé viét cdc ménh dé Prolog biéu dién cde sur kicn:

are(a, b).
are (B, <}ln
arcfic, e).
arc(c, d).
arcla, e).

Gia sir cdn kiém tra ¢é 16n tai mot dudmg di gitta hai ndt a vi d
(khong ton tai dudmg di gifta hai ndt nay nhu da mo td), ta vict menh
dé:

path(a, d).

Pé dinh nghia dudng di ndy, ta nhin xét nhu sau:

e  Ton tai mot duomg di gitta hai nit ¢6 cung ndi ching.

e Tén tai mot dudng di gitta hai mit X va ¥ néu ton tai mot it thi
ba Z sao cho 16n tai mot duong di gitta X va 2 va mot duong di
gita Z va Y.

Ta viét chuong trinh nhar sau:

path(X, Y) — arc{X, Y}.
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3 6 | AP
16 19 S U
patlyld, ¥i.
Ta thay dinh nghia tha tue o 0=, 0 trong e thu tue tim to
Len grin tiep gitta hai nguan trong cang dong ho ancestor (X, Y)
dd ¢t truoce day.

i I ]|l."-'., LA
X i
3 3

3.3.3.2 ©Lwnh do dai duimg di trong mot do thi

Faowet S toan nmh dodid duomg di gilra hai nidt, tir nidit dau dén
nut cuot tiong mot dé thi 1a so cung gitra ching. Chang han do dai
duong di gita hay nadt a v d 1 3 trong vi du trén. Ta lap ludn nhu sau:

o N¢uenm hat nat ¢o cung noi chang thi do dai duong di la 1.

o Coc Ao dae drong diogida han nae X ova vy, L1 la do dai

trong di gl mot naat that ba 2 vl ¥ néu 1on tai va giad sir ¢
cungnot X va o Khidot - Lo

¢ hurong trinh duoe viét nhir sau:

LElTEeLoryd%, ¥, 1Ys- aegeilX, ¥.
* rajectoryX,
Are ,
tréjector . Ve B,
L 48 | ]
Ly ajectory (a, o, ).
|

3.3.3.3 Tinh gan dung cic chuoi
Trong Todn hoc thiong gap bad todn tinh gan duing gid tri cia mot
ham s6 vai do chinh vae nho tuy ¢ (&) theo phuong phdp khai trién

w = a - - - # v > # -f
thanh chudi Maclaurin Vi du tinh ham mi ¢' véi do chinh xdc 10
nhe khai trién chuor Maclaurin:
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1 ¥
g imi] e X Fo—d ik ..,
2l 3l
Goi expower (X, £ 1a him tinh gid tri ham mt thee X, bien 8
Ia kél qua gan dung vai do chinh xac £ =/0" Tir cong thire Khar bien
Maclaurin trén day, ta nhan thay gid tri cia him mi ¢' 1a tong vo han
co dang:

sum(0)) = 1,1, =1 twong img véi x =0 vac' = |

suni(i+d ) = sumfe) + 4, vai t, =6 xl(i+d),i=0,1,2..

Pé thuce hién phép 1ap. ta can xdy dung ham dé quy tinh tong
sum(X, &, 1, 7 trong do sir dung cdc bién trung gian I 1a birge
lap thit / va T 1h w0 hang r. Theo cich xay dung nay, ham tinh tong
sum({®, &, L, T 1 tﬁng cia cic so hang thit I tro di cta chuoi.
Qué trinh tinh cdc t6ng dimg lai khi t<e, nghia 12 di dat duge do
chinh xdc . Tai thai diem nay, gid tri cia (6ng ciing chinh 1i so hang
r. Diéu kién khai dong qud trinh ldp 14 chuyén vi tir expower %,
S) thanh vi tir tinh téng sum(x, S, I, T) voi gid tri didu =0 va
T=3.

Ta ¢é chuong trinh dé quy nhu sau:

expower{X, S) :-

sumix, S, 0., 1}.

sum(_, T, T) -
abs(T) < 0.000001.

sum{X, &, I, T) -
abs(T) > 0.000001,
I1 is I # 1, Tl is T*X/I1,
sum (X, S1, I1, T13,
S is S1 + T,

?7- expower(l, 3).

8 = 2.71828

Yes

?- expower (10, 8)

5 = 22026.5

yes
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Tom tat chuong 3

»  (Yic phép todn so hoce diroe thue hien nho cdae thu tue thudng trad
trong Prolog.

o Vai tro cua cice phép todn tuong tr val ro cua cic ham i, chi dé
nhom cic thanh phan coa cde cau trie ma thoi.

= Mot NLT c¢o the tr dinh nghia nhing phép todn riéng cua
minh. M61 phép toin duge dinh nghia boi tén, do uu tién va
kicu goi tham do

e Cic phép toian cho phép NLT van dung cua phdp linh hoat cho cac
nhu ciu riéng cua ho. S dung cac phép toan lam cho chuong
trinh trdr nén dé doc (readability).

e D¢ tinh mot bicu thite s6 hoe. moi tham déi ¢ mat trong biéu
thire do phai duoe rang budce boi cice gid tri 8.

e  Chi din op ding dé¢ dinh nghia mot phép todn mai, gom cdc yéu
16: tén, kiéu va do wu tién cta phép todn mdi.

e  Sir dung cic phép todn trung to, tien t6. hodac hau 16 lam tang
cuong tinh de doc cua mot chuong trinh Prolog.

o Do uu tign Id mot s6 nguyén nam trong mot khoang gid tri cho
tredie, thong thuong nam gita | va 1200. Ham wr chinh clia mot
bieu thitc la phép todn ¢6 do wvu tién cao nhit. Cde phép todn ¢é
do vu tien thap nhat dicge e tién nhat.

e Kicu ctia mot phép toin phu thuée vio hai yéu 16:
| vi tri ctia phép todn <o vai cie tham doi,

2. do wu tién cua cic tham doi duge so sdnh véi do wu tién cua
phep todn,

bai vai cic ky hiéu dae 1a xfy, tham doi x ¢6 do wu tién bhé hon
han do o uén cua phép toin, con tham doi y ¢é do wu tién bé hon
hode bang do wu tién cua phép todn.
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Bai tap chuong 3

Cho biét k&t qua cua ede cau hoi sau day:

= =

B X is ¥

= K=Y, Ly E=1

e K=], 22X, R=Y,
?2- X is 1+1; Y 1is X
= Y is X, X 1s 1+1.
2= 142 == 1a#2.

7= == 3,

N e == K

2= T =p= 2=

7= X : Y.

Cho biét két qua ctia cic cau hoi sau day:

s op(l).

2= op({X)

2= op(X) opf{l).
2= op (aptd), Y) = op(X, opll)}).
7= api®, ¥) = eplopl¥), wp(X.l.

Tir cdc dinh nghia s6 tr nhién (nat) vi phép cong "adcli) cho
trong vi du | & muc dinh nghia ham, hiy viét uep cic ham ru

(sub: v,

nhin (mult i), chia (divi), luy thita (po.

EH

thira (fact), so sinh nho hon (less) vitim ude so chung I6n
nhatl (pdg) sirdung cic him di ¢6 (ching han Tess, subt..)

Viél ham Prolog dé kiém tra mot s nguyén tuy y N:

a. N la so chan (even number) st dung dé quy truc tiép
Hudng din : N chan thi N£2 ciing Ia s0 chian
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h. N laso le (odd number) sir dung dé quy truc tiép
Hudng dan : N 1€ thi N+2 ciing | 56 le

¢. N chin sur dung ham kiém tra so 1¢ cau d (N chan thi N1 la
50 le)

. N 1as6 le sir dung him ki¢m tra 6 chan ciu c (N lé thi N+1
chan). .

5. Vi¢t haim Prolog dé lam duyét (tracking/traverse) trén cdy nhi
phan theo cdc thir tu trude (reorder), sau (post-order) va gilta (in-
order).

Gia str cay nhi phin tuong g vdi biéu thic s6 hoc (5+6) * (3-
(2/2)) lacdc ménh dé Prolog nhur sau :

tree('*", tree('+', leat(®), leaf(6)), treef(’'-
', leaf(3), tree('/', leaf(2), leaf(2)))

Két qua duyét cay nhu sau: theo thi tu trude:

i*; L t:"r 6: ;| 3! -!J' 2: “2]

tha (u giira :

(5, %2 B, ™ 3, =5 Fy Fu 2

that tur sau :

|.1]r IE’r. + 3: *): 2! /’: = *]

6. Viél lai haim tao 10 sé tu nhién chin dau tién (da cho trong phéan
dé quy) sao cho két qua tra vé 1a diy sé tang dén.

7. Lap bang nhan table(R, N) c6 sé bi nhian (multiplicator) tir 1
tra di vdi 86 nhan N (multiplier) va dimg lai khi gdp s6 bi nhan R
(Rétquar * N).

8. Viét cdc ham tinh gin ding gid tri cdc ham sau véi d6 chinh xéc
E = |0'SI

+... cho dén khi

L <e
5

L
-

lad | —t

L5y
4 2n -1

x!

i

—

2 xt ., 2 ° . i g 5 g iz
+ W T W cho dén khi phén tir thir n <e
3 4 3 6

h | &
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2 3 n

S =1 —x+x— v 2 £ +(-1)"L + ...
2! 3! n'
i ) xh
chodén khi |—|<¢
n!
t.'-! 4 ‘_b In ‘,Eﬂ .
S=l+—+—+—+._+ +... cho dén khi |— <107~
2! 4! ¢! (2n)! (2m)!

y:-\/;+\fx+... + vJx  cén>1daucin

Trinh Prolog dudi day la mét trinh dién dich (interpreter) cho mot
ngén ngit 14p trinh don gian chi gém cdc s6 nguyén int (N}, cic
bién id(X), cdc ham fn (X, E), va goi ham app (E1, E2):
%% subst (El, E2, X, V)
%% thuc hién phép thé bién X bdi bién V trong BE1 dé tra vé E2 .
subst (int (N), int(N), ).
subst (1d(X), V, X, V).
subst (id(Y¥), id(y), X, _) :-

X N= ¥,
subst (fn(X, E), fn(X, E), X, Yia

subst (fn(Y, Ea), fn(y, Eb), X, V) :-
% A=Y,
subst (Ea, Eb, X, V).
subst (app (Ela, E2a), app(Elb, E2b), X, V] :-
subst (Ela, Elb, ¥, V),
subst (E2a, E2b, X, V).
%% reduce(E, V)
%% thuc hién phép tinh gid tri ca E dé trd vé v.

— f—

reduce (int (N), int(nN)}).
reduce(fn(X, B), fn(X, B))

reduce(app(El, E2), V) :-
reduce (E1l, fn(X, B)),
reduce(E2, V2),
subst (B, E, X, V2),
reducel(E, V).
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Can hoi

2. Cho bict cich trae déi tham bién hop 1€ trong ngon ngit moé ta
trér day? Cich trao doi tham bién nio thi khéng thé thuc hién duoc?

b. Tim cdch thay déi trinh Prolog trén ddy d€ cé thé thuc hién
duce cic phuong phap trao doi tham bién khéc nhau.

¢.  Cho biét tim vuc (scope) cua cic bién la finh hay dong?

10. Cho vi du mot do thi khong dinh hudng dudi diy:

arela,b). arc(d, )
arci{b,c) . arc(f,a).
srel{ T, ) . arcf(a,b) .
are(c,e). arcih, i} .
X () - arc(i,]j)
areilg: LY.

Hay viét ham tim duong di gitta hai dinh ciia dé thi.





