Logic Grammars - Syntax

@ Rule of a grammar:
left -> rightl, right2, ..., rightN.
@ Any symbol of the grammar could have variables that can be used for
different purposes

@ The input is consumed using the lists syntax:
aaaa -> [W],bbbb.

@ PROLOG code can be embedded enclosing it between brackets:
aaaa(W) -> [W],bbbb(W), {number(W)}.

@ To recognize sentences the main symbol of the grammar is used
calling it as a PROLOG predicate, for example:
analisis(F, [el,gato,come,pescado],[]).

@ Only the last two parameters are mandatory, usually a first parameter
that returns the result of the analysis is added.
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Logic Grammars Grammar 1

Logic Grammars - Grammar 1

@ Parsing of simple sentences (SN+V-+CMPL)
@ Using top-down decomposition a grammar is obtained

@ After determining the structure of each syntactical element, the rules
to parse each one are written (rules and terminal symbols).

@ Finally a lexicon that covers the sentences we want to recognize are
added

@ This grammar only recognizes, no representation of the sentence is
generated

@ Variation: relative clauses with relative pronouns and number and
gender agreement
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Logic Grammars Grammar 1

Grammar 1

analisis(X,Y):- asercion(X,Y).

asercion --> sn, verb,compl.
compl --> prep,sn.

compl--> sn.

compl --> [].

sn—--> npr.

sn—--> det,n.

verb--> [W],{verbo(W)}.
npr——> [W],{npropio(W)}.
n--> [W],{nombre(W)}.

det--> [W],{determ(W)}.
prep——> [W],{prepo(W)}.

Javier Béjar (LSI - FIB - UPC)

npropio(clara).
npropio(maria) .
npropio(juan) .
npropio(barcelona) .
nombre (hombre) .
nombre (profesor) .
nombre (libro) .
determ(un) .
determ(el) .
verbo(esta) .
verbo(rie) .
verbo(piensa) .
verbo (habla) .
verbo(lee).

prepo (en) .
prepo(con) .
prepo(de) .
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Logic Grammars

Grammar 1 - relative clauses

asercion --> sn, rel, verb,compl.

rel--> prel,verb,compl.

compl --> [].
compl --> prep,sn.
compl--> sn.

sn—-—-> npr.

sn—--> det,n.

verb--> [W],{verbo(W)}.
npr—-> [W],{npropio(W)}.
n--> [W],{nombre(W)}.

det--> [W],{determ(W)}.
prep——> [W],{prepo(W)}.

prel--> [W],{pronomrel(W)}.

Javier Béjar (LSI - FIB - UPC)

Logic Grammars

Grammar 1

npropio(clara).
npropio(maria) .
npropio(juan) .
npropio(barcelona) .
nombre (hombre) .
nombre (1ibro) .
determ(un) .
determ(el) .
prepo (en) .
prepo (con) .
prepo(de) .

pronomrel (que) .

verbo(esta).
verbo(rie).
verbo (piensa) .
verbo (habla) .
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Logic Grammars Grammar 2

Logic Grammars - Grammar 2

@ The grammar is constrained to only accept sentences using the
correct complements

@ The information in the lexicon is augmented including for each verb
the complements that can accept

@ The grammar is modified in order to the rules check the correctness
of the verb complements
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Logic Grammars Grammar 2

Grammar 2

analisis(X,Y):- asercion(X,Y). npropio(clara).
npropio(maria) .

asercion --> sn, verb(X),compl(X). npropio(juan) .

npropio(barcelona) .
compl([1)--> [].

compl([])--> sn. nombre (hombre) .

compl ([arg(X) |Y])--> prep(X),sn,compl(Y). nombre (profesor) .
nombre (1ibro) .

sn—-->npr.

sn—-->det,n. determ(un) .
determ(el) .

verb(A)--> [W],{verbo(W,A)}.

npr--> [W],{npropio(W)}. prepo(en) .

n--> [W],{nombre(W)}. prepo (con) .

det--> [W],{determ(W)}. prepo (de) .

prep(W)--> [W],{prepo(W)}.
verbo(piensa, [arg(en)]) .
verbo(esta, [arg(en)]).
verbo(rie, []).
verbo (habla, [arg(de) ,arg(con)]) .
verbo(lee, [1).
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[Wel-{[MEETNINFI Grammar 2

Grammar 2 - Example
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Logic Grammars Grammar 2

Grammar 2 - Example
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Logic Grammars Grammar 2

Grammar 2 - Example

CA Ty

clara

Javier Béjar (LSI - FIB - UPC)

habla

de

un

profesor

Logic Grammars

con

IA - 2010/2011 Fall Term

juan

[

7/ 24



Logic Grammars Grammar 2

Grammar 2 - Example
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Logic Grammars Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

W=clara

clara
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Logic Grammars Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

W=clara

clara
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[Wel-{[MEETNINFI Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

A=larg(de
W=clara W=Rhabla
\
clara habla
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[Wel-{[MEETNINFI Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

A=larg(de
W=clara W=Rhabla
\
clara habla
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[Wel-{[MEETNINFI Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

XA

A=[arg(de)),arg(con)]
W=clara W=Rhabla
Y
clara habla de
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Logic Grammars Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

XA

),arg(con)]

A=larg(de
W=clara W=Rhabla
\
clara habla
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Logic Grammars Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

XA

),arg(con)]

A=larg(de
W=clara W=Rhabla
\
clara habla
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Logic Grammars Grammar 2

Grammar 2 - Example

npropio(W) 4—64—@

XA

A=[arg(de)),arg(con)]
W=clara  W=habla
W=un
\ Y
clara habla de un | | profesor

Javier Béjar (LSI - FIB - UPC)

Logic Grammars

rgcgdé)\,(ar%(CO(n)])garg(X)Y]
arg(con

/@ C_compl(frg(eon))

5

con

IA - 2010/2011 Fall Term

juan

[

7/ 24



Logic Grammars Grammar 2

Grammar 2 - Example

/ m%arg(de»,arg(conn:[arg(x)Y]
X

=de; Y=[arg(con)]

/@ C_compl(frg(eon))
;

npropio(W) 4—64—@

XA

W=tun W=ptofesor

A=[arg(de)),arg(con)]
W=clara W=habla
\/ Y
clara habla de
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[Wel-{[MEETNINFI Grammar 2

Grammar 2 - Example

arg(de),arg(con)][arg(X)Y]
@ Xde; Y:[arg(cfn)]( )]=larg(X)[Y]
TA e o 8

S

A=[arg(de)),arg(con)]
W=clara  W=habla
\ .

)

npropio(W) 4—6

W=tun W=ptofesor

clara habla de un | | profesor con | | juan ]
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Logic Grammars Grammar 2

Grammar 2 - Example

= [arg(de),arg(con)] =[arg(X)| Y]
@ Xde; Y=[arg(con)]
k arg(con)]—[argXY

G | @@ L N

A=[arg(de)),arg(con)]
W=aclara W=habla
! W=tun W=ptofesor
\d

clara habla de un | | profesor con | | juan ]
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Logic Grammars Grammar 2

Grammar 2 - Example

= [arg(de),arg(con)] =[arg(X)| Y]
@ Xde; Y=[arg(con)]
k arg(con)]—[argXY

CEEPIC SR
@ prep(con) @ .

A=[arg(de)),arg(con)]
W=clara  W=habla
W=tun W=ptofesor

\J \4
clara habla de un | | profesor con | | juan ]
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Logic Grammars Grammar 2

Grammar 2 - Example

arg(de) arg(con)]=[arg(X)|Y]

@ =de; Y=[arg(con)]
[arg(con)]Z[ar%(Xﬁ!Y]

X=con

verbo(W A) @ @ \

A=[arg(de)),arg(con)]
W=aclara W=habla
! W=tun W=ptofesor
\d

clara habla de un | | profesor con | | juan ]
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npropio(W) 4—64—@
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Logic Grammars Grammar 2

Grammar 2 - Example

= [arg(de),arg(con)] =[arg(X)| Y]
@ Xde; Y=[arg(con)]
k arg(con)]—[argXY

XA
‘@ compI([arg(c@
G| @O L S

A=[arg(de)),arg(con)]
W=aclara W=habla
! W=tun W=ptofesor
\d

)

compl([])

npropio(W) 4—6

prepo(con)
i
—
[«5)
>
<

clara habla de un | | profesor con | | juan ]
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Logic Grammars Grammar 3

Logic Grammars - Grammar 3

@ Now we will modify the grammar to output a representation of the
sentences that recognizes (semantics)

@ The representation language will be predicates logic, we identify the
elements of the sentences with the language of PC;

e Verbs — predicate with the appropriate arity
e Names — constants
e Nouns — unary predicates

@ The lexicon is updated including the representation of each element

@ Variables are added to the adequate symbols in the grammar rules in
order to obtain the representation from the lexicon and to build the
representation of the sentence
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Logic Grammars Grammar 3

Grammar 3 - |

analisis(F,X,Y):- asercion(F,X,Y).
asercion(F) --> sn(S), verb(S,X,F),compl(X).

compl([1)--> [1].
compl ([arg(X,0) |Y])--> prep(X),sn(0),compl(Y).
compl ([arg(nulo,0) |Y])--> sn(0),compl(Y).

sn(S)--> npr(S).
sn(S)--> det,n(S).

verb(S,A,F)-—> [W],{verbo(W,S,A,F)}.
npr (W)--> [W],{npropio(W)}.

n(F)--> [W],{nombre(W, ,F)}.

det--> [W],{determ(W)}.

prep(W)--> [W],{prepo(W)}.
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Logic Grammars Grammar 3

Grammar 3 - |l

npropio(clara) .
npropio(maria) .
npropio(juan) .
npropio(barcelona) .

nombre (1libro,K,libro(K)).
nombre (hombre,K,hombre(K)) .
nombre (profesor,K,profesor(K)).

determ(un) .
determ(el) .

prepo(en) .
prepo(con) .
prepo(de) .

verbo(rie,S, [],reir(S)).

verbo(piensa,S, [arg(en,0)],pensar_en(S,0)).

verbo (habla,S, [arg(de,0) ,arg(con,01)],comunica(S,0,01)).
verbo (habla,S, [arg(con,0) ,arg(de,01)],comunica(S,01,0)).
verbo(esta,S, [arg(en,0)],locativo(S,0)).

verbo(lee,S, [arg(nulo,0)],leer(S,0)).

Javier Béjar (LSI - FIB - UPC)
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[Wel-[MEAETNINFI Grammar 3

Grammar 3 - Sentences

| ?- analisis(F,[juan,esta,en,barcelonal,[]).

F = locativo(juan,barcelona) 7
yes
| ?7- analisis(F, [juan,piensa,en,maria],[]).

F = pensar_en(juan,maria) 7
yes
| ?- analisis(F, [el,libro,esta,en,barcelonal,[]).

F = locativo(libro(_A) ,barcelona) ?
yes
| ?- analisis(F, [juan,lee,un,libro],[]).

F = leer(juan,libro(_A)) 7
yes
| ?- analisis(F, [el,hombre,habla,de, juan,con,marial,[]).

F = comunica(hombre(_A),juan,maria) 7
yes
| ?- analisis(F, [el,hombre,rie],[]).

F = reir(hombre(_A)) 7
yes
| ?- analisis(F, [el,profesor,piensa,en,un,libro],[]).

F = pensar_en(profesor(_B),libro(_A)) 7
yes

Javier Béjar (LSI - FIB - UPC)
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[Wel-[MEAETNINFI Grammar 3

Grammar 3 - Example 1

j uan est a en bar cel ona []

Nnpr opi o( bar cel ona)

O =bar cel ona

npr opi o(j uan) prepo(en)

ver bo(esta, juan,[arg(en, O ), |l ocati vo(juanh, O)]

npr (O )
S=j uan
pr ep( en) sn(O) conmpl ([])
X=[ ang(en, O )]
npr ( S) F=Il ocati vo(j uan, O) X=en, O=Q , Y=[
\ conpl ([arg(X, O] Y])
sn(S) ver b(j uan, X, F) conpl ([arg(en, O )])

T

aser ci on( F) F=I ocati vo(j uan, bar cel ona)

Javier Béjar (LSI - FIB - UPC)
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Logic Grammars Grammar 3

Grammar 3 - Example 2

el profesor pi ensa en un i bro []
nonbre(libro, K ,libro(K))
O =l|bro(K)

nonbr e( pr of esor, K, prof esor (K)) prepo(en)

det er n( un)

ver bo( pi ensa, profesor(K),[arg(en, O), \ (0)
n
detern(el) pensar ( profesor (K), O)] det
S=pr of esor ( K) \ /
prep(en) sn(o) compl ([])

X=[ arg(en, O)]
det n(S) F=pensar (profiesor (K), O ) x=en, , Y=
\\ corrpl([arg(x O Y])

sn(S) ver b( prof esor (K), X, F) conpl ([ ar g(en o)1)

I N

aser ci on( F) F=pensar (profesor(K),libro(K))
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Logic Grammars Grammar 4

Logic Grammars - Grammar 4

@ Quantification is included to obtain a better representation of the
sentences

@ The representation of the determinant is changed in order to obtain
the type of quantification

@ Appropriate variables are added to the grammar rules in order to
obtain the proper unification of variables during the execution of the
grammar

Javier Béjar (LSI - FIB - UPC)
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Logic Grammars Grammar 4

Grammar 4 - |

analisis(F,X,Y):- asercion(F,X,Y).
asercion(F) --> sn(X,S2,F), verb(K,X,S1), compl(X,S1,S2).

compl([],S,S)--> [].
compl ([arg(X,K) |Y],S1,S)--> prep(X), sn(X,S2,S), compl(Y,S1,S2).
compl ([arg(nulo,X) |Y],S1,S)--> sn(X,S2,S), compl(Y,S1,S2).

sn(K,F,F)--> npr(K).
sn(K,S2,F)--> det(K,S1,S2,F),n(K,S1).

verb(S,A,F)-—> [W],{verbo(W,S,A,F)}.

npr (W)--> [W],{npropio(W)}.

n(K,F)--> [W],{nombre(W,K,F)}.
det(K,S1,S2,F)-—> [W],{determ(W,K,S1,S2,F)}.
prep(W)--> [W],{prepo(W)}.

Javier Béjar (LSI - FIB - UPC)
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Logic Grammars Grammar 4

Grammar 4 - ||

npropio(clara).
npropio(maria) .
npropio(juan) .
npropio(barcelona) .

nombre (libro,K,libro(K)) .
nombre (hombre,K,hombre (K)) .
nombre (profesor,K,profesor (X)) .

determ(el,K,S1,82,e(K,and(S1,S2))).
determ(un,K,S1,582,e(K,and(S1,S2))).
determ(los,K,S1,S2,a(K,implies(S1,52))).
determ(todo,K,S1,52,a(K,implies(S1,S2))).

prepo(en) .
prepo(con) .
prepo(de) .

verbo(rie,S, [],reir(S)).
verbo(piensa,S, [arg(en,0)] ,pensar_en(S,0)).

verbo (habla,S, [arg(de,0) ,arg(con,01)],comunica(S,0,01)).
verbo (habla,S, [arg(con,0) ,arg(de,01)],comunica(S,01,0)).
verbo(esta,S, [arg(en,0)],locativo(S,0)).

verbo(lee,S, [arg(nulo,0)],leer(S,0)).

Javier Béjar (LSI - FIB - UPC)
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Logic Grammars Grammar 4

Grammar 4 - Sentences

| ?- analisis(F, [el,hombre,riel],[]).

F = e(_A,and(hombre(_A) ,reir(_A))) 7
yes
| ?- analisis(F, [el,profesor,piensa,en,un,libro],[]).

F = e(_B,and(profesor(_B),e(_A,and(libro(_A) ,pensar_en(_B,_A))))) 7
yes
| ?7- analisis(F, [el,hombre,habla,de, juan,con,marial,[]).

F = e(_A,and(hombre(_A) ,comunica(_A, juan,maria))) 7
yes
| ?- analisis(F, [todo,hombre,piensa,en ,un,libro],[]).

F = a(_B,implies(hombre(_B),e(_A,and(libro(_A) ,pensar_en(_B,_A))))) 7
yes
| ?- analisis(F, [todo,libro,esta,en,barcelonal,[]).

F = a(_A,implies(libro(_A) ,locativo(_A,barcelona))) 7
yes
| ?- analisis(F, [todo,libro,habla,de,un,hombre],[]).

no
| ?- analisis(F,[todo,libro,habla,de,un,hombre,con,un,profesor],[]).

F = a(_C,implies(libro(_C),e(_B,and(hombre(_B),
e(_A,and(profesor(_A),comunica(_C,_B,_A))))))) 7
yes

Javier Béjar (LSI - FIB - UPC)
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(Wel-(MEAETNIWFII Grammar 4

Grammar 4 - Example 1

el honbr e rie [1]

nonbr e( honbre, K , honbre(K'))

=K
Sl=honbr e( K)

determel , K ,S1’, S2° ,
e(K ,and(S1 ,S2)))

verbo(rie, S, [],reir(S)) compl ([1.,S,9)
det (K, S1, S2, F) n( K, S1) S=K, X=[ ] S=reir (K
\ / Sl=reir (K) S2=S
sn(K, S2, F) ver b( K, X, S1) compl ([],reir(K), S2)

/o T

F=e(K, and( honb , S2 .
e(K and(hombre(l9 ) asercion(F) F=e(K, and( honbr e(K), reir (K))

Javier Béjar (LSI - FIB - UPC)
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(Wel-(MEAETNIWFII Grammar 4

Grammar 4 - Example 2 (1)

t odo l'i bro habl a
nonbre(libro,K ,libro(K))
K =K
S1=1i br o( K)
det er m(t odo, K1, S1’ , S2’ ,
a(KlL, inmplies(S1',S2")))

ver bo( habl a, S, [ arg(de, O, arg(con, O1) ]

K=K1,\S1’ =S1 conmuni ca(s, O 0O1))

S2’ =S
F=a(Kl\i nplies(S1, S2)

S=K1, X=[ arg(de, O, arg(con, Ol) ]

det (K, S1, S2, F) n( K, S1)
\ / Sl=conuni ca( K1, O Ol)
sn( K, S2, F) ver b( K1, X, S1) conpl ( X, S1, S2)
K=K1, F=a(K1,i nplies(libro(K1l1), S2)) aser ci on( F)
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Logic Grammars Grammar 4

Grammar 4 - Example 2 (1)

de un honbr e
prepo(de) nonbr e( honbr e, K, honbr e( K))

deter mun, K2, S1", S2", e( K2, and(S1", S27)))

— K=0O
K2=0 S1’ =honbr e( O
S1" =81’

S2" =S2°
S2=e( O and(S1’,S2’)) n(O, S1')

det ( O, sr,sz*,%
\ /

Sn( O Ss2’ 82) S2=e( O and( honbre(O, S2’)

prep(de) conmpl ([arg(con, O1), conuni ca(K1, O O1), S2’)

X=de, M Wni ca(Kl, O Ol), S=S2

compl ([arg( X, K)|] Y], S1, 95)

compl ([arg(de, O, arg(con, Ol1) ], comuni ca( K1, G O1), S2)

/

aserci on(F)
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Logic Grammars Grammar 4

Grammar 4 - Example 2 (1I1)

con un pr of esor []

|
\ nonbr e( pr of esor, K3, prof esor (K3))

detern(un, K3, S1"’ , S2"’ , e( K3, and(S1"’, S2"’))
K3=01, S1"’ =s1"

»=pr of esor ( K3)

S2' T =82t —o1
pr epo( con) S22’ =e(O1, and(S1", S2")) conmpl ([]1.,S,9S)
det (O1, S1", S2", S2°) n(OL, S1*) s2" =S
I - S=conuni ca(Ki, O O1)
sn(O1, S2", S27) : "
or ep( con) — compl ([], comuni ca(K1, O O1), S2")

S2’ =e( O1, and( profesor(01l), S2")

X=coh, K=01, Y=[], S1=conuni ca( K

compl ([arg( X, K)| Y], S1, 9

/
w[ arg(con, Ol1), conmuni ca(K1, O 0O1), S2’)
T /

conpl ([arg( X, K| Y], S1, 9

conmpl ([arg(de, O, arg(con, Ol) ], conmuni ca(K1, O O1), S2)

/ F=a(K1,inmplies(libro(Kl), e(O and(honbre(0O, e(Ol, and( pr of esor (0O1),
asercion(F) cormuni ca(K1, O, 01)))))))
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Logic Grammars Grammar 5

Logic Grammars - Grammar 5

@ Finally semantic information is added to the lexicon
@ Semantic constraints are added to rules of the verb complements

@ Semantic information for the nouns (theme) and verbs (compatible
themes) are included in the lexicon
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Logic Grammars Grammar 5

Grammar 5 - |

analisis(F,X,Y):- asercion(F,X,Y).

asercion(F) --> sn(X,S2,F,Seml), verb(K,X,S1,asem(Seml,Sem2)),
compl(X,S1,S2,Sem2) .

compl([],S,S,[1)--> [1.
compl ([arg(X,K) |Y],S1,S, [Seml|Sem2])--> prep(X), sn(K,S2,S,Seml),
compl(Y,S1,S2,Sem?2).
compl ([arg(nulo,X) |Y],S1,S, [Seml|Sem2])--> sn(K,S2,S,Seml),
compl(Y,S1,S2,Sem2).

sn(K,F,F,Sem)--> npr(K,Sem) .
sn(K,S2,F,Sem)--> det(K,S1,S2,F),n(K,S1,Sem).

verb(S,A,F,AS)--> [W],{verbo(W,S,A,F,AS)}.
npr (W,S)--> [W],{npropio(W,S)}.

n(K,F,S)--> [W],{nombre(W,K,F,S)}.
det(K,S1,82,F)--> [W],{determ(W,K,S1,S2,F)}.
prep(W)--> [W],{prepo(W)}.
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Logic Grammars Grammar 5

Grammar 5 - I

npropio(clara,humano) .
npropio(maria,humano) .
npropio(juan,humano) .
npropio(barcelona,locativo).

nombre (1libro,K,libro(K) ,inanimado) .
nombre (hombre, K ,hombre (K) ,humano) .
nombre (profesor,K,profesor (K) ,humano) .
nombre (perro,K,profesor (K) ,animado) .
nombre (gato,K,gato(K) ,animado) .

nombre (camino,K,camino (K) ,locativo).
nombre (pescado,K,pescado(K) ,inanimado) .

determ(el,K,S1,32,e(K,and(S1,S2))).
determ(un,K,S81,582,e(K,and(81,82))).
determ(los,K,S1,S2,a(K,implies(S1,S2))).
determ(todo,K,S1,52,a(K,implies(S1,52))).

prepo(en) .
prepo(con) .
prepo(de) .

verbo(rie,S, [],reir(S) ,asem(humano, [])).
verbo(piensa,S, [arg(en,0)] ,pensar_en(S,0), asem(humano,[_])).

verbo (habla,S, [arg(de,0) ,arg(con,01)], comunica(S,0,01),asem(humano, [_,humano])).
verbo (habla, S, [arg(con,0) ,arg(de,01)], comunica(S,01,0),asem(humano, [humano,_])).
verbo(esta,S, [arg(en,0)],locativo(S,0), asem(_, [locativo]l)).

verbo(lee,S, [arg(nulo,0)],leer(S,0), asem(humano, [inanimado])).

verbo(corre,S, [arg(en,0)],correr(S,0), asem(animado, [locativo])).

verbo(come,S, [arg(en,0)],comer(S,0), asem(animado, [locativo])).
verbo(come, S, [arg(nulo,0)],comer(S,0), asem(animado, [inanimado])).
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