
6LVWHPDV GH 5HHVFULWXUD

&ULVWyEDO 'RPtQJXH] &DVWUR

-RUJH *DUFtD GH OD 1DYD 5XL]

0LFKHO 3LOLRXJLQH 5RFKD

0LJXHO ÉQJHO 5LFR %ODQFR

�� GH -XQLR GH ����
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,QWURGXFFLyQ

�KIAJV=IKO ?KJ ?KJ?ALPKO U= AOPQ@E=@KO =JPANEKNIAJPA !JPNA AOPKO ?KJ?ALPKO PAJAIKO
HKO OECQEAJPAO� !?Q=?EKJAO I=PAIbPE?=O Ý$=OGAHH Ý,NKHKC ÝH=I>@=Ý?=H?QHK Ý)=MQEJ= @A
0QNEJC

(FXDFLRQHV 0DWHPiWLFDV

,=N= H=O A?Q=?EKJAO I=PAIbPE?=O HK MQA JKO EJPANAO= AO RAN ?KIK OA =LHE?= H= ECQ=H@=@ L=N=
NA@Q?EN ATLNAOEKJAO ?KILHAF=O AJ KPN=O I=O OEILHAO L=N= NA=HEV=N QJ ?rILQPK

Pasamos de una expresión a
otra gracias a unas
igualdades previamente
demostradas. Este paso
cumple la propiedad de
transparencia referencial
TODO VALE LO MISMO.
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Se aplican las igualdades
para que la expresión sea
“más simple”. Finalmente se
llega a un valor irreducible.

(= QPEHEV=?ErJ @A AOP=O ECQ=H@=@AO AO IQU =I>ECQ=� JK O=>AIKO MQA A?Q=?ErJ =LHE?=N JE
OK>NA MQA ATLNAOErJ� JE AJ MQA KN@AJ  A IK@K MQA QJ DQI=JK LQA@A D=?ANHK @A
I=JAN= EJPQEPER=� LANK QJ ?KILQP=@KN JK PEAJA AOP= D=>EHE@=@ �H OAN H=O ECQ=H@=@AO

>E@ENA??EKJ=HAO� LK@Nm=J @=NOA ?=OKO ?KIK AH OECQEAJPA� LNKRK?=J@K @ANER=?EKJAO EJBEJEP=O
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+DVNHOO

!H ?=OK @A $=OGAHH LH=JPA=� BNAJPA = H=O A?Q=?EKJAO� QJ= OEILHEBE?=?ErJ EILKNP=JPA� H=
QJE@ENA??EKJ=HE@=@ @A OQO NACH=O

1. And 0 x = 0 
2. And 1 x = x 
3. Or 0 x = x 
� Or 1 x =1

(= ECQ=H@=@ AO AJ QJ OAJPE@K
and ( or (and 1 0) 1 ) (or 0 (and 1 1)) 
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Ú� ,KN �
and (or 0 1) (or 0 (and 1 1)) 

Ú� ,KN �


	�H BEJ=H HHAC=IKO = QJ R=HKN ENNA@Q?E>HA� AO @A?EN� U= JK OA LQA@AJ =LHE?=N I=O NACH=O


/A LNAOAJP=J KPNKO LNK>HAI=O ?KIK H= AHA??ErJ @A H= OQ>ATLNAOErJ K AH @A AHA??ErJ @A H=

NACH= = =LHE?=N !J AH AFAILHK� OE @A?E@EIKO =LHE?=N H= NACH= � PAJAIKO MQA @A?EN = MQA

OQ>ATLNAOErJ 	PAJAIKO @KO LKOE>EHE@=@AO and 1 0 U and 1 1 ,KN KPNK H=@K�
LK@Nm=IKO D=>AN =LHE?=@K AJ LNEIAN HQC=N H= NACH= � U OEILHE?=N =Om AH OACQJ@K =NCQIAJPK

!JPKJ?AO� JKO AJBNAJP=IKO = JQAR=O LNACQJP=O� ¢�=I>E= AH NAOQHP=@K BEJ=H OACwJ AH KN@AJ

@A =LHE?=?ErJ H=O NACH=O" ¢ U OACwJ H= OQ>ATLNAOErJ"

3URORJ

�KJ ,NKHKC PAJAIKO @KO R=NE=JPAO OK>NA HKO =L=NP=@KO =JPANEKNAO� H= QJEBE?=?ErJ� MQA AO QJ=
OQOPEPQ?ErJ AJ =I>KO OAJPE@KO U AH >=?GPN=?GEJC� MQA LANIEPA ?=H?QH=N @EOPEJPKO NAOQHP=@KO
L=N= QJ= IEOI= ATLNAOErJ

OQI=	��4�4

OQI=	O	U
�4�O	6

�Ý OQI=	5�4�6


2A=IKO LNEIANK AH ?=OK @A ATLNAOEKJAO OEJ R=NE>HAO 	OrHK PiNIEJKO >bOE?KO


/QI=	O	O	�

�O	O	�

�O	O	O	O	�





Ú
/QI=	O	�
�O	O	�

�O	O	O	�





Ú


�MQm P=I>EiJ OA =LHE?=J NACH=O >QO?=J@K QJ PiNIEJK ENNA@Q?E>HA !J AOPA ?=OK AOA PiNIEJK

AO wJE?K U OA @AJKIEJ= ?HbQOQH= R=?m= 

/E OA LNKDm>A H= QJEBE?=?ErJ U AH >=?GPN=?GEJC� PAJAIKO QJ OEOPAI= @A NAAO?NEPQN= LQNK /E OA

LANIEPAJ� JK K>PAJAIKO QJ OEOPAI= @A NAAO?NEPQN= LQNK� OEJK MQA D=>Nm= MQA EJ?HQEN
AHAIAJPKO ATPN=O MQA OEIQHAJ AOP=O ?=N=?PANmOPE?=O

,KN AFAILHK�

/QI=	O	�
�O	�
�4

Unificación: X=s(Z1) 

/QI=	��O	�
�6�


Unificación: Z1=s(0) 

,=N= MQA AOP= @ANER=?ErJ OA= QJ OEOPAI= @A NAAO?NEPQN= D=>Nm= MQA CQ=N@=N AH R=HKN @A H=O
R=NE=>HAO AJ H= IEOI= ?=@AJ= ,=N= AH >=?GPN=?GEJC D=>Nm= MQA CQ=N@=N H= LEH= @A H=
?KJBECQN=?ErJ
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λ�&iOFXOR

!H λÝ?=H?QHK AO QJ OEOPAI= L=NPE?QH=N @A NAAO?NEPQN= U U= OA D= AOPQ@E=@K AJ AOP=
=OECJ=PQN= !OPA @K?QIAJPK CAJAN=HEV= IQ?DKO @A HKO NAOQHP=@KO @AH H=I>@=Ý?=H?QHK U� AJ
?EANP= I=JAN=� FQOPEBE?=NHKO AJ QJ= PAKNm= I=O =ILHE= U =>OPN=?P=

0iTXLQDV GH 7XULQJ

(VWDGR 6tPEROR $FFLyQ 6LJXLHQWH (VWDGR

� � ( �

� � � �

� . �

� . �

� � . �

� ,�.�.

!JPKJ?AO� OQLKJEAJ@K H= ?KJBECQN=?ErJ %JE?E=H @=@=� PAJAIKO H= OECQEAJPA @ANER=?ErJ�

�Ý 	�� W ���� Y
 �Ý 	�� W ���� Y


�Ý 	�� W ���� Y
 ��Ý 	�� W ���� Y


�Ý 	�� W ���� Y
 ��Ý 	�� W ���� Y


�Ý 	�� W ���� Y
 ��Ý 	�� W ���� Y


�Ý 	�� W ���� Y
 ��Ý 	�� W ���� Y


�Ý 	�� W ���� Y
 ��Ý 	�� W ���� Y


�Ý 	�� W ���� Y
 ,�.�.

�Ý 	�� W ���� Y


!OPK AO ATPAJOE>HA =H ?=OK @APANIEJEOP= A EJ@APANIEJEOP= U= MQA OKJ AMQER=HAJPAO �KIK ?=OK
L=NPE?QH=N @A QJ IK@AHK @A ?KILQP=?ErJ PAJAIKO H= AFA?Q?ErJ @A QJ LNKCN=I= AJ QJ
?KILQP=@KN NA=H� MQA LK@Nm= OAN REOPK ?KIK QJ OEOPAI= @A NAAO?NEPQN= @AH ?KJPAJE@K @A H=

IAIKNE=

"EJ=HEV=J@K� QJ OEOPAI= @A AO?NEPQN=� @AO@A AH LQJPK @A REOP= I=O =>OPN=?PK� LQA@A OAN REOPK

?KIK QJ CNQLK @A NAH=?EKJAO 	NACH=O
 OK>NA QJ ?KJFQJPK  ALAJ@EAJ@K @A AOP=O NACH=O U @A
AOPA ?KJFQJPK PAJ@NAIKO OEOPAI=O @A NAAO?NEPQN= L=NPE?QH=NAO

A Ú 	��Wí�í�í�í� Y
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'HILQLFLyQ $56

/A= $ QJ /EOPAI= �>OPN=?PK @A .AAO?NEPQN= @ABEJE@K @A H= BKNI= OECQEAJPA $Ú	��	í.��

í.��í.J

� @KJ@A � AO QJ ?KJFQJPK OK>NA AH MQA OA @=J H= NAH=?EKJAO @A NAAO?NEPQN= K
NA@Q??ErJí.��í.��í.J

127$&,Ð1

/QLKJC=IKO @ABEJE@= OK>NA � H= NAH=?ErJ @A ECQ=H@=@ Ú ?KIK JKOKPNKO H= ?KJK?AIKO� AJ
=I>KO OAJPE@KO

í. ≡ . 	*KP=NAIKO H= NAH=?ErJ ?KJ K OEJ BHA?D=


í

� ≡íí 	?ANK K Ü L=OKO
 	�H=QOQN= .ABHATER= 0N=JOEPER= 


í

Ý� ≡ë 	%JRANO=

í

Ü 	�EANNA 0N=JOEPERK

í

Ú 	�EANNA .ABHATERK


Ú. OACwJ H= NAH=?ErJ . 	NAH=?ErJ @A ?KJRANPE>EHE@=@ OACwJ . HQ HVWH VHQWLGR

!OP= ECQ=H@=@ AO CAJAN=@= = L=NPEN @A H= NAH=?ErJ .

2A=IKO MQA AOP= NAH=?EKJ Ú. AO @A HTXLYDOHQFLD

=íí. > 1 =Ú. > 	 ABEJE?ErJ @A Ú. M P=I>EiJ EJ@E?= OEIAPNm= AJ AOA OAJPE@K
 �Q=J@K
@KO AHAIAJPKO AOPbJ NAH=?EKJ=@KO� ?KIK H= NAH=?ErJ AO @A NAAO?NEPQN=� LQAO
OKJ ECQ=HAO

=Ú. > 1 >Ú. = 	.ABHATERE@=@ AJ =I>KO OAJPE@KO� MQA NA=HIAJPA AO ECQ=H@=@

=Ú. > c >Ú. ? 1 =Ú. ?

�KIK NAOQHP=@K LK@AIKO @A?EN MQA JKO MQA@= QJ OEOPAI= ?KJATK

 
275$6 '(),1,&,21(6

)RUPD QRUPDO�

d AO "KNI= *KNI=H. I > L � � dí >
*KP=NAIKO H=O BKNI=O JKNI=HAO ?KJ :�

7HQHU IRUPD QRUPDO�

> L � PEAJA "KNI= *KNI=H OE H d L �� >íí d 	U d AO BKNI= JKNI=H
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5HODFLyQ 'H 3URSLHGDGHV

&RQIOXHQFLD 'pELO :&5�ÆÆ�

∀ =� >� ? � =� >� ? ∈ � � ∃ @ � @ ∈ �

&RQIOXHQFLD &5�ÆÆ�

∀ =� >� ? � =� >� ? ∈ � � ∃ @ � @ ∈ �

6XEFRQPXWDWLYD :&5
≤�

∀ =� >� ? � =� >� ? ∈ � � ∃ @ � @ ∈ �

&RQIOXHQFLD SRU (TXLYDOHQFLD &(T�ÆÆ5
�

∀ =� > � =� > ∈ � � ∃ ? � ? ∈ �

=

@

?>

=

@

?>

=

@

?>

≡≡

= Ú. >

?
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'pELOPHQWH 1RUPDOL]DQWH :1�ÆÆ��

∀ > � > ∈ � � ∃ d � d ∈ � � >í d

)XHUWHPHQWH 1RUPDOL]DQWH 61�ÆÆ�

%J@E?= 3* U 0ANIEJ=?ErJ

ÓQLFDPHQWH 1RUPDOL]DQWH 81�ÆÆ5
�

∀ d� k � d� k ∈ � � dÚ.k1 dÚk

,QFUHPHQWDO ,QF�ÆÆ�

∃ B � B��í* � ∀ =� > � =� > ∈ � � =í>1 B	=
ÙB	>


*KP=O
o * AO AH ?KJFQJPK @A HKO J=PQN=HAO
o !OP= LNKLEA@=@ NABHAF= MQA QJ AHAIAJPK =H MQA OA HHAC= LKN QJ= NAH=?ErJ PAJ@Nb QJ

JQIANK =OK?E=@K I=UKN MQA HKO =JPANEKNAO� U LKN P=JPK H=O BKNI=O JKNI=HAO @A QJ=
?=@AJ= @A AHAIAJPKO NAH=?EKJ=@KO PAJ@NbJ QJ JQIANK =OECJ=@K I=UKN MQA
?Q=HMQEAN= @A OQO =JPA?A@AJPAO

,QGXFWLYLGDG ,QG�ÆÆ�

/A= QJ= ?=@AJ= EJBEJEP= @A H= BKNI= =í >í ?í � AJPKJ?AO OA @= MQA

=ííς� >ííς� ?ííς� ��

>

k� d

>

k� d

=

=� =� =� �
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(-(03/26

�KJ HKO OECQEAJPAO AFAILHKO EJPAJPAIKO =?H=N=N =HCQJ=O LNKLEA@=@AO

2A=IKO AJ LNEIAN HQC=N H= @EBANAJ?E= AJPNA H=O LNKLEA@=@AO 3�. U �. !H OECQEAJPA

AFAILHK ?QILHA =I>=O LNKLEA@=@AO�

/EJ AI>=NCK� =H =q=@EN KPNK AHAIAJPK C� NAH=?EKJ=@K ?KJ @� H= LNKLEA@=@ �. @AF= @A
?QILHENOA� U= MQA H= LNKLEA@=@ �. EJ@E?= MQA PK@K AHAIAJPK =H?=JV=>HA @AO@A H= N=EV� @A>A

@A =H?=JV=N = QJ wJE?K AHAIAJPK� U AJ AOPA ?=OK AH AHAIAJPK @ JK HK ?QILHA ,ANK H=
LNKLEA@=@ 3�. OECQA ?QILHEiJ@KOA 2AbIKOHK�

2=IKO = ?KJPEJQ=?ErJ = RAN KPNK AFAILHK� L=N= =?H=N=N H= LNKLEA@=@ @A H= �!M
	�KJBHQAJ?E= LKN !MQER=HAJ?E=
 ,NEIANK RANAIKO QJ= NAH=?ErJ MQA Om ?QILHA @E?D=
LNKLEA@=@�

=

@

?>

A

B

=

@

?>

A

BC

= Ú. > Ú. ?

@ A

B
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2A=IKO =DKN=� QJ AFAILHK MQA JK ?QILHA H= LNKLEA@=@ @A �AM �=OP=Nm= ?KJ

AHEIEJ=N AH AHAIAJPK B 5= JK D=>Nm= QJ AHAIAJPK =H?=JV=>HA LKN PK@KO HKO @AIbO
2AbIKOHK�

(-(03/2 '( &/$6(

,=N= AO?H=NA?AN H=O @AIbO LNKLEA@=@AO R=IKO = @AO=NNKHH=N = ?KJPEJQ=?ErJ AH

AFAILHK REOPK AJ H= ATLKOE?ErJ MQA OA DEVK AJ ?H=OA $AIKO @A NA?KJK?AN MQA AO QJ AFAILHK
?rIE?K� LANK OEJ @Q@=� JK B=HPK @A H= @E@b?PE?= OQBE?EAJPA L=N= D=?AN IbO =IAJ= H=
?KILNAJOErJ @A AOP=O LNKLEA@=@AO !TLHEMQAIKO L=OK = L=OK OQ BQJ?EKJ=IEAJPK�

• !H AFAILHK HK OEPQ=IKO AJ AH @m= =JPANEKN = QJ AT=IAJ @A H= =OECJ=PQN=
(AJCQ=FAO @A ,NKCN=I=?ErJ� MQA ?KIK O=>AIKO PK@KO JK AO J=@= Bb?EH @A
=LNK>=N

• !O =MQm ?Q=J@K JQAOPNK ?KIL=qANK )E?DAH� OA @= ?QAJP=� @A MQA JK PEAJA
?KJK?EIEAJPKO OQBE?EAJPAO L=N= =LNK>=N H= =OECJ=PQN= @AH AT=IAJ U HA LE@A = OQ
?KIL=qANK �NEOPr>=H AH B=RKN @A MQA HA L=OA QJ BKHEK AJ AH AT=IAJ ?KJ H=

OKHQ?ErJ = H=O LNACQJP=O

• �NEOPr>=H� JK OEJ =JPAO NA?=L=?EP=N ?KJ?EAJVQ@=IAJPA U OKLAO=N OQ @A?EOErJ�
=JPALKJA OQ =IEOP=@ ?KJ )m?DAH = H= LKOE>EHE@=@ @A OAN ATLQHO=@K @AH AT=IAJ� U
@A?E@A MQA R= = L=O=NHA AH BKHEK ?KJ H=O OKHQ?EKJAO

• (HAC=@K AH @m= @AH AT=IAJ� =I>KO ?KIL=qANKO JK PEAJAJ H= OQANPA @A AOP=N
OAJP=@KO FQJPKO� LKNMQA H= =OECJ=?ErJ @A =OEAJPKO OA D=?A LKN KN@AJ =HB=>iPE?K

• /EJ AI>=NCK PEAJAJ H= OQANPA @A MQA ?KJK?AJ = PK@=O H=O LANOKJ=O MQA ATEOPAJ

AJPNA =I>KO� U HKO ?KJRAJ?AJ L=N= MQA OENR=J @A L=OK @AH BKHEK MQA HHAR=Nb H=
EJBKNI=?ErJ @AO@A �NEOPr>=H D=OP= )m?DAH

• !H OEOPAI= @A NAAO?NEPQN=� LKN P=JPK� HK LK@AIKO AJPAJ@AN ?KIK MQA H=O

LANOKJ=O MQA AOPbJ AJ AH AT=IAJ ?AN?=J=O = JQAOPNKO LNKP=CKJEOP=O� OKJ HKO
AHAIAJPKO MQA AOPbJ NAH=?EKJ=@KO AJPNA Om� IA@E=JPA H= NAH=?ErJ @A
,�/�.;"+(%+ 2KHRAIKO = D=?AN EJ?=LEi AJ MQA AH AFAILHK AO QJ LK?K OQE

CAJANEO� LANK AOP=IKO OACQNKO @A MQA =UQ@=Nb =H HA?PKN = ?KILNAJ@AN H=O
LNKLEA@=@AO MQA EJPAJP=IKO ATLHE?=N @A I=JAN= IbO =IAJ= !H OEOPAI= @A
NAAO?NEPQN= MQA@= @A H= OECQEAJPA I=JAN=�

= Ú. > Ú. ?

@ A
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• �KIK OA LQA@A =LNA?E=N AJ H= BECQN= =JPANEKN )E?DAH AO H= BKNI= JKNI=H @AH

OEOPAI= @A NAAO?NEPQN=

• !H BKHEK MQA OA L=O= AJPNA HKO =HQIJKO @A>A @A D=?ANOA AJPNA HKO =HQIJKO

NAH=?EKJ=@KO LKN H= NACH=Æ AJPAJ@E@= ?KIK MQA AH BKHEK OA NAAO?NE>A ,KN

AFAILHK @A �NEOPr>=H = &Q=J

• !O Bb?EH K>OANR=N MQA AOPA OEOPAI= ?QILHA H= LNKLEA@=@ @A �KJBHQAJ?E= 	�.
 U H=

"QANPAIAJPA *KNI=HEV=JPA 	/*
� LKNMQA R=U= LKN @KJ@A R=U= AH BKHEK� HHAC=Nb =

)E?DAH� U OANb BKNI= JKNI=H 0=I>EiJ ?QILHA H= LNKLEA@=@ ÁJE?=IAJPA

*KNI=HEV=JPA 	1*
� LKNMQA ATEOPA QJ= wJE?= BKNI= JKNI=H MQA OAN= )m?DAH

• /EJ AI>=NCK� K?QNNA QJ EILNAREOPK !TEOPA QJ= LANOKJ= MQA =wJ JK D=

=L=NA?E@K U AO �=NIAH=� MQA AO H= JKRE= @A )=JKHK� U MQA P=I>EiJ HHAR= AH

AT=IAJ I=H LNAL=N=@K

• !JPKJ?AO )=JKHK @A?E@A L=O=NHA AH BKHEK = AHH=� U AOP= OA HK MQA@=�

�NEOPr>=H

&Q=J ,=?K

�AJEPK )=JKHK

)E?DAH

�NEOPr>=H

&Q=J ,=?K

�AJEPK )=JKHK

)E?DAH

�=NIAH=
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• !H OEOPAI= NAOQHP=JPA U= JK AO BQANPAIAJPA JKNI=HEV=JPA 	/*
 U L=O= = OAN

@i>EHIAJPA JKNI=HEV=JPA 	3*
 LKNMQA L=N= �=NIAH= JK ATEOPA BKNI= JKNI=H�

U= MQA AHH= JK R= = @ARKHRAN AH BKHEK MQA HA L=Or )=JKHK

• 2KHR=IKO =H OEOPAI= KNECEJ=H

• 5 =DKN= OQLKJC=IKO MQA )=JKHK ?NAA MQA )E?DAH AO KPN= LANOKJ=� )ECQAH

!JPKJ?AO RAIKO MQA ATEOPENbJ @KO LANOKJ=O MQA OANbJ BKNI=O JKNI=HAO� )E?DAH

U )ECQAH !H OEOPAI= MQA@= ?KIK OECQA

 

• !JPKJ?AO AH OEOPAI= U= JK ?QILHA H= LNKLEA@=@ 1* 	1JE?= BKNI= JKNI=H


0=ILK?K ?QILHA H= LNKLEA@=@ 3�. U LKN AJ@A P=ILK?K ?QILHA H= @A �.

�NEOPr>=H

&Q=J ,=?K

�AJEPK )=JKHK

)E?DAH )ECQAH
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*UDIR &RQ /D 5HODFLRQ (QWUH 3URSLHGDGHV

 

�KIAJPAIKO AH ?Q=@NK�

• (= LNKLEA@=@ @A �KJOEOPAJ?E= ?QILHA MQA� H T�U L � � TÔ
.
U

• (K IbO EILKNP=JPA L=N= QJ OEOPAI= AO MQA D=U= ?KJOEOPAJ?E=� L=N= MQA D=U= ?H=OAO @A

AMQER=HAJ?E=� LKNMQA OE JK PK@KO HKO AHAIAJPKO OANE=J AH IEOIK U JK LK@Nm=IKO @A@Q?EN

J=@=

• :&5c:1c,QF 1 :&5 c 61  !J AOPA L=OK DAIKO AHEIEJ=@K H=O ?=@AJ=O

EJBEJEP=O

• 81c:11 &5  0=I>EiJ OA AHEIEJ=J H=O ?=@AJ=O EJBEJEP=O �H ATECEN QJ= wJE?= BKNI=

JKNI=H� D=?AIKO MQA PANIEJA OEAILNA

• &51 &RQVLVWHQFLD /E BEF=IKO QJ= wJE?= BKNI= JKNI=H� U �. 	?KJBHQAJ?E=
 LQAO AO

K>REK MQA PAJAIKO ?KJOEOPAJ?E= LKNMQA =Om� HKO AHAIAJPKO OKJ @EOPEJPKO AJPNA Om

• /D &RQIOXHQFLD HV OD EDVH GH OD &RQVLVWHQFLD� !O Bb?EH ?KILNK>=N H= RAN=?E@=@ @A

AOP= =BENI=?ErJ P=JPK @AO@A QJ =JbHEOEO @A H=O LNKLEA@=@AO� =Om ?KIK @A QJ =JbHEOEO @A H=

Q>E?=?ErJ @A H= LNKLEA@=@ @A ?KJBHQAJ?E= 	�.
 AJ AH CN=BK (= LNKLEA@=@ �. AOPb

Q>E?=@= AJ AH ?AJPNK @AH CN=BK� K OA=� AO H= LNKLEA@=@ ¥?KIK@mJ¦ L=N= MQA AH CN=BK PAJC=

OAJPE@K� U P=I>EiJ AO JA?AO=NE= L=N= H= ?KJOEOPAJ?E=

3�.
≤� 3�.:/* 3�.: 3*: %J?

�.

1* 3�. �KJOEOPAJ?E=

1*:3* %J@

%J?:%J@

/*

∃d�k d ≠ k

0ANIEJ=?ErJ

0ANIEJ=?ErJ U
�KJOEOPAJ?E=

�KJOEOPAJ?E=



/EOPAI=O @A .AAO?NEPQN= ��

  Programación Declarativa II 

'HILQLFLyQ GH 756

/A= Ð QJ OEOPAI= @A NAAO?NEPQN= @A PiNIEJKO 	0./
 MQA OA @ABEJA @A H= BKNI= OECQEAJPA�

Ð Ú 	£� 	�
.�
��

.�
�2�

.J




@KJ@A £ AO QJ =HB=>APK @A PiNIEJKO BKNI=@K LKN�

£
2
Ú �HB=>APK @A R=NE=>HAO 	T� U� V�


£
"
Ú �HB=>APK @A BQJPKNAO 	"� #� $�
 ?=@= QJK ?KJ QJ= =NE@=@ @=@=

£
Y
Ú �HB=>APK @A LQJPQ=?ErJ 	 � � � � � 


5 H=O�
E
OKJ NACH=O BKNI=@=O LKN QJ L=N @A PiNIEJKO 	 O� P 


(MHPSOR

1J OEOPAI= @A NAAO?NEPQN= L=N= BQJ?EKJAO HrCE?=O OA AO?NE>ENm= IbO K IAJKO ?KIK OECQA�

	 WDQG� RU� � � �� �� WUXH� IDOVHY�

	 DQG	WUXH�T
� T� DQG	IDOVH�T
�IDOVH� RU	WUXH�T
� WUXH� RU	IDOVH�T
� T 





)bO ?H=N=IAJPA� U @=J@K LKN OK>NAAJPAJ@E@K AH =HB=>APK�

DQG	WUXH�T
� T

DQG	IDOVH�T
�IDOVH

RU	WUXH�T
� WUXH

RU	IDOVH�T
� T

/A @ABEJA AH ?KJFQJPK @A HKO PiNIEJKO OK>NA £� HH=I=@K 0AN	£
� @A H= OECQEAJPA BKNI=�

£
2
É 0AN	£


0
�
� �� 0

J
L 0AN	£
 c " L £

"
?KJ =NE@=@ J1 "	0

�
� �� 0

J

 L 0AN	£


!OPA ?KJFQJPK 0AN	£
 AO AH ?KJFQJPK � @A QJ OEOPAI= @A NAAO?NEPQN= =>OPN=?PK� LANK L=N=

@ABEJEN H=O NAH=?EKJAO @A NAAO?NEPQN= D=U MQA @ABEJEN @KO KLAN=?EKJAO OK>NA 0AN	£
�

/K>NA AH ?KJFQJPK 0AN	£
 OA @ABEJAJ @KO KLAN=?EKJAO� /QOPEPQ?ErJ U �KJPATPK

6XVWLWXFLyQ

1J= OQOPEPQ?ErJ AO QJ= =LHE?=?ErJ ¿ � 0AN	£
;í 0AN	£
 MQA ?QILHA H=O OECQEAJPAO

LNKLEA@=@AO�

¿	T
L0AN	£
 @KJ@A T L £
2

¿	"	0
�
� ��0

J


 Ú "	¿	0

�

� ��¿	0

J


 @KJ@A "L£

"
?KJ =NE@=@ J U 0

�
� ��0

J
L 0AN	£


(MHPSOR

/A= ¿	T
 Ú IDOVH AJPKJ?AO

¿	 DQG	T� WUXH
 
 Ú DQG	 ¿	T
� ¿	WUXH

 Ú DQG	IDOVH� WUXH


!O @A?EN� MQA OA OQOPEPQUA ?=@= R=NE=>HA LKN OQ EI=CAJ U AH NAOPK OA MQA@= ECQ=H



/EOPAI=O @A .AAO?NEPQN= ��

  Programación Declarativa II 

&RQWH[WR

1J ?KJPATPK �7 9 AO QJ PiNIEJK @KJ@A D=U QJ= R=NE=>HA AOLA?E=H� HH=I=@= DQA?K U

NALNAOAJP=@= LKN �� MQA K?QNNA OrHK QJ= RAV AJ iH !JPKJ?AO� @=@K QJ PiNIEJK 0L 0AN	£


�709 Ú ¿	 �7 9 
 OEAJ@K ¿ QJ= OQOPEPQ?ErJ P=H MQA

¿	�
 Ú 0� AO @A?EN� OA OQOPEPQUA AH DQA?K LKN AH PiNIEJK

¿	T
 Ú T OE TL£
2
U T JK AO AH DQA?K

(MHPSOR

/A= �7 9 Ú DQG	�� RU	T� WUXH
 
� AJPKJ?AO

�7IDOVH9 Ú ¿	 �79 
 Ú ¿	DQG	�� RU	T� WUXH
 
 
 Ú DQG	¿	�
�¿	RU	T� WUXH

 
 Ú

Ú DQG	IDOVH� RU	¿	T
� ¿	WUXH

 
 Ú DQG	IDOVH� RU	T� WUXH
 


!O @A?EN� MQA OA OQOPEPQUA AH DQA?K LKN AH =NCQIAJPK @AH ?KJPATPK U AH NAOPK OA MQA@= ECQ=H

!J LNEJ?ELEK HKO ?KJPATPKO OANbJ @A QJ wJE?K DQA?K� LANK OA LK@NbJ D=?AN AT?AL?EKJAO IbO

=@AH=JPA

2EWHQFLyQ GH OD UHODFLyQ GH UHHVFULWXUD D SDUWLU GH ODV UHJODV GH UHHVFULWXUD

�DKN= AOP=IKO AJ ?KJ@E?EKJAO @A @ABEJEN H=O NAH=?EKJAO*
E
@AH OEOPAI= @A NAAO?NEPQN=

=>OPN=?PK = L=NPEN @A H=O NACH=O�
E
@AH OEOPAI= @A NAAO?NEPQN= @A PiNIEJKO

F�7 9� ¿ � �7 9 ?KJPATPK U ¿ OQOPEPQ?ErJ � /�
E
0. �7¿	/
9*

E
�7¿	0
9

�H OQ>PiNIEJK ¿	/
 OA HA HH=I= ATLNAOErJ NA@Q?E>HA 	NA@AT


(MHPSOR

�KJ H=O NACH=O =JPANEKNAO K>PAJ@Nm=IKO HKO OECQEAJPAO AHAIAJPKO AJ H= NAH=?ErJ @A

NAAO?NEPQN=�

.ACH= DQG	WUXH�T
� T DQG	IDOVH�T
�IDOVH RU	WUXH�T
� WUXH RU	IDOVH�T
� T

DQG	WUXH� IDOVH
*IDOVH DQG	IDOVH� IDOVH
*IDOVH RU	WUXH� IDOVH
* WUXH RU	IDOVH� IDOVH
* IDOVH

DQG	WUXH� WUXH
*WUXH DQG	IDOVH� WUXH
*IDOVH RU	WUXH� WUXH
* WUXH RU	IDOVH� WUXH
* WUXH

DQG	WUXH� DQG	WUXH�IDOVH


*DQG	WUXH�IDOVH


DQG	IDOVH� DQG	WUXH�IDOVH


*IDOVH

RU	WUXH� DQG	WUXH� IDOVH


* WUXH

RU	IDOVH� DQG	WUXH� IDOVH


* DQG	WUXH� IDOVH


.AH=?ErJ

1 1 1 1

�Om LQAO� OA ?KJOPNQUA QJ OEOPAI= =>OPN=?PK @A NAAO?NEPQN= = L=NPEN @A QJ OEOPAI= @A

NAAO?NEPQN= @A PiNIEJKO U OA LQA@AJ =J=HEV=N PK@=O H=O LNKLEA@=@AO

/EJ AI>=NCK� OA LQA@AJ C=N=JPEV=N ?EANP=O LNKLEA@=@AO OE OA ?KJOPNQUA QJ OEOPAI= @A

NAAO?NEPQN= @A PiNIEJKO AOLA?E=H



/EOPAI=O @A .AAO?NEPQN= ��
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6LVWHPDV RUWRJRQDOHV GH HVFULWXUD GH WpUPLQRV

'HILQLFLyQ

1J OEOPAI= KNPKCKJ=H AO QJ OEOPAI= @A NAAO?NEPQN= @A PiNIEJKO @KJ@A @=@K ?Q=HMQEAN

PiNIEJK 0 @A 0AN	£
� JK D=U AJ iH QJ BQJPKN EILHE?=@K AJ @KO NA@AT @EOPEJPKO

!MQER=HAJPAIAJPA OA LQA@A @A?EN MQA HKO NA@AT @AH OEOPAI= JK OA OKH=L=J

(MHPSOR

1J AFAILHK @A OEOPAI= JK KNPKCKJ=H OANm=�

(	(	T

� T

5= MQA ?KJ AH PiNIEJK (	(	(	�


 OA LK@Nm=J NA@Q?EN H=O @KO (¨O ATPANJ=O K H=O @KO EJPANJ=O�

AOP=J@K H= ( EJPANIA@E= EILHE?=@= AJ H=O @KO NA@Q??EKJAO

(KO NA@AT AOPbJ AJ JACNEP= U AH BQJPKN ?KIwJ OQ>N=U=@K AJ H= OECQEAJPA P=>H=�

/�/�(	�
�� í (	�


(	/�/����
 í (	�


!J REOP= =N>KNAO?AJPA OANm=

(MHPSOR

+PNK AFAILHK @A OEOPAI= JK KNPKCKJ=H OANm=�

+.	T�U
� T

+.	T�U
� U

5= MQA ?KJ H= ATLNAOErJ +.	���
 OA LK@Nm= =LHE?=N H= NACH= LNEIAN= K H= OACQJ@= QPEHEV=J@K

AH IEOIK BQJPKN +.

(MHPSOR

1J OEOPAI= KNPKCKJ=H AO�

/1)�	��T
� T

/1)�	/	U
�T
� /	/1)�	U�T



5= MQA JK ATEOPA JEJCwJ LNEIAN =NCQIAJPK MQA O=PEOB=C= MQA AO � U MQA AO /	T


(

X

(

X

(

X

�

.A@AT �

.A@AT �



/EOPAI=O @A .AAO?NEPQN= ��

  Programación Declarativa II 

&RPSUREDFLyQ GH RUWRJRQDOLGDG

,=N= RAN OE QJ OEOPAI= AO KNPKCKJ=H >=OP= ?KILNK>=N MQA JK D=U= QJ =JPA?A@AJPA QJEBE?=>HA

?KJ QJ OQ>PiNIEJK 	JK R=NE=>HA
 @A KPNK =JPA?A@AJPA 	K @AH IEOIK� OEAJ@K OQ>PiNIEJK

LNKLEK
 U MQA ?=@= R=NE=>HA JK =L=NAV?= IbO @A QJ= RAV AJ ?=@= =JPA?A@AJPA 	NACH=O HEJA=HAO

LKN H= EVMQEAN@= K AJ HKO =JPA?A@AJPAO
 !OPK OA RANb ?KJ IbO ?H=NE@=@ ?Q=J@K OA @ABEJ=J HKO

L=NAO ?NmPE?KO IbO =@AH=JPA

(MHPSOR

!J (	(	T

� T LQA@K QJEBE?=N AH =JPA?A@AJPA (	(	T

 ?KJ AH OQ>PiNIEJK LNKLEK @AH IEOIK

(	T
 D=?EAJ@K TÚ(	T
 AJ AH OACQJ@K

(MHPSOR

!J +.	T�U
 JK D=?A B=HP= JE NAJKI>N=N R=NE=>HAO U= MQA AH =JPA?A@AJPA @A H= LNEIAN= NACH=

AO ECQ=H =H =JPA?A@AJPA @A H= OACQJ@=� AO ECQ=H LANK JK AH IEOIK 	AOPbJ AJ @EOPEJP=O NACH=O


3URSLHGDGHV GH ORV VLVWHPDV RUWRJRQDOHV

$=U QJ= EILKNP=JPA LNKLEA@=@� 0K@KO HKO OEOPAI=O KNPKCKJ=HAO OKJ ?KJBHQAJPAO

+PN= LNKLEA@=@ AO� /E AJ ?=@= NACH= H=O IEOI=O R=NE=>HAO K?QNNAJ AJ =JPA?A@AJPA U AJ

?KJOA?QAJPA� @A?EIKO MQA AO QJ OEOPAI= JK >KNN=@KN� K?QNNA MQA 3*. /*

/E AJ QJ OEOPAI= KNPKCKJ=H OEAILNA OA LQA@A AJ?KJPN=N QJ= BKNI= JKNI=H IA@E=JPA AH

KN@AJ @A AR=HQ=?ErJ =LHE?=PERK 	IbO EJPANEKN
� AJPKJ?AO AO /* U RE?ARANO=



/EOPAI=O @A .AAO?NEPQN= ��
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(VWUDWHJLDV GH UHGXFFLyQ HQ ORV VLVWHPDV RUWRJRQDOHV

&ODVLILFDFLyQ GH UHGH[HV

*KP=NAIKO MQA QJ NA@AT O AOPb EJ?HQE@K AJ KPNK NA@AT N @A H= OECQEAJPA I=JAN=� O Å N� U HK

@ABEJEIKO =Om

O Å N. H 79 �  7O9 Ú N

 ENAIKO MQA QJ NA@AT N MQA AOPb AJ QJ= ATLNAOErJ 0 	 N Å 0
 AO QJ NA@AT IbO EJPANEKN OE U

OrHK OEFO Å 0 � O Ç N

 ENAIKO MQA QJ NA@AT N MQA AOPb AJ QJ= ATLNAOErJ 0 	N Å 0
 AO QJ NA@AT IbO ATPANEKN OE U

OrHK OEF O Å 0 � N Ç O

(VWUDWHJLDV GH UHGXFFLyQ

0AJAIKO ?EJ?K AOPN=PACE=O LNEJ?EL=HAO OACwJ HKO NA@AT MQA R=U=IKO = NA@Q?EN !J H=

OECQEAJPA P=>H= AOPbJ HEOP=@=O�

*KI>NAO !O JKNI=H !O

?KBEJ=H

!O

?KJ?QNNAJPA

)bO = H= EVMQEAN@=� IbO

EJPANEKN

�LHE?=PERK

*K *K *K

0K@KO HKO EJPANEKNAO *K *K /E

)bO = H= EVMQEAN@=� IbO

ATPANEKN

*K

	/m AJ OEOPAI=O KNPKCKJ=HAO U

JKNI=HAO LKN H= EVMQEAN@=


*K *K

0K@KO HKO ATPANEKNAO /E *K /E

0K@KO HKO NA@ATAO

	/rHK RbHE@= AJ OEOPAI=O

KNPKCKJ=HAO


.A@Q??ErJ @A 'HAAJA

.A@Q??ErJ @A #NKOO¤

'JQPD

/E /E /E

(=O LNKLEA@=@AO IAJ?EKJ=@=O OKJ�

• *KNI=H� /EAILNA HHAC= = QJ= BKNI= JKNI=H U� ?KIK AO ?KJBHQAJPA� AO wJE?=

• �KBEJ=H� 0KI= AH ?=IEJK IbO ?KNPK L=N= HHAC=N = AO= BKNI= JKNI=H

• �KJ?QNNAJPA� .A@Q?A R=NEKO NA@ATAO AJ QJ L=OK

(= NA@Q??ErJ IbO = H= EVMQEAN@=� IbO ATPANEKN AO JKNI=H AJ HKO OEOPAI=O KNPKCKJ=HAO

JKNI=HAO LKN H= EVMQEAN@= !J AOPKO OEOPAI=O JK D=U ?KJOP=JPAO JE BQJPKNAO = H= @ANA?D= @A

QJ= R=NE=>HA



/EOPAI=O @A .AAO?NEPQN= ��
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7pFQLFDV SDUD HVWXGLDU OD WHUPLQDFLyQ� 0pWRGR GH 'HUVKRZLW]

/A D= REOPK =JPANEKNIAJPA MQA OA ?QILHA MQA 3�. � /*í �. � K OA=� @=@K QJ

OEOPAI= @A NAAO?NEPQN= @i>EHIAJPA ?KJBHQAJPA� JKO >=OP=Nm= ?KILNK>=N MQA PANIEJ= L=N=

=OACQN=N MQA AO ?KJBHQAJPA 	�.
 !J REOP= = HK =JPANEKN H= PANIEJ=?ErJ L=NA?A QJ= LNKLEA@=@

>=OP=JPA wPEH ,ANK AH @APANIEJ=N OE QJ OEOPAI= @A NAAO?NEPQN= @A PiNIEJKO CAJAN= K JK

@ANER=?EKJAO EJBEJEP=O AO QJ LNK>HAI= EJ@A?E@E>HA 	 JK ATEOPA JEJCwJ =HCKNEPIK MQA AJ

PEAILK BEJEPK IA NAOLKJ@= >EAJ ¥/% 0!.)%*�¦� K >EAJ ¥*+ 0!.)%*�¦
 ,ANK >=FK

?EANP=O ?KJ@E?EKJAO OKJ =LHE?=>HAO Pi?JE?=O MQA JKO LQA@AJ =UQ@=N = @EO?ANJEN OK>NA H=

PANIEJ=?ErJ @A =HCQJKO 0./¨O (= MQA JKOKPNKO R=IKO = ATLHE?=N AOPb >=O=@= AJ QJ PAKNAI=

@A & � 'NQOG=H U BQA @AO=NNKHH=@= LKN *  ANODKSEPV AJ ����

!H K>FAPERK @AH IiPK@K ?KJOEOPA AJ ?KJOACQEN ATLNAO=N ?=@= QJ= @A H=O NACH=O @A QJ

0./ 0 ?KIK QJ ?=OK L=NPE?QH=N @A QJ= 0./ AOLA?E=H 	C
Ü

 MQA ?QILHA H= LNKLEA@=@ /*

 A AOP= BKNI= AOP=IKO OACQNKO MQA =H =LHE?=N AH 0./ 0 � JQJ?= OA LNK@Q?ENbJ @ANER=?EKJAO

EJBEJEP=O  E?D= 0./ C
Ü
D= @A OAN OQBE?EAJPAIAJPA LKPAJPA ?KIK L=N= ?Q>NEN QJ= CN=J

R=NEA@=@ @A ?=OKO� U JK OrHK AOK� P=I>EiJ OANb JA?AO=NEK @AIKOPN=N MQAC
Ü
?QILHA /*� ?KJ

H= RAJP=F= MQA L=N= ?Q=HMQEAN KPNK 0./¨O JKO >=OP=Nm= ATLNAO=NHK AJ BQJ?ErJ @A C
Ü
L=N=

=OACQN=IKO OQ PANIEJ=?ErJ (= @AIKOPN=?ErJ @A H= PANIEJ=?ErJ @A C
Ü
AOPb >=O=@= AJ AH

PAKNAI= @A 'NQOG=H� MQA = OQ RAV PEAJA QJ= @AIKOPN=?ErJ @A ATPNAI= ?KILHAFE@=@

2=IKO = @ABEJEN C
Ü
OK>NA QJ ?KJFQJPK @A bN>KHAO × 	 bN>KHKHAO @A JK@KO

APEMQAP=@KO ?KJ JwIANKO J=PQN=HAO
� LKN HK ?=@= NACH= D= @A OAN AOPQ@E=@= ?KIK QJ=

PN=JOBKNI=?ErJ @A QJ bN>KH @A × AJ KPNK bN>KH @A × !ILAV=NAIKO @ABEJEAJ@K

BKNI=HIAJPA AH ?KJFQJPK × (QACK @ABEJENAIKO QJ OQLAN?KJFQJPK @A ×� MQA HH=I=NAIKO ×
�
�

U @ABEJENAIKO OK>NA ×
�
QJ= NAH=?ErJ C  2ANAIKO MQA C

Ü
	?EANNA PN=JOEPERK @A C


NAOPNEJCE@= = × ?QILHA H= LNKLEA@=@ /* $A?DK AOPK� AH IiPK@K AJ ?QAOPErJ ?KJOEOPA AJ�

@=@K QJ 0./ 0� >QO?=N QJ= I=JAN= =OECJ=N = HKO BQJPKNAO QJ LAOK 	MQA R= = OAN QJ

JwIANK J=PQN=H 
� @A BKNI= MQA ?=@= NACH= @A 0 OA= QJ= BQJ?ErJ @A × AJ ×  AOLQiO OA

@A>A ATLNAO=N ?=@= NACH= @A 0 ?KIK EJOP=J?E= @A C
Ü
 !H iTEPK @AH IiPK@K AJ AOA ?=OK

?KJ?NAPK NAOE@ENb AJ JQAOPN= =OPQ?E= = H= DKN= @A AOP=>HA?AN H= =OECJ=?ErJ @A LAOKO

(O FRQMXQWR ×

'HILQLFLyQ �

1J bN>KH D L× AO QJ L=N 	 Ù À� Õ� °Û� È 
� @KJ@A À AO QJ ?KJFQJPK BEJEPK MQA

HH=I=NAIKO JK@KO� ° L À AO QJ JK@K @AOP=?=@K =H MQA HH=I=NAIKO N=mV� U Õ AO QJ=

NAH=?ErJ @A KN@AJ L=N?E=H OK>NA À

/A ATECA MQA�

� F ³ L À � ³ Õ °

� F ³� Ä� ¼ L À� 	³ Õ Ä � ³ Õ ¼ 
- 	 ¼ Õ Ä � Ä Õ ¼


,KN KPN= L=NPA� È � Àí ¹� AO QJ= BQJ?ErJ MQA =OECJ= = ?=@= JK@K QJ JwIANK J=PQN=H� AO

@A?EN� APEMQAP= ?=@= JK@K ?KJ QJ LAOK  ENAIKO P=I>EiJ MQA À AO ECQ=H Ê	D
 	 ?KJFQJPK

@A JK@KO @AH bN>KH D 


�Q=J@K Ä Õ ¼ U OKJ @EOPEJPKO @A?EIKO MQA Ä AO QJ @AO?AJ@EAJPA @A ¼� U MQA ¼ AO QJ

=O?AJ@EAJPA @A Ä  �@AIbO� OE L=N= ?Q=HMQEAN ³ @EOPEJPK = Ä MQA RANEBEMQA Ä Õ ³ OA ?QILHA

¼ Õ ³� AJPKJ?AO @ENAIKO MQA Ä AO QJ DEFK @A ¼ U MQA Ä AO AH L=@NA ¼ !OK OA NABHAF= AJ H=O

BECQN=O LKNMQA Ä U ¼ AOPbJ QJE@KO ?KJ QJ= HmJA=
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(= LNEIAN= ATECAJ?E= @A H= @ABEJE?ErJ OA PN=@Q?A = MQA H= N=mV @A QJ bN>KH AO =O?AJ@EAJPA @AH

NAOPK @A HKO JK@KO� H= OACQJ@= OECJEBE?= MQA OE QJ JK@K PEAJA @KO =O?AJ@EAJPAO� QJK @A AHHKO

AO =O?AJ@EAJPA @AH KPNK� @A HK MQA OA EJBEANA MQA @=@KO @KO JK@KO @EOPEJPKO AJPNA HKO MQA JK

D=U NAH=?ErJ @A =O?AJ@AJ?E=� JK LQA@A D=>AN @AO?AJ@EAJPAO ?KIQJAO = =I>KO

(MHPSOR �

°

± ²

µ ¶

� L=NPEN @A =DKN= L=N= @AOECJ=N QJ JK@K QO=NAIKO AJ HQC=N @A OQ RAN@=@ANK JKI>NA °� ±�

² OQ ?KNNAOLKJ@EAJPA APEMQAP= !JPKJ?AO AH bN>KH @A H= BECQN= =JPANEKN MQA@=Nm= ?KIK

LQA@A RANOA AJ H= BECQN=O @A =>=FK

'HILQLFLyQ �

/A=J D �E L×  ENAIKO MQA D ¿ E 	D AOPb ¥AI>A>E@K¦ AJ E 
 OE ATEOPA QJ= BQJ?ErJ

± � Ê	D
í Ê	E
 P=H MQA�

� ± AO EJUA?PER= 7 ±	�
 Ú ±	Ä
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	 JK D=U IKPERKO L=N= @A?=NP=N H= KPN= KL?ErJ� LANK JK LK@AIKO MQA@=NJKO ?KJ H=O @KO


 A BKNI= MQA DAIKO K>PAJE@K QJ 0./ EJE?E=H�

� A X T í T

� %	T
 X T í A

� 	TX U
 X V í T X 	U X V 
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� �DKN= LK@AIKO RAN MQA PAJAIKO LNK>HAI=O�

/E PAJCK AH PiNIEJK 	%	T
 X T 
 X V � LKN QJ H=@K LQA@K =LHE?=NHA H= NACH= � U HQACK H=

�� @A BKNI= MQA OA PN=JOBKNI=Nm= AJ V � LKN KPNK LK@Nm= =LHE?=N H= NACH= �� @A I=JAN=

MQA HHAC=Nm=IKO = %	T
 X 	T X V
 /ACwJ AH OEOPAI= A?Q=?EKJ=H V @A>ANm= OA ECQ=H =

%	T
 X 	T X V
� LANK OACwJ AH 0./ JK HK OKJ� LQAO JK D=U BKNI= @A D=?ANHKO ?KJBHQEN

= H= IEOI= BKNI= JKNI=H ,=N= OKHRAJP=N AOPA AO?KHHK =q=@EIKO ATLHm?EP=IAJPA H=

NACH=

� %	T
 X 	T X V
 í V

� ,ANK @A JQARK D=U LNK>HAI=O� LQAO ?KJ H= JQAR= NACH= EJPNK@Q?E@= PAJAIKO MQA AH

PiNIEJK %	%	U

 X 	%	U
 X U
� LKN H= NACH= � OA ?KJREANPA AJ %	%	U

 X A � LANK LKN H=

NACH= � OA ?KJREANPA AJ U  A BKNI= MQA ÙU�%	%	A

Û BKNI=J QJ L=N ?NmPE?K MQA JK

AO ?KJRANCAJPA� =Om MQA� HK D=?AIKO ?KJRANCAJPA ATLHm?EP=IAJPA ?KJ H= JQAR= NACH=�

� %	%	U

 X A í U

� �@AIbO� PAJAIKO KPNK L=N ?NmPE?K� ?Q=J@K AH PiNIEJK = NA@Q?EN OA= %	A
 X 	A X V 


LK@AIKO =LHE?=N H= NACH= �� U K>PAJAIKO %	A
 X V � K >EAJ =LHE?=N H= NACH= �� U

AJPKJ?AO PAJAIKO V (QACK PAJAIKO MQA =q=@EN H= NACH=

� %	A
 X V í V

� 0=I>EiJ D=U OQLANLKOE?ErJ AJPNA H=O NACH=O � U �� 	%	%	U

X A 
 X Tí
�
%	%	U

X	A XT


	%	%	U

X A 
 X Tí
�
UXT �KIK =@AIbO 	AX T 
í

�
T � PAJCK MQA =q=@EN H= NACH=

� %	%	U

 X T í U X T

� $=U @A JQARK OQLANLKOE?ErJ AJPNA H= NACH=O � U �� %	%	U

X A í
�
U �LKN KPNK H=@K

PAJAIKO MQA %	%	U

XAí
�
U X A � AH LNK>HAI= OA NAOQHRA =q=@EAJ@K

� U X A í U

� ,KN OQLANLKOE?ErJ AJPNA H= NACH=O � U �� %	%	U

X A í
�
U �LKN KPNK H=@K PAJAIKO

MQA %	%	U

XAí
�
%	%	U

 � AH LNK>HAI= OA NAOQHRA =q=@EAJ@K

� %	%	U

 í U

� �KJ PK@K HK MQA DAIKO =q=@E@K D=OP= =DKN= NAOQHP= MQA H= NACH= � =DKN= JK AO

JA?AO=NE= LKNMQA U= OA LQA@A LKJAN ?KIK ?KILKOE?ErJ @A H=O NACH=O � U �� K OA=�

HK MQA =JPAO OA D=?m= ?KJ H= � 7 %	%	U

 X Aí
�
U 9 =DKN= OA D=?A ?KJ � U H= ��

%	%	U

 X A í
�
U X A í

�
U 	AHEIEJ=IKO H= �


� ,KN H= IEOI= N=VrJ MQA =JPAO NAOQHP= MQA H= OEAPA JK AO JA?AO=NE=� U= MQA LQA@A OAN

OQLHE@= IA@E=JPA H= NACH= ��HK MQA =JPAO OA D=?m= ?KJ H= � 7 %	%	U

 X Tí
�
U X T9

=DKN= OA D=?A ?KJ � �

%	%	U

 X T í
�
U X T 	AHEIEJ=IKO H= �


� ,KN OQLANLKOE?ErJ AJPNA H= NACH=O � U �� %	A
X A í
�
A �LKN KPNK H=@K PAJAIKO MQA

%	A
XAí
�
%	A
 � AH LNK>HAI= OA NAOQHRA =q=@EAJ@K

�� %	A
 í A



/EOPAI=O @A .AAO?NEPQN= ��

  Programación Declarativa II 

� �KJ PK@K HK MQA DAIKO =q=@E@K D=OP= =DKN= NAOQHP= MQA H= NACH= � =DKN= JK AO

JA?AO=NE= LKNMQA U= OA LQA@A LKJAN ?KIK ?KILKOE?ErJ @A H=O NACH=O �� U �� K OA=�

HK MQA =JPAO OA D=?m= ?KJ H= � 7 %	A
 X Ví
�
V 9 =DKN= OA D=?A ?KJ �� U H= ��

%	A
 X V í
��
A X V í

�
V 	AHEIEJ=IKO H= �


� ,KN OQLANLKOE?ErJ AJPNA H= NACH=O � U �� %	%	U

X %	U
 í
�
A �LKN KPNK H=@K PAJAIKO

MQA %	%	U

X %	U
í
�
U X %	U
 � AH LNK>HAI= OA NAOQHRA =q=@EAJ@K

�� U X %	U
 í A

� ,KN OQLANLKOE?ErJ AJPNA H= NACH=O � U ��� 	U X %	U

X T í
�
U X 	%	U
X T 
 �LKN KPNK

H=@K PAJAIKO MQA 	U X %	U

X T í
��
U X T � AH LNK>HAI= OA NAOQHRA =q=@EAJ@K

�� U X 	%	U
X T 
 í U X T

� ,KN OQLANLKOE?ErJ AJPNA H= NACH=O � U �� 	KPN= RAV
� 	TXU
X%	TXU
í
�
TX	UX%	TXU

�

LKN KPNK H=@K PAJAIKO MQA 	TXU
X%	TXU
 í
��
A � AH LNK>HAI= OA NAOQHRA =q=@EAJ@K

�� TX	UX%	TXU

 í A

� ,KN OQLANLKOE?ErJ AJPNA H= NACH=O � U �� � %	T
X	TX	UX%	TXU


í
�
UX%	TXU
� LKN KPNK

H=@K PAJAIKO MQA %	T
X	TX	UX%	TXU


 í
��
%	T
 X Aí

�
%	T
� AH LNK>HAI= OA NAOQHRA

=q=@EAJ@K

�� UX%	TXU
 í %	T


� �KJ PK@K HK MQA DAIKO =q=@E@K D=OP= =DKN= NAOQHP= MQA H= NACH= �� =DKN= JK AO

JA?AO=NE= LKNMQA U= OA LQA@A LKJAN ?KIK ?KILKOE?ErJ @A H=O NACH=O �� U ��� K OA=�

HK MQA =JPAO OA D=?m= ?KJ H= �� 7 TX	UX%	TXU

í
��
A 9 =DKN= OA D=?A ?KJ �� U H= ���

TX	UX%	TXU

í
��
TX%	T
í

��
A 	AHEIEJ=IKO H= ��


� ,KN OQLANLKOE?ErJ AJPNA H= NACH=O � U �� � %	U
X	UX%	TXU

í
�
%	TXU
� LKN KPNK H=@K

PAJAIKO MQA %	U
X	UX%	TXU

í
��
%	U
 X %	T
 � AH LNK>HAI= OA NAOQHRA =q=@EAJ@K

�� %	TXU
 í %	U
 X %	T


� �KJ PK@K HK MQA DAIKO =q=@E@K D=OP= =DKN= NAOQHP= MQA H= NACH= �� =DKN= JK AO

JA?AO=NE= LKNMQA U= OA LQA@A LKJAN ?KIK ?KILKOE?ErJ @A H=O NACH=O �� U ��� K OA=�

HK MQA =JPAO OA D=?m= ?KJ H= �� 7 UX%	TXU
í
��
%	T
 9 =DKN= OA D=?A ?KJ �� U H= ���

UX%	TXU
í
��
U X 	%	U
 X %	T

í

��
%	T
 	AHEIEJ=IKO H= ��


"EJ=HIAJPA K>PAJAIKO�

� A X T í T

� %	T
 X T í A

� 	TX U
 X V í T X 	U X V 


� %	T
 X 	T X V
 í V

� U X A í U

� %	%	U

 í U

�� %	A
 í A

�� U X %	U
 í A

�� U X 	%	U
X T 
 í U X T

�� %	TXU
 í %	U
 X %	T




/EOPAI=O @A .AAO?NEPQN= ��

  Programación Declarativa II 

7HRUHPD � /HPD GHO SDU FUtWLFR�
/A= 5 QJ 756� :&5	5
/ 	FÙV � WÛ � L=N ?NmPE?K @A 5 � VîW 


(K MQA OA MQEANA @A?EN AO MQA OE MQANAIKO MQA QJ 0./ OA= @i>EHIAJPA ?KJBHQAJPA�

PK@K L=N ?NmPE?K @AH 0./ @A>A OAN ?KJRANCAJPA� K OA=� @A>A D=>AN =HCQJ= BKNI= @A D=?AN MQA

HKO @KO AHAIAJPKO @AH L=N ?NmPE?K HHACAJ = H= IEOI= ATLNAOErJ

7HRUHPD �� &RURODULR� /A= 5 QJ 756� P=H MQA 61	5
 !JPKJ?AO�
&5	5
/ 	FÙV � WÛ � L=N ?NmPE?K @A 5 � VîW 


/E =@AIbO JKO =OACQN=IKO H= PANIEJ=?ErJ� AJPKJ?AO OANb ?KJBHQAJPA

'HILQLFLyQ�� � 2UGHQ GH UHGXFFLyQ
1J KN@AJ @A NA@Q??ErJ Û AO QJ KN@AJ L=N?E=H OK>NA HKO AH ?KJFQJPK @A PiNIEJKO MQA

?QILHA�

O Û P- ¿	O
 Û ¿	P


O Û P- �7O9 Û �7P9

�KJ AOPK OA @= QJ ?NEPANEK @A NA@Q??ErJ� MQA IA LANIEPA� AJ ?=OK @A @Q@= O=>AN AJ MQA

OAJPE@K D=U MQA AO?NE>EN QJ= NA@Q??ErJ 	?KIK K?QNNm= AJ AH AFAILHK �

$OJRULWPR GH .QXWK�%HQGL[ � SDUD XQ RUGHQ GH UHGXFFLyQ SUHILMDGR �
/A= AH ! AH ?KJFQJPK @A A?Q=?EKJAO U OA= . AH ?KFQJPK @A NACH=O

	�KJ AOPA =HCKNEPIK D=?AIKO =HCK L=NA?E@K =H AFAILHK �


R:=Ø; 
 mientras E tenga elementos  
   seleccionar una ecuación s=t de E 
  reducir s : Øs  y t : Øt 
  si Øs A Øt entonces 
   E:= E – { s=t } 
  en otro caso 
   si (Øs > Øt) entonces 
    . � Øs � � � Øt 
   en caso de que Øs > Øt 
    � � Øs � . � Øt 
   en otro caso 
    fracaso 
   fin_si 
    
   CP:={ P=Q | <P,Q> es un par crítico, 
    HQWUH ODV UHJODV GH 5 \ .:� ` 
   R:=R f^.:�` 
   E:=E f (CP-[s=t ]) 
  fin_si 
 fin_mientras
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(StORJR

�KJ HKO ?KJK?EIEAJPKO PArNE?KO NA?EiJ =@MQENE@KO� LK@AIKO RKHRAN = HKO AFAILHKO

IAJ?EKJ=@KO AJ H= EJPNK@Q??ErJ L=N= HHAC=N = EJPANAO=JPAO ?KJ?HQOEKJAO

(FXDFLRQHV 0DWpPDWLFDV

$AIKO REOPK QJ =HCKNEPIK L=N= PN=JOBKNI=N A?Q=?EKJAO I=PAIbPE?=O AJ NACH=O @A

NAAO?NEPQN=  E?DK =HCKNEPIK JK AO @APANIEJEOP= U JK BQJ?EKJ= AJ PK@KO HKO ?=OKO� LANK =

?=I>EK HKO OEOPAI=O @A NAAO?NEPQN= CAJAN=@KO OKJ KNPKCKJ=HAO U LKN P=JPK ?KJOEOPAJPAO 	OE

D=U @KO BKNI=O JKNI=HAO @EOPEJP=O


+DVNHOO

$=OGAHH AO QJ OEOPAI= ?=OE KNPKCKJ=H� U= MQA =QJMQA AH OEOPAI= LANIEPA @ABEJEN @KO NACH=O

MQA OA OKH=LAJ� OKHK H= LNEIAN= MQA =L=NAV?= AJ AH ?r@ECK OANb H= ABA?PER=� @A I=JAN= MQA JK

OA LQA@AJ =LHE?=N H=O @KO = H= RAV U JK OA LQA@AJ LNK@Q?EN L=NAO ?NmPE?KO !OPK D=?A MQA

$=OGAHH OA= QJ OEOPAI= ?KJBHQAJPA U LKN P=JPK ?KJOEOPAJPA ,KN KPNK H=@K� AOPK JK EILHE?=

MQA $=OGAHH PAJC= PANIEJ=?ErJ =OACQN=@=� >=OP= ?KJ AO?NE>EN QJ= NACH= @AH PELK�

f x = f x 

3URORJ

�KIK U= OA @EFK� ,NKHKC AO IQU @EOPEJPK = HKO @KO ?=OKO =JPANEKNAO =QJ =OE OA LQA@AJ HHAC=N

= =HCQJ=O ?KJ?HQOEKJAO

,KN AFAILHK� OE @KO NACH=O OA OKH=L=J 	OE H=O @KO OA LQA@AJ =LHE?=N OK>NA QJ IEOIK NA@AT
 AH

,NKHKC EJPNK@Q?A QJ ¥�DKE?AÝ,KEJP¦� @A I=JAN= MQA JQJ?= OA R=J =LHE?=N @KO NACH=O AJ QJ=

IEOI= N=I= /EAJ@K ?=@= N=I= KNPKCKJ=H U LKN HK P=JPK ?KJOEOPAJPA ,KN KPNK H=@K� CN=?E=O

=H >=?GPN=?GEJC PAJAIKO R=NE=O BKNI=O JKNI=HAO� U ?=@= QJ= @A AHH=O OANb QJ NAOQHP=@K @A H=

?KILQP=?ErJ

“choice point”

Expresión

Hay dos subexpresiones

Hay dos formas normales distintas
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λ�&iOFXOR

!H λÝ�bH?QHK U= D= OE@K AOPQ@E=@K� LANK LK@AIKO @AOP=?=N AH PAKNAI= @A �DQN?DÝ .KOOAN
MQA @E?A MQA AO ?KJBHQAJPA U LKN P=JPK OE PEAJA @KO BKNI=O JKNI=HAO @EOPEJP=O 	MQA H=O PEAJA�

>=OP= PKI=N @KO R=NE=>HAO @EOPEJP=O
 AO ?KJOEOPAJPA 

 =@K MQA AH λÝ?=H?QHK AO QJ IK@AHK @A ?KILQP=?ErJ� ?Q=HMQEAN KPNK IK@AHK @A
?KILQP=?ErJ OANb AMQER=HAJPA !J L=NPE?QH=N H=O I=MQEJ=O @A 0QNEJC

0iTXLQD GH 7XULQJ

/E PKI=IKO ?KIK ATLNAOErJ OQ ?KJBECQN=?ErJ K>PAJAIKO QJKO OEOPAI=O @A NAAO?NEPQN= @A

?KJBECQN=?EKJAO >=O=@K AJ H= P=>H= @A AOP=@KO @A H= I=MQEJ=� MQA D=Nm=J H= BQJ?ErJ @A

NACH=O $=U MQA D=?AN JKP=N MQA P=ILK?K OA C=N=JPEV= H= PANIEJ=?ErJ� U= MQA LK@AIKO PAJAN

AH OECQEAJPA =QPrI=P=�
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$SpQGLFH� 7UDQVSDUHQFLDV XVDGDV HQ OD SUHVHQWDFLyQ

Sistemas de 
Reescritura 

�→� 
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3523,('$'(6

&RQIOXHQFLD 'pELO :&5��� &RQIOXHQFLD &5���

�=� >� ? � =� >� ? ∈ � � �@ � @ ∈ � �=� >� ? � =� >� ? ∈ � � �@ � @ ∈ �

6XEFRQPXWDWLYD :&5≤� &RQIOXHQFLD SRU (TXLYDOHQFLD &(T��
5
�

�=� >� ? � =� >� ? ∈ � � �@ � @ ∈ � �=� > � =� > ∈ � � �? � ? ∈ �

'pELOPHQWH 1RUPDOL]DQWH :1���� )XHUWHPHQWH 1RUPDOL]DQWH 61���

∀ > � > ∈ � � ∃ d � d ∈ � � d �> !O 3* �0ANIEJ=?ErJ

ÓQLFDPHQWH 1RUPDOL]DQWH 81��
5
� ,QFUHPHQWDO ,QF���

∀ d� k � d� k ∈ � � dÚ
.
k �dÚk ∃ B � B�� ��* � ∀ =� > � =� > ∈ � � =�> �B	=
Ù B	>


,QGXFWLY LGDG ,QG���
/A= QJ= ?=@AJ= EJBEJEP= @A H= BKNI= = �> �? ��� AJPKJ?AO OA @= MQA

=� � ς� >� � ς� ?� � ς� ��

a 

d 

cb 

a 

d 

cb 

a 

d 

cb 

a 

d 

c b 

≡ ≡ 

a  =R   b 

c 

b 

ê ? â 

b 

ê ? â 

a 

a0 a1 a2 ….. 
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GRAFO DE RELACIÓN DE PROPIEDADES 

WCR≤1 WCR^SN WCR^ WN^ Inc 

CR 

UN WCR Consistencia 

UN^WN Ind 

Inc^Ind 

SN 

∃â,ê   â ≠ ê 

Terminación 

Terminación y 
Consistencia 

Consistencia 
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