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B.Sc. Programme 6th Semester Examination, 2023

SEC2-P2-MATHEMATICS

Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.

The question paper contains SEC4A and SEC4B. Candidates are
required to answer any one from the two Courses and
they should mention it clearly on the Answer Book.

SEC4A
GRAPH THEORY

GROUP-A / [R@19-3 / Tyg-

1. Answer any four questions: 3x4=12
C(I-CFI 5115 &TsE Ted mhes
P IR THPT IR [B:

(a) Define walk, path and circuit in a graph.
alieFa K walk, path @3 circuit (F &I 91
Uh IThHT walk, path 3T circuit TR ‘T:TﬁR{ I
(b) Give example of a graph which is 1+1+1
9> P &llerd Twizgd wie @
YToehT ISTERVT &8 RT 9[F &
(1) Eulerian but not Hamiltonian.
Eulerian &% Hamiltonian <%
Eulerian & &} Hamiltonian 813 |
(i1) Hamiltonian but not Eulerian.
Hamiltonian 7% Eulerian 71
Hamiltonian &' @R Eulerian 815 |
(ii1)) Neither Eulerian nor Hamiltonian.
«¥ Eulerian, ¥ Hamiltonian |
T Eulerian 7 Hamiltonian & |
(c) Prove that the number of vertices of odd degree in a graph is always even.
25 9 (I @3 alieer ol fllt (degree) R MRz 74 (1@ R4 |
TRHT e ST vertices BT GEAT A THIM §7© I SHIT T{EIN |

6076 1 Turn Over



UG/CBCS/B.Sc./Programme/6th Sem./Mathematics/y MATHPSEC4/2023

(d) Prove that a graph is a tree iff it is minimally connected.
2l 9 @30 &AlF tree 2@ IM @R (@IETG I 32 @B PAON WIS (minimally
connected) &IF 23|
YT ﬂﬂ%ﬁ{ fd Te AT tree & IS AT minimally connected & 9 AT |

(¢) Find the product of two graphs G; and G, shown below:

fsfefie G, @R G, &It @i (product) e T4
el <ET3UD! GeaeT AThEwm G 3 G, I UM Uil FSTEIY :

Py Py
[, 4

u; [25) Vi \& V3
Gi G,
(f) Show that the maximum number of edges in a simple graph with n vertices is
n(n—1)
—5

N @ n AR I& (I @3 ARe (simple) AN 75 w2 (”2‘ D =

n vertices HUPT ATETRUT TTHHT ehTRTERDT SATereper HeaT @ GIRIEICISSEIRE

GROUP-B / Reit-4/ &5

Answer any four questions 6x4 =24
(-1 BI1Af6 2vd Ted wie
P IRACT THPT IR B

2. Prove that in a complete graph G with n (an odd number) >3 vertices, there are 6

nT—l edge-disjoint Hamiltonian circuits.

el 9 p (@ Rese M4l >3 MRY [7RE @F @B 720 (complete) ai

”T_l R - e Hamiltonian MG A |

n (3 fa9H TT) > 3 vertices T qUT ITHAT nT—l PRI-foeead (edge-disjoint)
Hamiltonian circuits & 9 JH101 T |

3. Find the incidence matrix corresponding to the following graph: 6

CEGIES @“Rﬂ%?[ @@t incidence (EH fefa F=1e
=T T AT FIFEd incidence matrix I STSTBR:

4. Prove that a non-empty connected graph G is Eulerian iff G is the union of some 6
edge-disjoint circuits.
2l 1 936 S WIS &lF G Eulerian ¥R IM @R (@eTg I G & [FY
- fifees circuit-@ FKEIC @141 A
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THI0T e b Ueb IR-@Tefl connected W% G Eulerian 8 afE G fbRI-faessa
(edge-disjoint) circuits T feT &1 9= AT |

5. Show that maximum number of vertices on level k of a Binary tree is 2¥ >n,
where n>0.

w8 @ k-level Rf¥f2 @9 @« binary tree (8 A& 2K > n (@A > 0) FRAF
AR A |

Binary tree @1 k ¥R HT vertices @I 3ferpad &edm 28 > 5 81 9 S@TSTeRT 18],
n>0 &l

6. Show that a bipartite graph cannot have a cycle of odd length.
(AN (T I @ bipartite 2t [RISIG (THA @I cycle AFCS A
Bipartite JT% T s e=1se! b (cycle) &7 Ao Hi SETSTEI |

7. Define self complementary graph. Prove that order of a self complementary graph
must be of the form 4k or 4k +1, k being a positive integer.

Self complementary &I (F W@ 41 & F7 @F self complementary &NEFR
@ (order) @A TG 4k Al 4k +1 T @A k G0 LTS 7R |

Self complementary T GRHTE ‘T:i%ﬁ?:[ | JHT0T 3 ﬂg 3 foh self complementary I
I 4k dT 4k +1 DI BUH §0, T8l k T GcHD uIieh & |

GROUP-C / fRist-st / ag-

Answer any ftwo questions
- 717 &rad Ted e
P 53 UHD! IR g

8. (a) Describe the travelling salesman problem.
oaet RS 50! (travelling salesman problem) 39 41
Travelling salesman FHRT GU {81 |

(b) What do you mean by a spanning tree? Does every graph contains a spanning
tree? Justify your answer.

Spanning tree 0 & @RI ? &fob &ltF & spanning tree ATF 9 (SN T&F ABIZ

41
Spanning tree =TTl & ﬂ'@F@? &% e ATHAT spanning tree gY? T STaTh
SIERISESE

9. (a) Find the adjacency matrix of the complete bipartite graph K, ;.
ﬂ'“"i‘f bipartite T K, ;-9 adjacency G Refa w1
E[UT fauafia (complete bipartite) ITH K, @ adjacency matrix Ui &F E;IOE; I

(b) What is the diameter of a graph? If the distance d(x, y) between two vertices

x and y in a graph is defined to be the length of the shortest path connecting them,
then prove that the distance function is a metric.
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10.(a)

(b)

11.(a)

(b)

6076

@I @36 &R J FIce F @Rl 2 I @9 90 AR x @Ry AERVE T 11
d(x, y) -& Racm 3] FREASFA 71w path-93 (e FKe@lfe Fa o el

T4 4Ag SCoFS (distance function) @G metric 2 |
WWW%??J&WW?VGHicesx&ﬁy Eﬁﬂfﬁgﬁd(x,y)c_*l'lg
fomTe® T8 Sie el BicT ARfe! TS uaT AR TR, T TN b T
T et O Afge & |

Show that a simple graph with n vertices and k& components can have at most
(m—ky(n—-k+1)
2

AN 9 1 AR @R & SRR o @ e i T (”_k)(g_kﬂ)
AT 2 AT

n vertices 3T k components U HTEIRUT TTHHT STferdher (n=k) (’21 —k+D) R

edges.

B g FFB Wi+ SESTEIN |

Prove that a connected graph G is an Euler graph if and only if all vertices of G
are of even degree.

2wl $9 @3 WIS AF G Euler AF =7 I 4R @R AWM G-99 7561 AR
S8 (o 23|

ST B fb Teb ST TRUT AT G Euler 81 IS G &1 T4 vertices T ST
B 9 HH |

Prove that every tree has either one or two centres.

21 77 &l tree (© 2 @6 7 76 (P& (centre) AT |

U tree HT U AT § Proe B Hi- FHIU 6 |

Find the incidence matrix for the digraph G, having two disconnected units G
and G,.

9 G, @R G, 1ib [vza TARAREE @9 @3 digraph G-99 incidence matrixf
IBREEEA

gﬁ% e (disconnected) ThISE® G, 3 Gzﬂﬂiﬁ digraph G @ &1fT incidence
matrix gl Ffl"TIE‘:l;sﬁ?{ :

Vi

€

Vi ! \%)
€1
€3 5] e;
v \%
3 e e 3 Vyu
V4
Gl V2 Gz
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SEC4B
BOOLEAN ALGEBRA AND AUTOMATA THEORY

GROUP-A / [R@l9-3 / Tyg-

Answer any four questions from the following 3x4=12
@@ bIFfG 2a Tea wie
T IR THPT IR B

1. Define an ordered set. Give two examples of ordered sets.

@3 ordered FIBCF WA T2 1 Ordered GG YL Swizge WS |
Ordered #€ IR &R | Ordered HCEwa! §$ I&TER feTe |

2. Define alphabet. Explain any finite automata with output.
Alphabet (& PRI 32| QTH[G 72 I automata (F J1AT 41
Alphabet GRHTT T8RT | Output FT P T IRFHT automata ST TBIR |

3. Define a complete lattice. Give an example of it.
Qo BWIZRCER AR complete lattice (& FEIR 31
T complete lattice TR TRIRT | TRPT Ue ISTERVT eIy |

4. Show that associative laws hold in a Boolean Algebra.
@418 @ Boolean Algebra (® associative J@ el i 231
gfera SISTIOI T associative law & Wi SETSTEN |

5. Show that (01) * (01+1*) is a regular expression over 4 ={0, 1} .
@Ae @ A =10, 1} €877 (01)* (01+1*) 9 regular JF |
e E;IOE; Hfb 4=1{0,1} 4T (01)*(01+1*) Ueb regular expression &l

6. Find a DFA which accepts the set of all strings over {0, 1} with three consecutive 1’s.
@3 DFA 0% @@ I3 Al {0, 1}-93 ©2F #1727 Toab 1 AP G5 70 string-93
B0 @129 |
U DFA el UF{Br SIel {0, 1} A7 A9 strings &I AT ATs SR A 1 T A1
PR B |

GROUP-B / Reit-4/ &5

Answer any four questions from the following 6x4 =24
@-(FA 510 2THF Ted wis
P IR T#P! IR T
7. Let L and K be two lattices and f : L — K be a map. Show that the following are 6

equivalent:
(1) f is order preserving

(i) Vabel, f(avb)= f(a)v f(b)
(i) Ya,belL, f(anb)< f(a)n f(b)
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&4 L 9 K 90 lattice @R 1 L — K 261 936 S | (A8 @
() f @3 @ ®AFFS (order preserving) SCAHF |

(i) Vabel, f(avb)= f(a)v f(b)

(i) Ya,belL, f(anb)< f(a)n f(b)

L 31 K g8 lattice 3T f: L — K U YR &1 | SRISTRN [ 7191 U &1 |

(1) f is order preserving
(i) Va,bel; f(avb)= f(a)v f(b)
(iii)) Va,belL, f(anb)< f(a)A f(b)

8. (a) Use K-map to find a minimal form of the function

fw, x, v, 2) =wxyz + Wxyz + wxy'z + wx'y'z + w'x'y'z.

K-map 03 A=y
fw, x, v, 2) =wxyz + Wxyz + wxy'z + wx'y'z + w'x'y'z
S0 minimal T e 521

K-map I IR =T Yepriepl =JAc Y Uil TS Jed |

fw, x, y,2) =wxyz + Wxyz + wxy'z + wx'y'z + w'x'y'z

(b) Find the CNF for the function
f, v, 2)=xyz+xyz+xy'z" + x'yz'.

F(x, v, 2) = xyz + X'yz + xy'z' + x'yz' SCAHH04 CNF 7910 fdfr s
YbR f(x, y,2) = xyz + X'yz + xy'z' + x'yz’' & AR CNF o<l oF Bﬂ,g 9 |

9. For each of the following Boolean expressions, draw a logic circuit.

e &fsit Boolean MR logic circuit T o1&« 41
=1 udp ?ﬁﬂ'ﬂ? JTfRyeafhent ST, logic circuit Eﬁﬂ%ﬁ?{ I
(1) x(z+y2)+x'(yz'+y'2)

(1) (x+y+z+u)(x+y+u)(x+2)

10. Find regular expression for the following finite automata.

ferfefe 131 automata-93 regular A= e 41
=T IR automata T <1 A STf¥reafc o= FMSTER |
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11.

12.

13.(a)

(b)

14.(a)

6076

Let G =({4y, 4;, 4>, 43}, {a, b}, P, 4y) ; where P consists of A4, —> ad,|bA, 6
A —ad,|ad;,, 4, —>a|bA |b4;,, A, —>D|bA,. Construct an NDFA accepting

L(G).

9 G = ({Ay, 4y, Ay, A3}, {a, b}, P, Ay), @A P, A, — ad, |bA,, A — ad, | ad;,

A, —> a|bA, | b4, A, — b|b4, 7RI S1 L(G)F 03 f97 NDFA 215 341

G =({4y, 4, Ay, A3}, {a, b}, P, 4y) ; &1 &I A, —>ad, |b4,, A — ad,|ad,,

A, = a|bA, |bA,, A, - b|bA, P dT TR B | L(G) THR T NDFA frfor

TR |

Draw a DFA that accepts the following language: 6
@S DFA o7& 59 3 fW0Se SIRIE & s

L ={x € {0, 1}*: x contains three consecutive 0’s}
=T 9797 PR T DFA PIei |

L ={x e {0,1}*: x o TR dFaer 0 FHEY & }

GROUP-C / fRist-st / ag-

Answer any fwo questions from the following 12x2 =24
A-F 715 etaa Ted wie
P 53 UHe! IR gy
Let (B, +,-,") be a Boolean algebra with 0 and 1 as identities for the operations + 3+3

and - respectively. Prove that for any a,b € B;
(1) a-b=a=a-b'=0
(1) a-b'=0=>a+b=>.
€ (B, +,-,") €= Boolean algebra I A 0 € 1; IWPEI + € - effea identity
A4 FS a, b € BE9 @)
(1) a-b=a=a-b'=0
(1) a-b'=0=>a+b=>.
(B, +,-,") U@ g SO g1 &l 0 AT 1| 9 + 3AfT - TR @I AT
identifiers g | flfrTQﬁ a,be B a%rarrﬁrwnﬂgﬁ?{:
(i) a-b=a=a-b'=0
() a-b'=0=>a+b=>b.
Find the minimal SOP of the following Boolean expression: 6
f, v, 2)=xyz+xyz+x'yz' + xy'z+ x"y'z .
1% Boolean i miifoa & SOP  fefa
fO, v, z2)=xyz+xXyz+xyz' + xy'z+ x'y'z

=T R a1f¥earfch T =TT SOP U=l SIS,

f(x7 y, Z) = xyZ + xlyZ + xlyzl + xy’Z + x’_y’Z

Draw the Hasse diagram for the poset (P(S), <); where P(S) is the power set on 4
S={,273}.
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(P(S), <) poset 7 Hasse @@l o1&« 39, @ATT P(S), S = {1, 2, 3} GG power

@1
Poset (P(S), <) @ AR Hasse QTR & ﬂé <, ST&l P(S), S = {1, 2, 3} AT power set
=l

(b) In any lattice L, prove that
anbvec)yz(@anb)v(anc) forall a,b,celL.
@9 @0 lattice L @3 W4,
gNdIRd an(bve)=(a@anb)v(anc) 31 a, b, c e L 99 @] |
U lattice L AT, 1 UM a, b, ¢ € L DT AT FHT0T THE,
anbvec)yz@nb)v(anc)
(c) Let L be a complemented distributive lattice. Prove that
(avb)=a Ab" and (anb) =a'vb forall a,b,e L.
9 L @316 complemented distributive lattice @ T
(avbd)=a Ab dR
(anb)=a' vb 3 a,b,e LAI @] |
L U RRe fITRT lattice 8 5 1 UM @, b, € L T 1T FHI0 61,
(avby=a' Ab 3 (anb)y=a' v

15.(a) Find the parse tree for generating the string 0100110 from the following
grammar.
fersferiie Fpiae (A string 0100110 TR F214 & parse tree 6 e 41

T grammar §1€ 0100110 string 3<U~ T T ATRT Parse tree U<l FITI'IE@?R{
S —> 085|144
A—0|14|0B
B —>1|0BB
(b) State and prove pumping lemma for regular languages.
Regular O & pumping lemma 16 Jf® 372 efsie <=1
fFRIFE ATSTERaeT AT pumping lemma SRETBIRT 3T JHTOT {81 |

16.(a) Design a Turing machine that accepts the set of all even palindromes over {0, 1}.

@3 @36 Turing machine @3 7= 2 Al {0, 1} 9= T 3E even palindrome @3
IO 8129 A |
Turing machine &g ? ﬂg ¥ el {0, 1} AT H I palindromes T A TR TS |

(b) Convert the given NFA to DFA.

2we NFA & DFA (© Foiee 341

f&SUPT NFA &1$ DFA AT SURUT T8I |
0 01 01
|

1
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