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" Time: 3 hrs.] [Max.Marks : 10

- Note: 1. Answer any FIVE full questions.
2. All question carry equal marks.

Four

1. (a) Determine whether the following graphs are isomorphic? (6 Marks) .

- (b) Show that a graph G is Eulerian if and only if G can be decomposed into
circuits. (8 Marks)
(¢) Define the following and give an example for each.
_ 1) Universal graph; '
- ii) Euler graph and
_ iii) Hamilton graph (6 Marks)
9. (a) Prove that a tree with n vertices has exactly n-1 edges. (7 Marks)

(b) Prove that a pendant edge in a connected graph is contained in every spanning
tree of the graph. (6 Marks)

t¢) Use Prim’s algorithm to obtain a minimal spanning tree of the graph.(7 Marks)

Contd.... 2
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3. (a) Prove that an edge e in a connected graph G is a cut edge if and only if e is
not included in any circuit of G. (8 Marks)

(b) Show that the edge connectivity of a graph G can never exceed the vertex
connectivity of G. - (6 Marks)

(c) Explain:
1) In atree, every vertex of'degree greater than one is a cut vertex.

i1) An Euler graph cannot have a cut set with an odd number of edges.

(6 Marks)

4. (a) Prove that a connected planar graph with n vertices, e edges has e - n + 2
regions. (7 Marks)

(b) If G is a connected planar graph with n vertices and e edges (e > 3), show that

e < 3n - 6. (7 Marks)

(e} Show that K is a self dual graph. (6 Marks)

0. (a) Define a cutset matrix with an example and list the properties of cut-set matrix.
(6 Marks)

(b) Prove that rank of a circuit matrixis e —n + 1 (7 Marks)

(c) Write the incidence matrix A for the graph given below. Also, list any three
observations that can be made about A.

(7 Marks)

6. (a) Define the proper colouring and chromatic number of a graph. Also, find the
chromatic number of the graph shown below: (6 Marks)

Contd.... 3
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(b) Show that a

(¢) Prove that ver

graph G is blparnte if and only if it is 2-chromati ¢

tices of every planar graph can be coloured w1 % colo
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(8 Marks)

ph, asymmetric digraph and symmetric (T aph with an

7. (a) Define simple digra
example on each. AJ, (6 Marks)
(b) Obtain the circuit matrix of the dlgraph shown. _ 4’/1 A7 Mgrkﬁ)// ’

(¢) For the graph given belo

w, determine all the fundamental circuits with respect

to the spanning tree T’ = {a, d, fyh,k} (7 Marks) .

8. (a) Draw a ﬂ

between every pair of vertices.

(b) Give the Kruskal’s algor
graph by using the flow chart

ow chart and describe an algorithm for finding the shortest path

(10 Marks)

ithm to find the minimal spanning tree of a connected
(10 Marks)
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P All questions carry equal marks. -

(a) Define lrphism of two graphs. Show that the graphs given below are
1somorphic : : ' :

al; G2:

: (6 marks)
(b) Definea Simple graph. Prove that a simple graph G with n vertices and k-components.
Can have atmost (n, ~ k) (n=1+1)2 edges ? :

(7 marks)
(¢) Define an Euler graph and Hamiltonian graph with an example on each. Explain
Konigsberg bridge problem and discuss the solution of the problem.

/
(7 marks)
(a) Define a Tree. Prove that there is one and only one path between a pair of vertices in a
- tree,
(5 marks)

(6 marks)
¢} Write the prism algorithm to find the minimal spanning tree of a weighted graph.
Using the algorithm, find the minimal spanning tree of the weighted graph,
A

3
F
- 3
E

4

‘ (9 marks)
Turn over



2 et ~QIATCSI—11

. (a) Prove that every circuit has even number of edgcs in cOmmon thh any Quffset
g “ (P marks)

(b) Define (i) Edge connectivity ; (n)Verte\( connectmty and (iii) Separable gr‘aph Is the
graph given below a separable graph ? Explain. 6 R

Yy

-

(7 marks
(c) Prove that the maximum flow possible between vertices @ and b in a network is equa
to the minimum of the capacities of all cutsets with respect to a and b. B
. (7 marks’ ’,

4. (a) Prove that a complete graph of five vertices is non-planar. (6 marks
(b) Explain the steps leading to the detection of planarity of a connected graph.

(7 marks

(c) Define a dual graph G*. Explain the relations between G and G (7 marks

- (@) Define a cut-set matrix. Write the cut-sct matrix for the graph given below. List som
of the obscrvations of the matrix :

3

AN 2%
e o o
Y Vg
Fl ¢
, d .v‘:&- ' \ ‘—

(7 mark:
(b) Let B and A be respectively circuit matrix and incidence matrix whose columns a1
arranged using the same order of edges. Then prove that every row of B is orthogon:
to every row of A.ie., A-BT =B AT = 0,
‘ (6 mark
(c) IfBis a circuit matrix of a connected graph G with e edges and n vertices, prove th
ranl-.ofB-e-n+ 1.

(7 mark

6. (a) Whatis a coloring problem ? Define (i) proper coloring ; and (ii) chromatic number of
graph.

(€ mark

(b)  Explain 4-color problem. Prove that cvcxy tree with 2 or more vertices is 2-chromat

(8 mark

(¢) Prove that the vertices of every planar graph can be properly colored with 5 colors.
(7 mark

o
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Ly

) Deline a directed graph. Le
walk in D of length 8. Is the

length. (ijj) Find a directed path of longest leng

!

t D be the digraph a
walk a directed path

s shown below : (1
?(i1) Find the dire

th.

MATCSI—4)

) Find the directed
cted trinl of longest

(b} Define a strongly connected digraph. Is the graph given below strongly connected ?

Explain,

oy

4

(7 marks)

(¢} Prove that in any digraph the sum of the in degree of aj vertices is equal to the sum of

their out degrees.

‘2’ Define an Algorithm, Using flowch

spanning tree,

(L) Weite the flowchart to dosceri
Lwo given vertices.

art, write Krusical's

(6 marks)

algorithm to fing the shortest

(10 marks)

be Dijkstra’s algorithm (o find the shortest path betweer

(10 marks)
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, Noto: Answer any FIVE full questions, e ey
g All question carry equal mar ks. : e ‘
] ’ 24
1 1. (a) Define isolated vertex, pendant vertex and null graph with an example ench o, }\:-—/3_,
(0 Mnarka) . - - ¢ ‘
(h) Show that o sltple graph with 1 vorticos und k-components can havo atmost
3 (n—k)(n -k +1)/2 edges. (7 Marks)
! (¢) Show that a connected graph G is an Euler graph if and only if it can be
1 decomposed into circuits. (7 Marks)
¥~ 2, (a) Show that a graph is a tree if and only if it is minimally connected. (6 Marks)
- (b) Define complementary graph. G1ve examples for
e i) G & G both connected
! ii) G disconnected & G connected. (7 Marka)

(¢) BExplain Krushkal algorithm to find shortest spanning tree and hence find a
shortest sp. tree. . '

B IO W 4 N T 1T A T T
=

(7 Marks)

. (a) Show that the minimum set of edges which contains at least one branch of
every spanning tree of GG is a culset. (6 Marks)

(b) Show that a vertex v in a connected graph G is a cul-vertex if and only if there
exists vertices z and y in G such that every path between z and y passes
through . : : (7 Marks)

~ : Contd.... 2
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(c) Find maximum flow: from Ato B..

PUAEEY
. ~\/ é‘

(7 Marks)

4. (a) If G is a connected planar graph with n vertices and [ edges

(I > 3). Show that ¢ < (3n-0) (@ Marka)

(h) If G is a finito connected planar graph with atleast 3 vertices (n > 3). Show
that ¢ has atleast one vertex with degree b or less, T Marlk

(c) Define dual of a graph. Find the dual of .

(7 Marks)

(a) Define a culaet matrix with an example and list the propertica ol cul act imntric
(0 Mtk
(h) Show that the reduced incidence matrix is non singular if and only if the graph

18 a tree. . (7 Marks)
(c) Show that rank of a circuit matrix of a connected graph is I —n 41 (7 Marks

. (a) Define chromatic number and maximal independent set with an example ench.

(G Marks)

(b) Show that every planar graph is five colourable. (7 Marks)
(c) Show that a covering g of a graph is minimal if and only if g contains no paths
of length 3 or more. (7 Marks

(a) Define simple digraphs, asymmetric digraph and symmetric digraph with an
example each. (6 Mucke)

(b) Define an arboresence. -Show that an arboresence is a tree in which every
vertex other than the root has an in-degree of exactly onc. (7 Matka)

(¢) Show that the determinant of every sub-matrix of A, the incidence matrix of
a digraphis 1, -1 or O. (7 Marke

() Ixplain tho algorithm to find a ap. treo with a flow charl. (10 Mok

() With a flow chart for an algorithm to find shortest paths between all pairs of

vertices. (10 Marks
sk ok Kok
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Note: 1. Answer any FIVE full questions.
2. All question carry equal marks.

. (a) Explain Konigsberg bridge problem. (6 Marks)

(b) Prove that, a simple graph with n vertices and k components can have at most,

M;‘——k—ﬂl edges. (8 Marks)

(c) Define i) Universal graph; ii) Unicursal graph and give one example each.

‘ (6 Marks)

2. (a) Prove that every tree has either one or two centres. i (6 Marks)
(b) Determine the center of the tree. (7 Marks)

(7 Marks)

3. (a) Define a cut vertex and a cut edge. Give examples. (6 Marks)

Contd.... 2
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(b) List all the fundamental cut sets of the graph

k?l
a b
v, Vg
€ C
Vs C( "4

with respect to the spanning tree whose edge sequence is a, e d,f

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

to a and b.

4. (a) Show that the graph G ia non-planar

MATCSI41

(6 Marks)

(b) If every region of a simple planar graph G (with n vertices and e edges)
embedded in a plane is bounded by K edges, show that e = %T—I_——;—) (6 Marks)

(c) Define the Geometric dual of a graph. List the relationship between a graph

and its dual.
5. (a) Obtain the circuit matrix of the graph.

(8 Marks)

and hence list any three observations that can be made about the graph,

(8 Marks)

Contd.... 3
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(b) Obtain the adjacency matrix of the graph G. Also list any three observations
that can be made about G. (6 Marks)
,-’/ \"*'L' 1"'1 :
v

(¢) Define the path matrix of a graph. Give one example. List some of the

observations one can make about the graph.
(6 Marks)

6. (a) Define :
1) Proper colouring of a graph..
1)  Chromatic number of a graph.
Also, give the chromatic numbers of i) Null graph; ii) Tree; iii) Complete

graph. (6 Marks)

(b) Show that a graph is 2-chromatic if and only if it is bipartite. (6 Marks)

(¢) Explain i) covering of a graph and ii) four colour problem. (8 Marks)

7. (a) Define the following and give an example each i) Directed walk; ii) Directed
path and iii) Circuit. (6 Marks)

(b) Show that a digraph G is an Euler digraph if and only if d~(v) = d*(v) for
every vertex U in G. (8 Marks)

(¢) Obtain the incidence matrix of the graph given below. (6 Marks)

.,

8. (a) Write a flow chart and describe the algorithm for finding a spanning tree of a
connected graph. _ (10 Marks)

(b) Give the description of Dijkslra’s algorithm and a flow chart for finding the

shortest distance between two specified vertices. (10 Marks)
sk % ek
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‘ Notc: Answer ani FIVE full questions.
3 (11 1
= All question carry equal marks
- YRY Eol
e
F -2 r . . . . . . e e
I R 1. (a) Detinera simple graph. Prove (hat a simple graph G with n vertices and
ey K - componcn(s can have al most (n-k) (n-k+1)/2 cades. (7 Marks)
o, s
- ‘jt.; .
‘i (L) Deline

) Awalk

1) Ring st ol two graphs

X

fe i) Uaamilonian path

3 With an example each. (6 Marks!
L‘”:«

" () Detine Isomorphism of two graphs. ‘Test whether the graphs diven Delow
o are isomorphic or not. . :

iy

TR

>t .';i}"if
i
N

v
\,
\f

(7 Marksi

2. (a) Deline a Tree and show that a tree with n verlices has n-1 edges. (6 aarke

T e T s L Y

A (b) Show that a Hamiltonian path is & spanning tree. (7 Marks
(¢] Prove that every tree has cither one or two cenlres (7 Marks!

3. (a) Define asctof fundamental cut sets and fundamental circuits with exampies,
. : (7 Marks!

(L) Prove that the maximum vertex connectivity that a graph G ol n veriioes
: : o 12 vrovi ' ’
and ¢ cdges can have 1s [7;] provided ¢ 2 1 — 5. (7 narks)

{¢) Detine connectivity and separable gra yhv wilh an exam e for cachn (6 Marks)
\ ) ] |

() Prove that compleie araph of five vertices is non-planar. (55 Marks)

-

(i} Explain the steps leading to the detection of planarity of o connectedd Lraph

(7 Markst

(7 niarks)

(¢} Deline o dual eraph G Explain the relations bclj\vtcx‘l G and ¢

Caonirl
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5

6.

@O

!

’ 7
.. (a) If B Is a circuit matrix of a connected Graph G with e- edges and n-vertices,

prove that ranlk of B = c-n+1. (7 Marks)

{(b)Let B and A be rcspcctlvcly circuit matrix and incidence matrix whose
columns are arranged using the same order of edges. Then prove that

every row of B s orthbgonal to ecvery row of A, A e BT =Be AT = 0(7 Marks)

{c] Define a cut-set matrix. \\’r&q the cut-set matrix for the graph given below

N (6 Marka;

(@) What is colouring problem? Define
it proper colourings
iij Chromatic number of a graph. ' {6 Marks)

(b) Explain 4-colour problem. Prove that every tree with 2 or more- vertices. is
2-chromatics. . R (7 Marks)

‘] Prove that the vertices of every graph can be properly coloured with 5 colours.
: (7 Marks)

G What is o digraph? List different types of digraphs with examples. (6 Marks)
‘51 T ove (hat incidence matrix of a digraph Gis 1. - 1or 0. - (7 Marks

(¢} rove that every complete tournament has a dirccted Hamiltonian patin
(7 Marks)

. . ot
L1 Give the characteristics of an algorithm in a computer programme, (4 Macks]

)

xplain Dijkstra’s algorithm for finding the shortest path between two
vertices in a graph.

=

(8 Marks)

e the tlow chart-for an algorithm to find a sct of fundamental circuits.
. (5 NMarks)

ok kK koK
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T Define Work and Path n

B s PP

58”)’!%’/} SN
S diigne oo
'-: 3825 a o "F,:r" TR
thﬁu‘”{ . a”"&:*{L‘R;NU‘b&é
0. (a) Define Cromatic numbor of o gr
z-cromatic.

(b) Deline Coverin rof agraph. Prove thata coveringg ol a gr
\ L > . z::b o

aph
4 contains no paths of length three or'more.

(c) What is four colour problem ? Show th

at the vertices of every
properly coloured with five colours.

3

a directed graph. Find scquence of ve
dhigiven in Fig. 7 below :

iongest walk in the digraj

\/
15 Y4

(L Detine Arborescence dirccted graph. Show th

cvervvertex other than the root has an in-degree of exactly one.

aph. Prove that every tree with two or 1
Y

at an arborescence is a

is minimal if

(6 marks
planar graph in can b

(8 marks)
rtices and edges of the

Fla.7.

(8 marké)

tree in which

(G marls)

ter Detine Adjacency malteix of a digraph. IMind adjacency matrix of the digraph given in

Fig. S below : ' : '
o’
¥

Flg.8.
(6 marks)
b Make the flowehart to describe Paton’s algorithm to find fundamental circuits.

hi

Deseribe Dijkstra’s

algorithm to {ind the shortest path between two speci

(10 marks)
fied vertices.
(10 marks)
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Note: Answer any FIVE full questions. ',' ‘&‘o/ \ N

. (a)

(b)

{c)

All quustion ocarry equaul marks Py

Distinguish between the following :
i; Awalkanda path
i) Regular and complete graph

i1i)  Decomposition and Ring sum operations. (0 Marke)

Prove that a connected graph G is an Euler graph if and only if all the vertices
of G are of even degree. . (8 Marks)
Define an infinite graph. Show that an infinite graph with a finite number of
vertices and infinite number of edges will have at least one pair of vertices
joined by an infinite number of parallel edges. (6 Marks)

(a) Prove that any connected gréph G with n vertices and n — 1 edges is a tree.

(b)

(c)

(7 Marks)
Show a tree in which its diameter is not equal to twice the radius. Under what

condition does this inequality hold ? (6 Marks)
Using the Kruskal's algorithm, find minimal spanning tree of.

' (7' Marks)

3. (a) Show that with respect to a :given spanning tree, a branch bi. that determines

a fundamental cut - set is contnined in every fundamental circuit assoclated.
with: the chords in S and in no others. - ’ ‘ " (7 Marks)

?

Contd.... 2
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(b) Determine the edge connectivity and vertex connectivity of the graph.(6Mnarks)

N/

(¢) Explain i) 1 - isomorphism and ii) 2 - isomorphism by means of an cwnwlu&
(7 Marks)

4. (a) Prove that a connected planar graph G with n ventrices and ¢ edges has
e — n + 2 regions. (7 Marks)

(b) Draw the geometric dual of the graph. /‘\ (0 Marks)

(¢) Define a self-dual graph. Show that K4 is a seIf dual graph , (7 Marks)

5. (a) Deline the incidence matrix of a graph. ()btam thc udjuwmv mnlmc of the

gruph U
3
UV ol
l : (’, - |
> £
3 eV
. V " ‘
\J - ':g- vb V . (7 Marks)

ow that the rank of incidence

(b) Let G be a connected graph with n vertices. Sh
(7 Marks)

matrix of G is n — 1.
(c) Write down the path matrix P(V1,Vs) of the graph

(6 Marks)

graph. Show that the chromatic polynomial

6. () Define the chromatic p()lynomml of a
(M Mo b

ol o i - vortox oo e ACY - 1) .

(1y) Show that a covering gof a graph is minimal if and only if g contains no paths

Contd.... 3
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of length 3 or more.
(¢) Obtain the chiromatic partitioning of the graph. .
. .

,
/

R4
. 7
.-~ /
¢, '
s

o b \d

I
0( ’ (6 Markes)
7. ) Define the lwo Lypes of connoctednoss in ndigraph, Qlvo ono oxample for cach,
(6 Marks)
(b) Define the incidence matrix of a digraph. Obtain the incidence matrix of
\)> . K
6
v
1 Vi 4
<
~
U' ub (7 Marka)

(¢) Let I and A be, respectively, the circuit matrix and incidence matrix of a self
loop-free digraph such that the columns in B and A are arranged using the

came order of edges. Show that A.BT = B;A.T =0 - (7 Marks)

8. () Make the low chart to desceribe the algorithm for finding the mintmud spaoning
Lroo, ' (10 Murks)

(1) Describe the algorithm for finding the shortest distance between all pairs of
vertices. (10 Matks) .

Hol ol
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Note: Answer any FIVE full questions.
i All question carry equal marks

1. (a) Define i) walks, paths, circuits i) Connected graphs, disconncctcd
components with an example for each

(b) Define universal graph and Hamiltonian circuit, Euler’s graph Give cxample
for universal graph.

(c) Prove that sum of degrees of all the vertices in a graph is always even. Show
that a graph always has an even number of odd degree vertices.

2. (a) Prove that a tree with n vertices has n-1 edges.

(b} Define Distance, Centres and Eccentricity, Radius and Dxameter in a tree.
b N Give an-example for eccentricity. .
(c) Write Kruskal algorithm to find minirnal spanning tree of a weighted graph.
Using algorithm find a minimal spanning tree of a weighted graph goven
below.
‘ .

3. (a) Define fundamental circuits. Discuss that a connectcd graph G is a tree if
" adding an edge between any two vertices in G creates exactly one circuit.

(b) Define connectivity and seperable graph with an example. Find the edge
connectivity and vertex connectivity for the graph G given below

Contd.... 2
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7. () Define a directed graph. Dircected paths and Connectedness. Explain taking
an example of a graph.

(1) Find incidence matrix for the graph

AN v
'
3 +
v vs

also find the adjaceny matrix for the graph

(¢) Prove every complete tournament has a Hamiltonian path.
8. {(a) Explain algorithm. Give efficiencies of the algorithm.

(b) Draw flow chart by Krushkal's algorithm for the minimal spanning tree.

(¢) Write the flow chart for an algorithm to [ind a set of fundamental circuits.

kK Kok
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Answer any five full questions.
All questions carry equal marks.

: Deline Regular graph. Show that the number of vertices of odd degree in a graph ig
STV Ve, 1‘ IR VA
(6 mark& L2 19y /,"
Denne Isomorphism of two graphs. Show that the following graphs in Fig. 1 ar \‘-}/ S
~omorphic i — Rl R
\\: .t ,,//

Uy U,

Ve

FIGg.1. :
; , (6 marks)
- Deine Hamiltonian cireuit. Prove that in a complete graph with n vertices there are
o= 112 edge-disjoint Hamiltonian circuits, if 2 is an odd number > 3.
(8 marks)
< e Detine aTree. Prove that a graph is a tree if and only if it is niinimally connected.
(6 marks)

b Dietine Binary tree. Find centre, radius and diameter of the graph in Fig. 2

. “ - - v /

’ FIG-2.

(6 marks)

(¢} Define Spanning tree. Find minimal spanning tree of the weighted graph in Fig. 3
- N .

<

10 FIG.5.

9.5

(S marks)

Turn over
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< .
vt Deline Cut-set. Prove that in acconnected graph G, any minimal set of edges containing
at least one branch of every spanning tree of G is a cut set.
. (8 marks)
(b} Define Fundamental cut set. Find all fundamental cut sets of the given graph in Fig. 4
with respect to the spanning tree (b‘,‘ e ).

FIG. 4..
6.4 (6 marks)

‘¢’ Prove that if G, and G, are two 1-isomorphic graph, the rank of G, cquals the rank of

G, and the nullity of G, equals the nullity of G,.
(6 marks)

Define Planar graph. Prove that the Kuratowski'’s second graph consisting of six vertices

and nine edges is non-planar.
(8 marks)

'b)  State criteria to detect the planarity of a connected graph and give an example also.
' (6 marks)

{c) Prove that a graph has a dual if and bn_ly if it is planar. (6 marks)
5. {n) Define Circuit matrix. Find the circuit matrix of the graph given in Fig. 5 below :

v . .
3 » oV
h . b ’
V,
\/2 - e V 4 b
f FJG.5.
Vi d S5 (7 marks)

by Define Fundamental circuit. Find a fundamental circuit matrix B/ with respect to a
spanning tree {ey, ey, e, e,} for the graph in Fig. 6 given below :

€4
[
I
li \\ 2
e
T s
€s ~
e
=1
<6
FI1G.0 .
' (7 marks)
s IO s o crrenit matrix of a connected praph Gowith ¢ edpes and o vertices, rank of

B
(6 marks)




