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Preface

Over the period of time the GATE examination has
become more challenging due to increasing num-
ber of candidates. Though every candidate has
ability to succeed but competitive environment,

in-depth knowledge, quality guidance and good

source of study is required to achieve high level

B. Singh (Ex. IES)

goals.

The new edition of GATE 2024 Solved Papers : Computer Science & Information
Technology has been fully revised, updated and edited. The whole book has been

divided into topicwise sections.

At the beginning of each subject, analysis of previous papers are given to im-

prove the understanding of subject.

| have true desire to serve student community by way of providing good source
of study and quality guidance. | hope this book will be proved an important tool to
succeed in GATE examination. Any suggestions from the readers for the improve-

ment of this book are most welcome.
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- Let p and g be propositions. Using only the truth
table decide whether p < g doesnotimply p —— ¢
is true or false. [1994 : 2 M]

- If the proposition 7' p = qis true, then the truth
value of the proposition 7 p v (p = q), where
- 1s negation, ‘v’ is inclusive or and ‘=’ is
implication, is
(a) True
(c) False

(b) Multiple valued
(d) Cannot be determined
[1995 : 2 M]

- Which one of the following is false? Read A as
AND, v as OR, ~ as NOT, — as one way
implication and <> as two way implication.

@ (x—=y)rAx) >y
b) (x> Ax>~y)ox
© (x—>@vy)

d (xvy) > (x> ~y) [1996 : 2 M]

- Let a, b, ¢, d be propositions. Assume that the
equivalence a <> (b v — b) and b < ¢ hold.
Then the truth-value of the formula
(@A b)— (anc)vdisalways
(a) True
(b) False
(¢) Same as the truth-value of b
(d) Same as the truth-value of d [2000 : 2 M]

- What is the converse of the following assertion?
I stay only if you go
(a) Istayifyou go
(b) IfI stay then you go
(¢) If you do not go then I do not stay
(d) If I do not stay thenyougo [2001 : 1 M]

- Consider two well-formed formulas in propositional
logic:
F,:P= P F,: P=-P)v (-P=P)
Which of the following statements is correct?
(a) F|,is satisfiable, F, is valid
(b) F,isunsatisfiable, F, is satisfiable
(¢) F|isunsatisfiable, F,is valid
(d) F, and F,, are both satisfiable
[2001 : 1 M]

- “If X then Yunless Z” is represented by which of
the following formulas in propostional logic?

Mathematical Logic

“ »

(“=”) is negation, “A” 1s conjunction, and “—” is
implication)

@ XA=2)>Y
© X—>YnA=2)

b) XAY)—>—Z
@ XsYV)AaZ
[2002 : 1 M]

- Which of the following is a valid first order
formula? (Here oo and P are first order formulae
with x as their only free variable)

@ ((Vx) [o] = (VO)[B]) = (V) [ = B]
(©) (Vx) [o] = @3x) [0 A B]
© (Vx) [oov B ] = (Tx) [o] = (V) [a]
@) (vx) [o=p ]= (V) [o] = (V) [B])
[2003 : 2 M]

- Consider the following formula o and its two

interpretations /; and I,

o: (Va) [P e (V) [@,, & — Q]

= (V) [-P]

I, : Domain : the set of natural numbers
P_=‘xis a prime number’
Qxy =‘y divides «x’

I, : Same as I, except that P =‘xis a composite
number.’

Which of the following statements is true?

(@) I, satisfies o, I, does not

(b) 1, satisfies o, I; does not

(¢) Neither I, nor I, satisfies o

(d) Both I; and I, satisfy o [2003 : 2 M]

- The following resolution rule is used in logic
programming: Derive clause (P v Q) from
clauses (P v R), (Qv—= R)

Which of the following statemnets related to this
rule is FALSE?

@ PvRAQV-R)= (P vQ)islogically valid
) PvQ) =FPVvR)A(QVv-—R)islogically valid
() (Pv Q) is satisfiable if and only if (P v R) A

(Q v—R) is satisfiable
(d) (Pv Q)= FALSE if and only if both P and Q
are unsatisfiable [2003 : 2 M]

- Identify the correct translation into logical
notation of the following assertion. Some boys in
the class are taller than all the girls

Note: Taller (x, y) is true if x is taller than y.
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(@ (Fx) (boy(x) — (Vy) (girl(y) A taller (x, ¥)))

(b) (Fx) (boy(x) A (Vy) (girl(y) A taller (x, y)))

(© (Fx) (boy(x) — (Vy) (girl(y) — taller (x, ¥)))

(d @Fx) (boy(x) A (Vy) (girl(y) — taller (x, ¥)))
[2004 : 1 M]

- Let a(x, y), b(x, y,) and c(x, y) be three statements

with variables x and y chosen from some universe.
Consider the following statement:

(@) (Vy)(alx, y) Ab(x, y)) A —e(x, y)]
Which one of the following is its equivalent?

@ (Vx)@y)[(alx,y) v b(x,y)) — c(x,y)]
(b) Ex)(Vy)l(al(x,y) v bx,y)) A= c(x,y)]
© =(Vx)@y)[(alx,y) Abx,y)) = c(x,y)]

D —(Vx)@)[(alx,y) v blx,y)) = c(x,y)]
[2004 : 1 M]

- Let p, g, r and s be four primitive statements.

Consider the following arguments:

P:[cpvaalr—>89)Aa@vn] —(=s—>q

Q:[prgdAlg—> @01 ——r

R:[[(gArr) > plAa(=gvp]—>r

S:par@-or)al@v-r)] —>q

Which of the above arguments are valid?

(@) P and Q only () P and R only

(¢) P and S only d P, Q, Rand S
[2004 : 2 M]

The following propositional statement is
P->@Q VvR)->((PArQ —R)

(a) Satisfiable but not valid

(b) Valid

(¢) A contraditiction

(d) None of the above [2004 : 2 M]

- Let P, Q and R be three atomic propositional

assertions. Let X denote (P v Q) — R and Y denote
(P - R) v (Q — R). Which one of the following is

a tautology?
@ X=Y b X->Y

[2005 : 2 M]

- What is the first order predicate calculus

statement equivalent to the following? Every

teacher is liked by some student

(@) V(x) [teacher (x) — 3 () [student (y) — likes
(v, )]

(b) V(x) [teacher (x) — 3 (y) [student (y) A likes
v, 0]

(¢) 3(y) V() [teacher (x) — [student (y) A likes
(v, 0)]]

(d) V(x) [teacher (x) A3 (y) [student (y) — likes
(v, 0] [2005 : 2 M]

Bl Lot P(x) and Q(x) be arbitrary predicates. Which

of the following statements is always TRUE?
(@) (Va(P(x) v Q(x)) = (VxP(x)) v (VxQ(x)))
(b) (Vx(P(x) = Q(x)) = (VxP(x)) = (VxQ(x)))
© (Vx(P(x) = (VxQ(x)))) = (Vx(P(x) = Q(x)))

d (Vx(P(x)) & (VxQ(x))) = (Vx(P(x) & Q(x)))
[2005 : 2 M]

- Consider the following first order logic formula

in which R is a binary relation symbol.
VaVy (R(x,y) = R(y, x) )

The formula is

(a) Satisfiable and valid

(b) Satisfiable and so is its negation

(¢) Unsatisfiable but its negation is valid

(d) Satisfiable but its negation is unsatisfiable
[2006 : 2 M]

- Which one of the first order predicate calculus

statements given below correctly expresses the

following English statement?

Tigers and lions attack if they are hungry or

threatened.

(@ Vx [(tiger (x) A lion (x)) — {(hungry (x)
v threatened (x)) — attacks (x)}]

() Vx [(tiger (x) v lion (x)) — {(hungry (x)
v threatened (x)) A attacks (x)}]

() Vx [(tiger (x) v lion (x)) — {(attacks (x)
— (hungry (x) v Threatened (x))}]

(d) Vx [(tiger (x) v lion (x)) — {(hungry (x)
v threatened (x)) — attacks (x)}]

[2006 : 2 M]

- Consider the following propositional statements:

P :(AAB) - C)=(A->CO)rB—-C))
P,:(AvB) - ()=(A—-C)v(B—-0))
Which one of the following is true?
(@) P, is atautology, but not P,
(b) P,is a tautology, but not P,
(¢) P,and P, are both tautologies
(d) Both P, and P, are not tautologies
[2006 : 2 M]

- Alogical binary relation @, is defined as follows:

A B |AOB

True | True | True

True | False | True

False | True | False

False | False | True

Let ~be the unary negation (NOT) operator, with
higher precedence, than ©. Which one of the
following is equivalent to A A B?
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(@ (~A©B) b) ~(A©~B)
© ~FAo~B) d ~(~A®B)
[2006 : 2 M]

- Let Graph (x) be a predicate which denotes that
x 1s a graph. Let Connected (x) be a predicate
which denotes that x is connected. Which of the
following first order logic sentences DOES NOT
represent the statement; “Not every graph is
connected”?

(a) = Vx (Graph(x) = Connected (x))
(b) dx (Graph(x) A — Connected (x))
(¢) = Vx (— Graph(x) v Connected (x))
(d) Vx (Graph(x) = — Connected (x))
[2007 : 2 M]

Il Which of the following is TRUE about formulae
in Conjunctive Normal Form?

(@) For any formula, there is a truth assignment
for which at least half the clauses evaluate to
true.

(b) For any formula, there is a truth assignment
for a which all the clauses evaluate to true.

(¢) There is a formula such that for each truth
assignment at most one-fourth of the clauses
evaluate to true.

(d) None of the above [2007 : 2 M]

- Which one of these first-order logic formulae is
valid?
@ Vx(P(x) = Q) = (VxP(x)) = (VxQ(x)))
(b) Fx(P(x) v Q) = (ExP(x) = (FxQ(x)))
© Fx(P) A Q) & (FxP(x)) A FxQ(x)))
d) Vx3y P(x, y) = JyVxP(x, y)
[2007 : 2 M]

- Let fsa and pda be two predicates such that fsa(x)
means x is a finite state automaton, and pda(y)
means, that y is a pushdown automaton. Let
equivalent be another predicate such that
equivalent (a, b) means a and b are equivalent.
Which of the following first order logic statement
represents the following:

Each finite state automaton has an equivalent

pushdown automaton.

(@) Vx (fsa(x) = Jy (pda(y)A equivalent (x, y)))

(b) ~Vy(3x fsa(x) = pda(y)Arequivalent (x, y))

() Vx 3y (fsa(x) A pda(y) A equivalent (x, y))

(d) Vx 3y (fsa(y) A pda(x) A equivalent (x, y))
[2008 : 1 M]

- Which of the following first order formulae is
logically valid? Here ou(x) is a first order formula

with x as a free variable, and B is a first order
formula with no free variable.

@ [B— @x,a(x)] - [V, B — oux)]
(©) [Fx,B — a@)] - [B— (Vx, a(x))]
© [3x, 0(x)) = B] = [V, 0(x) — B]
@ [(Vx,0(x)) = B] = [V, a(x) — B]
[2008 : 2 M]

- Which of the following is the negation of
[(Vx,00— Ty, B — (Vu,3v,y))]
(@ [Fx,0— (Vy,p — (Ju, Vo, )]
(b) [Fx,00 = (Vy,p = (Fu, Vv, —7))]
© [Vx,—0o— (Ty,—B — (Vu,3v, —y))]
d) [Vx,o0 ATy, B A, Vo, —y))]
[2008 : 2 M]
- P and Q are two propositions. which of the
following logical expressions are equivalent?
1. Pv~Q
2. ~(~PAQ
3. PAQVEPA~QV(~PA~Q)
4. PAQVvEPA~Q Vv (~PAQ)
(@ Only 1 and 2 () Only 1,2 and 3
() Only 1,2and4 (d) Allofthese
[2008 : 2 M]
- Which one of the following is the most appropriate
logical formula to represent the statement:
“Gold and silver ornaments are precious”
The following notations are used:
G(x): x1s a gold ornament
S(x): x is a silver ornament
P(x): x1s precious
@ Vx(P(x) — (G(x) A S(x)))
(b) Vx(G(x) A (S(x) = P(x)))
(© Fx(G(x) A S(x)) = P(x))
(d) Vx({(G(x)v S(x)) > P(x)) [2009 : 2 M]

- The binary operation @ is defined as follows:

P|Q|PoQ

T|T T

T|F T

F|T F

F|F T
Which one of the following is equivalent to P v Q?
@ —-Qo-P b Po-Q
© -PoQ @ -Po-Q

[2009 : 2 M]
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- Consider the following well-formed formulae: (¢) Jx (real (x) A rational (x))
I. —Vx(P®x)) I1. —3x(P(x)) (d) Jx (rational (x) — real (x)) [2012 : 1 M]

III. —3x(—P(x)) IV. 3x(=P(x))
Which of the above are equivalent?

(@) Tand IIT ®) Tand IV
(© TandIII @ M andIV
[2009 : 2 M]

- Suppose the predicate F(x, y, t) is used to
represent the statement that person x can fool
person y at time ¢. Which one of the statements
below expresses best the meaning of the formula
Vxdy3dt (—F(x, y, t))?

(a) Everyone can fool some person at some time

(b) No one can fool everyone all the time

(¢) Everyone cannot fool some person all the time

(d) No one can fool some person at some time
[2010 : 2 M]

I Which one of the following options is CORRECT
given three positive integers x, y and z, and a
predicate

Px)==(x=1)AVy(@z(x=y*2)
= (y=x)v(y=1
(a) P(x) being true means that x is a prime
number
(b) P(x) being true means that x is a number
other than 1
(¢) P(x)1s always true irrespective of the value
of x
(d) P(x)being true means that x has exactly two
factors other than 1andx  [2011 : 2 M]

- Consider the following logical inferences.
I, : Ifit rains then the cricket match will not be
played.
The cricket match was played.
Inference: There was no rain.
I, : Ifit rains then the cricket match will not be
played.
It did not rain.
Inference: The cricket match was played.
Which of the following is TRUE?
(@) Both I, and I, are correct inferences
(b) I, is correct but I, is not a correct inference
(¢) I, is not correct but 1, is a correct inference
(d) Both I} and I, are not correct inferences
[2012 : 1 M]

- What is the correct translation of the following
statement into mathematical logic?
“Some real numbers are rational”
(a) dx (real (x) v rational (x))
(b) Vx (real (x) — rational (x))

- What is the logical translation of the following
statements?
“None of my friends are perfect”
(@) Jx (F(x) A— P(x)) (b) Jx (= F(x) A P(x))
(©) 3x (= F(x) A—=Px))(d) —Ix (F(x) A P(x))
[2013 : 2 M]
Il Which one of the following is NOT logically
equivalent to —3x(Vy(a) A Vz(B))
(@) Vx(3z(=f) - Vy(a)
(b) Vx(Vz(B) - Jy(—a))
© Vx(Vy(o) = 3z(=B))
d) Vx(Iy(=a) v Iz(=P))

- Consider the statement:
“Not all that glitters is gold”

Predicate glitters(x) is true if x glitters and

predicate gold(x) is true if x is gold. Which one of

the following logical formulae represents the above

statement?

(@) Vx:glitters(x) = —gold(x)

(b) Vx:gold(x) = glitters(x)

(¢) Jx:gold(x) A —glitters(x)

(d) Jx:glitters(x) A —gold(x)

[2014 (Set-1) : 1 M]

- Which one of the following propositional logic

formulas is TRUE when exactly two of p, q, and

r are TRUE?

@ (pe>@Ar)v(pagr~T)

®) (e g ar)vipaga~T)

© (p—>@)Ar)v(pAgr~T)

@ (~(pe>@Ar)a(pArgr~T)

[2014 (Set-1) : 2 M]

- Which one of the following Boolean expressions

is NOT a tautology?

@ (a—=bab—c)—>(a—c)

® (a>c)—>(Cb—(anrc)

e (anbac)—(cva)

d ea—>O®-0q) [2014 (Set-2) : 2 M]
- Consider the following statements:

P : Good mobile phones are not cheap

[2013 : 2 M]

Q : Cheap mobile phones are not good

L: Pimplies Q

M: Qimplies P

N: Pisequivalent to Q

Which one of the following about L, M, and N is
CORRECT?
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(@ Only Lis TRUE (b) Only M is TRUE
(¢) Only Nis TRUE (d) L, M and N are TRUE.
[2014 (Set-3) : 1 M]
- The CORRECT formula for the sentence, “not
all rainy days are cold” is
(a) Vd(Rainy (d)A~Cold (d))
(b) Vd(~Rainy (d) — Cold (d))
(¢) dd(~Rainy (d) — Cold (d))
(d) 3d(Rainy (d)A ~ Cold (d))
[2014 (Set-3) : 2 M]
- Which one of the following is Not equivalent to
p<q?
@ (pvanApv—g)
b) 0 va Al@—p)
© pArq@Vv@A—9)
d) —p A=q) v (P Aq) [2015 (Set-1) : 1 M]

The binary operator #is defined by the following

truth table.
)2 q D#q
0 0 0
0 1 1
1 0 1
1 1 0

Which one of the following is true about the
binary operator #?
(a) Both commutative and associative
(b) Commutative but not associative
(¢) Not commutative but associative
(d) Neither commutative nor associative
[2015 (Set-1) : 2 M]

- Consider the following two statements:

S,: If a candidate is known to be corrupt, then
he will not be elected.

S,: If a candidate is kind, he will be elected.

Which one of the following statements follows

from S, and S, as per sound inference rules

of logic?

(a) If a person is known to be corrupt, he is kind

(b) If a person is not known to be corrupt, he
1s not kind

(c¢) If a person 1s kind, he is not known to be
corrupt

(d) If a person is not kind, he 1s not known to
be corrupt [2015 (Set-2) : 1 M]

- Which one of the following well formed formulae
is a tautology?

(@ Vx3dy R(x,y) <> JyVx R(x, y)
(®) (Vx [Ty R(x, y) = S(x, »)]) = Va Iy S(x, y)

© [Vx 3y (P(x,y) > R(x, y))]
< [Vx Ty (=P(x, y)v R(x, y))]
(d) Vx Vy P(x,y) = Vx Vy P(y, x)
[2015 (Set-2) : 2 M]

- In a room there are only two types of people,
namely Type 1 and Type 2. Type 1 people always
tell the truth and Type 2 people always lie. You
give a fair coin to a person in that room, without
knowing which type he is from and tell him to
toss it and hide the result from you till you ask
for it. Upon asking, the person replies the
following:

“The result of the toss is head if and only if
I am telling the truth.”

Which of the following options is correct?

(@) The resultis head

(b) The result is tail

(c) If the person is of Type 2, then the result is

tail
(d) If the person is of Type 1, then the result is
tail [2015 (Set-3) : 1 M]

- Let p, q, r, s represent the following propositions.
p:xe{8,9 10,11, 12}
g : x1s a composite number
r . xis a perfect square
s : x1is a prime number
The integer x > 2 which satisfies — ((p = q) A
(=rv=s)is__ [2016 (Set-1) : 1 M]

- Consider the following expressions:

(@) False 1) @
(i11) True ) Pv @
v) -QvP

The number of expressions given above that are
logically implied by PAP= @Q)is ___ .
[2016 (Set-2) : 1 M]
- Which one of the following well-formed formulae
in predicate calculus is NOT valid?
(@) (Vx p(x) = Vxq(x)) = (Gx—p(x) v Vxg(x))
(b) (3x p(x) v Ixq(x)) = Fx(p(x) v q(x))
(© Fx(p(x) A q(x)) = (3x p(x) AFxg(x))
d) Vx(p(x)vqx)) = (Vx p(x) v Vxq(x))
[2016 (Set-2) : 2 M]
- Consider the first-order logic sentence
F :Vx(3yR(x,y)). Assuming non-empty logical
domains, which of the sentences below are
implied by F*?
I. 3y(@x R(x,y))
IIL. Vy(3x R(x,y))

I1. 3y(Vx R(x,y))
IV. =3x(Vy = R(x,))
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(@ IV only () T and IV only
(¢) II only (d) II and IIT only

[2017 (Set-1) : 1 M]

- The statement (—p) = (—q) 1s logically equivalent
to which of the statements below?

I. p=>q II.g=>p
III.(—q) v p IV.(=p) v q

(@ I only () T and IV only
(c¢) Il only (d) IT and ITI only

[2017 (Set-1) : 1 M]

- Let p, g and r be propositions and the expression
(p—>q)—r be a contradiction. Then, the
expression (r—p) —qis
(a) A tautology
(b) A contradiction
(¢) Always TRUE when p is FALSE
(d) Always TRUE when q is TRUE

[2017 (Set-1) : 2 M]
- Let p, q, r denote the statements “It is raining”,
“It is cold”, and “It is pleasant’, respectively.
Then the statement “It is not raining and it is
pleasant, and it is not pleasant only if it is raining
and it is cold” is represented by
@ (=par)a(—=r—(pArq)
b) (=pArr)Al(pArg)——r)
© APV (PAD) )
d (=pAr)v(r—(prq))
[2017 (Set-2) : 1 M]
- Consider the first order predicate formula ¢:
Vx[(Vzz|lx= (z=x) v (E=1)) = Jw w>x) A
(Vzz|lw=(w=2)v (= D))
Here ‘a | b’ denotes that ‘a divides b’, where a and
b are integers. Consider the following sets:
S, :1{1,2,3, .., 100}
S, : Set of all positive integers
S, : Set of all integers
Which of the above sets satisfy ¢?
(@) S,and S, (b) S,and S,
(© S,,S,and S, (d) S,and S,
[2019 : 2 M]

- Which one of the following predicate formulae is

NOT logically valid?

Note that Wis a predicate formula without any
free occurrence of x.

@ IxEE) AW)=dxpkx) A W

b) Vx(p) > W)=Vxpx) > W

© Ix(pEx) > W)=Vxphk) > W

d Vx(p(x) v W)=Vx pkx) v W [2020 : 2 M]

- Let p and g be two propositions. Consider the

following two formulae in prepositional logic.
S, (pAPVva)—>q

Sy, q—>Epalpva)

Which one of the following choices is correct?
(@) Neither S| nor S, is a tautology.

(b) Both S, and S, are tautologies.

(c) S, isatautology but S, is not a tautology.
(d) S, isnot a tautology but S, is a tautology.

[2021 (Set-1) : 1 M]

- Choose the correct choice(s) regarding the

following propositional logic assertion S:
S:(PAQ) > R)>(PrQ) — (> R))
(@) S1isatautology.
(b) Sisneither a tautology nor a contradiction.
(¢) The antecedent of Sis logically equivalent to
the consequent of S.
(d) Sisa contradiction.
[2021 (Set-2) : 1 M]

- Geetha has a conjecture about integers, which is

of the form Vx(P (x) =3Iy Q(x,y )), where Pis a

statement about integers, and @ is a statement
about pairs of integers.

Which of the following (one or more) option(s)
would imply Geetha’s conjecture?

@ Ix(P(x)AVyQ(x,y))

(b) VxVyQ(x,y)

© Fy Vx(P(x) = Q(x,y))

d) Ix(P(x)A Ty Q(x,y)) [2023 : 1 M]
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- Mathematical Logic

11 Sol. 1.2 (d) 1.3 () 14 (a) 15
1.10 (b) 111 (d) 112 (o) 113 (o) 114
1.19 (d) 1.20 (d) 1.21 (d) 1.22 (d) 1.23
1.28 (b) 129 (d) 130 (b) 131 (b) 1.32
137 (@ 138 (d) 139 (b) 140 (b) 141
146 () 147 (@ 148 (11) 149 (4) 150
1.55 (b) 156 (b) 157 (o) 158 (a,c) 1.59
_ Mathematical Logic
s

TRUE

pla|peoqg|lp-o~q|(peqg)>(p—>~q)

T|T T F F

T|F F T T

F|T| F T T

F|F T T T

From the truth table, (p <> q) » (p — ~q) is not
tautology, hence it is true that p <> g doesn’t

imply p — —q.

 ©

p q |—P—>4q
0 0 0
0 1 1
1 0 1
1 1 1

Now since —p — q 1s given true, we reduce the
truth table as follows:

p -0 —q
1
1
1 1
In the reduced truth table we need to find the
truth valueof -pv(p - q)=p" +(p — q)
=p’+p ' +tqgq=p +gq
The truth value of p’ + q in the reduced truth
table is given below:

o | R

0
1
1

D q p’'+q
0 1 1
1 0 0
1 1 1

Since in the reduced truth table also, the given
expression is sometimes true and sometimes false,
therefore the truth value of proposition —p v (p — q)
can not be determined.

1.15
1.24
1.33
1.42
1.51

(@ 17 (a) 1.8 (d) 19 (d)
(b) 116 (b) 117 (b) 1.18 (b)
(@ 125 (a) 126 (c) 127 (d)
(@ 134 (b) 135 () 136 (d)
(d) 143 (0 144 (@) 145 (o)
(b) 152 (d) 153 (d) 154 (a)

 ©

-

@ (x> Arx)—>y

=~((~xvy)Ax) VY
=~((rxAx) vV AX) VY
=~Fvyarx)vy
S~(YAX)VY=~yV~x VY
=(~yvyvx
=Tv~x=T

b) (x> ACx—>~y)—>x

=~(~Cx) vy) A (~(~x) v ~y)) vV x
=~((xvy)Al@xv~y)vx
=~xv@@Aa~y)vx=~xvF)vx
=~xvx=T

© (@—@xvy)

=(xv@xvy)=((xvx) vy
=Tvy)=T

@ ((xvy) < (~x—~y)

=@ vy o (%) v~y)

=@ vy & (xv~y)
=(@vy)A@v~y)v(=@xvy A~(xv-~y)
=(@xv@A~) V(X A~y A(xAy)
=@VvE)Vv((x A~y A(xAY)
=xv(iaxA@@A~y)=xv (~xAF)
=xvF=x

a < (bv—=b)
a < True
So ais true,ie.a=1

e be>cholds.Sob=c
Now the given expression is
(anb) = ((@arc)vd)=(a-b)—(a-c)+d)
Putting a =1 in above expression we get
1-b—>((1-¢)+d)
=boct+td=b+c+d

Now putting b = ¢ in above expression we get
=c+ctd=1+d=1

So the expression is always true.
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Let, p:Istay, q:yougo

I stay only if you go p — ¢q

Converseof p > qisq—p

Now convert the answers one-by-one into boolean
form. Only option (a) i.e. “I stay if you go” converts
toqg — p.

-

F:P—>~P=p—-p=p+p=p
So F| is contingency. Hence, F| is satisfiable but
not valid.
F,:(P—>~P)v (~P—=P)
=@-op)+@ ->p=@ +p)+@+p
=p'+p=1
So F, is tautology and therefore valid.

-

If Xthen Yunless Zis represented by

X—>YunlessZ=X—->Y)+Z=X'+Y+Z
Now convert the answers one-by-one into boolean
form only choice (a) converts to X'+ Y+ Z as can
be seen below:

XA-2)-Y=XZ>Y
=XZ)Y+Y=X'+Y+Z

H ©
This i1s valid LHS is saying that if o is holding
for any x, then B also holds for that x. RHS is
saying if x is holding for all x, then B also holds

for all x.
Clearly LHS = RHS (but RHS does not imply
LHS)
[(oq = By) A (0 = BY] = [(0q A 0p) = By A By
Lol | I— [
T F TAT F
L 1 L 1 E—
F T F
| I !
F F
[ !
Let: oy, 05:T T
By: F U
Valid

@

ny =“y divides y” is always true

Qxy = ny 1s same as Qxy < False

Now abecomes

(Vo) [P(x) & (Vy)(Q,, < false)]

= (Vx) [7 P()]

Now consider I, : P(x) = “xis a prime number”.

o becomes (Vx xis a prime number if and only if
Vy (y does not divide x)) = (Vx) x is not prime.

which means that x is a prime number if and
only if no number divides x implies that no
number is prime.

Since x always divides x, the above sentence is true.
Now consider I, : P(x) =“xis a composite number”.
Now a becomes

(Vx x1s a composite number if and only if Vy (y
does not divide x)) = (Vx) x is not composite.
Which means that x is a composite number if
and only if no number divides x implies that no
number is composite.

Since x always divides x, the above sentence is
true.

. Both I, and I, satisfy .

.
Derive clause P v Q from clauses PV R, Qv 7R
means that PVR)A(QVv"R)=PvQ
- (a)is true
Since, x = y does not imply that y = x
“PvQ=>PvRAQVTR)
-, may or may not be true.
Hence (b) is false.

l ©
The statement is “some boys in the class are taller
than all the girls”.
So the notation for the given statement is

(3x) (boy(x) A (Vy) (girl(y) — taller (x, ¥)))

 ©

Choice (c) 1s

=(Vx)(3y)[(alx, y) A bx,y)) = c(x,y)]
=(Vx)3y)[a Ab— c]
—(Vx)(3y)[(ab)’ +c]
xVy[(ab) +c]
= dxVy[abc']|=3xVy[a Ab A —c]
which is same as the given expression.

Fx)(Vy)[(alx,y) Ab(x,y)) A —c(x, y)]

 ©

P.[—pvg rlro>8) Arpvr] - (=s—q)
=[pog9Aa@T—os)APPvr)] —>(@vVvs
which is a rule of inference called constructive
dilemma and therefore valid.

Sspar@—o>r)al@gyv-—r]—q
=p@ +n@+r)—q
=pr(q+7r) > q=prq > q
=@rq) +q=p +7r+q +q
=p'+r+1=1

Therefore S is valid.
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Now we need to check if the RHS is also true.
The RHS is (VxP(x)) = (VxQ(x)))

to 1. To check this let us take the LHS of this as true
So only P and S are valid. i.e. take Vx P(x) to be true. This means that

- (a) (P,, P,,...P)) is taken to be true. Now P, along
P->@QvR)=>(PArQ >R with P, — @, willimply that @, is true. Similarly
=P->Q+R) —PQ—->R) P, along with P, — @, will imply that @, is true.
[P’ +Q+R] — [(PQ) +R] And so on...
=[PP+Q+R] > [P+Q +R] Therefore (@, @,,...Q,) all true.
=P'+Q+RY+P+Q +R le. Vx Q(x) is true. Therefore the statement (b)
=PQR +P+Q +R 1s a valid predicate statement.

=Q+QPR+P+R .

=Q + P+ R (by absorption law)
Which is a contingency (i.e. satisfiable but not Since a relation may or may not be symmetric,

valid). the given predicate is satisfiable but not valid.
So (a) is clearly false.
- (b) Whenever a predicate is satisfiable its negation
X:(PvQ —=R also is satisfiable. So option (b) is the correct
YP->Rv(Q—R) answer.

X:P+Q->R=(P+Q'+R=P Q+R o

YP+R)+Q+R)=P+Q +R

Clearly X #Y The given statement should be read as

ConsiderX —>Y “If an animal is a tiger or a lion, then (if the
=PQ+R) - P +Q+R) animal i1s hungry or threatened, then it
=PQ+RY+P+Q +R
=PQ)Y R+P+Q+R
=P+Q R +P+Q+R
=PR"+QR'+P"+Q +R
=PR'+R)+( QR+ Q)+ P
—P+RR+R)+@Q+Q)x R+Q)+ P B ©
=P+R+R+Q)+P P :(AAB) - C)=((A— C)A(B— 0))
EP+P'+R+R'+Q'51+1+Q'51 LHS :

Q and R can be similarly simplified in boolean
algebra to show that they are both not equivalent

will attack). Therefore the correct translation is
Vx [(tiger (x) v Lion (x)) —>{(hungry (x) v threatened
(x)) — attacks (x)}]

which is choice (d).

. X— Y is a tautology. (AAB)—>C
=AB—>C=AB+C
- (b) =A'+B +C
Every teacher is liked by some student: then the RHS:

logical expression is V(x) [teacher(x) — 3(y)
[student (y) A likes (y, x)]]

Where likes (y, x) means y likes x, such that y
represent the student and x represents the
teacher.

TR

Consider choice (b)

(Vx(P(x) = Q(x))) = (VxP(x)) = (VxQ(x)))
Let the LHS of this implication be true
This means that

Py - Q,

P, - @,

Pn_> Qn

A—-C)AB-O0)
W +CO) (B +C)=AB +C
Clearly, LHS # RHS

P, is not a tautology
P,:(AvB—-(C)=(A-CvB-C0)
LHS = A+B— ()
= A+BY+C
= AB' +C
RHS = A—-Cv(B—-0
=AA@+0)+B+0
= A+B+C

Clearly, LHS # RHS = P, is also not a tautology.
Therefore, both P, and P, are not tautologies.
Correct choice is (d).
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B ©
By using min terms we can define
A®B=AB+AB +A'B'=A+A’B’
=A+A) A+B)=A+DB

@ ~A®B=AGB=A"+B

b) ~A©~B)=(AcBY
=A+®B)Y
=(A+B)Y=AB

© ~(~A®~B)=AGB) =A"+®))
=(A"+ By =AB’

d ~~AeB)=A"0B)=A"+BY
=A-B=AAB

. Only, choice (d)=A A B

Note: This problem can also be done by

constructing truth table for each choice and

comparing with truth table for A A B.

@

The statement “Not every graph is connected” is
same as “There exists some graph which is not
connected” which is same as

Jx {graph (x) A — connected (x)}

Which is choice (b)

By boolean algebra we can see that option (a) and
(c) are same as (b). Only option (d) is not the
same as (b).

Infact option (d) means that “all graphs are not
connected”.

Alternate solution:

We can translate the given statement “NOT
(every graph is connected)” as —(Vx graph (x)
— connected (x))

= Jdx—(graph (x) - connected (x))

= dx—(—graph (x) v connected (x))

= dx(graph (x) A —connected (x))

By boolean algebra we can see that option (a) and
(c) are same as (b). Only option (d) is not the
same as (b).

Infact option (d) means that “all graphs are not
connected”.

-

In conjunction normal form, for any particular
assignment of truth values, all except one clause,
will always evaluate to true. So, the proportion
of clauses which evaluate to true to the total

number of clauses is equal to 2 — L

Now puttingn =1, 2, . . ., we get

O NIEN

13
2°4’

. 1 .
All of these proportions are > 5 and so choice (a)

atleast half of the clauses evaluate to true, is the
correct answer.

O

Option (a) is a standard one way distributive
property of predicates.

O

“For x which 1s an fsa, there exists a y which is
a pda and which is equivalent to x.”

Vx (fsa(x) = Ay (pda(y) A equivalent (x, y))) is
the logical representation.

 ©

Option (c¢) is [(Fx, o(x)) = B] = [Vx,0(x) — B]
Let us check the validity of this predicate.
Let the LHS of this predicate be true.

This means that some oo — f.

Let a, — B

Now we will check if the RHS is true. The RHS

is [Vx,0(x) — B] to check this implication let us
take Vx,o(x) to be true.

This means that all the o are true. It means
that oy is also true.

But o, — B. Therefore B is true.

So the RHS [Vx,o(x) — B] is true.

Whenever the LHS [(3x, o(x)) — B] is true. So
option (c) 1s valid.

H ©

The given predicate is

[Vx, o = @y, — (Vu, Jv, V)]
The negation is of this predicate is
—[Vx, oo = @y, — Vu, v, )]
—[Vx, oo = (Vy, = vVu, Jv, y)]
—[3x, =0 v (Vy, =p v Vu, Jvu, V)]
[Va,00 A (Ty, B A (T, Vv, —y))]

Which is option (d).

B

1. Pv~Q=P+Q

2. ~(~PAQ=F' Q' =P+Q

3. PAQ VvE®PA~Q v (~PAr~Q)
PQ +PQ" + P'Q’
PQ+ Q) +PQ
P+PQ
=P+PH)P+Q)=P+Q
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4. PAQVEPA~QVv(~PAQ)

>

= PQ +PQ +P'Q
PQ+Q)+PQ=P+PQ
P+P)P+Q=P+Q

Clearly (i), (i1) and (ii1) are equivalent. Correct
choice is (b).

@

The correct translation of “Gold and silver
ornaments are precious” is choice (d)

Va (G(x) v S(x)) = P(x))
which is read as “if an ornament is gold or silver,
then it is precious”.
Now since a given ornament cannot be both gold
and silver at the same time.
Choice (b) Vx ((G(x) A S(x)) — P(x)) is incorrect.

H

The given table can be converted into boolean
function by adding minterms corresponding to
true rows.

Since there is only one false in the above truth
table, we can represent the function P 0 Q more
efficientely, in conjunctive normal form.
Translates POQ = P + Q" (the max-term
corresponding to the third row, where the
function is false).

Now, we can easily translate the choices into
boolean algebra as follows:

Choice (a) - Q @0—-P=Q " oP’'=Q + P

Choice b)) PO-Q=PoQ' =P +Q

Choice (c) - PoQ=P' 0Q =P + Q’

Choice (d) -=PO—-Q =P 0Q" =P+ Q

As we can clearly see only choice (b) P o0 — Q is
equivalent to P + Q.

TR

I  —VxP(x)=3x—P(x)
and IV 3x—P(x)
Clearly, choices I and IV are equivalent.
O  —3xP(x)=Vx-P(x)
and T - 3x[-P(x)]=VaP(x)

Clearly IT and IIT are not equivalent to each other
ortolandIV.

Vx Jy 3t = F(x, y, t)

=—{dx Vy Vt Fl(x, v, t)}

=1t 1s not true that (someone can fool all people
at all time)

=no one can fool everyone all the time

O

If P(x) is true, then

x # 1and also
x 1s broken into two factors, only if, one of the
factors is x itself and the other factor is 1, which
is exactly the definition of a prime number.
So P(x) is true means x 1s a prime number.

.

Let p : It rains
q : cricket match will not be played.
L: p = ¢q
~q
-p
Clearly I, is correct since it is in the form of Modus
Tollens (rule of contrapositive)
L: p = q
~p
-9
which corresponds [p = gA~p] = ~q
=@ +9rl=4q
= +ap'l=q¢=p"=¢
=@)+q=p+q
which is not a tautology.
So I, is incorrect inference.

 ©

Some real numbers are rational
=dx [real (x) A rational (x)]

 ©

None of my friends are perfect i.e., all of my
friends are not perfect

Va((F(x) = — P(x))

Vx(— F(x) v — P(x))

— Jx (F(x) A P(x))

Alternatively Method:

Jx (F(x) A P(x)) gives

there exist some of my friends who are perfect.
— dx (F(x) A P(x))

there does not exits any friend who is perfect i.e.,
none of my friends are perfect.

So (d) is correct option.
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