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page ��� lines ��	
 For� Propositional logic � � � and ��

Read� Propositional logic is the part of full �rstorder logic that deals with �some of� the con
nectives �� � � � � � and ��

p���� l�� For� � � � if the � assigns� � �

Read� � � � if � assigns� � �

p�
�� l��� For� �iv� Describe � � �

Read� �iv� Show that Rm�S� contains every clause that is derivable from S� i�
Rm���S� � Rm�S�� Describe � � �

p�
�� l���
 �Exercise 
�����

For� Show that a collection U � IN � � �

Read� Show that a collection U � P�IN� � � �

p���� l��� For� A � �A� � � � � r� � � � � f� � � � � c� � � ��r�R�f�F�c�C

Read� A � �A� r� � � � � f� � � � � c� � � ��r�R�f�F�c�C

p��
� l���� For� �t���
A � �t���

A

Read� �ti��
A � �ti��

A

p���� l��� For� Skolem expansion

Read� Herbrand expansion

p���� l���� To Lemma ����� add�

Similarly� Aj��� holds i� A is a model of at least one sentence in ground����

p���� l���� For� r�w�y�

Read� r�w� y�

p���� l��� For� c en fc

Read� c and fc

p���vv For complexity reasons� the treatment in Section ��� is far from optimal� It is better to forget about
prenex forms� and to use the following lemma to eliminate existential quanti�ers�

Lemma� Suppose that

	 the formula �y��x�� � � � � xn� y� has no subformula occurrences in the formula � in the scope of
�� �� ��

	 f is a fresh nary function symbol�

	 f�x�� � � � � xn� is substitutable for y in ��

	 �� is obtained from � by replacing occurrences of �y��x�� � � � � xn� y� by ��x�� � � � � xn� f�x�� � � � � xn���

Then � is satis�able i� �� is�

Proof�

�
� For modelsA� functions f �interpreting f� and assignments �� the implication �A� f�j�����Aj���
can be proved using induction w�r�t� ��

�



�� � Let A be a model� Choose a function f �interpreting f� such that� for a�� � � � � an � A� if
Aj��y�fx��a�� � � � � xn�ang� then Aj��fx��a�� � � � � xn�an� y�f�a�� � � � � an�g�
The implication Aj��� � �A� f�j���� now follows� again using induction w�r�t� ��

It is now clear how to transform any �rstorder sentence into a universally quanti�ed conjunctive
normal form with the same satis�ability problem�

�a� Remove connectives � and � in favour of the others�

�b� move negations inside until no quanti�er is in the scope of a negation symbol�

�c� remove existential quanti�ers one by one using the lemma �starting with the outmost ones��
introducing fresh constant and	or function symbols�

�d� pull out all universal quanti�ers�

�e� put the rest in conjunctive normal form�

p���� l���� The recipe given does not ensure that the variables in the pre�x of the prenex form are pairwise
di�erent �as is required by De�nition ���
 p����� If a variable occurs more than once in the pre�x
obtained� simply erase all quanti�ers in the pre�x binding it � except the last one� �Those erased
are �vacuous���

p���� l��
 For� not occurring in �

Read� not occurring in the language of �

p���� l���� For� a model appropriate to the language of �

Read� a model for the language of �

p��
� l��� For� �iii� x�

Read� �iii� y�

p��
� l���� For� V ar�	� � fu� vg

Read� V ar�	� � fu� vg�

p���� l���� For� Corollary ��
��

Read� Corollary �����i��
�The problem with ��
� is that � is required to be ground here� This restriction can easily be lifted��

p���� l��� For� fx�� j x � V �Dom���g

Read� fx�x� j x � V �Dom���g

p���� l���� For� the number of function symbols

Read� the number of constant and function symbols

p���� l���
 For� Exercise ��
��i�

Read� Exercise ��
��ii�

p���� l���� For� uni�es P an N
�

Read� uni�es P and N
�

p���� l���� For� By �����

Read� By Lemma �����

p���� l���	�� �Exercise ���� �i� and �ii�� �rd clause�

For� fr�x� fx���r�fx� y�g

Read� fr�x� fx���r�fx� x�g






p��
� l���� etc� Replace �mistaken� rules by those of Exercise ���� p����

p���� l��� For� �iii� Post�xed points� IN� and � � �

Read� �iii� Post�xed points� f
n j n � INg� and � � �

p���� l��� For� TP �M��

Read� TP �M��

p���� l��� For� T �I� J� ��

Read� T �I� J� � I �

p���� l���� For� � � � replacement of � by ��

Read� � � � replacement of � by ���

p���� l���
 For� ap���� ���

Read� ap��������

p���� l���� For� i�t�� � � � � tn� � �t�j�t�j � � � j�tnj� �� � � ����

Read� i�t�� � � � � tn� � �t�j�t�j � � � j�tnj� �� � � ���

p���� l���� For� qs�x� y� z�� � � �

Read� qs��xjy�� z�� � � �

p���� l���
 In Exercise ��
� assume that HU has more than one element�

p����� l���� �
nd line proof Thm �����
For� is a is a ground implication tree � � �

Read� is a ground implication tree � � �

p����� l���� �Exercise ���
�

For� Suppose that C
�

����u D �A� R��

Read� Suppose that for some D� C
�

����u D �A� R��

p����� l��
 Interchange � and ��

For� Cm�m�n���
n�� � Cm�

m�m�n��

Read� Cm�m�n���
n�� � Cm�

m�m�n��

p���
� l��� For� y�n�m�
n�n��

Read� y�m�n�
n�n��

p����� l���
 �Exercise �����
For� Show� � has a succesful derivation � � �

Read� Show� C� has a succesful unrestricted derivation � � �

p����� l���
 Exercise ��
� should be moved to next section�

p����� l���	
 Replace the two occurrences of E by ��

p����� l��� For� Assume that P j� C��

Read� Let  be an arbitrary selection rule� Assume that P j� C��

p����� l���	� For� � � � children of A in the implication tree for A � � �

Read� � � � children of A�k in the implication tree for A�k � � �

�



p����� l����� For� Lift this to a step Ck

�k��

���� Ck�� � � � � is such that � � �

Read� This step has a lift of the form Ck

�k��

���� Ck��� and therefore ���k can be prolonged into
a derivation ���k�� with some such lift� and there exists � such that � � �

p��
�� l��� For� Theorem ���� appears to be new�

Read� Theorem ���� occurs as Theorem ��
 on p��� of �Lloyd ����

p����� l���� �Exercise ��
��
For� Assume that the query C has an SLDtree � � �

Read� Assume that the query C has a �nite SLDtree � � �

p��
�� l��� For� Hint� Show � � �

Read� Hint� Use the method of proof of Theorem �����

p����� l���� For� for some C � X �

Read� for some C true in X �

p����� l���� For� � � � is a forest� � � �

Read� � � � is a forest T � � � �

p���
� l���� For� CR����jC�

Read� CR����jV ar�C��

p����� l��� For� V ar�C�� � V ar�D�� � V ar�C��

Read� V ar�C�� � V ar�D�� � V ar�D��

p����� l��
 For� Show that these rules do in fact de�ne S and � � �

Read� Show that for all s� t� l � HU � S�s� t� l� holds i� fx�s� z�t� v�lg is a computed answer
substitution for the query s�x� z� v� and � � �

p����� l��
 For� Then C � �� So� � � �� and comp�P � j�s �� is trivial�

Read� Then C � �� or a positive literal A � C is selected to which no rule of P is applicable�
In the �rst case� � � �� and comp�P � j�s �� is trivial� In the second case� comp�P � j�� �A� and
hence� comp�P � j�� �C�

p���� Use of the symbol � on this page should not be confused with that in the statement of ��
� and
can best be changed�

p���� �Apt	Doets� appeared in J� Logic Programming �� ������ pp ��������

�Doets a� appeared in Th� Computer Science �
� ������ pp ��������

�Doets b� appeared in Logic and Computation � ������ pp ��������

�


