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ProgramaçãoLógicacomRestrições–Introdução

•ResolverduaslimitaçõesdoProlog

–CadatermoemPrologdeveserexplicitamentecodifi-

cadoenãoéavaliado

∗X+1nãoéumtermoavaliadoemProlog.

∗Umavariávelsópodeassumirumúnicovalordefinido

sintáticaesemanticamente:átomo,inteiroouestru-

tura

–Computaçãouniforme,masnãotãopoderosa:Éefetu-

adabuscaemprofundidadeebuscadesoluçõesgenerate-

and-test
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ProgramaçãoLógicacomRestrições-Introdução

•CLPutilizaoutrastécnicasutilizadasemIAparatornar

procedimentosdebuscamaisinteligentes:propagação,

computaçãoguiadapelosdados,forwardcheckingelooka-

head.

•Aplicações:planning,escalonamento,alocaçãoderecur-

sos,computaçãográfica,projetodecircuitos,diagnóstico

defalhasetc.
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ProgramaçãoLógicacomRestrições-Introdução

CLPvemdeduaslinhasprincipaisdepesquisa:

•Introduçãodeestruturasdedadosmaisricasepoderosas

emPL(ex:substituirunificaçãopormanipulaçãodere-

striçõesemumdoḿınio).

•Técnicasdeconsistência:usoativoderestriçõesparare-

duziroespaçodebusca.

generate-and-testxconstrain-and-generate
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ProgramaçãoLógicacomRestrições-DoḿınioAritmético

•Prolognãoconsegueresolverx−3=y+5.

•CLP(R):1a.linguagemaintroduzirrestriçõesaritméticas.

•Expressõesaritméticaslinearescompostasde:números,

variáveiseoperadores(negação,adição,subtração,mul-

tiplicaçãoedivisão).

•Expressãonodoḿınioaritmético:t1Rt2,comR={>,≥

,<,≤,=,6=}
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ProgramaçãoLógicacomRestrições-DoḿınioAritmético

•Procedimentosdedecisãomaisutilizados:

–MétododeeliminaçãodeGauss.

–Métodosimplexo(paradesigualdades)émaisusado:

∗bomcomportamentoemmédia

∗popular

∗incremental
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ProgramaçãoLógicacomRestrições-DoḿınioAritmético

•Exemplo:

•Umarefeiçãoécompostadeentrada,pratoprincipale

sobremesa.

•Problema:Apartirdobancodedadosdealimentose

seusvalorescalóricos,produzirumcardápiocomrefeições

leves,ouseja,refeiçõescujovalorcalóriconãoexceda10

Kcal.
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ref_leve(E,P,S,C):-

I+J+K#=<10,

I#>0,

J#>0,

K#>0,

C#=I+J+K,

entrada(E,I),

principal(P,J),

sobremesa(S,K).

entrada(salada,1).

entrada(sopa,6).

principal(M,I):-

carne(M,I).

principal(M,I):-

peixe(M,I).

sobremesa(fruta,2).

sobremesa(sorvete,6).

carne(bife,5).

carne(porco,7).

peixe(linguado,2).

peixe(atum,4).8



ProgramaçãoLógicacomRestrições-DoḿınioAritmético

Posśıveissoluçõesparaesteproblema:

EntradaPrincipalSobremesaCalorias

saladabifefruta8

saladaporcofruta10

saladalinguadofruta5

saladalinguadosorvete9

saladaatumfruta7

sopalinguadofruta10
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ProgramaçãoLógicacomRestrições-DoḿınioAritmético

•Outroexemplo:Programaparamultiplicardoisnúmeros

complexos:(R1+I1×i)×(R2+I2×i)

zmul(R1,I1,R2,I2,R3,I3):-

{R3=R1*R2-I1*I2},

{I3=R1*I2+R2*I1}.

•Paraaconsultazmul(1,2,3,4,R3,I3),asequaçõesse

tornamlineares,apresentandoumasoluçãodefinida.

R3=5,I3=10
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ProgramaçãoLógicacomRestrições-DoḿınioAritmético

•Efetuando–seaconsultazmul(1,2,R2,I2,R3,I3),obtém–

seumasoluçãoindefinida:

R3=R2-2.0*I2

I3=2.0*R2+I2
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ProgramaçãoLógicacomRestrições-DoḿınioAritmético

•Porém,CLP(R)nãoresolveequaçõesnão-lineares

•Naconsultazmul(R1,2,R2,4,-5,10),{R2<3},éobtido:

R1>1.0

3.0-R1*R2=0.0

•Técnicasparalidarcomequaçõesnão–lineares(tentativa

delinearização):

–Axiomasdeisolamento

–Manipulaçãoalgébrica–lazytreatment

12



ProgramaçãoLógicacomRestrições-DoḿınioBooleano

•Aplicaçãoprincipal:projetodecircuitos(verificaçãode

hardware)eprovadeteoremas.

•Termosbooleanos:valoresverdade(FouV),variáveis,

conectivoslógicos,únicarestrição:igualdade.

•Váriosalgoritmosdeunificaçãopararestriçõesbooleanas.

•Soluçãoprovêprocedimentodedecisãoparacálculoproposi-

cional(NP-completo).
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ProgramaçãoLógicacomRestrições-DoḿınioBooleano

•Exemplo:

Somadorcompleto

(operadores#(XOR),

∗(AND)e+(OR)):

add(I1,I2,Ce,O,Cs):-

X1=I1#I2,

A1=I1*I2,

O=X1#Ce,

A2=Ce*X1,

Cs=A1+A2.

•Consulta

add(a,b,c,O,Cs)

retorna:

O=a#b#c

Cs=(a*b)#(a*c)#(b*c)
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ProgramaçãoLógicacomRestrições-Técnicasde

consistência

•Eliminamlabelingsinconsistentesemestágiosanteriores

dacomputaçãopropagandoinformaçãosobreasvariáveis.

•Exemplos:arc-consistency,forwardchecking,propagação

generalizada.

•Exemplo:escalonamentodetarefas.
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ProgramaçãoLógicacomRestrições-Técnicasde

consistência

tarefas(L):-

L=[T1,T2,T3,T4,T5,T6],

fd_domain(L,1,5),

T1#<T2,

T1#<T3,

T2#<T6,

T3#<T5,

T4#<T5,

T5#<T6,

T2#\=T3,

fd_labelingff(L).
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ProgramaçãoLógicacomRestrições-Técnicasde

consistência

•Funcionampropagandoinformaçõessobreasvariáveis.

•Exemplo:T1∈{1,2,3,4,5},T2∈{1,2,3,4,5}

•before(T1,T2)–técnicadeconsistência:

–T1∈{1,2,3,4}–Valor5removidodeT1poisnão

existenenhumoutrovaloremT2queatendaT1<T2.

–T2∈{2,3,4,5}–Valor1removidodeT2,pelamesma

razão.
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ProgramaçãoLógicacomRestrições-Consistênciadearco

•T1∈{1,2};T2∈{2,3,4};T3∈{2,3};T4∈{1,2,3};T5∈

{3,4};T6∈{4,5}

•Valor2deT1éselecionado(T1élabeledcomvalor2)

•Porpropagação:T2∈{3,4}eT3∈{3}

•T2∈{4},porT26=T3

•Nofinal:T1∈{2},T2∈{4},T3∈{3},T4∈{1,2,3},T5∈

{4},T6∈{5}.
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ProgramaçãoLógicacomRestrições-Consistênciadearco

Outroexemplo:N-rainhas

queens(N):-

statistics(runtime,[Start|_]),

top(N),

statistics(runtime,[End|_]),

TisEnd-Start,

write(’%executiontime=’),write(T),write(’milliseconds’),nl.

19



top(N):-

make_list(N,List),

fd_domain(List,1,N),

constrain_queens(List),

fd_labelingff(List),

write(List),nl.

constrain_queens([]).

constrain_queens([X|Y]):-

safe(X,Y,1),

constrain_queens(Y).

safe(_,[],_).

safe(X,[Y|T],K):-

noattack(X,Y,K),

K1isK+1,

safe(X,T,K1).

noattack(X,Y,K):-

X#\=Y,

X+K#\=Y,

X-K#\=Y.

make_list(0,[]):-!.

make_list(N,[_|Rest]):-

N1isN-1,

make_list(N1,Rest).
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ProgramaçãoLógicacomRestrições-Doḿıniosfinitos

•Utilizaçãodemáximoseḿınimospararesolverrestrições

emdoḿıniosnuméricoslineares.

•Ex:X,Y,Ztêmdoḿınios[1..10]comrestrição2x+3y+

2<z
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ProgramaçãoLógicacomRestrições-Doḿıniosfinitos

•Removendovaloresinconsistentes:

–10éomaiorvalorparaZ,logo:2x+3y<8

–1éomenorvalorposśıvelparay,logo:2x<5

–Xsópodeassumirvalores{1,2}

–3y<6,y<2,y∈{1}

–z>7,z∈{8,9,10}
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ProgramaçãoLógicacomRestrições-Técnicabásicade

programação

•Declararvariáveisdoproblemaeseusdoḿınios.

•Estabelecerasrestrições.

•Procurarsolução.

•Exemplo

?-[X,Y,Z]::1..10,

2*X+3*Y+2#<Z,

indomain(X),indomain(Y),indomain(Z).
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