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0. (0 marks) Prove that 3°=1.

1. (1 mark) Show that P — (Q — R) <> (P - Q) — (P - R)

2. (2 marks) Express the following using logic. P and @ are propositions. You are allowed to use only
the following logical connectives: —,V, A, — and any other operator is not allowed.

e P is necessary for )

e P unless @

e P is necessary for () whereas P is not sufficient for Q.

e Either P or Q.

3. (1 mark) Negate the following: Vz Je((z >0Ae>0)AVyly>0—ax—y >¢))



4. (1.5 marks) Consider the assertion: Discrete Mathematics grading is transparent only if I study Discrete
Mathematics. For the given assertion, write the

e Converse:

e Inverse:

e Contrapositive:

5. (0.5 marks) Write the following logical expression using only A and —. P — (Q — P).

6. (2 marks) Consider the following two implications. Of the two, one is true and the other one is false.
Justify your answer with a proof/counter example.
(i) Jz(P(x) A Q(x)) — JxP(x) A FzQ(x)
(ii) JzP(z) A J2Q(z) — 3x(P(x) A Q(z))



7. (1 mark) Check the validity of the argument.
Some trigonometric functions are periodic. Some periodic functions are continuous. Therefore, some
trigonometric functions are continuous.

e Write the above argument using predicate logic.

e Prove or Disprove.

8. (2 marks) Prove or Disprove.

[FzP(z) = VzQ(z)] — Vz[P(x) — Q(z)]
Vz[P(x) = Q(z)] — [BaxP(x) — VzQ(x)]



9. (1 mark) Express 3!z P(x) using VaP(z) and 3z P(x). Your expression must involve both V and 3 and
logically equivalent to 3lzP(x). Any other assumption must be stated clearly.

10. (1.5 marks) Express the following using First Order Logic. Clearly, mention UOD and the set of
predicates used.

Some Republicans like all Democrats.
No Republican likes any Socialist.
Therefore, no Democrat is a Socialist.

11. (1.5 marks)Scenario: Five persons A, B,C, D, E are in a compartment in a train. A,C, F are men
and B, D are women. The train passes through a tunnel and when it emerges, it is found that E is
murdered. An inquiry is held, A, B, C, D make the following statements. Each makes two statements.

A says: I am innocent. B was talking to F/ when the train was passing through the tunnel.

B says: T am innocent. I was not talking to F when the train was passing through the tunnel.
C says: I am innocent. D committed the murder.

D says: I am innocent. One of the men committed the murder.

Out of 8 statements given above, 4 are true and 4 are false. Who is the murderer. Support your
answer with a precise and concise justification.



Extra Credit: Prove or Disprove. All scientists are human beings. Therefore, all children of scientists are
children of human beings.
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0. (0 marks) What is your source (class notes, text books, internet) of preparation for

COM 205T

1. (1.5 mark) How many transitive relations are there on a set of size two. List all of them.

2. (1.5 marks) Consider the set A = {1,2,¢,{1,2}}. Say true or false for the following,.
e 1.2 A

e {1,2} C A
e {1,2} € A
o pc A
e pC A

e {¢p}cA

3. (1.5 marks) Consider the set of integers and the binary relation R = {(a,b) | a divides b}. Is R an

equivalence relation. Justify your answer with a proof/counter example.



4. (1 mark) How many binary relations are there on a finite set of size n that are symmetric and asym-

metric. Justify.

5. (1 mark) Claim: If a binary relation R is symmetric and transitive, then R is an equivalence relation.
Proof: Since R is symmetric, both (a,b) and (b,a) are in R and given that R is transitive, it follows
that (a,a) € R. Therefore, R is reflexive. From the above arguments, it follows that R is an equivalence

relation. Is the proof correct. Justify your answer.

6. (1 mark) Prove or Disprove: RjRs N R1R3 C Ri(R2N R3), where Ry C A x B,Rs,R3 C B x C.



7. (1.5 marks) Is it true that in a group of 5 people there exist 3 mutual friends or a pair of enemies (2
mutual enemies).

8. (1.5 marks) Prove or Disprove: in any set of 8 distinct integers there exist two whose sum or difference
is divisible by 7.

9. (1.5 marks) Present a Direct Proof: Vn,2" < n! < n"



10. (1.5 marks) Present a proof using mathematical induction: ¥n, 2" < n! < n™

11. (1.5 marks) What is wrong with this *proof’. Theorem: For every positive integer n, if z and y are
positive integers with maz(z,y) = n, then = y.

Basis Step: Suppose that n = 1. If maz(z,y) = 1 and x and y are positive integers, we have
r=1and y=1.

Inductive Step: Let k be a positive integer. Assume that whenever max(x,y) = k and = and y are
positive integers, then © = y. Now let max(z,y) = k + 1, where = and y are positive integers. Then
maz(x — 1,y — 1) = k, so by the inductive hypothesis, x — 1 = y — 1. It follows that = y, completing
the inductive step.



Extra Credit: How many equivalence (binary) relations are there on a set of size n. Justify.
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0. The name of the Movie that narrates the discoveries of Prof.Nash Williams

1 Light Dose

Credits: 1 mark each

1. Write the power set of {0, {0}, {1,2}}

2. Statement: A graph G is 2-colorable is a necessary condition for G to be bipartite. Write the converse
and contrapositive.

3. Write the definition of Weak induction and Strong induction using the first order logic.



4. Let Ry, Ry be relations defined on a finite set A and ¢(R;) is the transitive closure of Ry. Prove or
Disprove. t(Ry U Ry) = t(R1) Ut(Rg)

5. Given a function f : A — B, what is the necessary and sufficient condition for f~! to exist (inverse of

f)-

6. Let A= {1,...,n}. Given a function f : A — A is onto, does it follow that f is 1-1. Prove or Disprove.

7. How many onto functions are there from a set of size 3 to a set of size 2.

8. How many binary strings are there of length 20 with exact 4 zeros.



9. Show that the greatest lower bound is unique.

10. A bag contains 3 red, 4 black, 5 blue balls. The minimum number of balls to be taken in any draw so
that we get to see 3 balls of the same color.

11. Show that the set of composite numbers is infinite.

12. A= set of C-programs. B= set of C++ programs. Which set is bigger. Justify.

13. Draw a graph on 5 vertices such that G’ and G (complement of G) are same.



14. The maximum number of edges in a simple graph with 8 vertices and 4 components. Draw one such
graph.

15. Is the number of graphs on n vertices with chromatic number 3 finite or infinite. Justify. Note: n is a
fixed integer.

2 Medium Dose

Credits: 1.5 marks each

1. Express the following using the first order logic by clearly mentioning UOD, predicates used: Everyone
who gets admitted into an II'T gets a job. Therefore, if there are no jobs, then nobody gets admitted
into any IIT.



2. Suppose S and T are two sets and f : S — T is a function. Let R; be an equivalence relation on 7.
Let Rs be a binary relation on S such that (x,y) € R iff (f(x), f(y)) € R1. Is Ry an equivalence
relation. Prove or Disprove.

3. Suppose Ry and Ry are equivalence relations (defined on a finite set A) inducing partitions P1 and
P2. Let R = Ry N Ry. How do you obtain the partition P induced by R using P1 and P2.



4. Claim: All students in DM course get ’S’ grade. We now present a proof using mathematical induction
on the number of students. Base: n = 1. 'Renjith’ gets ’S’ grade. Hypothesis: Assumen = k students
get 'S’ grade. Induction Step: Consider a set of k + 1 students. The set {s1,...,sg4+1} of students
contain {s1,...,s,} and {sa,...,sk4+1}. Clearly both the sets are of size k and by the hypothesis all
students in {s1,...,sr} get 'S’ grade and all students in {sa,...,sks+1} get 'S’ grade. Therefore, all
students in {s1,...,8,+1} get 'S’ grade. This completes the induction. Is the proof correct. If not,
identify the flaw in this argument.

5. A= set of prime numbers and the binary relation R is ’divides’ ; Is R a partial order. Is R a well-order.
What are the minimal elements of the set {2,3,5,7}. What are the minimal elements of the set A.



6. Let A be a finite set and R be a binary relation on A. Count the following sets.

e The number of irreflexive and symmetric binary relations

e The number of irreflexive and anti-symmetric binary relations

e The number of irreflexive and asymmetric binary relations

7. Show that one of any n consecutive integers is divisible by n.



n
8. Show that the number of derangements on n items is Z(—l)
i=2

i n!
il

9. Show that the set [3,4] is uncountable.



10. Prove that G is bipartite if and only if G is 2-colorable. Be precise and formal.

3 Strong Dose

Credits: 2 marks each

1. All horses are animals. Therefore, heads of horses are heads of animals. Prove or Disprove.



2. How many partial orders are there on a set of size 3. List all of them.

e How of them are total order.

e How many of them are well-order.

10



3. Given $4 and $5 currency, is it possible give change for $n using these denominations. If yes, prove
using Mathematical Induction.

11



4. Two disks, one smaller than the other , are each divided into 200 congruent sectors. In the larger disk
100 of the sectors are chosen arbitrarily and painted red; the other 100 sectors are painted blue. In
the smaller disk each sector is painted either red or blue with no stipulation on the number of red and
blue sectors. The small disk is then placed on the larger disk so that their centers coincide. Show that
it is possible to align the two disks so that the number of sectors of small disk whose color matches
the corresponding sector of the large disk is atleast 100. (Hint: PHP)

5. An infinite integer array is passed as an input to a sorting program. How many different inputs are
possible, i.e., is it finite or countably infinite or uncountable. Justify.

12



6. Draw two non-isomorphic graphs with degree sequence (3,3,3,3,3,3,3,3,3,3) if it exists. Intuitively,
argue that the two graphs drawn are non-isomorphic. Justify if no such graphs exist for this degree
sequence.

7. With suitable justifications, find the cardinality of the following sets (finite, countably infinite, un-
countable)

e The number of acyclic graphs on n-vertices, n is a fixed integer.

e The number of bipartite graphs on n-vertices, n € N. Note: n is a variable.

13



8. Mention a set and a relation satisfying the following conditions

e a subset with no maximal element and no minimal element.

e a subset with no lub and no glb

9. Seven students go on holidays. They decide that each will send a post card to three of the others. Is
it possible that every student receives post cards from precisely the three to whom he sent postcards.

10. How many binary equivalence relations are there on a set of size n. Prove your answer. Be precise.

14



SPACE FOR ROUGH WORK

15
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0. (0 marks) Name the scientist with whom mathematician Ramanujam had a good academic career

1. (1 mark) I prepare well for exams is sufficient for me to get good grades. And, I secure good grades
only if I maintain a good CGPA.

2. (1 mark) Jz(P(z) A Q(x)) — JxP(x) A FzQ(z). Let us attempt a proof.
By definition; (P(0) A Q(0)) V (P(1) AQ(1)) V (P(2) AQ(2)) V...
What is the next step ? Complete the proof. Do not attempt any other proof technique.



3. (1 mark) Negate the following and simplify.
Vn3Vk(|z] = k — FuFvIw((z = uvow A juv] > kA o] > 1) AVi(i > 0 — uwiw € S)))

4. (1 mark) Prove or Disprove: Vz(P(z) <+ Q(z)) +» z(P(x) < Q(x))

5. (1 mark) What is the underlying meaning of the following logical expression; P is some predicate.
(P () ANVy(P(y) <y = 1))



6. (3 marks) Write logical notation for each of the following; for each, write an expression using only
existential quantifier and an another expression using only universal quantifier. UOD: Set of students.
PREDICATES: Boy(z) = is a boy, SMART (z) x is smart. Do NOT use any other predicates.

(a) Some boys are smart.

Using only 3

Using only V

(b) Not all boys are smart.

Using only 3

Using only V

(c) All boys are not smart.

Using only 3

Using only V

7. (2 marks) Some students of DM are well motivated by a faculty. All students of DM likes all faculty.
Therefore, some students of DM likes a faculty who motivates them. UOD: Set of students and faculty,
PREDICATES: STUD(z): x is a student. FACULTY (z): z is a faculty. LIKES(x,y): x likes y.
MOTIVATES(x,y):  motivates y.

e Write the above argument in FOL.



e Is the above argument true ?

8. (2 marks) There exists a IIIT where many students are studying. There is a IIIT with no students.
Therefore, there are two IIITs such that a student is part of one IIIT whereas he is not part of the
other. UOD: Set of students and IIITs. PREDICATES: STUD(x): z is a student. I1IT(z): x is a

IIIT. STUDY (z,y): x is studying in y. Do NOT use any other predicates.

e Write the above argument in FOL.

e Is the above argument true 7



9. (3 marks) Consider the academic timetable at IIITDM. UOD: Set of students,courses and time slots.
PREDICATES: STUD(z): z is a student. ELECOURSE(x): z is an elective course. COURSE(x):
x is a course. TIMESLOT (z): x is a time slot. TAKEN (z,y): x has taken course y. DAY (z,y):
(course) x is offered on (day) y. COURSE-OFFERED-SLOT (z,y): « is offered in time slot y. Write

the FOL for the following.

e Fach student has taken at least two elective courses.

e There exists a student who has courses in all time slots. (there exists a student who has taken at

least one course in each time slot)

e There is a student who has not taken a course on any of the time slots on Wednesday.
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0. The name of the Movie that narrates the discoveries of Prof.Nash Williams

1 Light Dose
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1. Write the power set of {0, {0}, {1,2}}

2. Statement: A graph G is 2-colorable is a necessary condition for G to be bipartite. Write the converse
and contrapositive.

3. Write the definition of Weak induction and Strong induction using the first order logic.



4. Let Ry, Ry be relations defined on a finite set A and ¢(R;) is the transitive closure of Ry. Prove or
Disprove. t(Ry U Ry) = t(R1) Ut(Rg)

5. Given a function f : A — B, what is the necessary and sufficient condition for f~! to exist (inverse of

f)-

6. Let A= {1,...,n}. Given a function f : A — A is onto, does it follow that f is 1-1. Prove or Disprove.

7. How many onto functions are there from a set of size 3 to a set of size 2.

8. How many binary strings are there of length 20 with exact 4 zeros.



9. Show that the greatest lower bound is unique.

10. A bag contains 3 red, 4 black, 5 blue balls. The minimum number of balls to be taken in any draw so
that we get to see 3 balls of the same color.

11. Show that the set of composite numbers is infinite.

12. A= set of C-programs. B= set of C++ programs. Which set is bigger. Justify.

13. Draw a graph on 5 vertices such that G’ and G (complement of G) are same.



14. The maximum number of edges in a simple graph with 8 vertices and 4 components. Draw one such
graph.

15. Is the number of graphs on n vertices with chromatic number 3 finite or infinite. Justify. Note: n is a
fixed integer.

2 Medium Dose

Credits: 1.5 marks each

1. Express the following using the first order logic by clearly mentioning UOD, predicates used: Everyone
who gets admitted into an II'T gets a job. Therefore, if there are no jobs, then nobody gets admitted
into any IIT.



2. Suppose S and T are two sets and f : S — T is a function. Let R; be an equivalence relation on 7.
Let Rs be a binary relation on S such that (x,y) € R iff (f(x), f(y)) € R1. Is Ry an equivalence
relation. Prove or Disprove.

3. Suppose Ry and Ry are equivalence relations (defined on a finite set A) inducing partitions P1 and
P2. Let R = Ry N Ry. How do you obtain the partition P induced by R using P1 and P2.



4. Claim: All students in DM course get ’S’ grade. We now present a proof using mathematical induction
on the number of students. Base: n = 1. 'Renjith’ gets ’S’ grade. Hypothesis: Assumen = k students
get 'S’ grade. Induction Step: Consider a set of k + 1 students. The set {s1,...,sg4+1} of students
contain {s1,...,s,} and {sa,...,sk4+1}. Clearly both the sets are of size k and by the hypothesis all
students in {s1,...,sr} get 'S’ grade and all students in {sa,...,sks+1} get 'S’ grade. Therefore, all
students in {s1,...,8,+1} get 'S’ grade. This completes the induction. Is the proof correct. If not,
identify the flaw in this argument.

5. A= set of prime numbers and the binary relation R is ’divides’ ; Is R a partial order. Is R a well-order.
What are the minimal elements of the set {2,3,5,7}. What are the minimal elements of the set A.



6. Let A be a finite set and R be a binary relation on A. Count the following sets.

e The number of irreflexive and symmetric binary relations

e The number of irreflexive and anti-symmetric binary relations

e The number of irreflexive and asymmetric binary relations

7. Show that one of any n consecutive integers is divisible by n.



n
8. Show that the number of derangements on n items is Z(—l)
i=2

i n!
il

9. Show that the set [3,4] is uncountable.



10. Prove that G is bipartite if and only if G is 2-colorable. Be precise and formal.

3 Strong Dose

Credits: 2 marks each

1. All horses are animals. Therefore, heads of horses are heads of animals. Prove or Disprove.



2. How many partial orders are there on a set of size 3. List all of them.

e How of them are total order.

e How many of them are well-order.

10



3. Given $4 and $5 currency, is it possible give change for $n using these denominations. If yes, prove
using Mathematical Induction.

11



4. Two disks, one smaller than the other , are each divided into 200 congruent sectors. In the larger disk
100 of the sectors are chosen arbitrarily and painted red; the other 100 sectors are painted blue. In
the smaller disk each sector is painted either red or blue with no stipulation on the number of red and
blue sectors. The small disk is then placed on the larger disk so that their centers coincide. Show that
it is possible to align the two disks so that the number of sectors of small disk whose color matches
the corresponding sector of the large disk is atleast 100. (Hint: PHP)

5. An infinite integer array is passed as an input to a sorting program. How many different inputs are
possible, i.e., is it finite or countably infinite or uncountable. Justify.

12



6. Draw two non-isomorphic graphs with degree sequence (3,3,3,3,3,3,3,3,3,3) if it exists. Intuitively,
argue that the two graphs drawn are non-isomorphic. Justify if no such graphs exist for this degree
sequence.

7. With suitable justifications, find the cardinality of the following sets (finite, countably infinite, un-
countable)

e The number of acyclic graphs on n-vertices, n is a fixed integer.

e The number of bipartite graphs on n-vertices, n € N. Note: n is a variable.

13



8. Mention a set and a relation satisfying the following conditions

e a subset with no maximal element and no minimal element.

e a subset with no lub and no glb

9. Seven students go on holidays. They decide that each will send a post card to three of the others. Is
it possible that every student receives post cards from precisely the three to whom he sent postcards.

10. How many binary equivalence relations are there on a set of size n. Prove your answer. Be precise.

14
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0. (0 marks) Prove that 3°=1.

1. (1 mark) Show that P — (Q — R) <> (P - Q) — (P - R)

2. (2 marks) Express the following using logic. P and @ are propositions. You are allowed to use only
the following logical connectives: —,V, A, — and any other operator is not allowed.

e P is necessary for )

e P unless @

e P is necessary for () whereas P is not sufficient for Q.

e Either P or Q.

3. (1 mark) Negate the following: Vz Je((z >0Ae>0)AVyly>0—ax—y >¢))



4. (1.5 marks) Consider the assertion: Discrete Mathematics grading is transparent only if I study Discrete
Mathematics. For the given assertion, write the

e Converse:

e Inverse:

e Contrapositive:

5. (0.5 marks) Write the following logical expression using only A and —. P — (Q — P).

6. (2 marks) Consider the following two implications. Of the two, one is true and the other one is false.
Justify your answer with a proof/counter example.
(i) Jz(P(x) A Q(x)) — JxP(x) A FzQ(x)
(ii) JzP(z) A J2Q(z) — 3x(P(x) A Q(z))



7. (1 mark) Check the validity of the argument.
Some trigonometric functions are periodic. Some periodic functions are continuous. Therefore, some
trigonometric functions are continuous.

e Write the above argument using predicate logic.

e Prove or Disprove.

8. (2 marks) Prove or Disprove.

[FzP(z) = VzQ(z)] — Vz[P(x) — Q(z)]
Vz[P(x) = Q(z)] — [BaxP(x) — VzQ(x)]



9. (1 mark) Express 3!z P(x) using VaP(z) and 3z P(x). Your expression must involve both V and 3 and
logically equivalent to 3lzP(x). Any other assumption must be stated clearly.

10. (1.5 marks) Express the following using First Order Logic. Clearly, mention UOD and the set of
predicates used.

Some Republicans like all Democrats.
No Republican likes any Socialist.
Therefore, no Democrat is a Socialist.

11. (1.5 marks)Scenario: Five persons A, B,C, D, E are in a compartment in a train. A,C, F are men
and B, D are women. The train passes through a tunnel and when it emerges, it is found that E is
murdered. An inquiry is held, A, B, C, D make the following statements. Each makes two statements.

A says: I am innocent. B was talking to F/ when the train was passing through the tunnel.

B says: T am innocent. I was not talking to F when the train was passing through the tunnel.
C says: I am innocent. D committed the murder.

D says: I am innocent. One of the men committed the murder.

Out of 8 statements given above, 4 are true and 4 are false. Who is the murderer. Support your
answer with a precise and concise justification.



Extra Credit: Prove or Disprove. All scientists are human beings. Therefore, all children of scientists are
children of human beings.



ROUGH WORK
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0. (0 marks) How many books did the mathematician Ramanujan read during his research career.

1. (0.5 marks) What is the power set of {1,2,{1,2}}.

2. (1 mark) Say true or false with exactly one line justification.

() {1,2} € {1,2,{1,2}}

(i) {1,2} < {1,2,{1,2}}

3. (1.5 marks) Let A = {1,2,3} and R be a binary relation defined on A. Present an example relation R
such that
(i) R is symmetric and anti symmetric

(ii) R is anti symmetric but not reflexive

(iii) R is neither symmetric nor transitive

4. (1.5 mark) Five distinct non-negative numbers are chosen randomly from the set of integers. Prove or
disprove: there exists two in the chosen set such that their sum or difference is divisible by 6.



5. (1 mark) 21 numbers are chosen randomly from the set of integers. What is the tight lower bound on
the set of integers that are divisible by 3 in the chosen set. Justify.

6. (2 marks) Prove or disprove: For every integer k, there are more than k + 3 prime numbers.

7. (2 marks) Show that /5 is irrational.



8. (2 marks) Claim: in any group of 13 people, there exists 4 mutual friends or 3 mutual enemies. Present
a proof or a counter example.

9. (1.5 marks) Write the base cases and the inductive hypothesis for the following claim. Do NOT prove
this claim. A monkey is asked to climb a ladder of size n (n steps). Each time, it takes either 1 step
or 2 steps or 3 steps. Claim: The number of ways of climbing up the ladder is at most 4™.



10. (2 marks) Let A be a set. Like binary, ternary relations, are there unary relations defined on A. What
are they and how many are there. Prove your answer.

Extra credit: (2.5 marks) What is the minimum number of people in a group so that we either find 4
mutual enemies or 4 mutual friends. Prove your answer.
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COM 205T - Discrete Mathematics

Roll No: Name:

0. Name the scientist who discovered the theory of infinite sets

1 Light Dose

1 mark each

1. Write converse and inverse for the statement ’I drink coffee whenever I get headache’.
Converse:

Inverse:

2. Out of the following the four logical expressions, identify the two that are equivalent. NO justification
is needed.

(a) Va(P(z) = Q(x))
(b) =3z(P(z) A =Q(x))
)

(¢) ==Fz(P(x) v -Q(z))
(d) Va(P(x) vV =Q(x))

a

3. Is there a binary relation which is both reflexive and irreflexive. Mention one, if exists.

4. How many 1-1 functions are there from a domain of size 4 to co-domain of size 3.

5. Prove or Disprove: In a group of 5 people there exists 3 mutual friends or 3 mutual enemies.

6. Draw a graph for the degree sequence (3,3,3,1,1,1).

7. Consider the above graph drawn as a binary relation, and find the transitive closure.



8. How many onto functions are there from a domain of size 4 to a co-domain of size 2.

9. What is the chromatic number of a complete graph on n > 2 vertices.

10. Draw a planar graph for the degree sequence (4,4,4,4,1,1,1,1), if it exists.

2 Medium Dose

2 marks each

1. Is the Peterson graph an Eulerian graph. How about the Line graph of the Peterson graph. Justify.

2. Show that for any planar graph, V — E+ F = 2.



3. Show that [5, 9] is uncountable.

4. On a set of size n, how many binary equivalence relations are there ? Prove your answer.



5. Present an example set and a subset for each of the following

e Minimum and Maximum elements exist, however neither least nor greatest elements exist

e Upper and lower bounds exist, however neither greatest LB nor least UB exist

6. How many binary relations are there that are neither reflexive nor antisymmetric.



7. The set A consists of composite numbers and the set B consists of prime numbers. Which set is larger.
Justify.

8. In how many different ways can k pigeons be distributed into n pigeonholes such that each pigeon has
at least two pigeons.

9. Vz(P(z) = Q(x)) — Ve P(x) vV VzQ(z). Is this true ? How about the converse ?



3 Strong Dose

3 marks each

1. Draw example graphs satisfying (i) Both G and G (complement of G) are planar (ii) G is planar
whereas G is non-planar (iii) Both G and G are non-planar

2. Present a good lower and upper bound for non-transitive binary relations. Justify.



3. Express the following in FOL: Some logicians are good at proof techniques. Not all logicians are good
at graph theory, however all logicians are good at some topics in infinite sets. Therefore, there are
logicians who are neither good at functions nor relations.

4. Consider the series 1 2 2 4 8 32 256 .... What is the n'” number in this series. Present a good upper
bound and a proof of correctness if deriving exact number is challenging.



Extra Credit: (3 marks) Express in FOL. All horses are animals. Therefore, heads of horses are heads
of animals. Prove or disprove.
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Duration: lhr
Marks: 15

Roll No: Name:

1. (3 marks) Write the following in logic using logical notation.

(a) P unless Q

(b) P is sufficient for @ but not necessary for @

(¢) It is not the case that P only if @

2. (1 mark) I shall attend DM or skip DSA. Write the negation of this statement.

3. (3 marks) I attend DM lecture if it is interesting. Write the

(a) Converse

(b) Inverse

(¢) Contrapositive

4. (2 marks) Prove or Disprove the following logical arguments; All students of DM like DSA. Some

students of DM like Design. Therefore, some students of DM do not like Design.




5. (2 marks) Write the definition of prime number in FOL. Clearly mention UOD and predicates used.

6. (2 marks) Write FOL.

(a) Some objects do not satisfy P(x).
(b) Not all objects satisfy P(x).
(c) None of the objects satisty P(x).

(d) Any object satisty P(x).
7. (2 marks) Prove or Disprove: V(P (z) — Q(z)) — VzP(x) — VzQ(x)



Indian Institute of Information Technology

Design and Manufacturing, Kancheepuram Quiz 2
A Chennai 600 127, India 08-Oct-2018
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COM 205T - Discrete Mathematics
Roll No: Name :
1. (1 mark) Write the power set of {0, {1, 2}, 3}.
2. (1 mark) Let A be a finite set and R C A x A. What is the least value of A (minimum number of

elements) such that R is symmetric but not antisymmetric.

3. (1 mark) A = {a,b,c}. List all unary relations of A.

4. (1 mark) Prove or disprove; If a relation is symmetric and asymmetric then it is anti-symmetric.

5. (1 mark) Let A be a set of size n. How many binary relations (defined on A) are there that are not

reflexive. Justify your answer.




6. (1.5 marks) Let A = {1,2,3,4}. R = {(1,1),(1,2),(2,3)}. Find reflexive, symmetric and transitive
closure of R.

7. (2 marks) Prove using Mathematical Induction; clearly mention the base case, hypothesis and the

induction step. %+i+%+...+%<l.



8. (1.5 marks) Is the following proof correct. Claim: All CED students secure grade ’S’ in DM course.
Proof is by induction on n, the number of students. Base: n = 1. Vaibhav is awarded grade ’S’.
Hypothesis: Assume the claim is true for a class of £ > 1 students. That is in a class of k students,
all get grade 'S’. Induction step: Consider a class of size k + 1,k > 1. Let S = S1,52,...,Sk+1
denote the set of students. Clearly, S can be seen as {S1,...,S;}U{S2,...,Sk+1} and by the induction

hypothesis, the claim is true in the above two sets. Therefore, all students in any k + 1 size class get
grade ’S’. Thus, the claim follows.

9. (1.5 marks) Prove that the set of natural numbers is infinite. Hint: Proof by contradiction.



10. (2 marks) Prove or Disprove: Given a set A and Ry, R C A x A such that R; and R, are equivalence
relations. Claim: R; N Ry is an equivalence relation.

11. (1.5 marks) Prove using MI: 2° = 1 for any integer z.



Extra Credits:
(1) (2 marks) Count the number of binary relations that are neither reflexive nor antisymmetric.
(ii) (3 marks) Show that T, > n! + B, — 1 where T,, is the number of transitive relations and B, is the
number of partitions of a set of size n.
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Marks: 40

Roll No: Name:

1 Light Dose

1. Draw two different simple graphs with the degree sequence (2,2,2,2,2,2)

2. Verify Euler’s Planarity formula for the above two graphs.

1 mark each

3. Draw two different graphs with the degree sequence (3, 3,3, 3,3, 3) such that the first graph contains a

triangle whereas the second graph does not.

4. Write the statement > All lions are animals’ using (i) universal quantifier only (ii) existential quantifier

only.




5. Prove or Disprove: The intersection of two infinite sets is infinite.

6. Let A={1,2,3,4,5}, R={(1,1),(2,2),(1,3),(4,5)}. Find (i) Reflexive closure (ii) Symmetric closure

7. How many onto functions are there from a set of size 4 to to a set of size 3.

8. Let R ={(a,b) | a,b € R and a divides b }. Is R an equivalence relation.

9. Let R; and Ry are partial order relations defined on a finite set. Prove or disprove; R; N Ry a partial
order.

10. How many binary relations are irreflexive and asymmetric.



2 Medium Dose

1.5 marks each

1. Write Euclid’s division lemma in FOL; any positive integer a can be divided by any other positive
integer b in such a way that it leaves a remainder r that is smaller than b. Clearly define UOD and
the predicates used.

’!L2 —n

2. Is it true that the number of non-transitive binary relations is at least 272 — 1. Justify.

3. Draw two different graphs with the degree sequence (3,3,3,3,3,3,3,3,3,3) such that one has Hamil-
tonian cycle whereas the other does not.



4. Show that countable union of countable sets is countable.

5. Show that v/3 is irrational.



6. Let A = {1,2,...,n}. What is the binary relation R defined on A such that (i) R has maximum
number of distinct equivalence classes (i) R has least number of distinct equivalence classes

7. Suppose we have stamps of two denominations 4 cents and 7 cents. We want to know is it possible to
make up exactly any postage of 18 cents or more using these denominations. Prove the claim using
MI.



8. Prove that the number of equivalence relations (Bell’s number) is upper bounded by 27", You may use
any proof technique of your choice.

9. Draw Hasse Diagrams satisfying (i) maximal elements but no greatest element (ii) upper bounds but
no least upper bound. Clearly, mention the set, subset and relation considered for discussion.



10. Prove: Jz(P(z) V Q(x)) < JzP(x) V 2Q(z).

3 Strong Dose

2.5 marks each

1. Draw a 4-colorable graph with no triangles. Justify that the chromatic number of the graph drawn is
4.



2. What should be the value of n (lower bound for n) such that in any group of n people, there exists
either 4 mutual friends or 4 mutual enemies. Justify your answer.



3. How many different graphs are there on n vertices, if (i) n is a fixed integer. (ii) n is a variable integer.
Justify.

4. Show that the decimal expansion of a rational number is either terminating or if it is non-terminating
then it is repeating. Hint: Pigeon hole principle.



5. Write the following in FOL; UOD: set of sets. A set is finite if and only if it is not infinite. It is
not the case that all sets are infinite. Some infinite sets are either countable or uncountable, but not
both. There are at least two infinite sets whose cardinalities are same. For each infinite set it is always
the case that all its elements are of finite length. For each infinite set, not all its subsets are infinite.
Therefore, there exists an infinite set with some of its elements are of infinite length is false.

10



6. Given a set of size n, how many binary relations are antisymmetric. Prove your answer using the
principle of mathematical induction. Clearly mention, the base case, hypothesis and the induction
step.

11



Extra Credits:
(i) (2 marks) How many C-programs are there having exactly one printf and scanf statements. Justify.
(i) (3 marks) A = [0,1] (the closed interval, real line 0 to 1), B = R.. (the set of real numbers). Which set
is bigger. Justify your answer.

12
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Roll No: COEISB0O3 - Name: S:PRANAVE

1 Light Dose

1 mark each

1. Draw a graph with the degree sequence (3, 3, 3,3,1,1,1,1),

!
5 6 /
[

5 A /—y /

8

3

2. Draw a graph on 6 vertices having 3 components with maximum number of edges.
&

(k) 3 . ok no- § M’?’“: o
"k 2 oo /
6 /

= 21=6 .

K MW

3. Show that Kg — 3e is planar.

%,‘/Qpc&' Fwﬂll W
Wm/%y; >y cart?t”
4. Verify Euler’s planqrity formula for Trees.
T 6 Aplanan, then JElg 3n-6

Taee us connectod aaddfc g JEl= -
n-i= 3n-6-

5. How many onto functions are there from a set of size 3 to a set of size 2.

F,.rom M=3, N=4Q

m
m > k1)
) ,nm_-nc(‘—n_l) + tﬂ Q) = CQ
1

. 3
34 (0) ¢
) &3— QC' (I\\/\ 2

\ _ g-9 :6

L



. |
.'ﬁ’
6. How many Derangements are there on the set {1,2,3,4} '
n=4 ) q
B ey (-3 + Ny, (M=k) - 1
ﬂ!'ﬂcl (77")!""7)(’2(71 o Jr% | | q k 1;
- =2 ity wby = |
s bR EES g WL - hega bl 4 ke, |

7. Count the number of irrational numbers. Clearly mention your assumptions. unjtaw i
. We kmew dhat numben &) v eal mumbens L& (NCE

=

' Wwwmbwﬁma%fw
it ot coumtalle Lets 3 cowtalle -

COM&-%S‘}RM e ens i % Cou;nta};fi éecu/umonfhﬁ
ﬂﬁewcmdfwamww Y o -wﬁfdnuawnt'zrag%w
: Ounaﬁwﬁl?ﬁh»&wvw. ~" No-6) Prvakional numb s us

8. List all subsets of A = {{1,2},1,2}. uncocutolte
3 fe) ) D A dead, fa a3 o f ]

Wélf}
< ;
Least
helonden bkt AN T uoutd MG ot

9. Is (I't, <) a well order. Justify.
I'r; {I(Q/B,QIY' . }

A

gtrackne W

77) C/'/La'uq;"’(zke WM oA

Y,

> ¥

Yes, (24 2) b aweld 31 (owtd bow/wmw_
! ey

10. Let A = {1,2,3,4}. List all relations which satisfy both equivalence and partial order properties.

s (cr,n),(a,a),cg,B),w/»-} that £ Aefleniue, symmetsic &

ok metTiC

!

11. Express using FOL. Some boys are slow in reading than all boys but at least one boy in
class reads faster than every boy

got): o us boy )
k Sloewexy @ 2 ut Wlow wdfnfmamy

T Sloew () @ X u ﬁt’%ui h veading thomy.
Ix [ B0 4 ¥y [Beg/—> Sloew(x,9)] |
A [B[z) A MY [B(g) — 7Sww62,9)ﬂ

2



Shome (X Y) *
Maneg) . Y <

SL;L[BCDL) A 'Vj[([

® ,)S/MWBa
e man L e OUT

Mau CY)

A
7 shawe (9:Y)

12. Express using FOL. There is a barber who shaves all men in the town who do not shave themselves

B, Sh@b&/‘&f%/g)]
=

13. Express using FOL. A student in this class has not read the book and everyone in this class

cleared DM course.

Therefore, someone who cleared DM has not read the book.

F£ » [Sl—ud(x)/\/& 7 Road ¢x) ) L

¥ou [ Skud () — Ort ()] W

g
14. Is the above claim true. Justify.

% (7 » [Soe) A TREO

—>

By BT, Sco) aaree) - O
O > S(c) ,M‘SMC_’g
R RCC) ¥ £ f
8 A cccy — LM LC) -®
g Jor any arbEvaéyc

By

15. Show that Vz(P(z) V Q(z)) — VzP(z) V 3zQ(z).

contTapostive: (¥ P V Fx REX
| Fx QU0

» < ptV N
WRZIeL L Fa (1P )
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2 Medium Dose

1.5 marks each

/ 1. Show that in any graph there exists two vertices receiving the same degree. ;
gy M= ) €= Prgeon WY
: tees Cam hauve YoM Tf Ale 7 :
/;M;_" el e T 1 ecit @ PR hets it
S W«npf%wm' By prP, 1 o Same
\v /Sa/ww vamdszr 4 degiee - Theie exiits trwo werkices havtry -
lom

: o Q(Qgixea oM ) |, A 7)~13 <— Pf?wﬂh,b(u
&%‘M@Mz)‘ By FHPT: rﬁﬁi\@x/we/:z p:‘?wﬂm@ worth 2 plgeons
. f theie exasts two veitees MCQ/ZV'EV‘% Same. d,asi/?,ze
2. Draw a 4-colorable planar graph. Present a plane drawing and justify that the graph is not 3-colorable.
4 - cotosalle FLaMaﬂﬁ'm]Dh
| r @bc|bamm‘%vla M‘[)Vl’
. @ S Then T Vo, B G, R dj/j_(glqéc,)
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]
K, ws

( Cu#C £ Cy *C2)%Cp #C3) A d’“ﬁ’% k.
3. Show that G is 3-partite iff G is 3-colorable. _@d 2 coler \
@JipraJ,titz,@ Y, nVoovy =¢# Hence, MOt altte

L UV vy =V | oS 5-colevalde
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: e CLs .
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4. How many cycles are there in a graph on n-vertices. Justify whether the count is finite/countably

r infinite/uncountable.
G ™ Jl(fé’b&d/mw Moyt Moy, + e+ - Tey, )
/ e He rauber 58 Cyct’,u Q ij*rq'oa wWilie N - VeALZ Ces.

\,/ :

COW £
5. Count the number of integer matrices of order m x
of the matrix come from I. J ustify whether the co

T & countalty Enfintk )
© Counbing e 2 number § £ Mabyces 8 equivalont
/@m cardinality TxZxEx--- .  mhtimes
H - it e o fMW y N us also %Lw n
sl SNak A Couuutalr{y f”‘ptfm |
\, CQX,deLaJZBgéz TRAXTX - ;

Tie Tuumtses @jm%mwfrﬂﬁ o 4.
countatty Dnfenite f mamd m ane fored

6. Show that the power set of 3* is uncountable, ¥ = {0,1,2}.

We Zhknow uat ST b countably Mfcwﬁ,man
G e, G, o B R 2y, %2y Xy,
| ) ,
Let B8 Ay Ay, Az be subiet contaditng es*

n, where m and n are fixed integers. Note: Entries
unt is finite/countably infinite /uncountable.
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7. How many equivalence relations are there on a set of size 6. Present a precise bound.

. asttéEons.
dvalunce velns ona Ket d Si 6=N05&P
NMMSIWV R . Bedd s mumder
=5 Bq‘:!’f/ 8{;5’9-

5
= Bg §CO+'BAX§CI+ B3K§c2 .'\.B.;’Afcg,‘. B"x C[(f
2 BDK;CS—
EQx 1S x S+ 5 x5XH 4 o100+ 1 x5+ 1x )
e
s 03

8. For the Hasse diagram given below;

1 e v /

( e Find maximal elements for {1,2,3,5} { 5 } g

/

¢
: e Find upper bounds for {3,5}. Also, find lub. { 5,8, & 7}
}.U b= JE}
e Find lower bounds for {4}. 1{ 4o\ 9 9 } /

9. Coin exchange: Show that for any n > ng, the change for n can be given using denominations Re 7
and Re 5. Prove using M.I. /
Fost n= 2k

B-C .
——

/Q/CR,Z' 1) and &(Q@‘S—)

denominatfons
» K> QH- ‘
< it HWOW gt e & o /,W sslind gt ok TET

= ( ° :
ywz fovr mn=kty can e laced wikh 3 (§W€“)
e0s) OO
w {7)(4"&( )-}-3(5) W (CgTqu)
Rl e M‘7WW/) Vtﬁifjc&ﬁt)'
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con@ T wareup AnPIEL T hupes o)
5 rupel) (1)
J_,(H KI#;)%B ] ) B B
£ & st denomt
mzuam%e for m 7 2k, be/fww i
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10. Show that the decimal expansion of a rational number, must after some point terminates (for ex: %)
or becomes periodic (the same sequence starts repeating, e.g., %). Prove using PHP.

d&%w on e decimal p@{mt- &udﬁmsm ;u

Hp,mem oL ve than 9 Fu%owﬂé and

y /w{g, with meie Eha0
Nes 15,3 «alu%(t hou pcconed  Aecond Hme
one LG i chdw

d,@(/bw"al‘ Q/xpa/mg(o‘r\ s b@a oL
g b%iumal enpamsion 8 a v atfora) W”‘w’ MRS g
PM Aovmlinakes 0¥ beconies Pwodfé. /

3 Strong Dose

2 marks each

1. Draw three different graphs with the degree sequence (2,2,2,2,2,2,2,2).

}JO paava A, D

/ Y

2. What is the minimum and maximum number of edges in a bipartite graph on n vertices. Assume 7 is
even.

Manx no - 6 ed%a u/La praAw gyaph, Vv, ( contating W, veakices )
Vo ( “ )
a_’pb& Wo&dwb)(b‘/bll b'n/;/)
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i ; bf\/;,)
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3. Let A = {1,2,3,4} and B = N. How many functions exis

+ between A and B. Justify whether the

count is finite/countably infinite/uncountable. nmbrers
e natunal -
| Lam be maﬂ)zﬂl to any owe §

8L ,
W c:;:i;w N pwi’b&té’%w fi- M”ﬁ QLO'Y K8 and 4 ‘ h
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(0020 L NB (S)

4. Show using mathematical induction that for any planar graph, V — E + F=2.

( Bare are:  For N=3, 3.3+8. =2
€ 2 L. pase camt 4% sarirfrd

W: For ﬂ:toi/ K?‘; ﬂﬁqa{m, pegrF =

fndﬁ Step: For n=K¥l K?Bm /
Lot G be graph wik

5. Show that in any group of 11 people, there exists 3 mutual enemies or 4 mutual friends.

consides mﬁjmdwm enemy get are oléuddaed wwto/‘r-mwﬁ‘
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COM 205T - Discrete Mathematics

Roll No: Name:

0. (0 marks) What is your source of preparation for COM 205.
(i) No preparation (ii) Class notes only (iii) class notes + text books (iv) Others

1. (1 mark) Let A= {1,2} and R C A x A. List all binary relations R that are reflexive and symmetric.

2= ﬁ\,‘)(z, ) Y
R, 2 % (1) (42)

e12y (V)

2. (1 mark) Let |A| = n and R C A x A. How many binary relations are there that are irreflexive and
antisymmetric. Justify your answer.

2=
g = H=h
Ri H iy 4+ Akl = a4
o)y i) (43)
oly (a1 UB30)
L
T ¢ ke 5
: n=n
ore § s
(A2m 2
0Y RNory

3. (1 mark) Are there binary relations that are reflexive and irreflexive ? Justify.

I A= ¢ R';(ﬁ >y Ref A vy
AP No SMch se\N  exun



4. (1 mark) Let A = {1,2,3,4,6, 7,8,9}. Show that if we pick any subset A’ containing 5 elements from
A, then there exists a pair in A’ such that their sum or difference is divisible by 10. A

Cha) (28) (3,1) (4k)

S pieors 4 boxey

B Pp, aHoear 0w X londons
>})L Pifeorh

5. (1 mark) Let A = {a,b,c,d,e} and R = {(a,b), (b,¢),(c,a),(d,e)}. Find the transitive closure of R.

R, = b lahy () (qar Cdor )

Y

R, - {(GIU (»,A),}W)
Ceow)

{(a,a) (v (qo Y

42|‘JRJ.U’()q

—~
w2
\

6. (3 marks) What is the value of n (minimum n)
mutual enemies or 4 mutual friends. Present a P

such that in any group of n people you see either 3
recise and concise justification.




7. (2 marks) Given n pigeons to be distributed among k pigeonholes:
What is a necessary and sufficient condition on n and k that, in every distribution, at least two
pigeonholes must contain the same number of pigeons. Justify your answer.

o | — K LJ
Lr
Lk%)Q&—? <k B
L
n < k)

il ,rk
2

AL

k-0 [l
(k-0 [t

e
Lk 1l ) ( K’L/
8. (2.5 marks) Given two denominations Re 3 and Re 5, show using mathematical induction that for all = 9
n > ng, exact change for n can be given using these two denominations.

Base:

Hypothesis:

Induction Step:



9. (2.5 marks) Let |A| = n and R C A x A. How many binary relations R satisfy antisymmetric property.
Prove your answer using mathematical induction.
Base:

Hypothesis:

Induction Step:
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Chennai 600 127, India 30-Aug-2016
An Autonomous Institute under MHRD, Govt of India Duration: 1hr
HITD & M An Institutc of National Importance Marks: 15
COM 205T - Discrete Mathematics
Roll No: Name:
0. (0 marks) Name the scientist with whom mathematician Ramanujam had a good academic career
P . :
1. (1 mark) I prepare well for exams is sufficient for me to get good grades. And, I secure good grades
only if T maintain a good CGPA.
R
Vo ) it
- (P>&) A (&->r)
y 7\: il
NP
Y )
2. (1 mark) 3z(P(z) A Q(z)) — JzP(z) A 3zQ(x). Let us attempt a proof.
By definition; (P(0) A Q(0)) v (P1)AQ)) v (PAQ2) V...
What is the next step 7 Complete the proof. Do not attempt any other proof technique.
)
9. "

~

( Plo)ya 8o ) v (poaABm ) v (Pe AR )

/( Ple) A & oy )\j P(‘)j A r‘:( PIARI®) vV ’M) ‘]

WA (& V pn YA (Plo) V QUY) A(Rl9) V AW )
(Pl v pu AN

Sy 5 L
kP((ﬂ v pu) ) A (&LO) v &M ) 5 k]n“e PAR

j')g pPY) A Fx §OO.



3. (1 mark) Negate the following and simplify. B _
- Vn32Vk(|z| = k = FuTvIw((z = vow A luv] > kA [v] > 1) AVi(i > 0 = ww'w € S)))
G
2
Invz I (lusk A HuveApw ((Z: UBW A jus | Zk A 12| )

= Ji(izen mu‘«»&&))

4 (1 mark) 'Prove or Disprove: Va(P(z) « Q(x)) ¢ 3z(P(z) & Q(x))
B - iy RO ¥ (pare &)
WS P £ &le) — FrSomea plar REN
=2 FE (oo &)

& X PAR)E - Seme PRy s Bl e

J ( Py &> &) ) -7L7 XA (pe KOO )

False .
¢ ¥ :

5. (1 mark) What is the underlying meaning of the following logical expression; P is some predicate.
3«\"" Jz(P(x) A Vy(-P(y? Y= z))

Theve ORIk wigus X Jlx px)
Such Hat PO



: : ‘ ; “1clai~
7 PYOOr( ") 'Juo;) 3)7 5@
( ¢ £X)

6. (3 marks) Write logical notation for each of the following; for each, write an expression using only
existential quantifier and an another expression using only universal quantifier. UOD: Set of students.
PREDICATES: Boy(z) z is a boy, SMART(z) z is smart. Do NOT use any other predicates.

g min
: (a) Some boys are smart.

Using only 3 37\ C BO\-/ ('JL) A Syt (50 )

Usingonlyy T ¥X ( Boy ) — TSmxad (0)

(b) Not all boys are smart.

Ay (1D0)
Using only 3 Fa( Boy™ A T Senavi )

X: ) = Srerd OO
Using only V " V)L( Rov ) )

(c) All boys are not smart.

Using only 3 - T I (;807(1) A Srmayt (1) )

- ayA ()
Using only V ¥ x (80\1(1) AR E e )

7. (2 marks) Some students of DM are well motivated by a faculty. All students of DM likes all faculty.
Therefore, some students of DM likes a faculty who motivates them. UOD: Set of students and faculty,
. PREDICATES: STUD(z): z is a student. FACULTY (z): x is a faculty. LIKES(z,y): z likes y.

o " MOTIVATES (z,y): x motivates y.

e Write the above argument in FOL.

Jx (stud oy A Fy (facurty) A HO“VC&*’*(%X)))

X1 ( Shd(v) =2 V‘f (Facwidy (1) — Likes (MY) >>

T (Stden) A Fg (Facurh(9) A Likes o y) A Hohueks () ) )

pU)

) Sre)

(gu—\)) )

» (K7/> P ‘ AN

¥ (P e [ 7 (/)’L'”) |
- . e

//Vm pen )



e Is the abow}/(e argument true 7
il S(a) AFG) A M(hE) for e a)b

s
Sta) %(Fw) S Lap)) v ayad

bt F) > L () [ Sta) 2 S (Ftb)au(z,z,))j

L(ab) [ FD A Flb > L@w J

L(ab) A (B8
henk , e Clodm

8. (2 marks) There exists a IIIT where many students are studying. There is a IIIT with no students.
Therefore, there are two IIITs such that a student is part of one IIIT whereas he is not part of the "/L

0 other. U? Set of students-and IIITs. PREDICATES: STUD(z): = is a student. IIIT(x): x is a
lo 1T ST,_ DY (z;y): z is studying in y. Do N OT use any other predicates.
o Mf:ite the above argument in FOL.
oY)
./ ' M\S@) P Srud(x) A NIT(4) A ShudyOyy) )
\\’\\‘5‘> i N \-\\W ‘\3 2C
9\?&\ S\"}' I ( Prttn ) A Pq‘j ( Shdly) -y TShdy q;,y,))
A\ B IR L s el
N ELTIERTS (urr(%.)/\é‘l\ﬂ(‘u) A3 (kA () -
3 9\ i \
& A SM%?L/\ji)/\ 7 S"NA?‘( x}"l'?_))
F CAL
3939 (Wm0 A 7(9,) A 3% (Swmd ) A
I & ]
e Is the above argument true ? CESM (y9y) A .TSH]’\'Q
' V [ Shedy(xiq, ) n 15+ (o))
S(a) & J&) A CH(ab) \ e )))I/
~ A(’ \f :
IL(’—) A Lng).,)“}S{iC/d)) Tau v A e
a0 T (Shly) <> 5’”“/‘/2))
et ¥ / :
: y )> J@WAS() A (Scm = 18,2 )
: Stud (" :
& :}g ( 1K)
A i
Ay e ZLey A a) K S"f'(ﬁT/\Er) A 18§ (Ga)
A
Ty - ;
A\
4 A
X
e
S
» X



9. (3 marks) Consider the academic timetable at IIITDM. UOD: Set of students,courses and time slots.
- PREDICATES: STUD(z): z is a student. ELECOURSE(z): z is an elective course. COURSE(z):

1S oo z is a course. TIMESLOT (z): z is a time slot. TAKEN(z,y): z has taken course y. DAY (z,y):
(course) z is offered on (day) y. COURSE-OFFERED-SLOT (z,y): x is offered in time slot y. Write
the FOL for the following.

e Fach student has taken at least two elective courses.
JAken ( 1’ e I )

Mo (Sd 0) =y 39, 9% (Y5 A
N Wenuwz,)))

MM»SL(‘:M)
N O\pM (9)

A‘"’L ( Shed () > T 5,‘1 ( 2 lecH e caxne (V) N kaku—\(?;"l)))
(é'ﬂ Tk (Shdn A FLY (1) Aken(, ) )

e There exists a student who has courses in all time slots. (there exists a student who has taken at
least one course in cach time slot)

e (& (Z) A Coun 0cd . Slok
Jx ( shdew A Ay (Aimesior (9) =7 31( owse(Z) A Co e

A token ('1':'1))))

e There is a student who has not taken a course on any of the time slots on Wednesday.

It ( Shud (x) A Ny Chw_s\w(:«) - Az ( lonvse (Z) ACm»seorHc\AdSm(z,gj
: N DOUj (z Ng))

el 7%%@0(1/1))))
oY
N |
H)L («S‘M(i)/\ /\JL\( (B:W&JMSM -/%HL(-HW(ZU—f(z)
7 o (e (w0 A Jaken( %))

A
Cowweofknd (1,2)




{ i Quiz 1
Chennai - 600 127, India 23-Aug-2019

An Autonomous Institute under MHRD, Govt of India Duration: 1hr
An Institute of National Importance Marks: 15

COM 205T - Discrete Mathematics

Roll No: Name:

0. (0 marks) The documentary ’this film needs no title’ is about the contribution of the scientist .....

1. (1.5 marks) DM course is interesting only if T participate in class room discussions. Write

Converse: ) .

Inverse:

jJQCSDMCpuJ:e.%m*‘ _\’{‘K\'Q’\Q«O‘Rhﬁ%idd{&‘ 'y ?ax‘b—c‘.‘;& m%
ontrapositive:
%g- ;M‘f weipole an CQayesem W%DM Cown Lo nat anva

2. (1 mark) Write FOL using predicates S(z) : z is a student, F(z) : z is a faculty, ST(z) : z is a
staff, ID(z) : z participated in Independence day celebrations and RD(z) : x participated in Repub-
lic day celebrations. Do not use any other predicate. Students, Faculty and Staffs of IIITDM

artjcipated in the Independence day and the Republic day celebrations.

. LISV FLad vaTad) —» THGD A RDEDD

¥ ¥yVz (L4y3z SO AR AST(E) s TDEDATHD ASDEIARDGHAN
3. (1 mark) VVrit(e the pglj:;iple of Mathematical Induction in FOL..) ROCONRD (l)>

% E(o)f\?(\') N6 vy CP(ﬁﬁ%P(‘“"))]VQ:O i

4. (3 marks) Write FOL. UOD: set of . Like(z, y): z likes v g Q
(3 marks) Write set of persons, Like(z,y): z likes y ‘5 i

(a) Some one likes some one \
322 3yClive (2,95 N Y $okee ()

(b) Some one likes all h‘)

(c) Each one likes every one

N ¥y (Lixee (29D 3 J= 33-1 Dike (2,9

(d) No one likes eyery one

13xNy (LiRe(x,43) fone Oime- Comaire. ia. fpiiek

(e) None likes all

T3xVy(lxe (1,9)) / These ealad a perser 9o Oke, all -

(f) Each one likes no one

Vx’v‘:j(w,l.‘_he,(a,g)) | Eocks  orie: Lidees Rericwne s b.().&

5. (1.5 marks) Prove or Disprove: [VzP(z) — 32Q(2)] ¢ 3z(P(z) - Q(z))]
Mo PO —> T LD
> TNXPUOV B Ry
<> 3P D¢ Jx )

& 32 (4PLOV Bt
7 2 (P - )



'T) Q) W) 3Ix LISFTLRD AT ROt Ay Lo TUR) ATEIMY % Sensenl, :D))

6. (1.5 marks) Negate and Simplify: Vz3y(P(y) A Q(z,y) AVz(R(2) — Jw(S(z, w) A T(z,y, 2,w))))

TNy ( (P~ 8L Y) = 32 (REDA Moo (SC2, —>1 Ty, 5))

7. (2.5 marks) Translate the following context into first order logical statements. Use only the defined

predicates and none else. UOD: set of all people, student(z) : z is a student, IIIT(z) : z is part of
IIT, IIT(x) : z is part of IIT, Teacher(z) : = is a teacher, AssociatedWith(z,t) : x associated with

institute ¢, learns(z,y) : z learns from y, interact(z,y) : = interacts with y.

(a) There is a teacher at IIIT who is a student himself learns from every teacher at IIT.

M) Foe (T3TT (O A T A Wy (337D ALY — A.wa‘g i g'& $H)
x
\\> 3 'J‘.(mT('x) ATIDA Iz C%Lg:,)\::,_ ) AN :f ('1?1'(13)‘/\’?}1&3')&)—» .D_:nhn (>, 3)))
hom they learn the subject and at most

(b) Each teacher at IIIT has at least three students from w
two teachers at IIT with whom they interact and learn the subject.

N | FOTTOA —> 3w 393“3(“# U A MC&@/\-QM(N’P’\

sexp AT(DATIOATIE) A Cordowes (3,8 A tivesoer (3, 6

N 's[ 3
BJSEBF( A ondeneaxl, B A ngmck,@mﬂemw(},am
Deasns (3, O]

8. (1.5 marks) Consider a logical argument given in logical notation. Check the validity of the argument
without using truth table. [((AV B) = C)A(B = (CVD))A((mrAA-B) = C)A(-C — B)| —
(mAV C VD). You are asked to check whether (~A Vv CV D) follows from (inferred from) the given

argument. Present clear justification for each statement inferred by you.

) AVE — C Jo e 6“’“ F"‘t’*‘""’e
~ (-ﬂ%vc) AEBYE) u TRuE
L PV o TRLE
C TRAVEY D L TRUE
Concliunion -b:\\ouéb

9. (1.5 marks) For the expression, Yz(P(z) < Q(z)), write three different equivalent expressions.
‘\) VKCC P — 8D) Alata p(@)}
D1 T (CPOD AT BLxY) v (8O ATTPIOY)
) ¥ (4 sy 51 P A (7900 5 15

"") . (“ P ) 9&,;)»
5) ((<PLOATY) v [ BLx AP(2Y)
(4»mo.>kb> Extra Credit:(Use additional sheet) Prove or Disprove: All professors are teachers. Therefore, all deans of

professors are deans of teachers.

Mo CP(&) - TLaEY) §
¥ou(Fo (PO Desn (x,94) — 3 3 (7YY A Dean (%,93))
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AL s ' ¢ under MHRD. Govt of India Duration: lhr
‘[\,"5\ An Institute of National Importance Marks: 15
COM 205T - Discrete Mathematics Rt

Roll No:
Name:

0. (0 marks) What i s
) What is your source of preparation (i) text book (ii) scribe (iii) lecture notes (iv) any other ....

n: &

L. (1 mark) List all subsets of the set {6:{1,2}.1,2} P subsoby 5
= & = \u

AN, 5,3, £0,8000) $o, 1Y, (o0 vy, fivay ) {yay
ﬁtb, {1}1‘% \'j ; {q;/ §‘,QWL z"}/ \3(b/\,g_\1/ ﬁ%,j) Y ')_'j] {lb i 2y "1 ¥
' A ’ e i ,‘/9—_],

Ly

2. (1 mark) Let A = {1,2,3}. Present an example relation which is

(i) reflexive and antisyminetric

Re ,%’(Q’\.D l o oepP A a_ébj R = ‘SC‘, D, 023 (1D, C‘,:D,(z@}
(i) asymumetric and transitive

R fca,b) low en A a.ab?] R, :-3(1,:0, C\,g)(:,_w,’)}

3. (1 mark) Let A = {1,2,3,4} and/R = {(1,2).(2.3),(3.4)}. Find the transitive closure and the
asymmetric closure of 1.
L= RO {0, 02,0

AR = R

4. (1 mark) A= {1,...,11}. R={(a.b) | a divides b}. List . s

e Maximal elements of A '? g, Q,q, 0,71, Hrﬁ 8
' 5 LY w
o Minimal elements of {3,6} { ‘5'5
5 S
o Lower bounds of {3,6,11} ,%'\j. " 2 3 >
1

o Upper bounds of {2,4} -f i, 81]’

g with the following proof; Claim: For each positive int‘eger I'Ll,+ '_:" < {,3':1 Bélz‘slle' :.
5 < 3 is true. Hypothesis: Assume 2" < 3", n > 1. Induction Step: Consule_r~ '_;n ;13“ --ef(,:l:
can be rewritten as 2 X on < 3 x 3", By the base case. 2 <'3 and by the h_\'p?themls on < 3", ther b
2 x 2" <3 x 3" is true. Thus, the induction step is true. Therefore, the claim follows.

Toductie Stip (sridvs bl LNG 0 RUG wieby Lo doura . Ore Al ciroles

. Todoaion o for 3
\ LG o BN e BR (an Cnmides SIS s o B0 O fredey;
ere 6. (1 mark) List all total orders on a set of size 3. How mauy of them are well orders.
i

Pastied Ordest- ®
. |
9922922 VE Y

@‘)
©

y b0 6 0 & @bl Qe

Vel
uﬁl‘—w o» r"’éw 0.‘ﬂ:&b\‘l “

Scanned by CamScanner

5. (1 mark) What is wron




7. (2 marks) Given a set A and R C A x A, we define the following property P " if (a.b) and (b.a) are
in R then a # b ”. How many R satisfy this property P . Present a (i) direct proof (ii) proof by
mathematical induction to justify your claim.

d\‘“cc-:\ Eo!
We tonna PN Alﬂ_anﬂ\ Slevac~ts a-d JDM Temm-\ra 2. elereds, ARe Au~ke %
.

bmoB 'sc(‘nﬁm» AL &ﬁ i)

"

_‘#f \WaBn;_ e B‘QQGLLQH

Prod by NS
Bone, rnv;e_'.ﬁ';.?\qj ‘ R: %d)z] {R]»\ " &H";\

ol Aoy Re 44, §CI,D>B e, o}, feus, e,Y IR\ 4
!/ H‘Pn ' ﬁ/ﬂo““; R aloed ek, ko Van o R - o ;2 -
df 't «6 Saeh wela ) -VLR > [>TV oue .

Q(b * ") - Ch*\').

Sodudo Sept fov o (Ra) 2ot ek, we Rae b proce Rt
2

B R (SR b (}")LA ek R o w Rk 5 e
P, o
J J } ’ D (e - &

[ N &\Q )!mb-Ch«—\ b#ﬂ)
G ok a\\nusu:\

———

.6«‘ o bay'® plormenk, e eleeos

. - A
A petaties on(2ed ped ger. (Q77F) o XN

k7o e
)

;02—»0’- k) |

hz.-h

,i)o« o &hol aen, Mcbﬂvﬁ: ) O hue

At

U}

Meed 2>
sactl e\(‘-«\gn}-— Aouldd ask ke HRomean R &, 3 4 werili. 4. .

e (Q* , J) v Fﬂ““}‘*‘"g/ CQJ,Q_Q w F‘W”J’ nR, CQ*:“J) ard C°J;°A D o dh R e

YolR ase ach };Tege,km R.
'rhe&& o (nz_n)/.ﬂ- FD.AXA: %‘b (‘QA,Q) e e R. #_- R )1_2—_-

. (1.5 marks) CSE 18 batch has 121 students across 27 states. Two students are related if they belong
to the same state. How many equivalence classes are tlere. Justify. Is it true that there exists a state

with at least 4 students. Justify.

aDized
Bj' PP, J o ahle wi¥h oMesst )‘\‘1\;\ I

OP)\'[ &O);.,merc_ c\,Q.oJa!&..a,é’m\w PANTS Ca'wef-ror\d.. = s e_;vu_;_vn_gﬂ«:l‘_ oy

Scanned by CamScanner



9. (2 marks)
A relation is a nice-equivalence relation’ if it is reflexive. syunmetric anc
nice-equivalence relations are there on a set of size n. Prove your answer.

e \
(oroideno-Sgiveienter O

(e, (¢, R 4R~ (o, 3R

Corsder poite equl g

(a,3D(c, ,

Clo, 0,
B:j f\'?\xoe, tr'-cb,\mm‘a - Ayeo *mnm'r\iv%ﬁ

.“ } # l\,\‘CQ %’St\h < # Q'B;\ Te‘h - Bh

o —— —— s

10. (1.5 marks) Coin change: Given denominations Rupees 1.3
integer = can be given using a minimum number of denominations.

W
’ Bane Cone ?
—_
¥of, R)+3r6 Lo
.I(S'rc‘)-"’ Hato‘\kﬂgtn N

|! J—_:—_@_‘_‘:P . 3 & CL\hr«dc bn-\r [I=2S)) \H":"a Ra \ 3y,

&?:,_\ .‘b J oMok pre 3 ARur  bne i

B

% B SR SR T

|
= o

!‘ Cf’-b./é’:‘\/ \"b 3 aSleont Ore- K and one ) Fern 2V Con be T"—Fb(r.o\ uni®
" Q 32
l XD - B +b

=0 4

|

?Cﬁ,;“ ',\.B '30)\cm PV Ao b Canbe v-rcriw_u! wf \Jh,,u.‘\ \ \“A
!

l 5 F\ D W k)

i -y 3

i

f&n(‘«\"_ & t Cor v
(g e 1S Rn add B o e

2o\ )

We define nice-transitive property of R as follows; if (a.b). (b.c).(c.d) € R. tl
1 nice-transitive. How many

C?‘J_‘D_',_CELC) ,EE,'__J) _e.% ARen b:j &-m.na:étw‘&a

(oo (a,d) €R A (b dd € R

en (a.d) € RN,

(o, )€ R, (bd)ER

C&,b> Cb,!CBJCC,d') ER  JRan Ca,dDER
CC, e EXR dRen (o, DR // (4, ) becowss !smmm\‘f‘“"(fj

Ce, CB beeasae Eb 'ZSQ{){W\J

and 4, prove that a change for any positive

ey, X - By o4 hno
22, IR+ 2RO x Z O
=8, IX0o = & wy + 4no
2,0, | %0+ 3xo 4 e
-1;5‘ Iy 4 3r0 - dix
(25s, IO ¥ 3rs dime
e, IR0 & 3w\ g
(229, \x0 x Syoa Ax2
29, 1RV Sres dva
20, Ixo &+ 2xo+hnn
XN, RO 3 Brvava

o2 - 1RO 4 %o e

DC:\;) 'x‘+‘3"°+,\x3
.Ta"‘v, N°*3><p+;.
.x”S, R

RO 30 v 4 ny g

J
|36 5t wa

‘A‘Aé\“"d.\_\\h

4
Mess g 4,
\ "6_;;2 \‘6
R 8-> | 2l

D 3 aflewnr Q) HRan odd e 3n

A =) -2+ =2+

e i S

Scanhed by CamSca heyf




11. (1.5 marks) Prove that in any group of n people, there are at least two with equal number of friends.
Does the proof guarantee at least three with equal number of friends. Justify.

—"Sh J & "c‘\""m it ne Sonds -0 F‘ach T e ‘H U‘JO
(/I:Jt) J ;3 jD Bﬁ ”6“ bo.r-g Velies
o S st TerdA = =,
I’U/- Eﬁ. b ’ wn mac F-; ‘#‘b’ﬁ\bnﬁ!é [‘,,n_\J e

n D&ch@ Fm@ (he) e 2 5
Oh TR Sy PP 3PRNe (.
£ A o

e : ' R 1w .,mge‘ dis i
2 ol Aemoed oanrdee. o oMeant o ) ...L‘, P“°"e
. Y negAB (. P-,\.‘v Sk o ojd t&m\ :‘ e (Ve n ’b"’" To ‘o C_ODLH\
5 NJ a Lf b Pcnfj.c_ D okraenk xR wirl epDu& Mm\k&.\ 06 "thNiLA

' ‘;b oz, e (MC v O 5 °c ;
| v Y

ﬁ exl & W @%’Qg & b-s‘\c-o\a.

B e

Extra Credit: What is the maximumm number of edges (antisyminetric arcs) on a Hasse diagram on n
elements. Prove your answer. Is the nuinber tight (exhibit a Hasse diagram neeting the number) ?

Mootiemorn murcboL &% e,éae_c ) e\eN\Lw\J— H

L nduclion:
e ‘l Db, 3¢ a0,
s P T at ’
T: ‘Icc\d

Uedr Pape 1 sk, ol FRe rmasiammbes of od
d V-] l’b 6“’3 on n elomenta 1%/#022-

SPA L] .S\!‘\ :

\ N o even,
Gzt pies kﬂ
Conpiden o Noma ch-aﬂ-n- on Nolorma S

odd D G\Cﬂ\tr*a v HNawue dioactrs o r\-ﬂ‘("mo.\}—

o
a E‘dar.o o ~Ara2. Hoewte A;&Jro-—n = (A+) uwh be wﬁmc‘.’& h("’i-\-\ __,’(-\J — 'M-'-L) W e

g (s ) and (e oen eonBrey

o) Sy PQFO f\/ @25&0.»&_ o,g-rt.jlj \ctQaQ-Jf {q-r r'::e;‘\:&

3N
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Dnican hust'tate of Information Teclmology

A,j\f‘/“/‘k’{,‘ Deien ane Mamfachwing Kancheepnran End Semester
SN2 Chennai 600 127, India 15-Nov-2019
8;2 S An Nutonomow Institute wder NIHRD, Govt of India Duration: 3hr

N

An Institute of National hnportance Marks: 40

COM 205T - Discrete Mathematics

Roll No: Name:

0. The book '"Thie Man who knew infinity” is the biography of

Ro.wumpf an
1 Light Dose

1. (5 marks) Tick all that are tru. (nultiple choice multi correct questions). There is no negative marking,
if incorrect. If there is no ticl . it is a~wumed it is false.

' 09 e A graph G has Eulerian civenit Q L
n/(a) G is connected and 1, ¢ (1) is even. W )
qb) All vertices in G L cwon logree. _lf:l__l__ﬁ_

(¢) G has a Hamiltonia «vele
VAd) Line graph of G is i o Fulcrian, - O~
) Line gray Corvedt cloove 05 14

] 5 @ e For the degree sequence (3.1.3.3,3,3)

«~(a) There exists an und 1<+ +1 . inple bipartite graph.
~(b) There exists an unc rcct=d sunple non-bipartite graph.

W bt - 0:25
YO’V\7C
redliced

(¢) There exists an undirecterd simple graph with two maximal connected components.
~(d) There exists a Hami'toman cycle grapl.
[.C) e Iu the context of equival ce relntions
(a) Equivalence classes .1 tio. the underlying set irrespective of finite set or infinite set
(b)Y Only for finite sets, Le Hastition is defined.

boon 1-b, 1-el,
| €&

for guuwe

(¢} No equivalence relai w1 is a partial order.

p—ree—

w(d) The index refers to 10 nun.ber of distinct equivalence classes.

" e Which of the following : « vucoimtable

“T{a) The number of refle: ive bin

(b) The number of func. Hr: fic
«(c) Uncountable union . comm
Ad) The mumber of cotuiiatiu

wy relation on the set of real numbers.
m {a,b ¢} to Q.

ble set - is uncountable.

aill prob ems.

An7 2 Covreck _ 0-75
chovees Mory

icowtwlf

o
Wwvxﬁclunu-

_o-2¢

Mok
0.-15
Mok

recluce

+ epk-(’og wotvge 2 —|

o Va(P(x) vV Q(z)) is equi alont to
(a) Vr(P(x) - Q(x))

(b) Var(=P(z) = Q(z))

(c) ~Te(=P(x) A =Q(s

Ad) Var(=Q(a) = P(x)).

19

2. (1 mark) Verify Euler’s plano ity foriula for (i) trees (i) cycles

() n-e+f=1 ) n-~(h)+Vv= 2

(i’\ )

N-—N{L = -

3. (1 mark) Two sets are related  (hey corh have siane cardinality. How many distinct equivalence classes
are there. Note: There arve tioo vpos of candinalities, namely finite, countably infinite, uncountable.
Is this antisynunetric.

Thvee

[ Hacke ] Gordeing ol Seh Uhak o Fnb

[ ¢ !

L wncaunies ) 1

CaO

U (vt

N and T axt Coo bt not Aame

NO , Mok BSndtyqmm. )
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Ly N

- TS

(" FJr(porfon) =

LS
: i bi wartite graphs on 4 vertices. c—
4. (1 mark) Draw all non-isome, = Li biartite g <) /j
4) © j
V) ) o 5% o—°C 3) P8 G
5 6 0 el
1) 1 o\ 0
¢) U/’-K\ j:j o) (o |
c 0 2 = &
5. (1 mark) A = set of C progr: 1.5 Lt tenminate. B = set of C + + programs with exactly three input
and output statements. Witl: 5r¢er justification, compare the cardinalities of A and B.
A Cxo 8. Ced = |al=18\.
6. (1 mark) Negate and simplif =721 /z(|z] 2 n A 3uvIw((z = wvw, [uv] < n) — Vi(i 2 0 = uv'w €
L))
(izo A

L¥n 3z V Yo z:muw,luolﬁn)/\gl' :
g n (IZI;}En Yude¥w (( ﬂU'w(EL)))

2 Medium Dose
1. (1.5 marks) Prove or Dispro. i [VeP(x) = 22Q( 3r(P .
[¢2P(z) — 3rQ(z)] ) =+ 3Q(x)] = [3x(P(z) A Q(x))] (ii) [3x(P(z) A Q(z))] —
yon: IN

p(x) L X & X &y ; X KO

(“ YQ\SL
— - N
‘ULP(“\ = 0 31 KRG =0 o—>0 v T

3‘ (P(u/\a(n\) - False Traw — Falg W Folse .
& both o
o
Jx PO A TA o) o e missn

U o trwdole
= Ix yuﬂ = Ix K 51

Nole  Rot  Fapmy ard  J Gua ooe Ty
Conclusron 1y Prlways 4vus
2) pyemisc Can be oY Sop .
2Y Mwpo)y = FX RO

)

Fa
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2. (1.5 marks) How many diffes

{(1,2),(2,3),(3,4)} as a sube . [Zoc], symmetric relation must contain this set as a subset.

{G,Z—)(

nWon

—_—

.5‘fhﬂm )wt\’s S‘Mgf\'f&(.t ;

2
a3

& DIO«-ru red elermendd

3. (1.5 marks) Draw two differen 1

Intuitively argue that hoth giplis ave non-isomorphic.

2 .-
~ los Ce

NO &

' ’qu M CD“’

S’qu,\ck\mule A{*’e
Aon v .

4. (1.5 marks) Present a proof « it asing PIE. The number of onto functions from a set of size n to
B

a set of size 3. Verify your v o 0 =3, = 4.
s n n n n L8]
Usiq ME: 37— 3¢ .20+ Bl S8 ~3.2 +3
)
e o Tebo g, g PG )
nC'( ] CL h-v
h—
+ ¢ + h-2 I i Lo
ncn,( ' ot e )
‘. . 4+ N
-
P & 2 et e 3(,"16,2(7
=L ’
e e g (20 3) TG (%)

nt -yannetrie binary relations are there on a set of size n > 4 containing

2.8 5 ('3/‘”}

.~“se morphic planar graphs for the degree sequence (3, 3,3,3,3,3,3,3,3,3).

v
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P - ste set. (i) Wi N Wa s
5. (1.5 marks) Prove or Disprove: Let 117 and 1y are well order relations on a finite s¢ (i) Wi
a well order (ii) T, U Ws is o well or ler

oty m Poset 2 RAIT

Jee\| ovdsy =) ToAa| 4
_— ve ‘
poovek, W, ved 7 e Vs '

A ; [ .
&l) ’\Il nw, | : An:H Nl AnH ?_) [f‘{| Ny Aﬂ’h |

i g ) vf’ax\ 7) I"'f Ny 77&'75 . “&

T Yo '

v s ¢ ‘!‘

A={1,2,3) o ko B 4 A

| ' =L )>cz,?~>63;3)j

y (Y ey =h0 |

-

¥

| H Oy 2,2y (3,3) (1) (23

)

DY Mot o dokt ovdsy

n not & el e Ydor

ty

(3
‘& C\”) (1IL) (313) Cl)') (3’?-) | =) Hinwa

Anki Sqemm Aosld for
Hw anove €X
Yy Nod o PO\’Y’T\-OJ ovelev

Q\‘) N,UHJ_

= Nek o el oyebey |

6. (1.5 marks) Show that in any 52 distinct integers, there exist two of them whose suin or else difference
is divisibla by 100.

u )
oy ey 27 (s {2 51 bexes

/‘l\
‘(q)ra;anﬂ yerned rely .
i lace 1o
20 . pevhven X Y- loP (f Sey , &, Place !
7 | box labeled £2, %}

Ry PHP‘ 3 Lo X (pnm‘] +"‘:° Plyecrs .
Hen DV B v by)ow

Hea Sun N

1§ e = ¥em;

Yem; & Yemy
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7. (1.5 marks) A chess player w' < ‘o 1 -epare for a championship match by playing some practice games
in 77 days. She wants to pla: 1= one game a day but not more than 132 games altogether. Show
that no matter how she sclic 1l t1+ games. there is a period of consecutive days during which she

plays exactly 21 games.
Oq @ HSames Plged WA i
V A4 leasd One &
. a 24 e P = < &—1’, ( b -
| < A SricAly incveshi )
(07 Teppes =l Aot BUShves)

e 00 Ay

"No (- & dq7 S132

21 <153, (11 Jeg ey _all ax dush~ct)

Qo+ 2! <042 o Laqqt

‘Z) (e \ndcfey Sek

Rowrpe & 153 4 ivdejen =154 (17£77)

Thavehve a; +21 = Aj Starky Pom Ay, Area Y
She had plaged 21 fames .

.’a".:l’
A

8. (1.5 marks) What is wrong = = 11 “he ‘ollowir g proof; Claim: The number of computational problems
is countably infinite. Proof: . ~ime natural language is the English and the English has well defined
alphabet £. Note that each len description is a string in 7. Since X is finite, £* is countably

infinite. Therefore, the nu o imputational problems Las got a mapping to the set of natural

munber.
e pwod  ASSmmes DRt tho podlem descophn &b fiols Lt
plesc  (an (endoun  ar 00— lery4h  SubStn .

j €[e,]

[i.-1537]

The YOpe€

A Ppriblem
Fov Zﬁcmwpl;,‘P;: pyint |

problem desc @ Infinife.
=) 4t lomp prob = Wn(anniedile

o1 lations R, Ry € Ais related if B; C ;. (i) Is this relation a

9. (1.5 marks) A = set of equiv
e feast element and greatest element.

partial order. Justify. (i) W

) e o pastiok eveler
. ' yed ~ g e B 47 Aot Hpeorr
1—) R, - Rj I ¢ / g .
R_ <p- & EK =) R‘l‘ = Ry
;= =

,_.(n'n)j
heast _elewent & 2quality vel”  hCmam

Craeen) element + ARA
et eto
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10, (1.5 marks) Prove Enler's planarity formuln nsing M1

N i
WC Shal)  prove flu\.] S rndn ON
_CC,LSL) TYC(’A

Bose)y n-esfz 2 7“._'

—

N- (n\Y4 )22

— Case 2./ Non TyreA.
\ 4 C
Bt R A ; An/n
7 -nt2
'5—3—1"1:2_/ =2
Hype  Ghs (vith 21 fam

h-¢+f=2-

Sty lonfgly o JL‘ fath fBl:

e fe(ys .

f9a , 9 Sl

l'r) cC o
Acls

SVn(e
¢ hoose cun ede

# facy decema by )
By _rtyre n-ce-1+{f-N=2a

= nh-e+f=2
Frent prvved
.

11. (1.5 marks) For the Hasse Digram;

h
& f
d <
h c
a

e Minimal elements l{ a ')
e Maximal elements & h 3
e Lower bounds for {d, e} q al b H

e Greatest lower bound fi. {f «} ﬁ a ,‘J
e Upper bounds for {d, e} q ’P‘,h}

e Least upper bound for {/ ¢! g }}
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1 12. (1.5 marks) I’.l.?bl.’llt an exaui _¢l caie structure for (i) Subgroup but not a monoid (i) Monoid but
/ not a group (iii) group but 1 . elic .

/ (N (N-fo}, +)

: C" (Ney, +)

(i) (N\m&“ L, )
v

Aetvﬁ,oﬂﬂrwh\‘tu wRese delesruiant £ 0

3 Strong Dose

1. (3 marks) Write FOL using o ‘ollhwing notation. Do not use any other notation. ST(z) z is a
student, SE(x) x is a semest . *17( ) xis a subject, L(z,y) = likes y, O(z,y) z is offered in y.

o Some students like all s e ts ffered in every semester.

9% (sT(x) A M2z (se(2) = My CS'u(\j) Ao (y, D)= L-Oc#)))

e There are students who 11 0t ke any subject offered in any sernester.

s (a2 (20 4y (892 00— ~LE))

o Some students like som. iljects offered in some semester.

2R (ST(X) A 02 Cseca A 3y (so(DA OCV/?-DALC’“/V))))

e No student likes all sul 4% ced i a semester.

- {-95( Csr(x) n9Z Csc—(z) n Y (CSU@) A 0(y,2)) = L(’W)))jS

e In each semester there 1, ~t which no student likes.

BJZCSE(Z) — 2Y GW@/\ o(9, D AMX (ST(@ﬂ"L(""))DE |

o There is a subject whic 11 ot likes irrespective of the semester in which it is offered in.

29 (so(Dn Mz (se(@n 0(y,2) = Vr (M"HALW)E
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2. (3marks) Consider twosets; 1 ) 0 ICiwell ke that if i / o then there nre o "U"”"""
functions from A to B2, Insuc oo one em define maxitmnl bijective functions, A sl tion which
is maximal and Lijective. A+t 5 is aximn with respect to property P2 there bn o strict wiperst
of S that satisfy P, (i) How wany 1aximal bijective functions are possible v/ n Present
clear justification. (i) Note *Lat fur ctions are graphs, Can you model this comting problein as an
appropriate graph theoretic | ol Present a suitable justification.

N ) km,'\
Cm—Y o,

i> ™A Ren %“);_,L bn R Yle (ot imal frpaumum n'M(H'A’
™ >n , Ren ba'k,h‘ve .6,\ o mc‘_ )
n ' [—’ﬂ Ore —~ pre 6n)

X ey B e BV pe

d i~ Moy has:o

(e AR VAR

1) # Homned [ Hosinum i praible in o Complite bipailt
gt (ko) |

. Cmi\)CMJD-., CM—Cn~0)

o €

'Bgr l‘“ veler n N, y+'ﬁn.o mmb&m
CTD‘ vedes o n, i Res Cm"‘)f‘e““b \New ° f
' n (2] '
: &
9% .
Nveles b, Koo (oY) poesbilize,

LoD \
Lh * Y\'

|
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O

P‘ﬁ
Pa

)

1

1}

O

Do

\

3. (3 marks) Given a set A ol

{1,2,3} and /
Let this number be 1, How

example, A

appropriate P,'s.

o\
\
2
+ 07 o
Q
n, K
PR

(LY PO |

Prk

-
—

ow many different ways one can partition A into k parts. For

fhon e different ways are {{1,2}, {3}}, {{1,3}.{2}}, {{2,3}. {1}}.

3, (Bell’s number) aud P, related. Compute By, By, By interms of

Bn

k. b& Nur~foes % u)o—ad G/be}"ab Soe ~ Con e F

\

E tiomes)

)Q7g:_m‘

Pﬂ-\b‘ h‘bc\o )
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trore Dhee
ey

# °f, '-auas bb P&L}I{‘,v\‘ua A vk k P;,J.e

a N
(P = R = (Rey (RS- R,
|
¢ AR
e = Pfﬁ,h')
Ry
F; P\'x E \
T‘): "\4( _9)-;\'\\—-9

15.3 p (?1" 7 .

(6~

o oe o mu. IAle s
=) 18) - ko

C\Qﬂ-')ﬂr ')

\4‘.3'& \ : 5
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1. (_:‘ marks) Consider an infinite undirected si nple grapl, graph with infinite vertices. (i) Count (say,
finite, countably infinite, uncountable) the number of graphs with a justification (ii) Count the number

of graphs with exactly 7 edges,

10

ViR =e0 Ol
ECn) = Vi@ A V(R)

N, &> INEN N
# so‘{c/}‘. Cod

Poweried ((2dpe)
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Extra Credit: (4 marks) How : ““ rent partial orders are there on a set of size n. Present a rich
combinatorial argument along witl- ~o.d woper bounds/lower bounds, if exact bound is not possible.

Hovi€ Dioy W A% Ares hhy,

S v

A ] wl’)"" A([ﬁ.

Y
AN

Aol no. b+

n&,.%
22
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