
CS575– Test1 – Solution

12:30pm– 1:20am

1. (5 point) Translatethe following in to a propositionalcaculustheory: If pricesare high, then
wagesare high. Pricesare high or there are price controls. Also,if there are price controls, then
there is not an inflation. However, there is an inflation.

Is thesentenceWagesare high entailedby theabove theory?(simply answeryes/nowill not give
youany point)

Answer: NOTE: Propositionaltheorydoesnot have variables,functionsymbols,predicatesym-
bols

Let
���

, � �
,
���

, and � denote“pricesarehigh”, “wagesarehigh”, “therearepricecontrols”,
and“thereis aninflation”, respectively. Then,

thetheory � :���	� � �
����
����
���
� � �
�

equivalentto������
 � �
(1)����
����
(2)������
�� � (3)

� (4)

(3) + (4) implies
�����

(5) Usingtheinferencerule: ������� ����
(5) + (2) implies

���
(6)

(6) + (1) implies � �
Thus, � entails � �

, i.e.,our theoryentails“Wagesarehigh”

2. (5point)Translatethefollowingsentensesintofirstorderlogic theory� (youlanguageneedsnot
havefunctionsymbolor constant)Everyonehasa parent.Theparentof a parentis a grandparent.

Let ���! #" beaperson.Prove thatyour theory � entailsthat �$�� %" hasaparent.

Answer: NOTE: Firstordertheoryis NOT a logic program

Usethefollowing predicates:&('*)!+ �,".-0/21 - / is aperson&(34)�' "657-0/�8:9;1 - / is aparentof 9
 3<+ &(34)�' "657-=/21 - / hasaparent> + ?<)!3 "A@ &%3B)�' "657-=/21 - / is a grandparent

Thetheory � consistsof:C /ED &('*)!+ ��"�-=/21 �  3<+ &(34)!' "F57-0/21HGC / C 9 C�I D &(34)�' "657-=/�8:9;1$J &(34)!' "F57-K9�8 I 1 � > + ?<)�3 "�@ &(34)!' "F57-0/21HG .
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For / LNMB�� %" , usingthe first sentensein � ,
C /ED &('*)O+ ��"�-=/21 �  3<+ &(34)�' "657-=/21PG , we have that&('*)!+ �,".-QMB�! #"�1 �  3<+ &(34)�' "657-RM<�� #"$1 (1) Usingtheinferencerule: SUTWVVFXKTUY[ZK\ .

MB�! #" is aperson,hence&('*)O+ ��"�-RM<�� #"$1 is true.Togetherwiht (1)wehavethat �N] L^ 3_+ &(34)!' "F57-QMB�� %"�1 .
Another possible solution:

Wecanusethefollowing predicates:&('*)!+ �,".-0/21 - / is aperson&(34)�' "657-0/�8:9;1 - / is aparentof 9?<)!3 "A@ &%3B)�' "657-=/�8:9`1 - / is agrandparentof 9
Then,thetranslationwouldbeC /ED &('*)!+ ��"�-=/21 � a 9�bcD &(34)�' "657-d9e8f/g1PGRGC / C 9 C�I D &(34)�' "657-=/�8:9;1$J &(34)!' "F57-K9�8 I 1 � ?_)�3 "�@ &(34)�' "657-0/�8 I 1 .
Using the first formula andthe rule SUTWVVFXKTUY[Zh\ andthe fact that &('*)!+ ��"�-RMB�! #"$1 is true, we have thata 9 &(34)�' "657-d9e8HMB�� #"$1 is true.Thatis, MB�� %" hasaparent.

3. (2 point) Attempt to unify the following pairsof expressions.Either show their mostgeneral
unifiersor explainwhy they will notunify.

(a) (1 point) & -=/�8 I 1 and& - 3 8:9i1 .
(b) (1 point) & -=/�8f/21 and& - 3 8:jU1 .

Answer:

(a) k%lmLon4p , q;lrLsn�/�8 3 p ,
kAteLun�/wv 3 p , & -0/�8 I 1PkAteL & - 3 8 I 1 and& - 3 8x9;1ykAt�L & - 3 8x9i1 ; qwt�Lon I 8:9;p
k%zmLun�/wv 3 p4n I v{9;p|Lon�/wv 3 8 I v{9}p , & -0/�8 I 1yk%z~L & - 3 8x9i1yk%z~L & - 3 8:9i1
A mguof & -0/�8 I 1 and& - 3 8:9`1 is n�/wv 3 8 I v{9;p .
(b) k%lmLun4p , q}l~Lon�/�8 3 p ,
kAteLun�/wv 3 p , & -0/�8f/21PkAt�L & - 3 8 3 1 and& - 3 8:jU1ykAt�L & - 3 8xj71 ; qwt�Lon 3 8:j*p
No variablein q�t , thetwo arenotunifiable.

4. (4 point)Show thatthefollowing programhasonly one stable model.

& � "A��5��_b
� � ) 8x"A��5 & b& � "A��5 & b

Answer: Let theprogrambe
�

. Assumethat � is astablemodelof
�

. Considertwo cases:

Case 1: &��� � . Then,becauseof therule &F� "���5 & ,
���

mustcontaintherule &F� . Thismeansthat
theminimal modelof

���
contain& , i.e., & � � . This contradictswith &��� � . So,this casecannot

happen.

Case 2: & � � . Then, the last two rules of
�

will be removed when constructing
���

. This
alsomeansthat � and ) cannotbelongto theminimal modelof

���
. Thus,theonly possibility is
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��Lsn & p . Indeed,��L�n & p is a stablemodelof
�

because
� �

containsonly therule &F� , i.e., n & p
is equalstheminimal modelof

���
.

5. (6 points)Let � be a programthat representsthe informationaboutcourses,students,anda
regulationfor enrollmentinto a classthatsaysthata studentcannottake a classif she/hehadnot
takenoneof its prerequisites.

�U3 " ' " ) �,�d�y-K��8 � 1 � + 5P�F@ ' "657-K��1U8 � �,� )!+�' - � 1U8f5 3<�{' " 3 �0� &%)!' -K��8 � 1Ub
"A��5 3 �0� &%)�' -h��8 � 1 � + 5P�F@ ' "657-K��1U8 � �,� )!+�' - � 1U8 &%)�'*)�' ��� > + > 5 ' - �}� 8 � 1U8x"A��5$5 3<�{' ".-h��8 �}� 1Ub

5 3<�{' " 3 �0� &%)�' -h��8 � 1 � + 5P�F@ ' "657-K��1U8 � �,� )!+�' - � 1U8x"A��5�"���5 3 �0� &%)�' -h��8 � 1Ub&%)!'*)�' �,� > + > 5 ' -d� 3 5� (�O�!�_8 3 > �O1 �
&%)!'*)�' �,� > + > 5 ' - 3 > � 8 3 > �O1 �

+ 5P�F@ ' "657- + ��"$1 �
+ 5P�6@ ' "F57- ' � > 1 �
� �,� )!+�' - 3 > � 1 �
� �,� )!+�' - 3 > �O1 �

� �,� )!+�' -d� 3 5� (�O�!�41 �
5 3<�{' "�- ' � > 8x� 3 5� (�O�!�O1 �

5 3<�{' "�- ' � > 8 3 > � 1 �
5 3<�{' ".- + �,"�8 3 > � 1 �

(a) (1 point)Show thattheprogramis stratified.

(b) (4 point)Computethestablemodelof � .

(c) (1 point) Is �73 " ' " ) �,�0��- + �,"�8 3 > �O1 entailedby � ? How about �U3 " ' " ) �,�d�y- ' � > 8 3 > �!1 ? Why?

Answer

(a) We just needto draw thedependency graphof � andthereis no cycle with negative link in it,
so � is stratified.

(b) Let � bea stablemodelof � . Becauseof � is stratified,we know that � hasonly onestable
model. Thus,all we needto do is to decidefor every atomin � V whether3 belongsto � or not.
Weobserve:

Thelast tenrulesof � arefacts,soany stablemodel � of � mustcontainthesefacts.Let uscall
thesefacts/�l .
Exceptthefacts,� doesnot containany rule whoseheadis oneof thepredicates+ 5P�F@ ' "65 , 5 3<�{' " ,� �,� )!+�' , and &#)!'*)�' ��� > + > 5 ' . This implies that any atom 3 in ��� and 3 � � and 3 is constructed
from thesepredicatesandtermsin ��� then 3 mustbelongto /�l
Theabovetwo observationsallow usto concludethatweonly needto decidewhetheratomsof the
form �U3 " ' " ) ���0�y-h��8 � 1 , 5 3_�_' " 3 �0� &%)�' -h��8 � 1 , "A��5 3 �0� &%)�' -h��8 � 1 in ��� belongto � .

Becauseof thesecondrule,wehavethattheonly atomof theform "A��5 3 �0� &%)�' -0/�8:9i1 thatbelongs
to � is "A��5 3 �d� &%)�' - + ��"�8 3 > �!1 .
This impliesthateveryatomof theform 5 3_�_' " 3 �0� &%)!' -K��8 � 1 except 5 3<�{' " 3 �0� &#)!' - + ��"�8 3 > �O1 be-
long to � becauseof thethird rule.
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Theabove,togetherwith thefirst rule,allowsustoconcludethateveryatomof theform �73 " ' " ) �,�0��-K��8 � 1
except �U3 " ' " ) ���0�y- + ��"�8 3 > �O1 belongsto � . Thisconcludesthecomputationof � .

(c)Fromtheabove, � �] L �73 " ' " ) �,�0��- + �,"�8 3 > �O1 becausetheonly stablemodelof � doesnotcontain�U3 " ' " ) ���0�y- + ��"�8 3 > �!1 ; and ��]L �73 " ' " ) �,�d�y- ' � > 8 3 > �!1 because� contains�U3 " ' " ) ���0�y- ' � > 8 3 > �O1 .
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