CS575-Test1l — 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 contmwls. Also, if there are price controls, then
thereis notaninflation. However, there is an inflation.

Is the sentencé\agesare high entailedby the above theory?(simply answeryes/nowill not give
you ary point)

Answer: NOTE: Propositionatheorydoesnot have variables function symbols,predicatesym-
bols

Let PH, WH, PC, andI denote"pricesarehigh”, “wagesarehigh”, “there areprice controls”,
and“thereis aninflation”, respectrely. Then,

thetheoryT” equialentto
PH=WH -PHVWH (1)
PHYV PC PHYV PC (2)
PC = I ~PCVv~I  (3)
I I 4)
(3) + (4) implies=PC (5) Usingtheinferencerule: Y-8

(5) + (2) implies PH (6)
(6) + (1) impliesW H
Thus,T entailsW H, i.e., ourtheoryentails“Wagesarehigh”

2. (5 point) Translateghefollowing sentensemito first orderlogic theoryT (youlanguageneedsiot
have functionsymbolor constantEveryonehasa parent. Theparentof a parentis a grandpaent.

Let John beaperson.Prove thatyourtheoryT entailsthat.John hasaparent.
Answer: NOTE: Firstordertheoryis NOT alogic program

Usethefollowing predicates:

person(X) - X isaperson

parent(X,Y) - X isaparentof Y
has_parent(X) - X hasaparent
is_grandparent(X) - X is agrandparent

ThetheoryT consistf:
VX [person(X) = has_parent(X)]
VXYYV Z[parent(X,Y) A parent(Y, Z) = is_grandparent(X)].



For X = john, usingthefirst sentensén T, VX [person(X) = has_parent(X)], we have that

person(john) = has_parent(john) (1) Usingtheinferencerule: P\gfc}.

john isapersonhenceperson(john) istrue. Togethewiht (1) we havethat? = has_parent(john).

Another possible solution:

We canusethefollowing predicates:
person(X) - X is aperson

parent(X,Y) - X isaparentof VY
grandparent(X,Y) - X is agrandparendf YV

Then,thetranslatiorwould be

VX [person(X) = 3Y.[parent(Y, X)]|
VXVYVZ[parent(X,Y) A parent(Y, Z) = grandparent(X, Z).

Using the first formula andthe rule P\gfc} andthe fact that person(john) is true, we have that

AY parent(Y, john) is true. Thatis, john hasaparent.

3. (2 point) Attemptto unify the following pairsof expressions.Either shav their mostgeneral
unifiersor explain why they will notunify.

(@) (1 point)p(X, Z) andp(a,Y).
(b) (1 point)p(X, X) andp(a, b).

Answer:

(@)oo = {}, Do = {X,a},

o1 ={X/a}, p(X, Z)o1 = p(a, Z) andp(a,Y)o1 = p(a,Y); D; ={Z,Y}
oy ={X/a{Z/Y} ={X/a, Z/Y}, p(X, Z)os = p(a,Y)0s = p(a,Y)

A mguof p(X, Z) andp(a,Y) is{X/a, Z/Y}.

(b) oo = {}, Do = {X, a},
01 = {X/a}) p(Xa X)Gl = p(aa CL) andp(a’a b)al = p(aa b)' D, = {aa b}
No variablein D, thetwo arenotunifiable.

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

p < notgq.
q < r,notp.
p < notp.

Answer: Lettheprogrambe P. Assumethat S is a stablemodelof P. Considertwo cases:

Casel: p ¢ S. Then,becausef therule p<not p, P° mustcontaintherule p«+. Thismeanghat
the minimal modelof P* containp, i.e.,p € S. This contradictswith p ¢ S. So,this casecannot
happen.

Case 2. p € S. Then,the lasttwo rulesof P will be removed when constructingP®. This
alsomeanghatq andr cannotbelongto the minimal modelof PS. Thus,the only possibility is



S = {p}. Indeed,S = {p} is astablemodelof P becaus&® containsonly therule p«+, i.e., {p}
is equalsthe minimal modelof P?.

5. (6 points)Let IT be a programthat representshe informationaboutcoursesstudentsanda
regulationfor enrollmentinto a classthatsaysthata studentcannottake a classif she/hehadnot
takenoneof its prerequisites.

can_enroll(S,C) <« student(S), course(C),taken_all_pre(S,C).
not_all_pre(S,C) <« student(S), course(C), prerequisite(C1,C), not taken(S,C1).
taken_all_pre(S,C) <« student(S), course(C'),not not_all_pre(S, C).
prerequisite(math279, ai2)
prerequisite(ail, ai2)
student(son)
student(emi)
course(ail)
course(ai2)
course(math279)
taken(emi, math279)
taken(emi, ail)
taken(son, ail)

TTrTTTTTTY

(@) (1 point) Show thatthe programis stratified.
(b) (4 point) Computethe stablemodelof I1.
(c) (1 point)Is can_enroll(son, ai2) entailedby I1? How aboutcan_enroll(emi, ai2)? Why?

Answer

(a) We just needto draw the dependenggraphof IT andthereis no cycle with negativelink in it,
soll is stratified.

(b) Let S be a stablemodelof I1. Becauseof I1 is stratified,we know thatIl hasonly onestable
model. Thus,all we needto do is to decidefor every atomin Bp whethera belongsto S or not.
We obsere:

Thelasttenrulesof IT arefacts,soary stablemodel S of II mustcontainthesefacts. Let uscall
thesefacts X.

Exceptthefacts,II doesnot containary rule whoseheadis oneof the predicatestudent, taken,
course, andprerequisite. Thisimpliesthatary atoma in By anda € S anda is constructed
from thesepredicateandtermsin Uy thena mustbelongto X,

Theabove two obsenationsallow usto concludethatwe only needto decidewhetheratomsof the
form can_enroll(S, C), taken_all_pre(S, C), not_all_pre(S, C') in By belongto S.

Becaus®f thesecondule, we have thattheonly atomof theform not_all_pre(X,Y') thatbelongs
to S is not_all_pre(son, ai2).

Thisimpliesthatevery atomof theform taken_all_pre(S, C') excepttaken_all_pre(son, ai2) be-
longto S becaus®f thethird rule.



Theabove,togethemwith thefirstrule, allowsusto concludehateveryatomof theform can_enroll(S, C)
exceptcan_enroll(son, ai2) belonggto S. This concludeghe computatiorof S.

(c) Fromtheabove,IT [~ can_enroll(son, ai2) becaus¢heonly stablemodelof IT doesnotcontain
can_enroll(son, ai2); andll |= can_enroll(emi, ai2) because containscan_enroll(emi, ai2).



