Examination 1 Solutions
CS 313H

1. [10] Using a truth table prove that (pP q)U(@@ P r))P (pP r) is a tautology.

Plalr | pPa|abr|(ppqU@br)|pPr| (pb qU@P r)b (pbk r)
FIF|F T T T T T
FIFE|T| T T T T T
FIT|F T F F T T
FlT|T][| T T T T T
TIF|F F T F F T
TIF|T F T F T T
TITI|F T F F F T
TIT| T[] T T T T T

2. [20] Using the predicates defined on the set of UT students:
Exy Xxisequalto vy,
CSx  xis aCS major,
Mx  xis a math major,
Express in the syntax of Predicate Calculus:
a. “There is exactly one CS major.”
($)(CXU(" y)(~ By P ~ CY))
h. “There are at least three students who are both Math majors and CS majors.”
($X)($Y)($ 2(~ ExyU~ ExzU~ EyzUMxUMyU MzUCSXUCSyUCS?)
¢. “No one is both a Math major and a CS major.”
(" X)(~ CXU ~ Mx)

d. “The are at most two Math majors.”

~ ($X)($y)($2)(~ ExyU~ ExzU~ EyzUMx UMy U Mz)



3. [15] Using sentential calculus (with a four column format), prove ((pU (qUr))Urn b pholds
without premises.

{Pr} 1. (pU (q Ur)) Ur P (for CP)

{ P} 2.p0 (qUr) Simp (1)

{ P} 3.(pP (qUr))U((QU r)b p) Equiv (2)

{Pr} 4. (qUn b p Simp (3)

{Pr} 57T Simp (1)

{Pr} 6. qur Add (5)

{ P} 7.p i o MP (4), (6)
8. (pU (qUr))Unk p C1).()

4. [15] Prove the tautology (pb q)U (pU~ q) using resolution.

Negate the conclusion:
~((pP qU(pU~q))

Convert to CNF:
~((pP qU(pU~q))
~(pP QU~(pU~q)
~(~pUqU(- pu~~q)
(~~pU~q)U(~pUq)

pU~qU(~ pUaq)

{ P} 1p P

{ Pg} 2.~q P

{ Pg} 3.~pug P
{Pr,Pg} 4. q Res (1), (3)

{Pr,Pr,Pr} 5. fase ContraPrem. (2), (4)



5. [20] Using sentential calculus (with a four column format), prove that the conclusion “Either
Rachel or Sarah has no cat” follows from these premises:

If Mike has no cat then Pat has no cat and if Tom has no cat then Zack has no cat.

If either Mike has a cat or Pat has no cat then Zack has a cat.

If Tom has a cat then it is not true that both Rachel and Sarah have cats.

Begin by giving them symbolic values to certain sentences and expressing the premises and
conclusion in terms of those symbols.

Let m=*“Mike hasacat”
p = “Pat has a cat”
t =“Tom has a cat”
z = “Zack has a cat”
r = “Rachel has a cat”
s = “Sarah has a cat”

{Pr} 1) (mb~pU(tb ~2) P

{Pr,} () (MU~ p)b z P

{Pr} (3) tb ~(rUs) P

{Pr} 4)~mb~p Simp (1)
{Pr} (5) ~muU~p CD (4)
{Pr} (6)muU~p DN (5)
{Pr, ,Pr,} (7) z MP (2), (6)
{Pr, ,Pr,} 8)~th ~z Simp (1)
{Pr, ,Pr,} (9.) ~—t MT (7), (8)
{Pr, ,Pr,} (10.) t DN (9)
{Pr, ,Pr,,Pr} (11) ~(rUs) MP (10)
{Pr,,Pr,,Pr;} (12) ~rU~s DM (11)



