Serial Number: 500, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 100 B: 31t C: 11! D: 9

Question 2: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: side B has more
vertices than side A. (" side A has more vertices than side B. D: there is always a perfect matching
of the vertices of side A.

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m" C:nn—1)---(n—m+1) D:m-n

n

k) equals

Question 4: The binomial coefficient (
A:0ifk=0. B: (")
Question 5: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 20 B: 2 (C:20-19-18 D: 3%

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A +G+(G) B:10-9-8-7

4 3 2

Question 7: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:2(m+n) B:m+n C:mn—1)+n(m—-1) D:m-n

Question 8: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 219 B:10x10 C: 10" D: 11!

Question 9: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: the number of vertices of side B is
at least the number of vertices of side A. (" the number of vertices of side A is at least the number of
vertices of side B. D: each vertex of side A is connected with all vertices of side B.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 501, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 39 B:10-9-8 C:10® D: 30

Question 2: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B:10x10 C: 10! D: 11!

Question 3: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: the minimum vertex degree is > 1. (" it is possible that all
vertices have different degrees. D: the maximum vertex degree is < 99.

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e
Question 5: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is
A: equal to the degree of vertex i B: equal to 1 exactly when there is a path that connect i to j. -
equal to 1 exactly when 7 is not connected to j D: equal to 0 exactly when ¢ is not connected to j

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m-n C:nn—-1)---(n—m+1) D:m"

Question 7: The binomial coefficient (Z) equals
A: (") B:0ifk=0.

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A BBl ¢ 1% D10t

6! 6!4!

Question 9: If G is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it must have at least n — 1 edges. ' it must have at
least n edges. D: it cannot contain cycles.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)

A: 100 B: 11! C: 9 D: 31

Question 2: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)-(k—n+1) . n(n—1)(n—k+1)
A= B T Epeye
Question 4: If G is a simple graph then
A: it has at most two vertices with odd degree.  B: it has at least two vertices with odd degree. C"
the number of its vertices with odd degree is not odd. D: the number of its vertices with even degree is

even.

Question 5: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: the maximum vertex degree is < 99. (' the minimum vertex
degree is > 1. D: it is possible that all vertices have different degrees.

Question 6: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B:10® C: 3% D: 30

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A2 B:2n42" (C: 3" D: (7;/12)

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A: 0 Bl ¢ D104

614! 6!
Question 9: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: there is always a perfect matching of the vertices of side A. B: side B has more vertices than side A.
C: For every subset J C A the set of all its neighbors has more elements than J. D: side A has more
vertices than side B.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can the numbers 0, 1,...,10 be put in order?

A: 110 B: 10! C: 29 D:10x 10

Question 2: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (n%) B2 C:.3" D:2"42"

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A +G+(G) B:10-9-8-7

4 3 2

n

k) equals

Question 4: The binomial coefficient (
A: 0ifk=0. B: (")

Question 5: If GG is a connected simple graph with n vertices then

A: it cannot have more than n + 1 edges. B: it cannot contain cycles. " it must have at least n — 1

edges. D: it must have at least n edges.

Question 6: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 11! B: 31t C: 100 D: 9!

Question 7: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is

A-m-n B:2m+n) C:mn—1)+n(m—1) D: m+n

Question 8: How many different functions are there from the set {1,...,m} to the set {1,...,n}?

A:n(n—-1)---(n—m+1) B:n™ C:m-n D:m"

Question 9: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: not all vertex degrees can be odd. (" it is possible that all
vertices have different degrees. D: the maximum vertex degree is < 99.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it cannot contain cycles. C': it must have at least n edges.
D: it cannot have more than n + 1 edges.

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9! B: 31t C:100 D: 11!

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 3% B: 2 C:20° D:20-19-18

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B T rene1
Question 5: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m™ B:m-n C:inn—1)---(n—m+1) D:n™

Question 6: In a simple graph with 100 vertices
A: it is possible that all vertices have different degrees. B: not all vertex degrees can be odd. (" the
maximum vertex degree is < 99. D: the minimum vertex degree is > 1.

Question 7: If G is a simple graph then
A: it has at most two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C': the number of its vertices with even degree is even. D: it has at least two vertices with odd degree.

n

k) equals

Question 8: The binomial coefficient (
A: 0ifk=0. B: (” )

n—k

Question 9: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 21 B 11! C: 100 D: 10 x 10

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 505, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A-m-n B:2m+n) C:m+n D:m(n—1)+n(m-—1)

Question 2: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A: 3% B:20® C: & D:20-19-18

Question 3: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3%Y B 10! C: 11! D: 9

Question 4: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:10* B: 6! C: % D&

Question 5: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: it is possible that all vertices have different degrees. C': the
maximum vertex degree is < 99. D: not all vertex degrees can be odd.

Question 6: If GG is a simple graph then
A: it has at least two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C' it has at most two vertices with odd degree. D: the number of its vertices with even degree is even.

Question 7: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A: n-(n—1)-2-1 B: k-(k—1)-2-1

n

k) equals

Question 8: The binomial coefficient (
A:0ifk=0. B: ("))

Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 2" B: 242" (C: 3" D: (n72)

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A:20° B:20-19-18 C:3® D &

Question 2: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: each vertex of side A is connected
with all vertices of side B. C': the number of vertices of side B is at least the number of vertices of side
A. D: the number of vertices of side A is at least the number of vertices of side B.

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 4: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 11! C: 9! D: 3!

Question 5: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 6: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is

A:mn—1)4+n(m—1) B:2(m+n) C:m+n D:m-n

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A B 10* C: 6! D: 3%

6! 614!
Question 8: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:10-9-8 B: 30 (.30 D:10°

Question 9: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99. B: it is possible that all vertices have different degrees. C' the
minimum vertex degree is > 1. D: not all vertex degrees can be odd.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 507, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é—% B:16—0!! C: 6! D:10*

Question 2: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:m-n B:mn—1)4+n(m—1) C:m+n D:2(m+n)

Question 3: The binomial coefficient (Z) equals
A: (") B:0ifk=0.

Question 4: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when 7 is not connected to j B: equal to the degree of vertex ¢ (' equal to 0
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 5: If (G is a simple graph then

A: the number of its vertices with even degree is even.  B: the number of its vertices with odd degree
is not odd. ' it has at most two vertices with odd degree. D: it has at least two vertices with odd
degree.

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m™ B:nn—1)---(n—m+1) C:m-n D:n™

Question 7: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 111 B: 9! C: 3 D: 10!

Question 8: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 102 B:30 C:39 D:10-9-8

Question 9: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k=1)--(k—n+1) . n(n—1)(n—k+1)
T oy R =y oy
Question 2: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: the minimum vertex degree is > 1. (" the maximum vertex

degree is < 99. D: it is possible that all vertices have different degrees.

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n(n—1)---(n—m+1) B:m™ C:n™ D:m-n

Question 4: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A:m+n B:2(m+n) C:m-n D:m(n—1)+n(m—1)

Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)

A: 311 B 11! C: 9 D: 10!

Question 6: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. C: each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side A is at least the number of vertices of side B.

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A D+G+(G) B:10-9-8-7

Question 8: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 2% B 10! C:10x10 D: 11!

Question 9: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 3% B:20-19-18 C:20° D: 3¢

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a simple graph then

A: it has at most two vertices with odd degree. B: the number of its vertices with even degree is even.
C': it has at least two vertices with odd degree.  D: the number of its vertices with odd degree is not
odd.

Question 2: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A2 B:20° C:3% D:20-19-18

Question 3: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é!—% B: 6 C:10* Dil(;_(;!

Question 4: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:nn—=1)---(n—=m+1) B:n™ C:m-n D:m"

Question 5: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: () +(5) + ()

Question 7: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 11! C: 10! D: 9!

Question 8: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: side B has more
vertices than side A. ' there is always a perfect matching of the vertices of side A. D: side A has
more vertices than side B.

Question 9: If GG is a connected simple graph with n vertices then
A: it must have at least n edges. B: it cannot contain cycles. (C: it must have at least n — 1 edges.
D: it cannot have more than n + 1 edges.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it must have at least n — 1 edges. (' it cannot contain
cycles. D: it must have at least n edges.

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is

A: equal to the degree of vertex i B: equal to 1 exactly when ¢ is not connected to 7 C: equal to 0
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A:20% B: 3% (:20-19-18 D: 3¢

Question 4: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: For every subset J C A the set of all its neighbors has more
elements than J. (' side A has more vertices than side B. D: there is always a perfect matching of
the vertices of side A.

Question 5: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A6 B 10t ¢ p a0

Question 6: In how many ways can the numbers 0,1,...,10 be put in order?
A: 100 B: 11! C: 29 D:10x 10

n

k) equals

Question 7: The binomial coefficient (
A:0ifk=0. B: ("))

Question 8: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 100 B: 319 (C:30 D:10-9-8

Question 9: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A +G)+(G) B:10-9-8-7

4 3 2

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many different functions are there from the set {1,...,m} to the set {1,...,n}?

A:nn—1)---(n—m+1) B:m™ C:m-n D:n™

Question 2: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)-(k—n+1) . n(n—1)-(n—k+1)
A: n-(n—1)-2-1 B: -(k—1)-2-1

Question 3: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: side A has more vertices than side B.  B: there is always a perfect matching of the vertices of side
A. (' side B has more vertices than side A. D: For every subset J C A the set of all its neighbors has
more elements than J.

Question 4: If GG is a simple graph then
A: it has at least two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C' it has at most two vertices with odd degree. D: the number of its vertices with even degree is even.

Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 11! B: 9! (C: 100 D: 3%

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:é—% B: 10* C: 6! D:16—0!!

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

Ar 2" B () C:3" D2t 420

Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: the number of vertices
of side B is at least the number of vertices of side A. (': each vertex of side A is connected with all
vertices of side B. D: each vertex of side B is connected to some vertex in side A.

Question 9: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: () + () + ()

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 512, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can the numbers 0, 1,...,10 be put in order?

A: 100 B: 11! C: 2% D:10x 10

Question 2: If (G is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it must have at least n edges. ' it must have at least
n — 1 edges. D: it cannot contain cycles.

Question 3: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 10? B:é!—?f! C: 6! D:lﬁ—?!

Question 4: The binomial coefficient (}) equals
A: (nik) B: 0if k=0.

Question 5: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 30 B:10*° C: 3% D:10-9-8

Question 6: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99. B: not all vertex degrees can be odd. C': it is possible that all
vertices have different degrees. D: the minimum vertex degree is > 1.

Question 7: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when there is a path that connect 7 to j. B: equal to 1 exactly when ¢ is not
connected to 7 (' equal to 0 exactly when i is not connected to 7 D: equal to the degree of vertex i

Question 8: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 20 B: 2 C:3* D:20-19-18

Question 9: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B (O + )+ ()

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 2: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m+n B:mn—-1)4+n(m—-1) C:m-n D:2(m+n)

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)--(n—k+1)
A S e B TErey2r
Question 4: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m"” B:m-n C:n™ D:nn—1)---(n—m+1)

Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3%Y B 10! C: 11! D: 9

Question 6: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: side B has more
vertices than side A. ' there is always a perfect matching of the vertices of side A.  D: side A has
more vertices than side B.

Question 7: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A: 3% B % ©:20-19-18 D: 20°

3!

Question 8: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 10 x 10 B: 11! (C: 10! D: 210

Question 9: If G is a simple graph then

A: the number of its vertices with even degree is even. B: it has at most two vertices with odd degree.
C: it has at least two vertices with odd degree. ~ D: the number of its vertices with odd degree is not
odd.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: there is always a
perfect matching of the vertices of side A. C: side A has more vertices than side B. D: side B has
more vertices than side A.

Question 2: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side A is
at least the number of vertices of side B. (' each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 3: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 21 C: 10 x 10 D: 10!

Question 4: If G is a simple graph then

A: the number of its vertices with even degree is even. B: it has at most two vertices with odd degree.
C': it has at least two vertices with odd degree.  D: the number of its vertices with odd degree is not
odd.

Question 5: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
Arn™ B:m™ C:m-n D:nn—1)---(n—m+1)

Question 6: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9 B: 11! C: 10! D: 31

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 8: The binomial coefficient (Z) equals
A: (njk:) B: 0if k=0.

Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (7;/12) B: 3" C:2" D: 2"+ 2"

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1
Final examination

Question 1: The binomial coefficient (Z) equals

A:0ifk=0. B: (")
Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 102 B:30 C:10-9-8 D: 310

Question 3: If GG is a simple graph then
A: it has at least two vertices with odd degree. B: the number of its vertices with even degree is even.
C': it has at most two vertices with odd degree. ~ D: the number of its vertices with odd degree is not

odd.

Question 4: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:%—?I B: 6! C: 10* Dzﬁl!—%

Question 5: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 7,5 € V' is

A: equal to 1 exactly when there is a path that connect 7 to j. B: equal to 1 exactly when ¢ is not
connected to 7 C": equal to 0 exactly when 7 is not connected to 7 D: equal to the degree of vertex i

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m-n C:m"™ D:nn—1)---(n—m+1)

Question 7: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: For every subset J C A the set of all its neighbors has more
elements than J. (' side A has more vertices than side B. D: there is always a perfect matching of
the vertices of side A.

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A G2 B e
Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B:10x10 C: 11! D: 10!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 20 B: 2 C:3* D:20-19-18

Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A 108 Bl C:100 D W

6!4! 6!

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)--(n—k+1)
A S e 2 B TEry2r
Question 4: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: the maximum vertex degree is < 99. (" it is possible that

all vertices have different degrees. D: not all vertex degrees can be odd.

Question 5: If (G is a connected simple graph with n vertices then
A: it must have at least n edges. B: it cannot contain cycles. (' it cannot have more than n + 1 edges.
D: it must have at least n — 1 edges.

Question 6: If GG is a simple graph then
A: the number of its vertices with even degree is even. B: it has at least two vertices with odd degree.

C: the number of its vertices with odd degree is not odd.  D: it has at most two vertices with odd
degree.
Question 7: In how many ways can the numbers 0,1,...,10 be put in order?

A: 219 B:10x10 C: 11! D: 10!

Question 8: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B: 3% (C:30 D: 103

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a simple graph then

A: it has at least two vertices with odd degree. B: the number of its vertices with even degree is even.
C': the number of its vertices with odd degree is not odd.  D: it has at most two vertices with odd
degree.

Question 2: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e
Question 3: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 11! C: 10! D: 210

Question 4: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: For every subset J C A the set of all its neighbors has more
elements than J. (' side A has more vertices than side B.  D: there is always a perfect matching of
the vertices of side A.

Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A-m-n B:m+n C:m(n—1)+n(m—1) D:2(m+n)

Question 6: The binomial coefficient (Z) equals
A: (nﬁkz) B: 0if k=0.

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A 10" B: g C: 6 D: A&

614! 6!

Question 8: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
An(n—-1)---(n—m+1) B:n™ C:m-n D:m"

Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A (),) B:2m C:3" D:2n+42"

n/2

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: side B has more
vertices than side A. (C: there is always a perfect matching of the vertices of side A. D: side A has
more vertices than side B.

Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:10-9-8 B: 30 C: 103 D: 310

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)---(k—n+1) . n(n—1)-(n—k+1)
A =2 B Twrepe1
Question 4: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 6! B:GI!—% 0:16—0!! D: 10*

Question 5: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: the number of vertices of side A is at
least the number of vertices of side B. (' each vertex of side A is connected with all vertices of side B.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-n™ B:m" C:nn—1)---(n—m+1) D:m-n

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
8 8 8
A:10-9-8-7 B: () + )+ ()
Question 8: In how many ways can the numbers 0,1,...,10 be put in order?

A: 11! B: 10x 10 C: 10! D: 210

Question 9: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m-n B:m+4+n C:m(n—1)+n(m—1) D:2(m+n)

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side A
is connected with all vertices of side B. (" each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 2: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 10! C: 10x 10 D: 2%

n

k) equals

Question 3: The binomial coefficient (
A: 0ifk=0. B: (")

n—k
Question 4: If G is a simple graph then
A: the number of its vertices with even degree is even. B: it has at least two vertices with odd degree.
C: the number of its vertices with odd degree is not odd.  D: it has at most two vertices with odd
degree.

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m-n B:n™ C:m™ D:nn—1)---(n—m+1)

Question 7: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:2(m+n) B:m-n C:mn—-1)+n(m—-1) D:m+n

Question 8: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A 3% B2 (C:20-19-18 D: 203

Question 9: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 11! B: 10! C: 9! D: 31

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:10-9-8 B: 30 (C.30 D:10°

n

k) equals

Question 2: The binomial coefficient (
A: 0ifk=0. B: (")

Question 3: If GG is a connected simple graph with n vertices then

A: it cannot contain cycles.  B: it must have at least n — 1 edges. ' it cannot have more than n + 1

edges. D: it must have at least n edges.

Question 4: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A: 2(m+n) B:m(n—-1)+n(m—-1) C:m-n D:m-+n

Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 31t C: 9! D: 11!

Question 6: In how many ways can the numbers 0,1,...,10 be put in order?
A: 210 B:10x 10 C: 100 D: 11!

Question 7: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side A is
at least the number of vertices of side B. (': each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 8: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:-m" B:nn—1)---(n—m+1) C:m-n D:n™

Question 9: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A: le-(k—1)--2-1 B: n-(n—1)-2-1

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 521, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side
B is connected to some vertex in side A. C: the number of vertices of side B is at least the number of
vertices of side A. D: each vertex of side A is connected with all vertices of side B.

Question 2: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: side A has more vertices than side B.  B: there is always a perfect matching of the vertices of side
A. C: side B has more vertices than side A. D: For every subset J C A the set of all its neighbors has
more elements than J.

Question 3: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 11! B: 9! C: 100 D: 34

Question 4: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A:20-19-18 B: 3% (C:20° D: &

Question 5: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—=1)(n—k+1)
A= B T Epeye

Question 6: If we have 10 distinct objects and we can color each of them red, green or blue, how many

different colorings are possible?
A:10-9-8 B:30 C:3% D:10?

Question 7: The binomial coefficient (Z) equals
A (") B:0ifk=0.

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:16—0!! B:é!_(i!! C: 10* D: 6!

Question 9: If GG is a simple graph then
A: it has at least two vertices with odd degree. B: the number of its vertices with even degree is even.

C': it has at most two vertices with odd degree. ~ D: the number of its vertices with odd degree is not
odd.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A:2(m+n) B:m-n C:mn—-1)+n(m—-1) D:m+n

n

k) equals

Question 2: The binomial coefficient (
A: 0ifk=0. B: (")

Question 3: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. C: each vertex of side B is connected to some vertex in side A.

D: the number of vertices of side A is at least the number of vertices of side B.

Question 4: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 9! C: 11! D: 34

Question 5: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: there is always a
perfect matching of the vertices of side A. (' side B has more vertices than side A. D: side A has
more vertices than side B.

Question 6: In how many ways can the numbers 0,1,...,10 be put in order?
A: 21 B 11! C:10x 10 D: 10!

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ () +()

Question 8: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 3" B:2"+2" (C:2" D: (n72)

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 30 B: 3% (C:10) D:10-9-8

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal

order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 3" B:a2n420 C:([,) D:2"

n/2

Question 2: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 10 x 10 B: 21 (C: 11! D: 10!

Question 3: If GG is a simple graph then

A: the number of its vertices with odd degree is not odd. B: the number of its vertices with even degree
is even. (' it has at least two vertices with odd degree.  D: it has at most two vertices with odd
degree.

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e
Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:m-n B:2m+n) C:mn—-1)+n(m—-1) D:m+n

Question 6: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: not all vertex degrees can be odd. " the maximum vertex
degree is < 99. D: it is possible that all vertices have different degrees.

Question 7: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 319 B:30 C:102 D:10-9-8

Question 8: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A +G+(G) B:10-9-8-7

4 3 2

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é!—% B: 6! C:10* D:16_(;!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many different functions are there from the set {1,...,m} to the set {1,...,n}?

A-m-n B:nn—1)---(n—m+1) C:n™ D:m"

Question 2: The binomial coefficient (}) equals
A: (nfk) B: 0if k=0.

Question 3: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:%—?l B: 6! C:é!—% D: 10*

Question 4: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 100 B: 3'Y C: 11! D: 9

Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A-m+n B:mn—-1)4+n(m—1) C:2(m+n) D:m-n

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A+ +(0) B10-9-8-7

Question 7: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. (" each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side A is at least the number of vertices of side B.

Question 8: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 319 B:10-9-8 C:30 D: 103

Question 9: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: there is always a perfect matching of the vertices of side A.  B: side B has more vertices than side
A. (" side A has more vertices than side B. D: For every subset J C A the set of all its neighbors has
more elements than J.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 525, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 3% B 11! C: 9! D: 10!

Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 30 B:10-9-8 (C:10® D: 3%

Question 3: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m+n B:m-n C:2(m+n) D: mn-—1)+n(m-—1)

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B T repe1

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two

quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A 2" B:2n420 (;}2) D: 3"

Question 7: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side A is
at least the number of vertices of side B. C': each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A6l B 10t C: 10 p. 1o

Question 9: If GG is a connected simple graph with n vertices then
A: it must have at least n edges. B: it cannot contain cycles. (@ it must have at least n — 1 edges.
D: it cannot have more than n + 1 edges.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A Sy B ey
Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 10* B:16—(;! C: 6! D:g!—%

Question 3: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side
A is connected with all vertices of side B. (C: the number of vertices of side B is at least the number of
vertices of side A. D: each vertex of side B is connected to some vertex in side A.

Question 4: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m-n B:m" C:nn—-1)---(n—m+1) D:n™

Question 5: If G is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it must have at least n — 1 edges. (' it cannot contain
cycles. D: it must have at least n edges.

Question 6: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: it is possible that all vertices have different degrees. C": not
all vertex degrees can be odd. D: the maximum vertex degree is < 99.

n

Question 7: The binomial coefficient (k

A:0ifk=0. B: (")

) equals

Question 8: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 3% B:30 C:10-9-8 D: 103

Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 21 C:10x10 D: 10!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a simple graph then
A: the number of its vertices with odd degree is not odd. B: it has at least two vertices with odd degree.
(' the number of its vertices with even degree is even. D: it has at most two vertices with odd degree.

Question 2: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B Trepe1
Question 3: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)

A: 9 B: 31 C:.100 D: 11!

Question 4: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B:30 C: 3% D:103

Question 5: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m-n C:m"™ D:nn—1)---(n—m+1)

Question 6: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 0 exactly when 7 is not connected to j B: equal to 1 exactly when there is a path that
connect 7 to j. (' equal to the degree of vertex ¢ D: equal to 1 exactly when ¢ is not connected to j

Question 7: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: side A has more vertices than side B. (' For every subset
J C A the set of all its neighbors has more elements than J. D: there is always a perfect matching of
the vertices of side A.

Question 8: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: (H+ )+

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 6! B:IG—O!! C:é!—% D: 10*

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 31t B9l (C: 11! D: 10!

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is

A: equal to 1 exactly when ¢ is not connected to j B: equal to 1 exactly when there is a path that
connect i to j. (' equal to the degree of vertex ¢ D: equal to 0 exactly when ¢ is not connected to j

Question 3: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 4: In how many ways can the numbers 0,1,...,10 be put in order?
A: 110 B: 100 C: 2% D:10x 10

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A +G+(G) B:10-9-8-7

4 3 2

Question 6: If GG is a simple graph then

A: the number of its vertices with even degree is even. B: it has at least two vertices with odd degree.
C': the number of its vertices with odd degree is not odd.  D: it has at most two vertices with odd
degree.

Question 7: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: the maximum vertex degree is < 99. (' it is possible that all
vertices have different degrees. D: the minimum vertex degree is > 1.

Question 8: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 3" B: 2" (. (n%) D: 2™ 427

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:30 B:10-9-8 (C:10®° D: 310

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can the numbers 0, 1,...,10 be put in order?

A: 219 B: 11! C: 10x 10 D: 10!

Question 2: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A:20-19-18 B:20° C:3%® D: %

Question 4: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when there is a path that connect ¢ to 7. B: equal to the degree of vertex i ("
equal to 0 exactly when 7 is not connected to 7 D: equal to 1 exactly when 7 is not connected to j

Question 5: If (G is a connected simple graph with n vertices then
A: it cannot have more than n+1 edges. B: it cannot contain cycles. " it must have at least n edges.
D: it must have at least n — 1 edges.

Question 6: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A:2(m+n) B:mn—1)4n(m—-1) C:m+n D:m-n

Question 7: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A G2 B e
Question 8: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:nn—1)---(n—m+1) B:m-n C:n™ D:m"

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A6l B:10' C: 1 p. 1o

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The binomial coefficient (Z) equals
A ("), B:0ifk=0.
Question 2: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A: k-(k—1)-2-1 B: n-(n—1)--2-1

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?
A: 3% B:20-19-18 C: & D: 208

Question 4: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B: 3 C: 102 D: 30

Question 5: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: side B has more
vertices than side A. (" side A has more vertices than side B. D: there is always a perfect matching
of the vertices of side A.

Question 6: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 31t C: 9! D: 11!

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:10* B X C:6! D: g

6! 614!
Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A
A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side
B is connected to some vertex in side A. (C': each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side B is at least the number of vertices of side A.

Question 9: If GG is a simple graph then

A: the number of its vertices with even degree is even. B: it has at most two vertices with odd degree.
C': it has at least two vertices with odd degree.  D: the number of its vertices with odd degree is not
odd.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side
B is connected to some vertex in side A. (' each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side B is at least the number of vertices of side A.

Question 2: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:nn—=1)---(n—=m+1) B:m-n C:m" D:n™

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 4: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 31t B9l (C: 100 D: 11!

Question 5: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side A has more vertices than side B. B: For every subset J C A the set of all its neighbors has more
elements than J. (C: there is always a perfect matching of the vertices of side A. D: side B has more
vertices than side A.

Question 6: The binomial coefficient (Z) equals
A: (nﬁkz) B: 0if k=0.

Question 7: If GG is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it must have at least n edges. (' it cannot contain cycles.
D: it cannot have more than n + 1 edges.

Question 8: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 319 B:30 C:10-9-8 D: 103

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A B0t 00 2 D og!

6! 6!4!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 532, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: there is always a perfect matching of the vertices of side A. B: side A has more vertices than side
B. (' side B has more vertices than side A. D: For every subset J C A the set of all its neighbors has
more elements than J.

Question 2: The binomial coefficient (Z) equals
A (") B:0ifk=0.

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 4: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A:20° B:20-19-18 C:3® D &

Question 5: If G is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it cannot contain cycles. C': it cannot have more than n + 1
edges. D: it must have at least n edges.

Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 2" B: 242" (C: (n72) D: 3"

Question 7: If GG is a simple graph then

A: the number of its vertices with even degree is even. B: the number of its vertices with odd degree
is not odd. (' it has at most two vertices with odd degree. D: it has at least two vertices with odd

degree.

Question 8: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 11! C: 3Y' D: 9l

Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 21 C:10x10 D: 10!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a simple graph then

A: the number of its vertices with even degree is even. B: it has at most two vertices with odd degree.
C': it has at least two vertices with odd degree.  D: the number of its vertices with odd degree is not
odd.

Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 6! B:IG—O!! C:é!—% D: 10*

Question 3: If GG is a connected simple graph with n vertices then

A: it cannot contain cycles. B: it cannot have more than n+ 1 edges. ' it must have at least n edges.
D: it must have at least n — 1 edges.

Question 4: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 5: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 6: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is

A:2(m+n) B:mn—1)4+n(m—-1) C:m-n D:m+n

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A 242" B: 3" (C:2" D: (7;/12)

Question 8: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 2% B 10! C:10x10 D: 11!

Question 9: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m-n B:n™ C:m™ D:nn—1)---(n—m+1)

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 534, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal

order in A and B is irrelevant, but it matters which set is A and which is B.)
A3 B: 2" C:2"42" D: (7:;2)

Question 2: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A+ +(¢) B:10-9-8-7

4 3 2

Question 3: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 10 x 10 B: 10! C: 11! D: 210

Question 4: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: there is always a perfect matching of the vertices of side A. B: side A has more vertices than side
B. (' side B has more vertices than side A. D: For every subset J C A the set of all its neighbors has
more elements than J.

Question 5: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:é—% B: 6! C: 10* Dilﬁ_(;!

Question 7: If G is a connected simple graph with n vertices then

A: it cannot contain cycles. B: it must have at least n — 1 edges. (' it cannot have more than n + 1
edges. D: it must have at least n edges.

Question 8: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A:2(m+n) B:mn—1)4n(m—-1) C:m-n D:m+n

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 3% B:30 C:10-9-8 D: 103

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 535, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 20 B: 2 (C:20-19-18 D: 3%

Question 2: If GG is a simple graph then

A: it has at least two vertices with odd degree. B: the number of its vertices with even degree is even.
C: the number of its vertices with odd degree is not odd.  D: it has at most two vertices with odd
degree.

Question 3: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: For every subset J C A the set of all its neighbors has more
elements than J. " there is always a perfect matching of the vertices of side A. D: side A has more
vertices than side B.

Question 4: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 5: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 6! B:IG—O!! C:é—% D: 10*

Question 6: If G is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it must have at least n edges. (' it cannot contain cycles.
D: it cannot have more than n + 1 edges.

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A:2n 42" B: 2 (C: (n%) D: 3"

Question 8: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9 B: 31t C: 11! D: 10!

Question 9: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—=1)(n—k+1)
A= B TRy

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 536, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal

order in A and B is irrelevant, but it matters which set is A and which is B.)
A 2r B: 3" C:2"42" D: (n72)

Question 2: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:2(m+n) B:m+n C:mn—1)+n(m—-1) D:m-n

Question 3: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 10! C: 219 D:10x 10

Question 4: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 5: The binomial coefficient (Z) equals

A ("), B:0ifk=0.

Question 6: If (G is a connected simple graph with n vertices then

A: it must have at least n — 1 edges. B: it must have at least n edges. (' it cannot have more than

n+ 1 edges. D: it cannot contain cycles.

Question 7: If GG is a simple graph then

A: the number of its vertices with even degree is even. B: the number of its vertices with odd degree
is not odd. (' it has at most two vertices with odd degree. D: it has at least two vertices with odd
degree.

Question 8: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 103 B: 319 (C:30 D:10-9-8

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é—% B: 104 C:lﬁ—(:! D: 6!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 537, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 9! B: 31t 11! D: 10!

Question 2: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A D+EG+(G) B:10-9-8-7

n

k) equals

Question 3: The binomial coefficient (

A: 0ifk=0. B: (")

Question 4: If G is a simple graph then
A: it has at least two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C": the number of its vertices with even degree is even. D: it has at most two vertices with odd degree.

Question 5: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: there is always a
perfect matching of the vertices of side A. (' side A has more vertices than side B. D: side B has
more vertices than side A.

Question 6: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 39 B:10-9-8 C:30 D: 10°

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A B8 p 10 a0t D: o6l

6 614!

Question 8: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-n™ B:m-n C:nn—1)--(n—m+1) D:m"

Question 9: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. (" the number of vertices of side A is at least the number of
vertices of side B. D: each vertex of side B is connected to some vertex in side A.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 538, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 11! B: 31t C: 100 D: 9!

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when there is a path that connect ¢ to 5.  B: equal to 0 exactly when ¢ is not
connected to 7 C": equal to 1 exactly when 7 is not connected to 7 D: equal to the degree of vertex

Question 3: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:2(m+n) B:m-n C:mn—-1)+n(m—-1) D:m+n

Question 4: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B:10® (C: 30 D: 31°

Question 5: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 6: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: each vertex of side A is connected
with all vertices of side B. (': the number of vertices of side A is at least the number of vertices of side

B. D: the number of vertices of side B is at least the number of vertices of side A.

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A (),) B:3" C:2" D:2m+42"

n/2

Question 8: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 11! C: 10! D: 2%

Question 9: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 539, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)

A: 100 B: 3%t C: 11! D: 9!

Question 2: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: side B has more vertices than side A. B: side A has more vertices than side B. (' there is always
a perfect matching of the vertices of side A. D: For every subset J C A the set of all its neighbors has
more elements than J.

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A:20-19-18 B: 203 C:3% D: 2!

3!

Question 4: If G is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it cannot have more than n + 1 edges. " it must have at
least n edges. D: it cannot contain cycles.

Question 5: The binomial coefficient (Z) equals

A:0if k=0. B: (nﬁk)

Question 6: In a simple graph with 100 vertices

A: the maximum vertex degree is < 99. B: the minimum vertex degree is > 1. (' it is possible that

all vertices have different degrees. D: not all vertex degrees can be odd.

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 10 B: g C: 6! D: 4

614! 6!
Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k=1)---(k—n+1) . n(n=1)-(n—k+1)
A= B TR a1
Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A 2" 42" B: 2" C:(") D: 3"

n/2

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 540, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side B is at least the number of vertices of side A. B: each vertex of side
B is connected to some vertex in side A. (' each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side A is at least the number of vertices of side B.

Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 104 B: 6! 0:16—0!’ D;Gl!_%

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:nn—1)---(n—m+1) B:m" C:n™ D:m-n

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B T repe1
Question 5: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is
A: equal to 0 exactly when 7 is not connected to j B: equal to 1 exactly when ¢ is not connected to j
C': equal to the degree of vertex i D: equal to 1 exactly when there is a path that connect ¢ to j.

Question 6: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 103 B: 319 (C:30 D:10-9-8

Question 7: If G is a simple graph then
A: the number of its vertices with odd degree is not odd. B: it has at most two vertices with odd degree.
C': the number of its vertices with even degree is even. D: it has at least two vertices with odd degree.

Question 8: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 110 B: 31t C: 9! D: 10!

Question 9: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if £ =0.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 541, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is

A: equal to 0 exactly when 7 is not connected to j B: equal to 1 exactly when ¢ is not connected to j
C: equal to 1 exactly when there is a path that connect 7 to j. D: equal to the degree of vertex ¢

Question 2: If GG is a connected simple graph with n vertices then
A: it cannot have more than n+ 1 edges. B: it must have at least n edges. (" it cannot contain cycles.
D: it must have at least n — 1 edges.

Question 3: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side A has more vertices than side B. B: For every subset J C A the set of all its neighbors has more
elements than J. (" there is always a perfect matching of the vertices of side A. D: side B has more
vertices than side A.

Question 4: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 9! (C:10! D: 11!

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A +G)+(G) B:10-9-8-7

4 3 2

Question 6: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 2"+ 2" B: (n72) c: 3" D:2"

Question 8: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 11! C: 10! D: 210

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 30 B: 3% (C:10-9-8 D: 103

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 542, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A6l B 10t C: 1 p. 20

Question 2: In a simple graph with 100 vertices
A: it is possible that all vertices have different degrees. B: the minimum vertex degree is > 1. (" not
all vertex degrees can be odd. D: the maximum vertex degree is < 99.

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 4: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 10! C: 10 x 10 D: 2%

Question 5: If G is a connected simple graph with n vertices then
A: it cannot contain cycles.  B: it must have at least n — 1 edges. (" it must have at least n edges.
D: it cannot have more than n + 1 edges.

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n(n—-1)---(n—m+1) B:m™ C:m-n D:n™

Question 7: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when there is a path that connect ¢ to j. B: equal to 1 exactly when ¢ is not
connected to 7 C": equal to the degree of vertex ¢ D: equal to 0 exactly when i is not connected to j

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?

A k(k—1)---(k—n+1) B: n(n—1)--(n—k+1)

Question 9: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A:20° B:20-19-18 C: 2 D: 3%

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 543, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A:m-n B:mn—-1)4+n(m—1) C: m+n D:2(m+n)

Question 2: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:nn—1)---(n—m+1) B:m" C:n™ D:m-n

Question 3: In how many ways can the numbers 0,1,...,10 be put in order?
A: 100 B: 219 C: 11! D: 10 x 10

Question 4: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: (1;/‘2) B: 3" C:2"+2" D:2"

n

k) equals

Question 5: The binomial coefficient (
A:0ifk=0. B: (")

Question 6: If G is a connected simple graph with n vertices then

A: it must have at least n — 1 edges. B: it must have at least n edges. (" it cannot contain cycles.

D: it cannot have more than n + 1 edges.

Question 7: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. C: each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side A is at least the number of vertices of side B.

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A: n-(n—1)-2-1 B: -(k—1)-2-1

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A: 6! B: W& . 00 poqp4

6! 6!4!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 544, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 104 B: 6 (.9 p. L

614! 6!
Question 2: In a bipartite graph with vertex sets A and B which has a perfect matching of side A
A: the number of vertices of side B is at least the number of vertices of side A. B: each vertex of side A
is connected with all vertices of side B. (" each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side A is at least the number of vertices of side B.

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
 k(k=1)-(k—n+1) . n(n—1)-(n—k+1)
e s s R <y e e
Question 4: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A: 2(m+n) B:mn—-1)+nm—-1) C:m-n D:m+n

Question 5: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 6: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A2 B: 3% (C:20-19-18 D: 20

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal

order in A and B is irrelevant, but it matters which set is A and which is B.)
A3 B:2r+2" (C: 2" D: (n72)

Question 8: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 11! C: 9! D: 34

Question 9: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side A has more vertices than side B. B: side B has more vertices than side A. ' For every subset
J C A the set of all its neighbors has more elements than J. D: there is always a perfect matching of
the vertices of side A.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 545, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: the number of vertices of side B is
at least the number of vertices of side A. (' each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side A is at least the number of vertices of side B.

Question 2: The binomial coefficient (Z) equals
A: ("), B:0ifk=0.

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 4: If GG is a simple graph then

A: the number of its vertices with even degree is even. B: the number of its vertices with odd degree
is not odd. (' it has at most two vertices with odd degree. D: it has at least two vertices with odd
degree.

Question 5: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A& B:20-19-18 C: 20 D: 3%

3r
Question 6: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 11! B: 31t C: 100 D: 9!

Question 7: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to the degree of vertex i B: equal to 0 exactly when 7 is not connected to 7 C: equal to 1
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 8: In how many ways can the numbers 0,1,...,10 be put in order?
A: 2% B:10x10 C: 11! D: 10!

Question 9: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:nn—1)---(n—m+1) C:m™ D:m-n

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A:2n 42" B: 2 (C: (n%) D: 3"

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 9! (C:10! D: 11!

Question 3: If GG is a simple graph then
A: it has at most two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C' it has at least two vertices with odd degree. D: the number of its vertices with even degree is even.

Question 4: If GG is a connected simple graph with n vertices then
A: it cannot contain cycles. B: it cannot have more than n 4+ 1 edges. (" it must have at least n — 1
edges. D: it must have at least n edges.

Question 5: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A: 3% B:20-19-18 C:20° D: 2%

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 6! B: 10* C’:é!—% D:lﬁ—o!!

Question 7: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
 k(k—1)-(k—n-+1) _ n(n—1)-(n—k+1)
A: n-(n—1)-21 B: k-(k—1)--21

Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. C: each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side A is at least the number of vertices of side B.

Question 9: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A+ +(¢) B:10-9-8-7

4 3 2

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: the minimum vertex degree is > 1. (" it is possible that all
vertices have different degrees. D: the maximum vertex degree is < 99.

Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 103 B: 30 C:3% D:10-9-8

Question 3: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side
B is connected to some vertex in side A. (': each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side B is at least the number of vertices of side A.

Question 4: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 11! C: 3% D: 9l

Question 5: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e
Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 2" B: (n72) c.2n+2" D: 3"
Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A+ +(0) B:10-9-8-7

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:é—% B:16—0!! C: 6! D: 10*

Question 9: If GG is a connected simple graph with n vertices then
A: it cannot contain cycles.  B: it must have at least n — 1 edges. C': it must have at least n edges.
D: it cannot have more than n + 1 edges.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A:mn—1)4+n(m—-1) B:m+n C:m-n D:2(m+n)

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 0 exactly when i is not connected to ;7 B: equal to the degree of vertex ¢ (" equal to 1
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 3: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 100 B: 319 (C:10-9-8 D: 30

Question 4: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side A is
at least the number of vertices of side B. (' the number of vertices of side B is at least the number of
vertices of side A. D: each vertex of side B is connected to some vertex in side A.

Question 5: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:nn—1)---(n—m+1) B:m-n C:n™ D:m"

Question 6: The binomial coefficient (Z) equals
A (") B:0ifk=0.

n—k

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
8 8 8
A () +(G)+ () B:10-9-8.7
Question 8: In how many ways can the numbers 0, 1,...,10 be put in order?

A: 10 x 10 B: 11! C: 10! D: 210

Question 9: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 11! C: 9! D: 10!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 11! B: 10! C: 9 D: 34

Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B:30 C:3% D:103

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k=1)--(k—m+1)
A Sy B ey
Question 4: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A: 6! B:10* . L p. Lo

6! 614!
Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A+ +(G) B:10-9-8-7

4 3 2

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n(n—-1)---(n—m+1) B:m™ C:m-n D:n™

Question 7: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side
B is connected to some vertex in side A. (': each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side B is at least the number of vertices of side A.

Question 8: In a simple graph with 100 vertices
A: it is possible that all vertices have different degrees. B: the maximum vertex degree is < 99. (' the
minimum vertex degree is > 1. D: not all vertex degrees can be odd.

Question 9: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side A has more vertices than side B. B: For every subset J C A the set of all its neighbors has more
elements than J. (' side B has more vertices than side A. D: there is always a perfect matching of
the vertices of side A.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many different functions are there from the set {1,...,m} to the set {1,...,n}?

A:n™ B:nn—1)---(n—m+1) C:m-n D:m"

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 31t C: 9! D: 11!

Question 3: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 3" B: (n72) C: 2" D:2n 4 2n

Question 4: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é!—% B: 10* C: 6! D:16—(;!

Question 5: In a simple graph with 100 vertices

A: the minimum vertex degree is > 1.  B: the maximum vertex degree is < 99.  (C: not all vertex
degrees can be odd. D: it is possible that all vertices have different degrees.

Question 6: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: there is always a perfect matching of the vertices of side A. B: For every subset J C A the set of all
its neighbors has more elements than J. ' side B has more vertices than side A. D: side A has more
vertices than side B.

Question 7: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m-n B:mn—-1)4+n(m—1) C:2(m+n) D:m+n

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)-(k—n+1) . n(n—1)-(n—k+1)
A S e y2 B TEry2r
Question 9: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B () + (5) + ()

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A Sy B ey
Question 2: If GG is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it cannot contain cycles. (" it must have at least n — 1

edges. D: it must have at least n edges.

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A +G+(G) B:10-9-8-7

4 3 2

Question 4: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 219 C: 10" D: 11!

Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m+n B:mn—-1)4+nm—-1) C:m-n D:2(m+n)

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:GI!—% B:IG—O!! C: 6! D:10*

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 3" B: (n7/12) c. 2" D:2"42"

Question 8: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 20 B: 2 C:3* D:20-19-18

Question 9: If G is a simple graph then

A: it has at least two vertices with odd degree.  B: it has at most two vertices with odd degree. (-
the number of its vertices with odd degree is not odd. D: the number of its vertices with even degree is
even.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it must have at least n edges. (' it cannot contain cycles.
D: it cannot have more than n + 1 edges.

Question 2: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B:10! C:10x10 D: 11!

Question 3: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:10-9-8 B: 103 C: 39 D: 30

Question 4: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when ¢ is not connected to j B: equal to the degree of vertex ¢ (' equal to 0
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 5: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: the number of vertices of side B is
at least the number of vertices of side A. (" each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side A is at least the number of vertices of side B.

Question 6: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9 B: 31 C: 11! D: 10!

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A:3v B2t C: 2" 42" D:()),)

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?

. k(k=1)--(k—n+1) . n(n=1)-(n—k+1)
s R <y o
Question 9: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is

A: equal to 0 exactly when 7 is not connected to j B: equal to 1 exactly when ¢ is not connected to j
C: equal to 1 exactly when there is a path that connect 7 to j. D: equal to the degree of vertex ¢

n

k) equals

Question 2: The binomial coefficient (
A: 0ifk=0. B: (")

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A: 2% B: 3% (C:20-19-18 D: 203

Question 4: If GG is a connected simple graph with n vertices then
A: it must have at least n edges. B: it cannot contain cycles. C': it cannot have more than n+ 1 edges.
D: it must have at least n — 1 edges.

Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 9! C: 11! D: 3!

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 6! B: 10* 0:61!—% D:lﬁ—?!

Question 7: If G is a simple graph then

A: it has at least two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C' it has at most two vertices with odd degree. D: the number of its vertices with even degree is even.

Question 8: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 +(5) +(5)

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 310 B 103 C:10-9-8 D: 30

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is

A: equal to the degree of vertex i B: equal to 0 exactly when i is not connected to 57 C': equal to 1
exactly when there is a path that connect 72 to j. D: equal to 1 exactly when ¢ is not connected to j

n

k) equals

Question 2: The binomial coefficient (
A: 0ifk=0. B: (")

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. k(k—1)--(k—m+1) . n(n—1)--(n—k+1)
A S e B TEry2r
Question 4: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: For every subset J C A the set of all its neighbors has more elements than J. B: there is always a
perfect matching of the vertices of side A. (' side B has more vertices than side A. D: side A has
more vertices than side B.

Question 5: In how many ways can the numbers 0,1,...,10 be put in order?
A: 100 B: 10x 10 C: 11! D: 21

Question 6: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:10-9-8 B:10* C: 3% D: 30

Question 7: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m-n B:nn—-1)---(n—m+1) C:n™ D:m"

Question 8: If G is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it must have at least n edges. (' it cannot contain cycles.
D: it cannot have more than n + 1 edges.

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?
A: 6! B:10* Cc:. ¥ p. Lo

6 64!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k=1)--(k—n+1) . n(n—1)(n—k+1)
T oy R =y oy
Question 2: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99. B: it is possible that all vertices have different degrees. C': not

all vertex degrees can be odd. D: the minimum vertex degree is > 1.

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A: 2% B:20-19-18 C:20° D: 3%

Question 4: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m-n B:mn—-1)4+n(m—-1) C:m+n D:2(m+n)

Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3%Y B 10! C: 9! D: 11!

Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (732) B:2" C:2"+2" D: 3"

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A+ G +(¢) B:10-9-8-7

Question 8: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 10 x 10 B: 10! C: 11! D: 210

Question 9: If G is a connected simple graph with n vertices then
A: it must have at least n edges. B: it must have at least n — 1 edges. (' it cannot have more than
n+ 1 edges. D: it cannot contain cycles.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 556, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1
Final examination

Question 1: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 7,5 € V' is

A: equal to 0 exactly when 7 is not connected to 5 B: equal to the degree of vertex ¢ C: equal to 1
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 3: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (n%) B:2"+2" C: 3" D:2"

Question 4: If GG is a simple graph then

A: it has at most two vertices with odd degree. B: the number of its vertices with even degree is even.
C': it has at least two vertices with odd degree.  D: the number of its vertices with odd degree is not
odd.

Question 5: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: it is possible that all vertices have different degrees. C" the
maximum vertex degree is < 99. D: not all vertex degrees can be odd.

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A6l B 10t C: 1 p. 1o

Question 7: In how many ways can the numbers 0,1,...,10 be put in order?
A: 2% B: 100 C:10x10 D: 11!

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
A: k(k—1)---(k—n+1) B: n(n—1)-(n—k+1)
© T n(n—1)2d © T k(k—1)-21
Question 9: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A: 20 B: 3% (:20-19-18 D: &

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 557, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 9! (C:10! D: 11!

Question 2: If GG is a simple graph then
A: it has at least two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C": the number of its vertices with even degree is even. D: it has at most two vertices with odd degree.

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 4: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side A is
at least the number of vertices of side B. (' each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 5: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m™ B:m-n C:inn—-1)---(n—m+1) D:n™

Question 6: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 2% B:20-19-18 C: 3% D: 203

Question 7: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 8: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when i is not connected to ;7 B: equal to the degree of vertex i C: equal to 1
exactly when there is a path that connect 7 to j. D: equal to 0 exactly when 7 is not connected to j

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 10 B0t C’:16—0!! D: 6!

6!4!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 558, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A:mn—1)4+n(m—-1) B:m+n C:m-n D:2(m+n)

Question 2: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B 10! C:10x10 D: 11!

Question 3: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 30 B: 3% (C:10° D:10-9-8

Question 4: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 5: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. (' each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side A is at least the number of vertices of side B.

Question 6: If GG is a connected simple graph with n vertices then
A: it cannot contain cycles.  B: it cannot have more than n 4+ 1 edges. " it must have at least n — 1
edges. D: it must have at least n edges.

Question 7: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m" C:nn—1)---(n—m+1) D:m-n

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 10 B: 6! C: % D&

Question 9: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A: n-(n—1)-2-1 B: k- (k—1)-2-1

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 559, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 3% B:20-19-18 C:20° D: %%

Question 2: The binomial coefficient (Z) equals

A: 0ifk=0. B: (")

Question 3: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A B 10t C: g% D: 6l

Question 4: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 5: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side B is at least the number of vertices of side A. B: each vertex of side
B is connected to some vertex in side A. (C': the number of vertices of side A is at least the number of
vertices of side B. D: each vertex of side A is connected with all vertices of side B.

Question 6: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: it is possible that all vertices have different degrees. C" the
maximum vertex degree is < 99. D: not all vertex degrees can be odd.

Question 7: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3 B: 10! C: 11! D: 9!

Question 8: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A:mn—1)4+n(m—-1) B:m+n C:m-n D:2(m+n)

Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A:2m B: (') C:3" D:2m+42"

n/2

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A6l B 10t C: 1 p. 20

Question 2: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?
A: 3% B:20° C: & D:20-19-18

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

AG+EG+(G) B:10-9-8-7

4 3 2

Question 4: If GG is a connected simple graph with n vertices then
A: it cannot have more than n 4+ 1 edges. B: it must have at least n — 1 edges. C: it must have at
least n edges. D: it cannot contain cycles.

Question 5: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: not all vertex degrees can be odd. (" it is possible that all
vertices have different degrees. D: the maximum vertex degree is < 99.

Question 6: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 319 B:30 C:102 D:10-9-8

Question 7: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: each vertex of side A is connected
with all vertices of side B. (C': the number of vertices of side A is at least the number of vertices of side
B. D: the number of vertices of side B is at least the number of vertices of side A.

Question 8: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9 B: 11! C: 100 D: 31

Question 9: The binomial coefficient (Z) equals
A (") B:0ifk=0.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 561, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1.  B: the maximum vertex degree is < 99. (' it is possible that
all vertices have different degrees. D: not all vertex degrees can be odd.

Question 2: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 2" B: 2420 (- (nr;Q) D: 3"
Question 3: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. k(k=1)--(k—n+1) . n(n—1)--(n—k+1)
A= B TR a1
Question 4: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
AGG+E+0) B:10-9-8-7

4 3 2

Question 5: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 2! (C: 11! D: 10!

Question 6: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: there is always a perfect matching of the vertices of side A.
C: For every subset J C A the set of all its neighbors has more elements than J. D: side A has more
vertices than side B.

Question 7: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 103 B: 30 C:3% D:10-9-8

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 6! B:Gll_(z)l!! C: 104 D:lﬁ—(;!

Question 9: If GG is a connected simple graph with n vertices then
A: it cannot contain cycles.  B: it must have at least n — 1 edges. (" it must have at least n edges.
D: it cannot have more than n + 1 edges.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 562, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 30 B:10-9-8 (C:10® D: 3%

Question 3: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to the degree of vertex i B: equal to 0 exactly when i is not connected to 57 C': equal to 1
exactly when there is a path that connect 7 to 5. D: equal to 1 exactly when 7 is not connected to j

Question 4: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m-n B:m" C:n™ D:nn—1)---(n—m+1)

Question 5: If (G is a simple graph then

A: the number of its vertices with even degree is even. B: it has at least two vertices with odd degree.
C: it has at most two vertices with odd degree. =~ D: the number of its vertices with odd degree is not
odd.

Question 6: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 10 x 10 B: 11! C: 10! D: 210

Question 7: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A: n-(n—1)-2-1 B: k-(k—1)-2-1

Question 8: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: it is possible that all vertices have different degrees. ' the
maximum vertex degree is < 99. D: the minimum vertex degree is > 1.

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 6! B:10* . L p. o

6 64!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side B is at least the number of vertices of side A. B: the number of vertices
of side A is at least the number of vertices of side B. C: each vertex of side B is connected to some
vertex in side A. D: each vertex of side A is connected with all vertices of side B.

Question 2: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A: 2(m+n) B:mn—-1)+nm—-1) C:m-n D:m+n

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m-n B:m" C:n™ D:nn—1)---(n—m+1)

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e

Question 5: If (G is a connected simple graph with n vertices then

A: it cannot contain cycles. B: it cannot have more than n+ 1 edges. " it must have at least n edges.
D: it must have at least n — 1 edges.

Question 6: The binomial coefficient (Z) equals
A: 0ifk=0. B: (")
Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é!—% B:16—(:! C: 10* D: 6!

Question 8: How many circular orderings of the numbers 0, 1,...,10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 100 B: 31t C: 9 D: 11!

Question 9: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A:20° B:20-19-18 C:3® D &

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 11! B: 9! C: 3% D: 10!

Question 2: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:nn—1)---(n—m+1) B:m" C:m-n D:n™

Question 3: If GG is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it must have at least n — 1 edges. (' it cannot contain
cycles. D: it must have at least n edges.

Question 4: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side B is at least the number of vertices of side A. B: the number of vertices
of side A is at least the number of vertices of side B. (C: each vertex of side B is connected to some
vertex in side A. D: each vertex of side A is connected with all vertices of side B.

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 6: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to the degree of vertex i B: equal to 1 exactly when 7 is not connected to j C: equal to 1
exactly when there is a path that connect 7 to j. D: equal to 0 exactly when 7 is not connected to j

Question 7: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B: 10! C: 11! D:10x 10

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. k(k—1)-(k—n+1) . n(n—1)-(n—k+1)
A S ey B TEry2r
Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (n%) B: 3" C: 242 D: 2"

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:10-9-8 B:10* C: 3% D: 30

Question 2: If GG is a simple graph then

A: it has at least two vertices with odd degree. B: the number of its vertices with even degree is even.
C: it has at most two vertices with odd degree. ~ D: the number of its vertices with odd degree is not
odd.

Question 3: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 9! (C:10! D: 11!

Question 4: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: there is always a perfect matching of the vertices of side A.
C: For every subset J C A the set of all its neighbors has more elements than J. D: side A has more
vertices than side B.

Question 5: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 10 B: 6! 0:61!—% D;lﬁ_(;!

Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A 242" B: 2 (C: 3" D: (n%)

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 8: The binomial coefficient (Z) equals
A: (nfk) B: 0if £ =0.

Question 9: If GG is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it must have at least n edges. ' it must have at least
n — 1 edges. D: it cannot contain cycles.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A:20° B: 3% (:20-19-18 D: &

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9! B: 11! C: 100 D: 3%

Question 3: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 100 B:10x10 C: 2% D: 11!

Question 4: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A2 B: 3" (C: 242" D: (n72)

Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {aq,...,an}
and B = {by,...,b,} is
A-m-n B:m+n C:2(m+n) D:mn—1)+n(m—1)

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A+ +(0) B:10-9-8-7

Question 7: The binomial coefficient (k) equals

A: 0ifk=0. B: (")

Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side
A is connected with all vertices of side B. (C: the number of vertices of side B is at least the number of

vertices of side A. D: each vertex of side B is connected to some vertex in side A.

Question 9: If (G is a connected simple graph with n vertices then
A: it cannot contain cycles. B: it cannot have more than n+ 1 edges. " it must have at least n edges.
D: it must have at least n — 1 edges.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!
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Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The binomial coefficient (Z) equals
A ("), B:0ifk=0.

n—k

Question 2: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m™ B:m-n C:inn—-1)---(n—m+1) D:n™

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 4: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m-n B:m+n C:mn—1)+n(m—1) D:2(m+n)

Question 5: If GG is a simple graph then

A: it has at most two vertices with odd degree. B: the number of its vertices with even degree is even.
C: the number of its vertices with odd degree is not odd.  D: it has at least two vertices with odd
degree.

Question 6: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: the number of vertices
of side B is at least the number of vertices of side A. (C: each vertex of side A is connected with all
vertices of side B. D: each vertex of side B is connected to some vertex in side A.

Question 7: If we have 10 distinct objects and we can color each of them red, green or blue, how many

different colorings are possible?
A:10-9-8 B:30 C:3% D:10?

Question 8: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 11! B: 31t C: 100 D: 9!

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A B0t O % D6l

6! 6!4!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 568, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 110 B: 31t C: 9! D: 10!

Question 2: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side B is at least the number of vertices of side A. B: the number of vertices
of side A is at least the number of vertices of side B. (C: each vertex of side B is connected to some
vertex in side A. D: each vertex of side A is connected with all vertices of side B.

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: () +(5) + (5)

Question 4: The binomial coefficient (Z) equals
A ("), B:0ifk=0.

Question 5: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (;}2) B2 C:.2"4+2" D: 3"

Question 6: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?
A: 3% B:20* C: % D:20-19-18

Question 7: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:2(m+n) B:m+n C:m-n D:m(n—1)+n(m-—1)

Question 8: If G is a connected simple graph with n vertices then
A: it cannot contain cycles.  B: it must have at least n edges. C: it must have at least n — 1 edges.
D: it cannot have more than n + 1 edges.

Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B:10! C:10x10 D: 11!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 569, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a simple graph then

A: it has at least two vertices with odd degree.  B: it has at most two vertices with odd degree. ("
the number of its vertices with even degree is even. D: the number of its vertices with odd degree is not
odd.

Question 2: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 10! C: 2! D: 11!

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k=1)--(k—m+1)
A Sy B ey

n

k) equals

Question 4: The binomial coefficient (
A: 0ifk=0. B: (")

Question 5: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 30 B:10° C:39 D:10-9-8

Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 3" B: (") c.2" D: 2" 427

n/2

Question 7: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when 7 is not connected to 7 B: equal to 1 exactly when there is a path that
connect ¢ to j. C: equal to the degree of vertex ¢ D: equal to 0 exactly when 7 is not connected to j

Question 8: If GG is a connected simple graph with n vertices then
A: it cannot contain cycles. B: it must have at least n edges. C': it cannot have more than n + 1 edges.
D: it must have at least n — 1 edges.

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 6! B:Gll—% C: 104 D:lﬁ—(;!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 570, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 10% B:é—% 0:16_0!! D: 6!

Question 2: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 10! B: 11! C: 10x10 D: 210

Question 3: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A:10-9-8 B: 10 C: 39 D: 30

Question 4: In a simple graph with 100 vertices
A: it is possible that all vertices have different degrees. B: the maximum vertex degree is < 99. (" not
all vertex degrees can be odd. D: the minimum vertex degree is > 1.

Question 5: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when 7 is not connected to 5 B: equal to 0 exactly when ¢ is not connected to j
C': equal to 1 exactly when there is a path that connect ¢ to j. D: equal to the degree of vertex ¢

Question 6: If GG is a connected simple graph with n vertices then
A: it must have at least n edges. B: it cannot contain cycles. (C: it must have at least n — 1 edges.
D: it cannot have more than n + 1 edges.

Question 7: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A= B T Epeye
Question 9: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?
A: 3% B:20-19-18 C: & D: 20

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 571, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A +EG+(G) B:10-9-8-7

4 3 2

Question 2: If GG is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it must have at least n edges. (' it cannot contain cycles.
D: it cannot have more than n + 1 edges.

Question 3: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 100 B:10x10 C: 2% D: 11!

Question 4: If G is a simple graph then

A: it has at most two vertices with odd degree. B: the number of its vertices with even degree is even.
C: it has at least two vertices with odd degree. ~ D: the number of its vertices with odd degree is not
odd.

Question 5: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A2 B: 3" (C: 242" D: (n72)

Question 6: The binomial coefficient (Z) equals

A:0if k=0. B: (” )

n—k

Question 7: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m™ B:m-n C:n™ D:nn—1)---(n—m+1)

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A0 B 1L o0t D6l

6! 6141
Question 9: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: there is always a perfect matching of the vertices of side A. B: For every subset J C A the set of all
its neighbors has more elements than J. C: side A has more vertices than side B. D: side B has more
vertices than side A.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 572, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal

order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 3" B:2n4+ 2 (n%) D: 2"

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 10! C: 11! D: 9

Question 3: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {aq,...,a,}
and B = {by,...,b,} is
A:mn—1)4+n(m—1) B:m-n C:2(m+n) D:m+n

Question 4: In how many ways can the numbers 0,1,...,10 be put in order?
A: 2% B:10x10 C: 11! D: 10!

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 6: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: the maximum vertex degree is < 99. (" it is possible that
all vertices have different degrees. D: not all vertex degrees can be odd.

Question 7: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m" C:nn—1)---(n—m+1) D:m-n

Question 8: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 9: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V is

A: equal to the degree of vertex i B: equal to 0 exactly when 7 is not connected to 5 C: equal to 1
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 573, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 100 B: 11! C: 9 D: 34

Question 2: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A 3" B: 2" (O (7[;2) D: 2" 27

Question 3: In a simple graph with 100 vertices

A: it is possible that all vertices have different degrees. B: the minimum vertex degree is > 1. " not

all vertex degrees can be odd. D: the maximum vertex degree is < 99.

n

k) equals

Question 4: The binomial coefficient (
A:0ifk=0. B: (")

n—k

Question 5: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 11! B:10x 10 C: 2! D: 10!

Question 6: If G is a simple graph then

A: the number of its vertices with even degree is even. B: the number of its vertices with odd degree
is not odd. C': it has at least two vertices with odd degree. D: it has at most two vertices with odd
degree.

Question 7: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)-(k—n+1) . n(n=1)-(n—k+1)
A =2 B TR a1
Question 8: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m-n C:m"™ D:nn—1)---(n—m+1)

Question 9: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A-m-n B:2m+n) C:m+n D:m(n—1)+n(m-—1)

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 574, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,a,}
and B = {by,...,b,} is
A:m-n B:mn—-1)4+n(m—1) C: m+n D:2(m+n)

Question 2: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B: 11! C: 10x 10 D: 10!

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 2% B:20-19-18 C: 3% D: 203

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e
Question 5: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is
A: equal to 1 exactly when i is not connected to j B: equal to the degree of vertex i C': equal to 0
exactly when ¢ is not connected to 5 D: equal to 1 exactly when there is a path that connect 7 to j.

Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 3" B: (7:;2) c:2" D:2"42"

Question 7: If (G is a simple graph then

A: it has at least two vertices with odd degree. B: the number of its vertices with even degree is even.
C: it has at most two vertices with odd degree. =~ D: the number of its vertices with odd degree is not
odd.

Question 8: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A D+G+(G) B:10-9-8-7

4 3 2

Question 9: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A 10* B: 1% .6 D

614! 6!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 575, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 2: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 3" B: 242" (C: 2" D: (n72)

Question 3: The binomial coefficient (Z) equals
A ("), B:0ifk=0.

Question 4: In a simple graph with 100 vertices
A: it is possible that all vertices have different degrees. B: the minimum vertex degree is > 1. (' the
maximum vertex degree is < 99. D: not all vertex degrees can be odd.

Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A:mn—1)4+n(m—1) B:2(m+n) C:m+n D:m-n

Question 6: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side B is at least the number of vertices of side A. B: each vertex of side
B is connected to some vertex in side A. (C': each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side A is at least the number of vertices of side B.

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 104 B: 6! C:16—(:! D:g!_%

Question 8: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 2% (C: 11! D: 10!

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 319 B:10-9-8 C:30 D: 103

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 576, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?
A:20-19-18 B:20° C: % D: 3%

Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 31 B:10-9-8 (C:10° D: 30

Question 3: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side A has more vertices than side B. B: For every subset J C A the set of all its neighbors has more
elements than J. (' side B has more vertices than side A. D: there is always a perfect matching of
the vertices of side A.

Question 4: If G is a simple graph then
A: it has at most two vertices with odd degree.  B: it has at least two vertices with odd degree. ("

the number of its vertices with even degree is even. D: the number of its vertices with odd degree is not
odd.

Question 5: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:é—% B:IG—O!! C: 6! D:10*

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A+ +(0) B:10-9-8-7

Question 7: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99.  B: the minimum vertex degree is > 1.  C: not all vertex
degrees can be odd. D: it is possible that all vertices have different degrees.

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B Trepe1
Question 9: In how many ways can the numbers 0, 1,...,10 be put in order?
A: 21 B 10! C: 11! D: 10 x 10

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 577, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A +EG+(G) B:10-9-8-7

4 3 2

Question 2: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99.  B: the minimum vertex degree is > 1.  C: not all vertex
degrees can be odd. D: it is possible that all vertices have different degrees.

Question 3: The binomial coefficient (Z) equals
A (") B:0ifk=0.

Question 4: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m™ B:m-n C:inn—-1)---(n—m+1) D:n™

Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A9 B: 10! C: 11! D: 3!

Question 6: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: the number of vertices of side A is at least the number of vertices of side B. B: the number of vertices
of side B is at least the number of vertices of side A. (C: each vertex of side B is connected to some
vertex in side A. D: each vertex of side A is connected with all vertices of side B.

Question 7: In how many ways can the numbers 0,1,...,10 be put in order?
A: 2% B 10! C:10x10 D: 11!

Question 8: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-mn—1)4n(m—1) B:m-n C:2m+n) D:m-+n

Question 9: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 20 B: 2 C:3* D:20-19-18

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 578, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 6! B:lﬁ—o!! C’:é—% D: 10*

Question 2: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A2 B:20-19-18 C:20° D: 3%

Question 3: If G is a connected simple graph with n vertices then
A: it must have at least n — 1 edges. B: it cannot have more than n + 1 edges. ' it cannot contain
cycles. D: it must have at least n edges.

Question 4: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side B has more vertices than side A. B: For every subset J C A the set of all its neighbors has more
elements than J. (' side A has more vertices than side B.  D: there is always a perfect matching of
the vertices of side A.

Question 5: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:30 B: 3% C:10-9-8 D: 10°

Question 6: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: not all vertex degrees can be odd. " the maximum vertex
degree is < 99. D: it is possible that all vertices have different degrees.

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B ke a1
Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10! B:10x10 C: 2% D: 11!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 579, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 6! B:lﬁ—o!! C: 104 D:Gl!—%

Question 2: In a simple graph with 100 vertices
A: it is possible that all vertices have different degrees. B: not all vertex degrees can be odd. C": the
minimum vertex degree is > 1. D: the maximum vertex degree is < 99.

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m™ B:nn—1)---(n—m+1) C:n™ D:m-n

Question 4: The binomial coefficient (}) equals
A: (nik) B: 0if £ =0.

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A +(G)+(G) B:10-9-8-7

4 3 2

Question 6: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 10! C:10x10 D: 20

Question 7: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 103 B: 30 C:3% D:10-9-8

Question 8: If G is a connected simple graph with n vertices then
A: it must have at least n — 1 edges.  B: it cannot have more than n 4+ 1 edges. (" it cannot contain
cycles. D: it must have at least n edges.

Question 9: If G is a simple graph then

A: the number of its vertices with odd degree is not odd. B: the number of its vertices with even degree
is even. (' it has at least two vertices with odd degree.  D: it has at most two vertices with odd
degree.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 580, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1
Final examination

Question 1: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

n—k
Question 2: If G is a connected simple graph with n vertices then

A: it cannot contain cycles. B: it must have at least n — 1 edges. (' it must have at least n edges.
D: it cannot have more than n + 1 edges.

Question 3: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: side A has more vertices than side B. B: For every subset J C A the set of all its neighbors has more
elements than J. C: there is always a perfect matching of the vertices of side A. D: side B has more
vertices than side A.

Question 4: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 2" 42" B: (n72) c. 3" D:2"

Question 5: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 39 B:10® C:30 D:10-9-8

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:é—% B:16—0!! C: 10* D: 6!

Question 7: In a simple graph with 100 vertices

A: the maximum vertex degree is < 99. B: the minimum vertex degree is > 1. (" it is possible that
all vertices have different degrees. D: not all vertex degrees can be odd.

Question 8: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A G+E+(G) B:10-9-8-7

4 3 2

Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 10x 10 C: 2! D: 10!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 581, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side A is
at least the number of vertices of side B. (' the number of vertices of side B is at least the number of
vertices of side A. D: each vertex of side B is connected to some vertex in side A.

Question 2: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B T renpe1

Question 3: In how many ways can the numbers 0,1,...,10 be put in order?
A: 100 B:10x10 C: 2 D: 11!

Question 4: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: there is always a perfect matching of the vertices of side A. B: side B has more vertices than side A.
C: For every subset J C A the set of all its neighbors has more elements than J. D: side A has more
vertices than side B.

Question 5: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 3% B:10-9-8 C:30 D: 10°

Question 6: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3%Y B 100 C: 9! D: 11!

Question 7: The binomial coefficient (Z) equals
A ("), B:0ifk=0.

Question 8: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (7;;2) B: 3" C:2" D: 2" 42"

Question 9: If GG is a simple graph then

A: it has at least two vertices with odd degree. B: the number of its vertices with even degree is even.
C': it has at most two vertices with odd degree. ~ D: the number of its vertices with odd degree is not

odd.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 582, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: the minimum vertex degree is > 1. (" the maximum vertex
degree is < 99. D: it is possible that all vertices have different degrees.

Question 2: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?

A:20-19-18 B: 3% (C:20° D: &

Question 4: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B:30 C: 3% D:103

Question 5: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: there is always a perfect matching of the vertices of side A. B: side B has more vertices than side A.
C': For every subset J C A the set of all its neighbors has more elements than J. D: side A has more
vertices than side B.

Question 6: The binomial coefficient (Z) equals
A: (nﬁkz) B: 0if k=0.

Question 7: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A:2(m+n) B:m-n C:m+n D:m(n—1)+n(m-—1)

Question 8: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:% B: 6! C’:é—% D: 10*

Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 219 C: 10" D: 11!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 583, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é—% B: 6! 0:16—0!! D: 10*

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 0 exactly when ¢ is not connected to j B: equal to 1 exactly when there is a path that
connect i to j. (' equal to 1 exactly when ¢ is not connected to 5 D: equal to the degree of vertex ¢

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: (H+ )+

Question 4: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 2" B: (nT/Lz) C:. 3" D:2"42"

Question 5: If G is a connected simple graph with n vertices then

A: it must have at least n — 1 edges. B: it must have at least n edges. (" it cannot have more than
n+ 1 edges. D: it cannot contain cycles.

Question 6: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)-(k—n+1) . n(n—1)-(n—k+1)
A S a2 B TEry2r
Question 7: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 103 B: 39 (C:30 D:10-9-8

Question 8: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: not all vertex degrees can be odd. (" it is possible that all
vertices have different degrees. D: the maximum vertex degree is < 99.

Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B: 11! C: 10x 10 D: 10!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 584, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99. B: not all vertex degrees can be odd. ' the minimum vertex
degree is > 1. D: it is possible that all vertices have different degrees.

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is

A: equal to the degree of vertex i B: equal to 1 exactly when there is a path that connect i to j. "
equal to 1 exactly when 7 is not connected to 7 D: equal to 0 exactly when ¢ is not connected to j

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A:20-19-18 B: 3% (C:20° D: &

Question 4: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. C: each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side A is at least the number of vertices of side B.

Question 5: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 3" B: 242" (C: 2" D: (7:;2)

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: () +(5) + (5)

Question 7: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9! B: 31t C: 100 D: 11!

Question 8: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10 x 10 B: 10! C: 11! D: 210

Question 9: The binomial coefficient (Z) equals
A (") B:0ifk=0.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 585, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can the numbers 0, 1,...,10 be put in order?

A: 11! B: 10x 10 C: 10! D: 210

Question 2: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side B is
at least the number of vertices of side A. (" the number of vertices of side A is at least the number of
vertices of side B. D: each vertex of side B is connected to some vertex in side A.

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A:20-19-18 B: 3% (C: & D: 208

n

k) equals

Question 4: The binomial coefficient (
A: 0ifk=0. B: (")

Question 5: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A:16—0!! B: 6! C’:é—% D: 10*

Question 6: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99. B: not all vertex degrees can be odd. (" it is possible that all
vertices have different degrees. D: the minimum vertex degree is > 1.

Question 7: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 8: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (n72) B:2 C: 3" D: 2"+ 2"

Question 9: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when there is a path that connect 7 to j. B: equal to 0 exactly when ¢ is not
connected to 7 C": equal to 1 exactly when 7 is not connected to 7 D: equal to the degree of vertex i

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 586, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 9! B: 31t 11! D: 10!

Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A: 1 Bl 104 D X

6! 61l
Question 3: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 2" 42" B: (n72) c. 3" D:2"
Question 4: In a simple graph with 100 vertices
A: it is possible that all vertices have different degrees. B: the minimum vertex degree is > 1. (" not
all vertex degrees can be odd. D: the maximum vertex degree is < 99.

Question 5: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?

AT B S

Question 6: The binomial coefficient (Z) equals

A:0if k=0. B: (nﬁk)

Question 7: If G is a connected simple graph with n vertices then

A: it must have at least n edges. B: it cannot contain cycles. C: it must have at least n — 1 edges.

D: it cannot have more than n + 1 edges.

Question 8: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A: 2(m+n) B:m(n—-1)+n(m—-1) C:m-n D:m+n

Question 9: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 103 B: 319 (C:30 D:10-9-8

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 587, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal

order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 3" B: 2 (n%) D: 2™ 4 2m

Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A: 0 g 108 o6l D104

6!4! 6!

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m™ C:m-n D:nn—1)---(n—m+1)

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. n(n—=1)--(n—k+1) . k(k=1)-(k—n+1)
A G2 B e
Question 5: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)

A: 9 B: 11! C: 100 D: 341

Question 6: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 7: If GG is a connected simple graph with n vertices then
A: it must have at least n edges. B: it cannot have more than n+ 1 edges. (' it cannot contain cycles.
D: it must have at least n — 1 edges.

Question 8: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:m-n B:2(m+n) C:m+n D:m(n—1)+n(m-—1)

Question 9: If GG is a simple graph then
A: it has at least two vertices with odd degree. B: the number of its vertices with odd degree is not odd.
C' it has at most two vertices with odd degree. D: the number of its vertices with even degree is even.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 588, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:16—0!! B: 6! C’:é—% D: 10*

Question 2: In how many ways can we select, from a set of 20 people, a committee of 3 different persons
with a chair, secretary and member?
A2 B: 3% (C:208 D:20-19-18

Question 3: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A:10-9-8-7 B: (3 + () +(5)

Question 4: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A =2 B T repe1

Question 5: If (G is a connected simple graph with n vertices then

A: it cannot have more than n 4+ 1 edges. B: it must have at least n — 1 edges. (' it cannot contain
cycles. D: it must have at least n edges.

Question 6: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A:10-9-8 B:30 C: 3% D:103

Question 7: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: there is always a perfect matching of the vertices of side A. B: For every subset J C A the set of all
its neighbors has more elements than J. ' side B has more vertices than side A. D: side A has more
vertices than side B.

Question 8: In a simple graph with 100 vertices
A: not all vertex degrees can be odd. B: the maximum vertex degree is < 99. (' it is possible that all
vertices have different degrees. D: the minimum vertex degree is > 1.

Question 9: In how many ways can the numbers 0,1,...,10 be put in order?
A: 10! B: 21 C:10x10 D: 11!

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 589, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?

A: 39 B:30 C:10-9-8 D: 10°

Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A L Bl ¢ 0 D10t

6! 6141
Question 3: In a bipartite graph with vertex sets A and B which has a perfect matching of side A
A: the number of vertices of side B is at least the number of vertices of side A. B: each vertex of side
B is connected to some vertex in side A. (': each vertex of side A is connected with all vertices of side
B. D: the number of vertices of side A is at least the number of vertices of side B.

Question 4: The binomial coefficient (Z) equals
A ("), B:0ifk=0.

Question 5: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k=1)-(k—n+1) _ n(n—1)-(n—k+1)
A =2 B TR a1
Question 6: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: it is possible that all vertices have different degrees. C" the

maximum vertex degree is < 99. D: not all vertex degrees can be odd.

Question 7: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:m-n B:m+n C:2(m+n) D:m(n—1)+n(m-—1)

Question 8: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B 10! C: 9! D: 11!

Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A:2n 420 B: 2" C: 3" D: ()

n/2

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 590, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can the numbers 0, 1,...,10 be put in order?

A: 100 B: 11! C: 2% D:10x 10

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 9! (C:10! D: 11!

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m-n B:nn—1)---(n—m+1) C:m" D:n™

Question 4: The binomial coefficient (Z) equals
A: (njk) B: 0if k=0.

Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {a1,...,an}
and B = {by,...,b,} is
A-m+n B:mn—-1)4+n(m—-1) C:2(m+n) D:m-n

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 7: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 3% B: 2 (C:20-19-18 D: 20

Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: each vertex of side A is connected
with all vertices of side B. (' the number of vertices of side A is at least the number of vertices of side
B. D: the number of vertices of side B is at least the number of vertices of side A.

Question 9: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to the degree of vertex i B: equal to 1 exactly when there is a path that connect 7 to 7. -
equal to 0 exactly when ¢ is not connected to 5 D: equal to 1 exactly when ¢ is not connected to j

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 591, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 10% B:16—0!! C: 6! D:Gl!—%

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 9! B: 31t C: 11! D: 10!

Question 3: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k=1)--(k—n+1) . n(n—1)--(n—k+1)
A= B TR a1

Question 4: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A2 B:20° C:3% D:20-19-18

Question 5: In a simple graph with 100 vertices
A: the minimum vertex degree is > 1. B: not all vertex degrees can be odd. (" it is possible that all
vertices have different degrees. D: the maximum vertex degree is < 99.

Question 6: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A-m" B:m-n C:nn—1)---(n—m+1) D:n™

Question 7: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: For every subset J C A the set of all its neighbors has more elements than J. B: side B has more
vertices than side A. ' there is always a perfect matching of the vertices of side A. D: side A has
more vertices than side B.

Question 8: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to the degree of vertex i B: equal to 1 exactly when there is a path that connect 7 to 7. -
equal to 1 exactly when ¢ is not connected to j D: equal to 0 exactly when ¢ is not connected to j

n

k) equals

Question 9: The binomial coefficient (
A:0ifk=0. B: (")

n—k

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 592, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings

which differ only by a rotation are not considered different.)
A: 100 B: 11! C: 9 D: 34

Question 2: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A:10-9-8-7 B: (H+(E)+()

Question 3: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m-n C:m"™ D:nn—1)---(n—m+1)

Question 4: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:mn—1)4n(m—1) B:2(m+n) C:m+n D:m-n

Question 5: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then

A: there is always a perfect matching of the vertices of side A. B: side B has more vertices than side
A. (- side A has more vertices than side B. D: For every subset J C A the set of all its neighbors has
more elements than J.

Question 6: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (;}2) B:2 C: 3" D: 2"+ 2n

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A BBl ¢:100 D A0

6! 6!4!
Question 8: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is
A: equal to 1 exactly when there is a path that connect 7 to j. B: equal to 1 exactly when ¢ is not
connected to 7 (' equal to the degree of vertex ¢ D: equal to 0 exactly when ¢ is not connected to j

Question 9: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A n-(n—1)-2-1 B =21

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 593, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: The binomial coefficient (Z) equals
A ("), B:0ifk=0.

n—k

Question 2: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:2(m+n) B:mn—1)4+nm—-1) C:m+n D:m-n

Question 3: In how many ways can the numbers 0,1,...,10 be put in order?
A: 219 B:10x10 C: 10" D: 11!

Question 4: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:é!—% B: 10* C:lﬁ—(:! D: 6!

Question 5: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 30 B:10-9-8 (C:10° D: 310

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.
A+ +(0) B10-9-8-7

Question 7: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?
A:20-19-18 B:20° C: % D: 3%

Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: each vertex of side B is connected
to some vertex in side A. C: the number of vertices of side B is at least the number of vertices of side
A. D: the number of vertices of side A is at least the number of vertices of side B.

Question 9: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 7,5 € V' is

A: equal to 0 exactly when ¢ is not connected to j B: equal to 1 exactly when there is a path that
connect ¢ to j. C: equal to the degree of vertex ¢« D: equal to 1 exactly when ¢ is not connected to j

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 594, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: How many different functions are there from the set {1,...,m} to the set {1,...,n}?

A-m™ B:n™ C:nn—1)---(n—m+1) D:m-n

Question 2: In how many ways can the numbers 0,1,...,10 be put in order?
A: 2% B:10x10 C: 10" D: 11!

Question 3: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99. B: the minimum vertex degree is > 1. (" it is possible that
all vertices have different degrees. D: not all vertex degrees can be odd.

Question 4: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: 2" B: (n72) C: 3 D: 2" 2m

Question 5: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which
we choose them matters?

A: 6! B:IG—O!! C: 10* Dzﬁl!—%

Question 6: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two

quadruples differing only in order are not considered different.
A:10-9-8-7 B: )+ )+ ()

Question 7: If GG is a simple graph then
A: the number of its vertices with odd degree is not odd. B: it has at least two vertices with odd degree.
C': the number of its vertices with even degree is even. D: it has at most two vertices with odd degree.

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A: n-(n—1)-2-1 B: k-(k—1)-2-1

Question 9: If G is a connected simple graph with n vertices then
A: it cannot have more than n+ 1 edges. B: it cannot contain cycles. " it must have at least n edges.
D: it must have at least n — 1 edges.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 595, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: In a simple graph with 100 vertices
A: the maximum vertex degree is < 99.  B: the minimum vertex degree is > 1.  C: not all vertex
degrees can be odd. D: it is possible that all vertices have different degrees.

Question 2: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A: (n%) B:2r42" C: 3" D: 2"

Question 3: If G is a simple graph then

A: it has at most two vertices with odd degree. B: the number of its vertices with even degree is even.
C': it has at least two vertices with odd degree.  D: the number of its vertices with odd degree is not
odd.

Question 4: In how many ways can the numbers 0,1,...,10 be put in order?
A: 11! B: 10! C: 219 D:10x 10

Question 5: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A () + () + () B:10-9-8-7

Question 6: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)--(k—n+1) . n(n—1)-(n—k+1)
A= B T reene
Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A: 10 B: 6! C:lﬁ—(:! D:g!_%

Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side A is connected with all vertices of side B. B: the number of vertices of side A is
at least the number of vertices of side B. (' each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 9: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m-n C:m™ D:nn—1)---(n—m+1)

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 596, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:
UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS I
Final examination
Question 1: In how many ways can the numbers 0, 1,...,10 be put in order?

A: 11! B: 10x 10 C: 29 D: 10!

Question 2: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:16—(§! B:é!_(i!! C: 10* D: 6!

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?

A: 2% B:20-19-18 C:20° D: 3%

Question 4: If G is a connected simple graph with n vertices then

A: it must have at least n edges. B: it cannot have more than n+ 1 edges. C': it cannot contain cycles.
D: it must have at least n — 1 edges.

Question 5: The binomial coefficient (Z) equals
A: (") B:0ifk=0.

Question 6: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A:m+n B:m-n C:2(m+n) D:m(n—1)+n(m-—1)

Question 7: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)
A: 2" B: 3" (C:2"+4+2" D: (n72)

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e
Question 9: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is
A: equal to 1 exactly when 7 is not connected to j B: equal to 0 exactly when ¢ is not connected to j
C': equal to the degree of vertex i@ D: equal to 1 exactly when there is a path that connect i to j.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 597, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: How many different quadruples can one form from the objects 1, 1, 2, 3,4, 5,6, 7, 8, 9. Two
quadruples differing only in order are not considered different.

A +EG+(G) B:10-9-8-7

4 3 2

Question 2: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 318 B:100 C: 9 D:11!

Question 3: In how many ways can we select, from a set of 20 people, a committee of 3 different persons

with a chair, secretary and member?
A 2% B: 3% (C:20° D:20-19-18

Question 4: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 319 B:10-9-8 C:10° D: 30

Question 5: The binomial coefficient (Z) equals
A: (nﬁk) B: 0if k=0.

Question 6: If A is the adjacency matrix of the simple graph G with vertex set V' = {1,2,...,n}, then
the entry A, ;, with 4,5 € V is

A: equal to the degree of vertex i B: equal to 0 exactly when 7 is not connected to j C: equal to 1
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 7: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?
A g B: 10" C: 6! D: 4%

6141 6!
Question 8: In a bipartite graph with vertex sets A and B which has a perfect matching of side A
A: the number of vertices of side A is at least the number of vertices of side B. B: each vertex of side A
is connected with all vertices of side B. (" each vertex of side B is connected to some vertex in side A.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 9: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m+n B:2m+n) C:m-n D:m(n—1)+n(m—1)

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 598, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,7 € V' is

A: equal to the degree of vertex i B: equal to 1 exactly when ¢ is not connected to 5 C': equal to 0
exactly when ¢ is not connected to 5 D: equal to 1 exactly when there is a path that connect 7 to j.

Question 2: If we have 10 distinct objects and we can color each of them red, green or blue, how many
different colorings are possible?
A: 30 B: 3% (C:10-9-8 D: 103

Question 3: In how many ways can the numbers 0,1,...,10 be put in order?
A: 2% B:10x10 C: 10! D: 11!

Question 4: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:nn—-1)---(n—m+1) C:m™ D:m-n

Question 5: The number of edges of the complete bipartite graph K,,,, with vertex sets A = {ay,...,an}
and B = {by,...,b,} is
A-m-n B:m+n C:mn—1)+n(m—1) D:2(m+n)

Question 6: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:%—?I B:él—% C: 10* D: 6!

Question 7: The binomial coefficient (Z) equals
A: (nﬁkz) B: 0if k=0.

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice
does not matter?

. n(n—1)-(n—k+1) . k(k—1)--(k—n+1)
A a2 B e
Question 9: A bipartite graph G with vertex sets A and B is r-regular. That is all its vertices have the
same degree r. Then
A: there is always a perfect matching of the vertices of side A. B: side B has more vertices than side A.
C': For every subset J C A the set of all its neighbors has more elements than J. D: side A has more

vertices than side B.

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



Serial Number: 599, Answers: 1: 2: 3: 4: 5: 6: 7: 8 O:

Name:

UNIVERSITY OF CRETE — DEPARTMENT OF MATHEMATICS — DISCRETE MATHEMATICS 1

Final examination

Question 1: If GG is a connected simple graph with n vertices then
A: it cannot have more than n + 1 edges. B: it must have at least n — 1 edges. ' it must have at
least n edges. D: it cannot contain cycles.

Question 2: If A is the adjacency matrix of the simple graph G with vertex set V = {1,2,...,n}, then
the entry A, ;, with 4,5 € V' is

A: equal to 1 exactly when ¢ is not connected to j B: equal to the degree of vertex ¢ C': equal to 0
exactly when ¢ is not connected to j D: equal to 1 exactly when there is a path that connect i to j.

Question 3: In a bipartite graph with vertex sets A and B which has a perfect matching of side A

A: each vertex of side B is connected to some vertex in side A. B: the number of vertices of side A is at
least the number of vertices of side B. (' each vertex of side A is connected with all vertices of side B.
D: the number of vertices of side B is at least the number of vertices of side A.

Question 4: How many circular orderings of the numbers 0, 1, ..., 10 are there? (Two circular orderings
which differ only by a rotation are not considered different.)
A: 3% B: 9! (C: 11! D: 10!

Question 5: In how many ways can we choose 4 numbers from the set {1,...,10} if the order in which

we choose them matters?

A:GI!—% B: 10* C: 6! D:lﬁ—o!!

Question 6: The binomial coefficient (Z) equals

A:0ifk=0. B: (")

Question 7: How many different functions are there from the set {1,...,m} to the set {1,...,n}?
A:n™ B:m-n C:m"™ D:nn—1)---(n—m+1)

Question 8: In how many ways can we choose n objects from k different objects, if the order of choice

does not matter?
. k(k—1)-(k—n+1) . n(n—1)-(n—k+1)
T o v R oy
Question 9: In how many ways can we select two disjoint subsets A and B of {1,2,...,n}? (The internal
order in A and B is irrelevant, but it matters which set is A and which is B.)

A 3" B:2" C:2"+2" D: (n72)

The examination lasts 2 hours and all books are closed. Return only this paper with your answers. Record the
serial number of your paper and your answers on a piece of paper and keep it. Wrong answers reduce your score.
Not answering a question counts as 0. There is precisely one correct answer per question.

Instructor: Mihalis Kolountzakis Iraklio, 7 February 2004
RETURN THIS PAPER!



