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O Prolog Programming
We follow Pet  er
Sinmpl y Logical, J

Fl ach’ s Book
ohn Wile y.
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stu dent _of (X, T): -fol | ows(X, C), teaches(T, Q.
fol | ows(paul , compute r_scien ce).

fol | ows(paul , expert_systems).

fol | ows(maria ,ai _techni ques).

tea ches (adria n,ex pert_syste ns).

tea ches (peter,ai _techni ques).

tea ches (peter, comput er_ scie nce).

?-student_ of( Spe ter)

‘ :-follo ws(S,C),te aches( pete r,C) ‘

: -t eaches( pet er,c ompute r_sci ence) ‘ ‘ : -teaches( pet er, ai _techniqu es) ‘

: -t eaches( pet er,e_xpert_syst ems)

IM" SLD-tree
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brother
brother

< -byoth er_of (pet er, B)

_of(X , Y): -brothe r _of( Y,X).

_of( paul ,pe ter).

2-broth er _of ( paul , B)

0 +-broth er_of (paul , 2), br ot her_of (Z, B)
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2-broth er_of (pet er, B)

< broth er_of (Bp et er)

s-brother_Of (peter,B) [|

0
:-brother o

/

{ (B.p eter)

=

:-broth er_of (paul, Z1) b rother_of (Z1,Z), br ot her _of ( Z,B)

il :-broth er_of (peter,Z),brother_of (Z, B) bro ther _of (paul ,p ete r).
. bro ther _of (peter, adrian).
. bro ther _of (X, Y): - bro ther _of (X, 2),

bro ther _of (Z,Y).
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list([)-
list((H[T]): - list(T).
?-list( L) ?- list(L).
L=1;
i L=[A];
0 c-list( T1) L= [A,B];
L=
1] c-list( T2)
L=1[A] /
1] c-list( T3)
L=[A B .

Im" Infinite SLD-trees




Im" Depth-first search
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p:w 51([ ])-T .
2 plist (L\ e ([p'(-:-!)]. )r}l ist(T).
/ ) ; p(). p2).
1] 1-p(H1) , plis t(T1) > plist ().
L=] L=(1;
s-plist (T1) t-plist (T1) t;{ ﬂl];
1] T-p(HL) , plis t(T1) 1] 1-p(HL) , plis t(T1)
L=[1] L=1[2]
s-plist (T1) coplist (T1)  :-plist (T2) c-plist (T1)
i . i | . i .
L=[1, 1] . L=[, 2] .Ll=[2 1] . L=[2 2] .
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parent( X)Y): -fathe r(X)Y ).
parent( XY): -mother (XY ).
father(  j ohn, paul ).
mother( mary , paul ).

?- parent(j  ohn,C)
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?- parent(j  ohn,C)

: - father  ohn,C) :-mother(j ohn,C)

: - father  ohn,C) ,! | : - mother(j ohn,C)

parent( X)Y): -fathe r(X,Y ), .

IM" Pruning by means of cut

parent( XY): -mother (XY ).
father(  j ohn, paul ).

mother( mary , paul ).

Simply Logical - Chapter 3 p.50

r(c,d).

s(a).
s(b).

t(a).
t(b).

p(x,Y):
p(xX.Y):

q(X,Y):

-q(X, Y).
-r(X, Y).

Ss(X) L L H(Y ).
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?-p(X,Y)
-q(X,Y) -r(XY)
1-s(X), !, t(Y) |]|
/N
-1 HY) -1 HY)
| |
1Y) 1Y)
/N /N
0 0 0 0
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parent( X)Y): -fathe r(X,Y ), .
parent( XY): -mother (XY ).
father( j ohn, paul ).

mother( mary , paul ).
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?- parent(P

: - father(P, paul ) !

?- parent(j hn.C)
parent( X)Y): -fathe r(X,Y ), .
: - father(j hn,C) ! |:-mother( ohn,C) parent( X,Y): -mother (XY ).

father( j ohn, paul ).
father( j ohn, peter)

-t ! mother( mary , paul ).

| | mother( mary , peter)

] 0

IM" Pruning away success branches
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likes(p eter, Y): -fr i endl y(Y).
likes(T , S): -studen t _of( S,T).
student _of( maria ,p eter).
student _of( paul ,pe ter).
friendl y(mari a).

likes(p eter, Y): -1, frien dly(Y ).
?- likes(A,B)
-1, friendly(B) : - student_of(B,A)
: - friendly(B) 0 0
A=peter A=peter
B=maria B=paul
0
A=peter
B=maria
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?- likes(A,B)
: - friendly(B) : - student_of(B,A)
0 0 0
A=peter A=peter A=peter
B=maria B=maria B=paul
likes(T , S): -studen t _of( ST) ,!.
?- likes(A,B)
: - friendly(B) : - student_of(B,A) !
i !
A=peter |
B=maria
Il
A=peter
B=maria
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2-p
p:-qr.

p: -not( q).s.

s. .

not(Goa |): - Goal,!, fail
not(Goa 1 ).

)
AN |

0
c-q T S p:-q. L r
— p: -s.
| s.
0

ot vs. cut

Simply Logical - Chapter3 p.55

p: - not( q).r.
p:-q.
q.
r.

not(Goa |): - Goal,!, fail
not(Goa 1 ).

fails

|

/N

t-not(q ) .r :
1-q, !, failr Ter
c-1, fai | 1]

: - fail,r
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-q

0
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2-bachel or (X)
bachelo r(X): - not( marrie d(X) ) ,man(X).

man(fre d). < - not (mar ri ed(X)), man(x)

man( pet er).

married (fr ed). s-marri ed(X),!.f ail,mn(X) |:-mn(x)
ot fail, man(fred) L 0

2-bachel or (X)
:-fail,_man(fred)
:-man(x ), not (mar ri ed(X))
+-not (mar ri ed(fr_ed)) +-not (mar ri ed(peter))

-marri ed(fred), !, fail s-marri_ed(peten) !, fail [

bachelo r(X): - man( X), not (marrie d(X)).

o=, fail
c-fail

IM" Prolog’s not is unsound




Simply Logical - Chapterd p.60-2

?-Xis 5+7-3.
X=9
?-9 is 5+7-3.
Yes
?-9 is X+7-3.
Errori n ari thmeti c expressi on

?-Xis 5*3+7/2.
X=185

e e AN
.

5 7
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?2-X = 5+7-3
X=5+7 -3

?-9 = 5+7-3.
No

?-9 = X+7-3.
No

?2-X = Y+7-3.
X=_94 7+7-3
Y =_947
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O Prolog does not check for circular bindings
?2-X=f (X).

X=f(  (f(( GG f (@

Error:  term being writt

(FEC FEEC f(RE (R

enis tood eep
O This may lead to unsound behaviour
strange : - X=f ( X).

?-stran ge.
Yes

Im" Prolog arithmetic vs.unification
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2-lengt h([a,b,c] . N) le ngth([H T], N1) : - I engt h( T, M),

NL is M 1+1
{H->a, T->[b,cl, NI->N}

:-length([b,c].M1),  le ngth([H T, N2)
+ 1

:-lengt h(T, M),
N is M1- N

isM 2+1
{H->b, T->[c], N2->M}

le ngth([H T], N3) : -l engt h( T, M8),

:-lengt h([c], M),
M ?sM([+]1, ) N3 is M 3+1

Nis M1+ 1

:-lengt h([], M3),
M isM 3+1,

{H->c, T->[], N3->M}

le ngth([].0)
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M isM 2+1,
Nis M1+ 1
| M3- >0}
t-M s 0 +1,
M isM 2+1,
Nis M1+ 1
| 2>y length(
TMLis1 o+l length(
Nis M1+ 1
| 1>z
Nis2 +1
[

[10).

[HIT] , N): -
length( T,M),
Nis M+ 1.

'Simply Logical — Chapter 3 p.63.
2-lengt h_acc([a, b, c],0, N
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le ngth_acc([H T], N10, N1): -NI1 is N10+1,
I'ength_acc( T, NL1, N1)

{H->a, T->[b,cl, NI10->0, NI->N}
T-NILis 041,
I'engt h_acc([b, c], Ni1, N
‘ {N11->1}

:-lengt h_acc([b, ¢l , 1,N) le ngth_acc([H T], N20, N2): -N21 is N20+1

I'ength_acc( T, N21, N2)

{H->b, T->[c], N20->1, N2->N

1-N2lis 1+1,
I'engt h_acc([c] , N21, N)

{N21->2}

:-lengt h_ace([c] ,2,N) le ngth_acc([H T], N30, N3): -N31 is N30+1,

I'ength_acc( T, NB1, N8)

{H->c, T->[], N0->2, N3->N}

1-N31is 2+1,
engt h_ace([]. te1. length_ acc([ ].N,N)
‘ {N31->3) length_ acc( HTLN ON): -
:-lengt h_acc([], 3, N le ngth_acc([],N,N NL1isN 0+1,
‘ iN->3) length_ acc(T , N1,N) .

IM" Exercise 3.11
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append_dI( XPl us- XMn us, YPlu s- YMn us, XPlu s- YMnu s): - XM nus=YPl us.

- XPlus -
- L
g -
XMinus
o YPlus »
-
YMinus
o XPlus —

-
YMinus

2-append_dl ([ab] X-X [cd Y]-Y.Z).
X=1lc, diY], Z=[ab,c,dY]-Y

Im" Difference lists
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O Very often employ
Granmar formal isms
Logic
Uni fica tion

O We : very brief introduction to
Definit e clause g rammar s

IM" An illustration : Natural Language Processing
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Just to give an idea /to illustrate
Computer sci encep oint ofvi ew!

O Parsing
Analyzi ngth e synt actic structure of sen tences
Constru ctth e pars e tree

O Interpretation
Determi neth e meani ng( i nter nalre prese ntato n
thereof ) of these ntence
Interna | represent aton can thenb e usedto
reason

Example Application
NLPint erfac e toa data base

Im" Two tasks in NLP

Simply Logical — Chapter 3.132 © Peter Flach, 2000
sentenc e -- > noun_phra se, ver b_phra se.
noun_ph rase -- >pro per_no un.
noun_phrase -- >art icle,a djecti ve,nou n.
noun_phrase -- >art icle,n oun.
verb_ph rase -- >int ransit ive_verb.
verb_ph rase -- >tra nsitiv e_verb , noun_phrase .
articl e -- >[th e].
adjecti  ve -- >[la zy].
adjecti  ve -- >[ra pid].
proper_ noun -- >[ achilles 1].
noun -- >[tu rtle].
intrans itive_ verb -- >[sl eeps].
transit i ve_verb -- >[be ats].

IM" Context-free grammar
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sentence
/ \
noun_ph r ase verb_ph rase

N e AN
article adjecti ve noun transit i ve_verb noun_ph r ase

|
proper_ noun

|

the rapid turtle beats achilles

Simply Logical - Chapter 133

sentence

noun_phrase,verb_phrase

article,adjective,noun,verb_phrase

[the],adjective,noun,verb_phrase

[the],[rapid],noun,verb_phrase

[the],[rapid],[turtle] verb_phrase

[the],[rapid],[turtle] transitive_verb,noun_phrase

[the],[rapid],[turtle],[beats],noun_phrase

[the],[rapid],[turtle],[beats], proper_noun

[the],[rapid],[turtle],[beats],[achilles]
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sentence --> noun_phrase,
Tb_phrase
noun_phrase --> article,
tive,
noun
article --> [the]
adjective --> [rapid]

noun --> [turtle]
verb_phrase --> transitive_verb,
n_phrase
transitive_verb --> [beats]

noun_phrase --> proper_noun

proper_noun --> [achilles]

Simply Logical - Chapter 133

/

pn, v art, adj, n, vp artn, vp
[achill es], [the], [the],
vp adj ,n, vp n, vp
[thel[© 1azy], [the],[ rapld 1, [thel[ turtl e],
n, vp n, vi vp
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sentence
np, vp

\

'fl Hel r]apld 1.

I
ik 7%
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[t urt

[t he] | [| Iaz\)//é‘

e ],

Tt hej [ Tazy], t he) [ |azy
It uri[le]‘lyv [liurile] tv,np
[t he] [ |azy], [t he] [ |azy],
It unlef ['sleeps] [t urtle’], [beats] ,np
t he] [ 1azy] [t he] [ |az Tt he] [ lazy]
[llunl { [beyai s], It HHleE [ b eya]xs] It une{ beat’s],
pn adj ,n aul
[t he] [t he] 1.[ lazy],
It ur! f beaiS] It urileE [beais] It urileE [bedry),
e .n
t he] [ |az It azy [t he] | y]
[| [uril] [b eyais]li urile [beais][‘ urile [beai 1,
hel [ Tazy],n" [t he] [ rapid]
t he] [ |az hel f lazyl,
[|[ur||“ beXa] L f
[t he] [ lazy], [mnl[e] el rapl d] N urile]
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sente nce - - >n oun_phrase, ver b_phrase
translate as
sente nce( Sy —

nou n_phrase (Np),

verb_phrase(V p ) ,

ap pend(Np,Vp,S).
verb--3s | eep].
Trandatea s
verb( [sle ep] ).
Parsing (answer following query)

Im" Translating CFG in Prolog

:-sen tence([ the,rapid,turtle ,beats,achilles]) .

'© Peter Flach, 2000
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noun phrase

verb phrase

VP2

'

VP1

v

'3

NP1

sentenc e(NP1- VP2): -

noun_ph r ase( NP1- VP1),
verb_ph rase( VP1- VP2)

IM" Difference lists in grammar rules

v

Simply Logical - Chapter 3
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sente nce - - >n oun_phra se, verb _phrase
trandaea s
sente nce (NplV p2).-
no un_phrase(Npl,Vpl),
verb _phrase (Vp1, Vp2).
verb- - ¥ slee p] .
Trandatea s
verb( [sl eep| X, X).
Parsing (answer following query)

Simply Logical — Chapter 136
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GRAMMAR PARSING
'\IfIEE\IéI: s --> np,vp ?-phrase(s, L)
s(L, LO): - 2-s(L,
OBJECT np(L, L1), s(L. []
LEVEL| vp(L1, LO)

Im" Translating CFG in Prolog

IM" Meta-level vs. object-level
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sentenc e -- > noun_phra se(N), verb_p hrase (N).
noun_phrase -- >art icle( N),noun (N).

verb_ph rase -- >int ransit ive_verb(N).

article  (singu lar) -- >]a].

article  (singu lar) - >[th e].

article  (plura 1) -- >[th e].

noun( si ngular ) -- >[tu rtle].

noun( pl ural ) -- >Jtu rtles].

intrans itive_ verb( singula r) -- >[sl eeps].

intrans i tive_ verb( plural ) -- >[sl eep].

Im" Non-terminals with arguments
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sentenc e(s(NP, VP)) -- > noun_phra se(NP), verb_ phrase (
noun_ph rase ( np(N) ) -- >pro per_no un(N).

noun_ph rase (np(Art, Adj ,N)) -- >art icle( Art),ad jectiv e(Ad

noun( N).
noun_ph rase(np(Art, N)) -->art icle( Art),no un(N).
verb_ph rase(vp(lV) ) -- >int ransit ive_verb(IV).
verb_ph rase(vp(TV,N P)) -- >tra nsitiv e_verb (TV),
noun_p hrase ( NP).
article  (art(t he)) -- >[th e].
adjecti ve( adj (lazy) ) -- >[la zy].
adjecti ve( adj (rapid )) -- >[ra pid].
proper_ noun( pn(achi lles )) -->[ achilles ].
noun( n(turtle )) -- >[tu rtle].

intrans itive_ verb( iv(slee ps)) -- >[sl eeps].
transit ive_verb(tv (beats) ) -- >[be ats].

?- phrase(sentence(T),[ achill  es,beats,the lazy,tu r tle]]
T=s( np(pn(achilles )),
vp(tv (beats),
np(art(the),
adj (lazy),
n(turtle))))

IM" Constructing parse trees

'Simply Logical - Chapter .138-0 '© Peter Flach, 2000
numeral (N) - > nl_999(N).
numeral N) -->nl_9(N1), [thou sand], n1_999( N2),
{N i s N1 *1000+N2}.
n1_999 (N) - > n1_99(N).
n1l_999 (N) -->nl_9(N1), [hund red], n1_99(N2),
{N i sN1*100+N2}.
nl_99 (N) - >n0_ 9(N).
nl_99 (N) -->n10 _19(N) .
nl_99 (N) -->n20 _90( N) .
nl_99 (N) - >n20 _90( N1),n1_ 9(N2), {Ni s NI+N2}.
n0_9( 0) - >
n0_9( N - >nl_9(N).
nl_9( 1) - >[on e].
nl_9( 2) - >[tw o] ?- phras e(numeral(2 211), N).
N=[tw o,tho usand, two,hundre d.elev e
n10_19( 10) - >[te n].
n10_19( 11) - >[el even)].
n20_90( 20) - >[tw enty].
n20_90( 30) - >[th iry]

Im" Prolog goals in grammar rules
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[0 The meaning of the proper noun ‘Socrates’ is the term socrate s
pro per_ noun(socrates) -- > [socrates].
[0 The meaning of the property ‘mortal’ is a mapping from terms to
literals containing the unary predicate mortal
pro pert y(X=>norta | (X)) -- > [mortal ].
[0 The meaning of a proper noun - verb phrase sentenceis a

clause with empty body and head obtained by applyingthe
meaning of the verb phrase to the meaning of the proper noun

sentence((L:-true)) - >

pro per_ noun( X) ,ve rb_phr ase( X=>L).

?- phras e(s ent ence (C), [ socra tes,is ,mortal ].
C= (matal(socrates): -true)

IM" Interpretation
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[ A transitive verb is a binary mapping from a
pair of terms to literals

transit i ve_ve rb( Y=>X=>lik es(X, Y)) -- > [likes 1].

] A proper noun instantiates one of the
arguments, returning a unary mapping

verb_ph rase(M - >
transit i ve_verb( Y=>M,p roper _noun( Y).

Simply Logical — Chapter 3 140-1 '© Peter Flach, 2000

sentenc e((L:-true) ) -- >

proper_ noun( X) ,verb _phras e(X=>L).

sentenc e((H:-B)) -- >

[every] , noun( X=>B), verb_p hrase( X=>H).

% NB. s eparat e ‘det ermine r'rul e removed,s eelat er

verb_ph rase( M -- >[is ],prop erty( M.
propert y(M -- >[a] ,noun( M.
propert y(X=>nortal( X)) -- >[mo rtall].

proper_ noun( socrate s) -- >[ socrates ].

noun( X=>human( X) ) -- >[hu man].

IM" Interpretation (2)
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?- phrase(sentence( O, S).

C = human(X): - human(X)
S = [every,human,is,a,human] ;

C = mortal(X): - human(X)
S = [every,human,is,mortal] ;

C =human( socrates ): -true
S=[ socrates ,is,a,human] ;

C=mortal(  socrates ): -true

S=[ socrates ,is,mortal] ;

Im" Interpretation (3)
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O ‘Determiner’ sentences have the form ‘every/some [noun] [verb-phrase]'
(NB. meanings of ‘some’ sentences require 2 clauses)

sentence(Cs) --> det ermi ner (M1, M2 Cs), noun( ML), ver b_phras e( M2).
det ermi ner (X=>B, X=>H [(H:-B)] ) -->[ every].
det ermi ner (sk=>H1, sk=>H2, [( Hl:-tr ue), (H1l:-true)] --> [some].

?- phras e(s ent ence (Cs) ,[ Dhu man,is , mortal ]).

D= every, Cs = [(matal(X):-huma(X))];

D= some, Cs = [( human(sk):-tr ue),(matal(sk):-true)]

IM" Determiners
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-- >[wh o],[is ].,prop erty( X=>0Q.

questio n(Q

questio n(Q - >
[isl,pr  oper_n oun( X), prope rty( X=>Q.

questio n((Q1, @)) -- > [isl,[s ome],n oun( sk=>Q1),
propert y(sk=>Q).
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handle_ i nput( Questi on, Rul ebase): -

phrase( questi on( Query), Question ), % quest i on
prove_ r b( Query, Rule base), !, %itca n be
solved

transfo rm(Query, Cla uses),

phrase( senten ce( Cla uses), Answer),
show_an swer( Answer ),

nl _shel | (Rule base).

% trans formt o
% answer

Im" Questions

IM" Querying a rulebase
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0 Real Grammars
Are much more com pli cat ed
Account for detailed sy ntac tic and semantic asp ect s of
lan guage
Take ages to devel op

O Extension for NLP database interface of present grammar is
possible
Assert interprete d facts/cl auses inD ata base
Logi cal reasoning po ssi ble
Ext end wit h queri es, e.g. Wh at — Wo — Were queri es
Whois nortal ?
Wha is Socrat es?
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O Use sicstus (installed in Pool) or download SWI-prolog
http://www.  swi . psy. uva. nl /pr ojects/SWI - Prolog/

O Beware of syntax !

O File append.pl
append(nil, X,X).
append(cons(X,Y),Z,cons(X,W) ) : - append(Y,Z,W).

0 $ sicstus
?- consult(append).
Yes
?- append(cons(a,nil),cons(b,
X= cons(a,cons(b,cons(c,nil)
Yes

cons(c,nil)),X).
))

0 Good books on Prolog
Peter Flach , Simply Logical, Wiley

Ivan Bratko , Prolog programm i ng for Al, Addison
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0 Good books on Prolog
Peter Flach, Simply Logical , Wley
lva n Bratk o, Prol og programnin g forA |, Addison Wesley.
Sterlin g and Shapiro, Theart of Prol og, MIT Pre ss




