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Graph Theory and Combinatorics
Time: 3 hrs.] [Max.Marks : 100

Note: Answer any FIVE full questions
choosing atleast TWO full questions from each part.

PART A

1. (a) If G = (V,E) be a connected und1rected graph what is the largest value for
| V| = number of vertices if | E | = number of edges = 19 and deg(v)>4 for all
veV? i (6 Marks)

(b) Prove that G has an Euler c1rcu1t if and only if G is connected and every vertex

- in G has an even degree for G an undirected graph without isolated vertices.
(7 Marks)

(¢) Define isomorphism of two simple graphs. Show that in the following figure
Graph G is isomorphic to graph H. N (7 Marks)

G'ra,ohH'

2. @) i) Define Bipartite graph.

, 1) Prove that the complete graph on five vertices 1s non planar. (7 Marks)

(b) Find the geometric dual of

(6 Maris)

(¢) Using Decomposition theorem for chromatic polynomials P(G. ) find P(G. )
G a cvele of length four. . (7 Mariss)

- a
("3
.

() Prove that for a tree 7 on n vertices and m edges 1 = m - 1 (7 Maris)

Contd.... 2
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(b)) Define prefix code -
ii) Which of the following sets represent the prefix code? State reasons
A = {000,001,01,10,11}
B = {1,00,01,000,0001}
iii) Obtain a binary prefix code using the labelled binary tree.

(7 Marks)

(¢) Tind all the spanning trees of a graph.

Y

(6 Marks)

4. (a) Explain Kruskal’s algorithm for finding minimal spanning tree of a weighted
graph. (7 Marks)

(b) Define i) cut set,
i1) edge connectivity,

iii) vertex connectivity with one example each. (6 Marks)

(c) Prove that the maximum flow possible between two vertices a and b in a
network (graph) is equal to the minimum of the capacities of all cut-sets with
respect to a and b (7 Marks)

PART B
5. (a) How many positive integers ‘n’ can we form using the digits 3,4,4,5.5,6,7 if we
want n to exceed 5,000,0007 (6 Marks)

() A message is made up of 12 different symbols and is to be transmitted through
o communication channel. In addition to the 12 symbols the transmitter will
also send a total of 456 (blank) spaces between the svmbols, with atleast three
spaces between each pair of conscecutive symbols. In how many ways can
tansmitter send such a message? (8 Marks)
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(¢) In how many ways can one arrange three 1's and three -
partial sums (starting with the {irst summand) are nonnegu

6. (a) State and prove extended pigenhole principle. Show that if an tx' oA,
from 1 to 8 are choosen then two of them will add up to 9. ™) ’{O()';((cljvﬁrks)/
o 11.)"{"',:“.'/ .
- (b) Explain Rook polynomial. (7 Mk

(¢) Define derangement. In how many ways we can arrange the numbers 1,2,......,
10 so that 1 is in 1lst place, 2 is not in 2nd place and so on and 10 is not in

10th place? (7 Marks)

7. (a) Determine the generating function of the numeric function
ar = 27 if r is even
=27 ifrisodd. (7 Marks)

(b) Find the generating function for the sequence

0,2,6,12,20,30,42, ... , (6 Marks)
(¢) Using the summation operator theory find a formula to express 024124224
..... + n? as a function of n. (7 Marks)

8. (a) The number of virus affected files in a system is 1,000 and this increases 250%
every two hours. Use a recurrence relation to determine the number of virus
affected files in the system after one day? : (7 Marks)

(b) Solve the Fibonacci recurrence relation
Fn+2 = 1’1-n+1 + Fpforn>0, Fy=0, =1 (6 Murks)

(¢) Solve the non homogenous recurrence relation
an —3ap—; =57" wheren>1and gg =2 (7 Marks)

dk ok ok
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Fourth Semester B.E. Degree Examination, July/August 2004

Computer Science /Information Science and Engineering

Graph Theory and Combinatorics

Time: 3 hrs.} _ [Max.Marks : 160

Note: Answer any FIVE full questions,
choosing atleast TWO full questions from cach Part.

PART - A

1. (a) Show that there is no graph with 12 vertices and 28 edges where,

14

i) the degree of each vertex is either 3 or 4
ii) The degree of each vertex is either 3 or 6. . (6 Marks)

_ (b) How many edge disjoint Hamiltonian cycles exist in the complete graph on seven

\/(C)

2.

(63)

vertices ? Also draw the graph to show these Hamiltonian cycles. (7 Marks)

Define isomorphism of two graphs. Give an example to show that two graphs
need not be isomorphic though they have equal number of edges, equal number
of vertices and equal number of vertices with a given degree sequence. (7 Marks)

(a) Define complete bipartite graph. Prove that Kuratowski’s secorid graph, Iy 3 is
nonplanar. (7 Marks)
(b) Draw the geometric dual of the graph given in the following figure. {6 Marks)

Prove that the vertices of every planar graph can be properly coloured with five
vertices. (7 Marks)
Prove that a tree with n vertices has n — 1 edges. (6 Marks)

1) Define prefix code
i) Which of the following sets represent prefix code?
State reasons

4 = {000,001.01,10, 11}

B = {1,00,01,000,0001} (7 Marks)
Find all the spanning trees of the graph given below. (7 Marks)

L_{ )

Contd.... 2
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4. (a) Explain Prim’s algorithm for finding shortest spanning tree of a weighted graph.

U1

(7 Marks)

(b) Define i) Cutset, ii) Edge connectivity iii) Vertex connectivity with one example

(c)

(a)

(b)

(a)

(b)

(0)

each ‘ (6 Marks)

Find the maximum flow possible between the vertices A and D for the following
graph.’ ‘ (7 Marks)

S 2

4

PART - B

In how many ways can one distribute 10 identical white marbles among six
distinct containers ? (6 Marks)

A message is made up of 12 different symbols and is to be transmitted through a
communication channel. In addition to the 12 symbols the transmitter will also
send a total of 45 (blank) spaces between the symbols with atleast three spaces
between each pair of consecutive symbols. In how many ways can transmitter
send such a message ? (7 Marks)

Use Catlan numbers to find the number of ways to list eight symbols which
include four 0's and four 1’s so that in each case the number of ('s never exceed
number of 1’s. - (7 Marks)

State and prove extended Pigenhole principle. Hence show that if 30 dictionaries
in a library contain a total of 61, 327 pages, then one of the dictionaries must have
atleast 2045 pages. (6 Marks)

Using the principle of inclusion and exclusion determine the number of positive
integers n where 1 <n <100 and n is not divisible by 2 or 3 or 5. {7 Marks)

Define derangements. Find the number of derangements of 1, 2, 3, 4 using
exponential series technique. Also made a list of all the derangements of the
above example mentioned. (7 Marks)

Find the exponential generating function of the sequence 1,2,22,2%, 2% .. Marke)

Find the number of partitions of positive integer n = 6 in to distinct summands

as a coefficient of z8 in the generating funtion of p(6). Also list these part(i‘ti?ns,)
/ IVIATKS

What is summation operator ? Explain. (6 Marks)

Find the generating function of the linear recurrence relation
Cp = BCn_] - 2Cn__2 with 01 =5, CQ =3 (6 Marks)

Find the generating function of

an + ap_1 —6ap_g=0forn>2, ag=-1&a; =8 (7 Marks)
Find the generating function of

ar -+ 5ap_1 +6ap_o = 3p2 (7 Marks)

*ok F ¥F,
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Fourth Semester B.E. Degree Examination, January/February 2005
Computer Science and Information Science Engineering
Graph Theory & Combinations
Time: 3 hrs.] [Max.Marks : 100

Note: 1. Answer FIVE fuli questions choosing atleast
TWO full question from each Part.
2. All questions carry equal marks.

PART - A
1. (ay Define :

i) Connected graph -
ii) Spanning subgraph and

iii) Compliment of a graph. Give one example for each. (6 Marks)

—(b) Explain with example graph isomorphism. Show that in a graph G the number
of odd degree vertices is even. ' (7 Marks)

(c). Write a note on “Konigsberg-bridge” problem. (7 Marks)

2. (a) Define :
i) Planar graph
ii) Complete Bipartite graph and
iii) Dual of a planér graph.

Give one example for each. (6 Marks)
(b) Show that in any connected planar graph with n vertices, e-edges and f-faces
e —n+2 = f. (Eulers formula). (7 Marks)
(¢) Define chromatic number and chromatic polynomial. Find the chromatic
polynomial for the graph given below. (7 Marks)
3. (a) Define : <
Tree ii) Binary rooted tree and iii) Prefix code.
Give one example for each. (6 Marks)
(b) Prove that a tree with n vertices has n — 1 edges. (7 Marks)
(¢) Obtain a prefix code to send the message ROAD IS GOOD using labeled Binary
tree and hence encode the message. , (7 Marks)
4. (1) Define: (7 Marks)
i) Vertex connectivity ii) Edge connectivity.
i) Bridge iv) Cut vertex with an example.

Contd.... 2
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(b) Prove that the maxxmum ﬂow posslble betweén two vertices @ and b in a

network (graph) is équal to the minim{im of the capacities of all cut-sets with
respect toaand b. - (6 Marks)

BON Fmd the shortest spanmng tree usmg ans algorithm for the weighted graph

given below. * ' (TMarks)

a V5 16 o

PART - B

5. (a) State sum and product rule of counting. Give one example for each. (6 Marks:

(b) i) How many 9 letter words can be formed using the letters of the word

“Difficult”? , : - (7 Marks)

ii) A certain question paper contains two parts A and B each contains 4
questions. How may different ways a student can answer 5 questions by
selecting atleast two questions from each part?

(c) In how many ways can one travel in the xy-plane from (0,0) to (3,3) using the

moves R: (zy) — (z +1,y) and U : (z,y) — (z,y + 1) if the path taken may
touch but never rise above the line y = z ? Draw two such paths in xy-plane.
(7 Marks}

6. (a) State Pigen hole principle and generaliéed Pigen hole principle. Show that if

any five numbers from 1 to 8 are choosen then two of them wil" add up to 9

(6 Marks*

(b) Define Rook polynomials and Forbidden positions. There are 6 pairs of students

(c)

gloves in a box and each pair ic of different colour. Suppose right gloves are
distributed at random to six students. and then the left gloves are distribute¢
at random to them. Find the probability that

1) No student gets.a matching pair

ii) Everybody gets a matching pair. (8 Marks

In a Dormitory there are 12 students who take art course (A), 20 who take
biology (B), 20 who take chemistry (C) and 8 who take drama course (D). There
are 5 students for both A and B, 7 students for both A and C, 4 students for A
and D, 16 students for B and C, 4 students for B and D and 3 students for C
and D. There are 3 students who take A, B and C, 2 for A, B and D, 2 for B.
Cand D, 3 for A, C and D. Finally there are 2 in full four courses. It is alsc
known that there are 71 students in the dormitory who have not signed up for
any of these courses. Find the total number of students in the dormitory.

(6 Marks.

Contd.... =
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7. (a) Define (ordinary) generating function and exponential ge
Give one example for each.

(b) Find the coefficient of z18 in the product
(z+z2+28+zt+25) (22 + 23+t — - )0
(c) Find :
i) The sequence corresponding to the generating function 3z3 4 €% (7 Marks)
ii) Generating function for the sequence 0,2,6,12,20,30,42 - - - .

8. (a) Solve the recurrence relation (Fibonacci relation) F, o, = Fp,; + Fn given

Fo=0& Ff=1andn>0 (6 Marks)
(b) Using generating function solve :

Yn+2 — 4Ynt+1 +3yn =0 given that yo =2, y; =4 (7 Marks)
(¢) Find the general solution of s(k) -3 s(k ~1) — 4 s(k - 2) = 4F (7 Marks)

R ok sk
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Computer Science and Information Science Engineerin

Graph Theory & Combinatorics

Shis [Max.Marks : 100
Note: Answer FIVE full questions choosing atleast

TWO full questions from each Part.
PART - A

1) Define a directed garph and an undirected graph.

thy

(c)

od

o IfG=(V,E)is an undirected graph w1th |V |=wv, | E |=e¢, and no loops,
prove that 2e < v? - v.

i) State the corresponding inequality for the case when G is directed.
(6 Marks)

For the undirected graph in fig 1(b), find and solve a recurrence relation for
the number of closed u - v walks of length n > 1.

‘ i’\) w
F;cl . 1(5) - V (4 Marks)

Define an induced subgraph.

i) Let G =(V,E) be an undirected graph, with G, = (VI,EI) a subgraph of
G. Under what condition(s) is G; not an induced subgraph of G ?

i) For the graph G in Fig 1(c), find a subgraph that is not an induced
subgraph. v (6 Marks)

[
7 1 ((\

Define graph isomorphism. Let G = (V, £), I = (V', E') be undirected graph
with f:1 - 17 establishing isomorphism between the graphs.

D Prove that f "1: V' - V is also an isomorphism for G and H.
i If e Vloprove that deg(a)(inG)). deg(f(a)) (ind) (6 Marks)

a+ Define a ipartite graph. Can a bipartite graph contain a cycle of odd length?

Explan. (6 Marks)

Contd.... 2
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(b) What is a Hamilton cycle ?
) For ne Z*, n> 2, show that the number of distinct Hamilton cycles in
the graph Ky 5 is $(n- 1) ! n!

ii)  How many different Hamilton paths are there for A, ;,&n > 1 7 (7 Murks)

(¢) Consider the graph K, ; shown in fig 2(c), and let A ¢ Z* denote the number
of colours available to properly color the vertices of I, ;.
-
i)  How many proper colorings of I 5 have vertices a.b coloured the same ?
ii)  How many proper colorings of A’ 5 have vertices a,b colored with different
colors ? '

i) What is the chromatic polynomial of Ay 37 What is \(A» 3) 7

/ )
S

(7 Marks)
hy- }Q

[ '

3. (a) Define a tree. In every tree T == ), show that { V (=] E'| +1.

" If a tree has four vertices of degree 2, one vertex of degree 3, two of degree -,
and one of degree 5, how many pendant vertices does it have?

(b) List the vertices in the tree shown in fig 3(b) when they are visited in a preorder
traversal and in a post order traversal. (6 Marks)

,1\4,

- [4 :;i g
s
{o &

Y /& ShN y
[ ¥

"4 's PR 2

: R8‘3C*’3
(c) Write Mergesort algorithm and derive its time complexity. ' {6 Marks)

4. () Write Kruskal’s algorithm to find a minimal spanning tree for a loop-free
undirected graph G = (V, L) with | V |== n. Prove that the spanning tree
obtained by this dlqonthm is ophmql Prove that the time-complexity of the

algor thm is O(n*log, n). (12 Marks)

Contd.... S

N2 SO TSRO THI



o Ut o
. ) "'l&l
Page No... 3 CS42
(b) Apply Kruskals algorithm to determine minimal spanning tree for the graph
shown in Fig 4(b) T
Nq-400) /"" i -
P
K. .

(8 Marks)

PART - B

= i Let A = {1.2,3,4) and B = {1,2,3,1.5,6)

0 How many functions are there from A to B 7 How many of these are
one-to-one ? How many are onto ?

iy ow many functions are there from B to A ? How many of these are onto?
How many are one-to-one ? (10 Marks)
(dyr What are catalan numbers ? Consider the moves.
Botey) o (v 1, p)and Us(my) = (ryy+ 1)
In how many ways can one go
D from (0,0) to (6,6) and not rise above the line y==.r ?
) from (2,1) to (7,6) and not rise above the line 3 = 17

i) from (3.8) to (10,15) and not rise above the line y = = 57 (4 Marks)

() Lot triangle ABC be cquilateral, with A B = 1. Show that if we select 10 points
in the interior of this triangle, there must be at least two whose distance apart
12 loss than /3. (Hint @ Use Pigeonhole principle) (6 Marks)

G. oo In how many ways can the letters in ARRANGEMENT be arranged so that
there are exactly two pairs of consecutive identical letters ? at least two pairs
of consecutive identical letters ? 3

) Answer part (1), replacing two with three. (8 Marks:

i Give a combinatorial argument to verify that v ne Z7,

A n
()4 (1)t (jz -5 (Udk,
/ / .‘\":‘.‘ K

Gor vach 1 e koo dpes {he number of derangements of 1.2, kidy = 1)
(5 Marks:
cor A panr of dice, one red and the other green 13 rolled six times. We know that
the ordered pairs (1.1),(1. H), (‘2,;1),(3,0)‘\:1;2),84‘-l). (5.1}, and (5,5) did not
come up. What s the probability that every value come up on both the red
die and the green one ? (7 Marks!
7ooo For e Zrofind in (1 -0 22) (1 +4x)" the coeflicient of

\)re 11) ."5 1) ol for 0 - »r \_-' LA 2, T Z (6 Marks!

Contd.... -
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(b) Determine the generating function for the sequence ag, a ...... where an is
the number of portions of the nonnegative integer n into
1)  even summands
1) distinct even summands
i) distinct odd summands. (6 Marks)
{c) Define an exponential generating function (EGF). Find the EGF for the number
of ways to arrange n letters, n > 0. selected from each of the following words :
1) HAWAIIL i) MISSISSIPPI iii) ISOMORPHISM (8 Marks)
8. (a) The number of bacteria in a culture is 1000 (approximately), and this number

increases 250% every two hours. Use a recurrence relation to determine the
number of bacteria present after one day. (6 Marks)

Solve the recurrence relation Atz - Ganyy + 9an = 3(2%) + 7(3") and
ay =1, a; =4. (6 Marks)

Solve the following recurrence relations by the method of generating functions:
D apiy - 3apy; + 2an=0,n> 0, ap=1, a; =6

“) (I“_f_g 2(1'11,—;1 -+ an = 271', n 2 O) ay = 1, a, == 2 (8 Marks)

doko o ok
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Fourth Semester B.E. Degree Examination, January/February 2006
Computer Science and Information Science Engineering
Graph Theory & Combinatorics

Note: Answer FIVE full questions choosing afieast
TWO full questions from each Part.

PART - A M
uTt

\1/(<§) Determing (V| for the following graphs G.

D G has nine edges and all vertices have degree 3.

iy G has 10 edges with two vertices of degree 4 and all others of degree 3.
(6 Marks)

(o) Define isomorphism of graphs. Show that the following two graphs are isomorphic.

(7 Marks)

/
P | Gq
(c) Define Hamilton cycle.
7 Prove that in the complete graph with n vertices, where n is odd and > 3. there’

- are 151 edge - disjoint Hamilton cycles. (7 Marks)

i) a bipartite graph, and i) a complete bipartite Qraph.

2. (o) Define i) a planar graph
(6 Marks)

Give one example for each

() Find the geometric dual af the graph G = (V,E
of G and its dual.

&
(T Marks)

Conida. <

). Write down any four obsenations ;

A A aa 4
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(¢) Define chromatic number of a graph.

Find the chromatic polynomial P(G, A) for the following graph G. Hence find tne
chromatic number.

(7 Mcres)

3. (@ “ztee T - (VL) nas four vertices of degree 2, one verss of degree 3, "oz

CUREs O dogre 4, and one verlex of degree 5, find the - umber of LencsTT
erices it T, (6 Mcres)

) Conztruct an optinial prefix code for the symbaols

¢, 0,q,u, Yy, = that cccur with frequencies 20, 28, 4. 17, 12. 7. respectively.
) (7 Marxs)

(e) Cefine spanning free of groph. Find ¢l the spanning trees of e follewing grez .

_ (7 tAcras)

) .

4. (@ Cefine i) Cutsel, i) Edge - connectivity, and i) vertex connsctivity: Give crz
examnle for each, oo (6 Marxs)

(b) Usng Kruskal's algerithm; find a minimal spanning tree for the weigh*ed grazn
sNOW N below :

(7 Mc~s)

~

(¢) rorthe network shown below, find the capacities of ' the ¢ . sets e ween - -
vaoitices a and Z, and hence determine the maximum tlow ©<-ween -~ and &

b
7
0.  \u
RNl
e

(7 M2z -3,

- by
< whindd
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gw
/ 5. (a) How many positive integers n can we form using the digits 3, 4, 4, 5, 5, 6, 7 if w;/-'~j\

(5))

(©)

(a)

(b)

©

(a)

(b)

(c)

(a)

(b)

(c)

LVHLORE

PART - B

want n to exceed 5,000,000 ? 6 Mar

Consider the following program segment, where 1,7 and k are integer varia Qs\',/

(_v
fori: = 11020 do i RS AT
- T L A !,
forj: =1toido s ! e
— — 2 \ "') \‘ // ‘
fork:=1101ido N S
- - - \\/’ \)',’7 "\./, * //
prim (l ‘ [ + I«') N . Al .':‘//’

How many times is the print statement exccuted in this program segment ?
(7 Marks)

Use catalar numbers to find in how many ways can one arrcnge four 1°s and four

-1's so that all eight partial sums (starting with the first summand) are non-negative?
List all the arrangements. (7 Marks)

State the Pigeonhole principle and the extended pigeonhcle principle. Show that
if any six numbers from 1 to 9 are chosen then two of them will add up to 10.

(6 Marks)
In a certain area of the countryside, there are five vilages a. b, ¢, d, e . An engineer
is to device a system of two-way roads so that, afier the svsiem is completsd, no
village will be isolated. In how many ways can he <o this 7 (7 Marks)

Define derangement. In how many ways we can arrange the numbers 1, 2, 3, ...
10 so that 1 is not in 15t place, 2 is not in 21d place and so on and 10 is not in
10tA place. (7 Marks)

Determine the generating function of the numeric function

» . .
ay = {2 if T is coen (6 Marks)

=27 1f 7 1s odd

Use generoﬁng function to determine how many four element subsets of
S ={1,2,3,...15} contain no consecutive integers. (7 Marks)

A company hires 11 new employees, each of whom is to ba assigned to cne of
four subdivisions. Each subdivision will get at least one new employee. In how
many ways can these assignments be made ? (7 Marks)

The number of virus affected files in a system is 1,000 and this increases 250 % every
two hours. Use a recurrence relation to determine the number of virus affected
files in the system after one day. . (6 Marks)

Solve the recurrence relation.
an —6ap. 149, »=0, n?2
given a; = 5,a; = 1> (7 Marks)

Find the generating function for the recurrence relation

~

Apeo o Sag iy 4 Gap 2, n-0and a3, ay - 7T.Hence solve it
(7 Marks)

L R S
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Time: 3 hrs.] [Max. Marks:100

Note: 1. Answer any FIVE questions choosing at least TWO full
questions from each of the parts A and B.

PART - A

1 a i) Determine [V
ii) Let G=(V,E) be a connccted undirected graph. What is the larzest

, given that G = (V, E)is regular with 15 edges.

possible value for || if |E[=19 and deg(v) >4 forall veV'? (07 Marks)
\_~b. Define isomorphism of graphs. Show that the following graphs arc
' isomorphic. . (07 Marks)
Fig. 1(b)
c. Define :

i)  Euler circuit
ii) Hamilton cycle and
iii) -Hamilton path.
Give one examples for each. (06 Marks)

2 a. Define a planar graph. Show that the complete graph Ks (Kuratowski’s tirst

graph) is non planar. , (07 Marks)

b. Find the geometric dual of the following graph. Write down any rour

observations of the graph Fig. 2(b) and its dual. (07 Marks)
Fig. 2(b)

c. Define chromatic number of a graph. Find the chromatic polynomial (G2,
where G is a cycle of length four. Hence find the chromatic number (06 Ma-ks)

Cloenntlal .
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3 a Define a tree. Prove that, if G=(V,E) is an undirected graph, then G is

connected if and only if G has a spanning tree. (07 Marks)
b. Construct an optimal prefix code for the symbols a, b, ¢, d,e f,g h 1] that
occur (in a given sample) with respective frequencies 78, 16, 30, 35, 125, 31,

20, 50, 80, 3. (07 Marks)
c. Define:
1) Rooted trce
i1) Balanced trec and
ii1) Prefix code.
Give one example for each. (06 Mar=s)

4 a Define:
1) cutset
i) Bridge
iii)  Edge connectivity and
iv) Vertex connectivity.
Give one example for each. (07 Marss)
b. State Kruskal’s algorithm. Using Kruskal’s algerithm, find = minir-al

spanning tree for the weighed graph shown in Fig. 4(b).
A

¢. For the network shown in Fig. 4(c), find the capacities of all the cusats
betw een the vertices a and z and hence determine the maximum flow betw zen

aand z. (06 Marks)
b 4
5 ’/T\\
o s L
/ l 5 N\l

Fig. 4(¢)

PART -1

5 a. A computer science protessor has seven differers programming Hooks .0 a
bookshell, Three of the books deal with €77, the other four with rava. [ now
Ny Wiy s can the professor arrange these books on the sielf
0 1 there are no restrictions.
i1 the languages should alternate.
i I all the C7F books must be nextto cach other.
W I all the C77 books must be nextto cach other and all tihe Java sooks
must be neat to cach other. (0~ “iarks)

Cor ,;
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b.

C.

I) A woman has 11 colleagues in her office, of which 8 arc men. She would
like to invite some of her colleagues to dinner. Find the number of her

choices if she decides to invite

i) Atleast9 of them.
ii) All her women colleagues and sufficient men collcagues to make
the numbers of women and men equal.

1) In how many ways can W distribute seven apples and six oranges among
four children, so that cach child receives at least one apple? (07 Marks)
Define Catalan number. In how many ways can one¢ arrange three 1's and
three — 1’s, so that all six partial sums (starting with the first summand) are
non negative? List all the arrangements. (06 Marks)

State the Pigeonhole principle and the extended Pigeonhole principle. Show
that if any 5 numbers from | to 8 are chosen, then two of them will have their

sum equal to 9. (07 Marks)
In how many ways can the 26 letters of the alphabet be permuted so that none
of the patterns CAR, DOG, PUN or BYTE occurs? (07 Marks)

Define derangement. Find the number of derangements of 1, 2. 3. 4. List ali

the derangements. (06 Marks)

Using the summation operator, find a formula to express 02+ 17 = 27— .+ n
as a function of n. (07 Marks)
Use generating function to determine in how many wais can a police captain
distribute 24 rifle shells to four police officers, sO that cach otficer gets at
lcast three shells, but not morc than eight. (07 Marks)
A ship carries 48 flags, 12 cach of the colours red, white. blue and black.
Twelve of these flags are placed on a vertical pole in order to communicate a
signal to other ships. Use exponential generating function to determine :

i)  How many of these signals use an even number of blue flags and an

odd number of black flags?
ii) How many of the signals have at least three white flags or no white

flags at all? (06 Marks)

A bank pays 6% annual interest on savings, compounding the interes:
monthly. If a person deposits $ 1000 on the first day of May. how much wit

this deposit be worth a year later? (06 Marhy:
Solve the recurrence relations :
) a,,+4a,,+ 4a, =7, n>0, aq,=1, a = 2.
i) a,,.+3a,, +22, = 3, 020, 4,=0, a =1 (0N Marks
Find the generating, function for the recurrence relation.
a, —a,=3", nz0.a,= L.
(6 VMarss

Ience solve it

Hok ok ok K
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Reg. No. (L[ Plo]3[(]s [o[2[¢]

Fourth Semester B.E. Degree Examination, January/February 2006
Computer Science and Information Sclence Engineering
Graph Theory & Combinatorics

Time: 3 hrs.) (Max.Marks : 100

Note: Answer FIVE full questions choosing afieast
TWO full questions from each Part.

K] PART - A

B 1. (@) Determine [V for the following graphs G.
) G has nine edges and all vertices have degree 3.

i) G has 10 edges with two vertices of degree 4 and all others of degree 3.
(6 Marks)

(b) Define isomorphism of graphs. Show that the followihg two graphs are isomorphic.

(7 Marks)

/

y Define Hamilton cycle.
Prove that in the complete graph with n vertices, where n Is odd and > 3. there

are 251 edge - disjoint Hamilton cycles. (7 Marks)

2. (a) Define i) a planar graph i) a bipartite graph, and i) a complete bipartite graph.
Give one example for each (6 Marks)

(b) Find the geometric dual of the graph G = (V, E). Write down any four observations
of G and its dual. .

(7 Marks)

Conitd.... 2



Page No... 2 CS42

(¢) Dafine chromatic number of a graph.
Find the chromatic polynomial P(G, X) for the following graph G. Hence find the
chromatic number.

(7 Marks)

3. (@) If a tree T = (V, E) has four vertices of degree 2, one vertex of degree 3, two
vertices of degree 4, and onevertex of degree 5, find the number of pendant
vertices in 7', . (6 Marks)

(b) Construct an optimal prefix code for the symbols

a,0,49,u,y, z that occur with frequencies 20, 28, 4, 17, 12, 7, respectively.
(7 Marks)

(c) Define spanning tree of a graph. Find all the spanning trees of the following graph.

¢ (7 Marks)

&

4. (q) Define i) Cutset, ii) Edge - connectivity, and lii) vertex connectivity. Give one
example for each. (6 Marks)

(b) Using Kruskal’s algorithm, find a minimal spanning tree for the weighted graph
shown below :

(7 Marks)

(c) For the network shown below, find the capacities of all the cutsets between the
vertices a and Z, and hence determine the maximum flow between a and Z.

(7 Marks)

Contd.... 3
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How many positive integers n can wo form using the digits 3, 4, 4, &, 5, 6, 7 If wo
want n to exceed 5,000,000 ? (6 Marks)

Consider the following program segment, where 1, j and k are intoger varablos.

fori: = 110 20 do
forj:=1toido
fork: =11toido
print @i + j + K)

How many times is the print statement executed in this program segment ?
(7 Marks)

Use catalar numbers to find in how many ways can one arrange four 1°s and four
-1's so that all eight partial sums (starting with the first summand) are non-negative?
List all the arrangements. (7 Marks)

State the Pigeonhole principle and the extended pigeonhole principle. Show that

if any six numbers from 1 to 9 are chosen then two of them will add up to 10.
(6 Marks)

In a certain area of the countryside, there are five villages a, b, ¢, d, e . An engineer
is fo device a system of two-way roads so that, after the system is completed, no
village will be isolated. In how many ways can he do this ? (7 Marks)

Define derangement. In how many ways we can arrange the numbers 1, 2, 3, ....
10 so that 1 is not in 15t place, 2 is not in ond place and so on and 10 is not in
102 place. (7 Marks)

Determine the generating function of the numeric function

_f2r if ris even
= {—Zr if v is odd (6 Marks)

Use generating function to determine how many four element subsets of
S ={1,2,3,...15} contain no consecutive integers. (7 Marks)

A company hires 11 new employees, each of whom is to be assigned to one of
four subdivisions. Each subdivision will get at least one new employee. In how
many ways can these assignments be made ? (7 Marks)

The number of virus affected files in a system is 1,000 and this increases 250 % every
two hours. Use a recurrence relation to determine the number of virus affected
files in the system after one day. (6 Marks)

Solve the recurrence relation.

an - 6ap.1+9a, =0, n>2
given ag = 5,a; = 12. : (7 Marks)

Find the generating function for the recurrence relation

apt2—9ap4 + b6ap =2, n>0and qy =3, a; = 7. Hence solve it.
(7 Marks)

L2 IR R 2
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Fourth Semester B.E. Degree Examination, Dec.06 / Jan.07
CS /1S
Graph Theory and Combinatorics
[Max. Marks: 100

Note: 1. Answer FIVE full questions choosing at least two full
questions from each part.

PART - A

1 a— Define the following terms with respect to graph,

[}

d.

tJ
=

b.

<L

i) Directed graph i) A Walk 1) Sub-graph
iv)  Connected graph \%) Multi-graph ~ vi)  Simple-graph. (06 Marks)

What is Konigsberg Bridge Problem? Explain. Draw also the graph for the above
bridge. (04 Marks)
For the figure shown below, compute the degree of each vertex. And also, state
which is pendent vertex in a given graph. (04 Marks)
‘ Fig. Q1 (c)
Explain the following term with respect to graph :
1) Complete graph. 11) Eularian graph.
1) Harailtonian paths and cut. iv)  Regular graph. (06 Marks)
What are bi-partite graphs? Explain. Take Petersen graph, then draw a sub-graph of
this Petersen graph isomorphic to Ks 3. (06 Marks)
Draw the geometric dual of the following given graph. (04 Mark:)
Fr 4 Fe ‘
: 0 F’s i=Ito 6 are six regions of graph

Fig Q2 (b)
What is chromatic number? Explain.
Given the following, A 3-chromatic graph (shown in Fig. Q2 (c)), Compute the
chromatic polynomial for this graph. (04 Marks)

Vo
Vs

Vs
Ve Fig. Q2 (¢)

Corntd. .~



b LERpb e Vanous sieps mvolved i the detection of the planarity of the graph. and
hence apply these Steps to the graph shown below (Fig. Q2 (d) 10 get the final
graph. (06 Marks)

¢S ¢

811 e

€,

Fig. Q2 (d)

a. Define a tree, and also discuss some properties of a tree. (04 Marks)
b. Define a rooted trec and a binary tree. Sketch a [3-vertex, 4-level binary tree.

(06 Marks)

¢. When a tree T is said to be a "Spanning Tree'? Explain. For the following weighted

graph, show by darkened lines, a shortest spanning tree, and hence caleulate it

weight. T (06 Marks)

vy

196~ Fig. Q3 (¢)
d. What is a “Prefix Code”? For the prefix code P = { 111, 0, 1100. 1101, 10}, draw
the labeled full binary tree of height 4. (04 Marks)

a. Explain the steps involved in Kruskal’s Algorithm. For the following graph. get a
spanning tree of minimal weight. (08 Marks)

Fig. Q4 (a)

b. Explain the “Labelling Procedure” that is required in the “Max-Flow Min-Cut
theorem”. And apply this, to the following transportation network to obtain the Max-
Flow. (08 Marks)

3.3

o
Fig. Q4 (b)
¢. Whatare cutsets? Explain. (04 Marks)

e O SR,
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5 & Determine the number of positive integers n where 1 < n < 10 and # is not divisiblc

i by 2, 3 or 3. Give the list of those positive integers. (06 Marks)

b. State the “Pigeonhole Principle”. Triangle ACE is cquilateral with AC = 1. If five

)

i

a.

b.

points are selected from the interior of the triangle, show that there are at least two
points whose distance apart is less than Y. (04 Marks)
Define a *Rook Polynomial”. Consider the following Chess-board shown in Figurce

Q6 (c).

Fig. Q6 (c)
Compute the Rook Polynomial r(C,x) for the above chess board given in Figure
Q6 (¢). (04 Marks)
While at the race-track, Ralph bets on each of the ten horses in a race to come in
according to how many are favored. In how many ways, can they reach the {inish
time, so that he loses all of his bets? (06 Marks)

Explain, what is “Binomial Theorem™? Obtain the coefficient of &'h* in the

expansion of(2a-3h)7. (04 Marks)

Solve the following examples :

i) Obtain the cocfficient of x*y*z’ in the expansion of (x +y+z).

i) A donut shop offers 20 kinds of donuts. Assuming that there are at least dozen
of each kind, when we enter the shop, in how many ways can we select a

dozen donuts? (04 Marks)
Wrile short notes on the following :
i) Ramsey numbers. i) Partition of integers.
i) Stirling numbers, and iv)  Bell numbers. (12 Marks)
Obtain the generating function for the sequence 0, 2, 6, 12, 20, 30, 42, ..... (04 Marks)
Solve the recurrence relation Fyy = F,iy + F, where n>0 and IF, = 0,and I} = 1.
(06 Marks)
Solve the recurrence relation a,-3a,., = 5 (7") where n>1 and ay = 2. (06 Marks)
Find the exponential generating function for the sequence 01, 11,21, 3! ... (04 Marks)

Let A= {1,234 and B =11,2,3.4,5, 0}

1) How many functions are there from A to B?

i) How many of these are one-to-one?

i) How many arc onto? : (09 Marks)
What are Catalan numbers? Consider the moves R : (x, v) —» (x+1.y)and

U (v ) — (v 1)

In how many ways can one go.

1) trom (0. 0) to (6. 6) and not rise above the line y=x7

1) from (2. 1) 1o (7. 6) and not rise above the line y=x - 1?

1) from (3. 8) 10 (10, I5) and not rise above the line y = x + 57 (05 Marks)

Give a combinatorial argument to verify that Ve Z°.

Hn n n  (n
= l, + w(/, + o + l, = {
O (e HEh

(foreach 1<k <n. . = the number of derangements of 1.2, ..., kidy=1)
. (06 Marks)
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Graph Theory and Combinatorics
Time: 3 hrs. ' Max. Marks:100
Note : Answer any FIVE full questions, selecting at least TWO questions
Jrom each PART.
) PART - A
1 a. Inthe undirected graph
a b
d e
g
Find i) an a-a circuit of length 6  ii) an a-a cycle of maximum length. (06 Marks)
b. Determine whether the following graphs are isomorphic or not. (08 Marks)
a w -V
£ b
- X
@#e \/ ¢ Y
d *
¢. Examine if the following graphs are planar or nonplanar : i) Ky , ii) Kjs. (06 Marks)
2 a. Find the number of vertices, edges and regions for the following planar graph and verify
that Euler’s Theorem for connected planar graphs is satisfied : (04 Marks)
&

b. Seven students of a class have lunch together at a circular table. Using Hamilton cycles,
determine the minimum number of days required for each of them to sit next to every
member of the class. (10 Marks)

¢. Find the chromatic polynomial for

&
If 4 colours are used, in how many ways can the graph be properly coloured? (06 Marks)
3 a For every tree T = (V,E), if IVl 22, show that T has at least two pendant vertices. (06 Marks)

b. A classroom has 25 microcomputers that must be connected to a wall socket that has four’
outlets. Connections are made using extension cords that have four outlets each. What is
the least number of cords needed to get the computers set up for the class? (06 Marks)

c. Obtain an optimal prefix code for the symbols that occur with frequencies :

78, 16, 30, 35, 125, 31, 20*50, 80, 3. .(08 Marks)

1 of2
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a. Obtain a minfmal spanning tree using Kruskal’s algorithm for (08 Marks)
a 2 ﬁ 2 c
S o s
d 5 -
3 2
] 4 43
9 3 h 3 1
For the given betwork
b 4
=) 5
o a 5l ¢ 2 H
7 \~6
$ 5 h

Consider the two cuts : cut C; with vertex partition Q = {a, b, g}, Q" = {d, h, z} and
i) cut C; with vertex partition Q = {a, b, d, g, h}, Q = {z}. Find the capacity of each of
these cuts. (04 Marks)
Students p, q, r, s, t are members of three committees A, B, and C; r and s belong to
committee A; p, 1, t belong to committee B and P, q and t belong to committee C. Lach
committee is to select a student representative. Use the Max-flow-Min-cut theorem to
Metermine if a selection be made such that each committee has a distinct representative?

(08 Marks)

PART - B

Maruti cars come in four models, twelve colours, three engine types and two transmission
types. How many distinct Maruti cars can be manufactured? OFf these how many have the
same colour? (06 Marks)
Find the coefficient of x* y* 7* in (3x -2y —4z)’. (06 Marks)
In how many ways can one distribute eight identical marbles in four distinct containers :

i) so that no container is empty if) so that the fourth container has an odd number of
marbles in it.. (08 Marks)

How many nennegative integer solutions are there of the equation
Xi+t X+ X3 +X4=18, where x;2 7 fori= 1,2, 3, 4. (08 Marks)
Seven books are distributed among seven students for reading. The books are collected and

redistributed. In how many ways will each student get to read two different books?
(06 Marks)
Find the rook polynomial for

I

(06 Marks)
In how many-ways can 24 apples be distributed to four children, so that each gets at least

three but not more than eight. (06 Marks)
Using generating functions, show that the number of partitions of a positive integer into
distinct summands is equal to the number of partitions into odd summands. (06 Marks)
In how many ways can four of the letters in HAWAI] be arranged? (08 Marks)
Solve the recurrence relation : ans; + 3 a4 + 2a,=3",a,=0,a; = |. (06 Marks)
Solve using the:method of generating function : a ,+; —3a, =n, a, = 1. (08 Marks)
11y F F . - .
Let A = ..Show that A” = n+l " |, where F, is the n™ Fibonacci number.
1 0 F, F..

(06 Marks)
*kok kK
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1

Note : Answer FIVE full questions, selecting at least
two questions from each part.

Part A
Give an example of a connected graph G where removing any edge of G results in a
disconnected graph. (03 Marks)
Define homgmorphism of a graph. Show that following graphs are isomorphic. (05 Marks)

Fig. Q1 (b)
Determine M for the following graphs or multigraphs G.

i) G has nine edges and all vertices have degree 3. :

ii) G has ten edges with two vertices of degree 4 and all other of degree 3. (04 Marks)
Define, with one example for each: i) Regular graph i) Complement of a graph
iii) Euler trail and Euler circuit. iv) Complete graph. (08 Marks)

Let G = (V, E) be a loop-free connected planar graph with lv‘=v and ]Elze>2 and r -

regions. Then show that 3r<2e and e<3v-6. Using the above relation, show how k s
and k 35 are nonplanar. (06 Marks)

Find the dual graph for the following planar graph shown in figure Q2 (b). Write down any
four observations of the graph given below and its dual. (04 Marks)

- , % Y
Fig. Q2 (b) Fig. Q2 (d)
Show that Peterson graph has no Hamilton cycle but it has a Hamilton path. (04 Marks)

’. Define chromatic number of a graph. Find the chromatic polynomial for the graph shown

below and also find the chromatic number for the same. (06 Marks)

Define a Tree. Prove that if G =(V,E) is an undirected graph then G is connected if and '

only if G has a spanning tree. (06 Marks)
. Define : i) Binary Rooted tree ii) Prefix code iii) Balanced tree.

Give one example for each. (06 Marks)

Construct an optimal prefix code for the symbols a, 0, g, u, y, z that occur with frequencies

20, 28, 4, 17, 12, 7 respeectively. . e (08-Marks)

1of2

06CS42 @\

e

|



06CS42

4 a. State Kruskal’s algorithm and using this algorithm find a minimal spanning tree for the

weighted graph shown below. (06 Marks)
b s c
[y
é |5 3
d 2
1 )
3
F 7
. Fig. Q4@ Fig. Q4 (b)
b. Explain Max-flow Min-cut theorem. Apply this to network shown in figure Q4 (b) to
obtain the Max-flow. (08 Marks)
c. Explain the steps in Dijkstra’s shortest path algorithm with example. (06 Marks)

Part B
5 a i) How many arrangements are there for all the letters in sociological.
ii) In how many of the arrangements in part i) are A and G adjacent.
iii) In how many of the arrangement in part i) are all the vowels adjacent. (06 Marks)

b. State and explain the meaning of Bionomial theorem. Find the coefficient of a?bicid’in
the expansion of (a+2b—3c+2d+5)lsand find the sum of all the coefficients in the
expansion of (x+y)10 ‘ (08 Marks)
Consider the moves: R :(x, y)—=>x+1,¥), U:(xy) = ytl).

In how many ways can one¢ go

i) from (0, 0) to (6, 6) and not rise above the line y =X
- ii) from (2, 1) to (7, 6) and not rise above the liney =x — 1

o

iii) from (3, 8) to (10, 15) and not rise above the liney =x+5 (06 Marks)

6 a Determine the number of +ve integers n where 1<n<100and n is not divisible by 2,3 or 3.
, (06 Marks)

b. Find the number of permutations of a, b...... X, ¥, z in which none of the patterns spin,
game, path or net occurs. (06 Marks)

¢. How many de-arrangements are there for 1,2, 3,4, 57 (04 Marks)

d. A pair of dice, one is red, the other green is rolled six times. What is the probability that all

six values come up on both red die and green die, if the ordered pairs (1, 2) (2, 1) (2, 5)

(3,4) (4, 1) (4, 5) and (6, 6) did not occur. (04 Marks)

7 a. If there is an unlimited number (or atleast 24 of each other) of red, green, white or black
jelly beans, in how many ways can Douglas sclect 24 of these, so that he has an even
number of white beans and atleast six black ones? (06 Marks)

b. Find all partitions of x! (07 Marks)

c. A ship carries 48 flags, 12 each of the colors red, white, blue and black. Twelve of these
flags are placed on a vertical pole in order to communicate a signal to other ships. How
many of these signals use an even number of blue flags and odd number of black flags.

(07 Marks)
'8 a. Solve the recurrence relation,
2an+3 :an+2+2an+l -a nz0; a, =0, a =1, a, =2 . (0& Marks)
b. Solve the recurrence relation,
a _—4a _+3a =-200; n>0; a_ =3000, a =3300. (06 Marks)
n+2 n+l n 0 1
c. Solve the recurrence relation by the method of generating function,
a —5a _+6a =2; n20;a =3,a =7. (06 Marks)
n+2. __nl n 0 | S , . o

ok ek
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Graph Theory & Combinatorics &

Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE Jull questions, selecting -
at least TWO questions Jrom each part.
PART — A
] -

a. Detcrmine" T | for the following graphs:

1) G isregular with 15 edges.

i) G has 10 edges with two vertices of degree 4 and all others of degree 3. (05 Marks)
b. Define isomorphism of graphs. Show that the following graphs are isomorphic.

X

_ Fig.1(b) (05 Marks)

¢ Define i) Complete graph ii) Induced subgraph iii) Euler circuit. Give one example for each.
(05 Marks)

d. If G is an undirected graph with » vertices and e edges, let § = minycr{deg(v)} and let
A = maxyey{deg(v)}, then prove that § < 2(e/n) < A. (05 Marks)

2 a  Define Hamilton cycle. How many edge-disjoint Hamilton cycles exist in the completee
graph with seven vertices? Also, draw the graph to show these Hamilton cycles. (05 Marks)
b. Define : i) Planar graph i1) Bipartite graph iii) Complete bipartite graph.

(ive one example for each. * (05 Marks)
¢. IfGis aconnected simple planar graph with n (23) vertices, e(>2) edges and r regions, then
prove that 1) 3r < 2e ii)e < 3n - 6. 105 Marks)
d. Define chromatic number. Find the chromatic polynomial for the cycle of length 4 as shown
in Fig.2(d) below. Hence find the chromatic number. (05 Marks)

a b

’ Fig.2(d)
d ¢

3 a. Define a tree.
i) Prove that a tree with two or more vertices contains at least two pendant vertices.
i) Suppose that a tree T has two vertices of degree 2, four vertices of degree 3 and three

vertices of degree 4. Find the number of pendant vertices in T. (06 Marks)
b.  Define : (i) Binary rooted tree’ (ii) Balanced tree.
Draw all the spanning trees of the graph show in Fig.3(b) below. (07 Marks)

m Fig.3(b)

¢. Define prefix code. Obtain an optimal prefix code for the message ROAD IS GOOD.
Indicate the code. : (07 Marks)

1 of2
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4 a. Explain Dijkstra’s algorithm. (06 Marks)
b. State Kruskal’s algorithm. Using Kruskal’s algorithm, find a minimal spanning tree for the
weighted graph shown in Fig.4(b) below. (07 Marks)

b 4 <
s T 2
a 3 1 d
3 R
f 3 €
; Fig.4(b) Fig.4(c)

c. Define a cut-set. For the network shown in Fig.4(c), find the capacities of all the cutsets

between the vertices a and d, and hence determine the maximum flow between a and b.
(07 Marks)

PART - B

5 a. How many positive integers n can we form using the digits 3, 4, 4, 5, 5, 6, 7 if we want » to
exceed 5,000,000? (05 Marks)
b. In how many ways can 10 identical dimes be distributed among five children if (i) there arc
no restrictions (ii) each child gets at least one dime (iii) the oldest child gets at least two
dimes. d (05 Marks)
Determine coefficient of xyz? in the expansion of (2x —y — z)". (05 Marks)
- “Define Catalan number. Using the moves R : (x,y) = (x+1, y)and v : (x, y) = (x, y+1).
find in how many ways can one go

1) From (2,1) to (7,6) and not rise above the line y = x — 1.

i1) From (3,3) to (10,15) and not rise above the line y = x + 5. (05 Marks)

a0

6 a. How many integers between 1 and 300 (inclusive) are
1)  divisible by at least one of 5, 6, 8?
it) divisible by none of 5, 6, 87 (06 Marks)

b. Define derangement. There are eight letters to eight different people to be placed in eight
different addressed envelopes. Find the number of ways of doing this so that at least onc
letter gets to the right person. (07 Marks)

. Find the rook polynomial for the 3x3 board using the expansion formula. (07 Marks)

7 a. 1) Find a generating function for the sequence 12,2232 ...
ii) Find the coefficient of x" in the expansion of (x> +x > +x*+. .. ... .. ) (06 Marks)
b. Use generating function to determine in how many ways can two dozen identical robots be
assigned to four assembly lines with i) at least 3 robots assigned to each line ii) at least 3 but

not more than 8 robots assigned to each line. (07 Marks)
¢. Using exponential generating function, find the number of ways in which 4 of the letters in
~ENGINE be arranged. (07 Marks)
8 a. Find and solve a recurrence relation for the number of binary sequences of length n > 1 that
have no consecutive 0’s. {06 Marks)

b. Solve the recurrence relation
an+2 + 3ans) +2a,=3" for n>0; givenag=0, a, = 1. (07 Marks)

€. Find a generating function for the recurrence relation
ansg —28n4) +an=2" for n>0; givenag=1, a, =2.

Hence solve it. (07 Marks)
% ok ok % ¥
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Fourth Semester B.E. Degree Examination, Dec.09/Jan.10
Graph Theory and Combinatorics

Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.

PART - A
1 a. Determine [V| for the following graphs.

1) G has nine edges and all vertices have degree 3.

i) G isaegular with 15 edges. ' (06 Marks)

b. Define isomorphism of graphs. Show that no two of the following three graphs as shown in

Fig.1(b) are isomorphic. (07 Marks)
Fig.1(b).

¢. Define Euler circuit. Discuss Konigsberg bridge problem. (07 Marks)

e
o

Define: i) Bipartite graph ;  ii) Hamilton cycle and iii) Planar graph. Give one example
for each. (06 Marks)

b. If G =(V, E) is a loop-free connected planar graph with |V| =n, IEI =¢>2, and r regions,

then prove that : i) e > % ; 1i) € <3n - 6. Further, if G is triangle free, then iii) e < 2n - 4.

(07 Marks)

¢ Define chromatic number. Find the chromatic polynomial for the cycle of length 4. Hence
find its chromatic number. ‘ (07 Marks)

3 a  Define a tree. Prove that in every tree T =(V, E), ]V| = lEf +1. (06 Marks)
b. Define: i) Rooted tree ; ii) Complete binary tree and iii) Spanning tree. Give an example

for each. (07 Marks)

c. Obtain an optimal prefix code for the message ROAD IS GOOD using labelled binary tree.
Indicate the code. (07 Marks)

4 a State Max-flow and Min-cut theorem. For the network as shown in F i.4(a), determine the
maximum flow between the vertices A and D by identifying the cut-set of minimum
capacity. (06 Marks)

Fig.4(a).
b. State Kruskals algorithm. Apply Kruskal’s algorithm to find a minimal spanning tree for the
weighted graph as shown in Fig.4(b). (08 Marks)

1of2
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Fig.4(b).
Explain the steps in Dijikstra’s shortest path algorithm. (06 Marks)

PART -B

i) How maﬁ‘y distinct four digit integers can one make from the digits 1, 3,3, 7, 7 and 8?
ii) Find the number of arrangements of the letters in TALLAHASSEE which have no

adjacent A’s (06 Marks)
In how many ways can 10 identical dime be distributed among five children if,
i)  There are no restrictions
il)  Each child gets at least one dime
iii) The oldest child gets at least two dimes. (07 Marks)
Define Catalan number. In how many ways can one arrange three 1’s and three — 1’s so that
all six partial sums (starting with the first summand) are nonnegative? List all the
arrangements. (07 Marks)

Determine the number of positive integers n such that 1 <n < 100 and n is not divisible by 2.

3orS5. (06 Marks)
Define derangement. Find the number of derangements of 1, 2, 3, 4. List all the
derangements. (07 Marks)

A girl student has sarees of 5 different colours: blue, green, red, white and yellow. On
Mondays, she does not wear green; on Tuesdays, blue or red; on Wednesday, blue or green;
on Thursdays red or yellow; on Fridays, red. In how many ways can she dress without
repeating a colour during a week (from Monday to Friday)? (07 Marks)

Find a generating function for each of the following sequences:

15253545

i)  8,26,54,92,........... (06 Marks)
Using the generating function, find the number of ways of forming a committee of 9
students drawn from 3 different classes so that students form the same class do not have an
absolute majority in the committee. (07 Marks)
If a leading digit 0 is permitted, using exponential generating function, find the number of
r — digit binary sequences that can be formed using an even number of 0’s and an odd
number of 1’s. (07 Marks)

The number of virus affected files in a system is 1000 (to start with) and this increases 250%
every two hours. Use a recurrence relation to determine the number of virus affected files in
the system after one day. (06 Marks)
Solve the following recurrence relations:

i) ay-3an=503"n21a=2.

i) awtdapmt4a,=7,n20,a=1,a=2. (08 Marks)

Find the generating function for the recurrence relation:

ansy — 2 ne1 + ap = 2", n > 0 with ag = 1, a; = 2. Hence solve it. (06 Mlarks)
% Kk Kk K ok
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USN 06CS42
Fourth Semester B.E. Degree EXamination, Mlay/June 2010
Graph Theory and Combinatorics

Time: 3 hrs. ‘ Max. Marks:100
Note: Answer any FIVE full questions.
1 & LetG=(V,E) be the undirected graph in the Fig.1(a). How many paths are there in G from
a to h? How many of these paths have a length 5? (07 Marks)
o b [« {
Fig.1(a).
¢ d g h
b. Let G = (V, E) be an undirected graph, where [V]ZZ. If every induced subgraph of G is
connected, can we identify the graph G? (06 Marks)
¢. Find an Euler circuit for the graph shown in the Fig.1(c). (07 Marks}
a b c
Fig.1(c). ol X | 3
t
h . k
d
2 a. Show that when any edge is removed from Ks, the resulting subgraph is planar. Is this true
for the graph K;3? ‘ v (07 Marks)
b.  Nineteen students in a nursery school, play a game each day, where, they hold hands to form
a circle. For how many days can they do this, with no student holding hands with the same
playmate twice? (07 Marks)
c. Define chromatic number. What is chromatic polynomial? State the decomposition theorem
for chromatic polynomials. (06 Marks)
3 a. A classroom contains 25 microcomputers, that must be connected to a wall socket that has
four outlets. Connections are made by using extension cords, that have four outlets each.
What is the least number cords needed to get these computers set up for class use?
(07 Marks)
b. Explain the steps in the merge sort algorithm. " (06 Marks)
c. Using the weights 2, 3, 5, 10, 10, show that the height of the Huffman tree for a given set of
weights is not unique. (07 Marks)
4 a. Apply Dijkstra algorithm to the weighted graph G = (V, E) shown in Fig.4(a) and determine

the shortest distance from vertex a to each of the other vertices in the graph. (07 Marks)

Fig.4(a)
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b. Use Prim’s algorithm to generate an optimal tree for the graph, shown in Fig.4(b). (06 Marks)
. 5 b & 4

Fig.4(b).
C. Letfbeaflowina nEtwork N=(V,E).IfC= (P, 1_’) 1s any cutin N, then prove that val (1)
cannot exceed C (P, P). (07 Marks)

a. In a certain implementation of the programming language Pascal, an identifier consists of a
single letter or a letter followed by upto seven symbols, which may be letters or digits.
(26 letters, 10 digits). There are 36 reserved words. How many distinct identifiers are

possible in this version of Pascal? , (07 Marks)
b. How many bytes contain i) Exactly two 1’s ; ii) Exactly four 1’s ; 1i1) Exactly six 1’s and
iv) At least six 1°s? (07 Marks)

¢. In how many ways can 10 (identical) dimes be distributed among five children
i) If there are no restrictions ; ii) Each child gets at least one dime ; iii) The oldest child
- gets at least 2 dimes. ' (06 Marks)

a. Determine the number of positive integers n where 1 < n < 100 and n is not divisible by
2,3,5. (07 Marks)
b. In how many ways can one arrange the letters in CORRESPONDENTS so that i) There is
no pair of consecutive identical letteis ; ii) There are exactly two pairs of consecutive

identical letters. (07 Marks)
C. For the positive integers 1, 2, 3, 4, the:c wre n derangements. Defire derangements. What is
the value of n? (06 Marks)

a. Give the generating function for :

1) 1,1,1,1,.......1,1, 1.... all terms are 1

iy 1,1,1,1,....... 1,0,0,0..... first terms are 1, others are 0

i) 0,1,2,3........ (06 Marks)
b. Find the generating function for Py(n), the number of partitions of a positive integer n into

distinct summands. What is P4(6) = ? (07 Marks)
¢. In each of the following, the function f(x) is the exponential generating function for the

sequence ay, aj, ....... » whereas the function g(x) is the exponential generating function for

the sequence by, by, bs....... Express g(x) in terms of f(x) if

1) b3=3andb,=a,,ne N, n=3.

i) b=2,b,=4,andb,=2a,neN,n=1,2. (07 Marks)
a. Solve the following recurrence relation :

a,=S5ap)+6a,, n22 ay=1,a =3. (10 Marks)
b. Solve the following recurrence relation:

ane1 —2a,=2", n>0 ag=1. (10 Marks)

€. Solve the following recurrence relation using the method of generating functions :
Ansy —Sap+y +62,=2, n>0,ay=3,a, =7.
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