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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 6th Semester Examination, 2022

SEC2-P2-MATHEMATICS
Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.
All symbols are of usual significance.

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

SEC4A
BOOLEAN ALGEBRA AND AUTOMATA THEORY

GROUP-A / [RoN-% / Tg-%
Answer any four questions from the following 3x4 =12
Faferiee - 5176 etss Tea wie
TADT B IR UTTEwD] IR a9

1. Define an order isomorphism between two ordered sets. Give an example.

Vo @ ET6A (Ordered sets) N6l @ F¥ isomorphism e & @A 9 @
Tl Wi |

g% ordered sets & Pl order isomorphism BT URHNT TS | IATERT TS |

2. Define a complete lattice. Give an example.
Complete lattice ITC® & @RI 9 G0 Swizgel wie |
Complete lattice BT IQTERUT AfZd URHNT o |

3. Define a distributive lattice. Give examples of a distributive lattice and a non-
distributive lattice.

Distributive lattice-9d & W81 @6 distributive lattice €3 @36 non-
distributive lattice- 93 Swzde 7€ |

Distributive lattice @I URWINT ol | Distributive lattice 3T non- distributive
lattice T ISTEVES T |
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4.

7. (a)

(b)

8. (a)

(b)

6076

Define Boolean algebra and give two examples of Boolean algebra.

e Jremiidres el v <k 1o Jferaie rewmifdces Trizad e
Boolean dISITfOIId! ggdel IATERVI Aiad URHNT o |

Let €={0,1}, A={0, 01}, B={e, 1,110} . Find 4B and BA.
@ e={0,1}, A={0, 01}, B={e, 1,110} . OZAAB @R B4 efa =2
AMN £=1{0,1}, 4={0, 01}, B={g, 1,110} AB AN BA &I A4 g |

Define DFA and NFA.
DFA @ NFA-99 W& 7S |
DFA 311 NFA &1 TR o1 |

GROUP-B / Rei-4 / w1

Answer any four questions from the following 6x4 =24

faferiie @-= 51Ffo etae Tes wie
TADT Bl IR UTTERD! IR %

Define dual of an ordered set and state the duality principle. Give an example of a
dual statement.

@ (IGA dual I8 & @R 9 Duality principle-6 Stevd 391 @36 dual KJfon
Tl Wi |

Dual of an ordered set @I URMMT o 31 duality principle Seei@ X | Dual
statement P1 I&TEVT TS |

Prove that (P(X), ©) is a bounded lattice where X is any non-empty set.
X 2IfeT 9 @3« @ FIC6F (FCT @i 9 (P(X), <) @16 Bounded lattice |

(P(X), C) T3l bounded lattice & ¥=R YATT IR, W&l X USCT non empty set
&l |

Define a sublattice of a lattice. Give an example of a sublattice of the lattice
L ={me N:m|30}. Here the order in L is defined by a<b iff a|b.

@9 @ lattice-99 sublattice I5700 & @R 9
L={meN:m|30} lattice-o% @36 sublattice-a3 Tnizzel wie, @ L-9
@M (order) FEIR® W2 ¢ < b AW GR @FIENG IM o | b |

Lattice @! SU lattice T IRHMT < | Lattice L = {me N: m |30} &I sublattice
P ITERVT % | TBI L Bl order A a <b I M I AF ¢ | b IR aR¥da
TRUDT B |

Prove that any chain in a lattice is a sublattice.

2l 9 Lattice-<93 (997 (X (19 *[&/1 (chain) @1 sublattice 21

Lattice @1 g chain ST lattice B 91 YAIT TR |
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9. (a)

(b)

10.

1.

12.(a)

(b)
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Prove that every sublattice of a distributive lattice is also distributive. 3
2 9 @9 @F 0 Distributive lattice-a9 sublattice-2f distributive =1
Distributive lattice @I Ud® lattice T distributive © 9= YHIT X |

Prove that every homomorphic image of a modular lattice is also a modular 3
lattice.

@8 @-FH 936 Modular lattice-99 homomorphic ¥ (image)-6 @ modular
lattice |

Modular lattice T Y% homomorphic image U< modular lattice 81 T JHIT
R |

Let D,, denote the set of all positive divisors of 30. Then prove that (D,,, <) is a 6

Boolean lattice where for any a, be D,,, a<b iff a|b. Here a’ (complement

of ) is defined by a’= 0.

§2 D, , 30-97 76 G [Foiey WA G5 1 & 9 (Dsy,, <) G0 JER lattice
@A a < b IM GR @FENG A a|b, a, be Dy GRGE ¢’ ( a-97 ARHF)

;30
a==>"1
a

AT Dy, 30 BT T4 HRIAS [I9TSTH BT set 1| (Dy,, <) TSI gl lattice
g MR YAV TR, SR G a, be Dy, W a<b IR A A WA a|b . TR

a’(a ® complement) TS a':?’a—o o gR¥IRT TS |

Design a DFA that accepts the following language: 6
L={xe{a, b}": x begins with aa and ends with bb}

@S DFA 731 99 3l [Rseriie ol aizel a3

L={xe{a, b}": x, aa QN CF @R b R T2} |

U3<T DFA design TR Si¥fel Al fRSUDI AT ol WIDHR T: L={xec{a, b}":
X aa A1 YO O AT bb A A< TV ?

Write a regular expression for the language L ={a"b™ : m+n is even}. 3
L={a"b": m+n @3 (& MY} ORI regular AR (expression) !
a9

AT L={a"b": m+n TICT W9 (even) W& B} HI AR UICT regular
expression o |

Give English description of the language b(a” b) a”. 3
b(a* b)'a" ©IHa T@iews 3+ Srad F41

T b(a” b) a” < 3FUSH faaxor <9 |
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GROUP-C / etol-at / -

Answer any fwo questions from the following 12x2 =24
fwferiie - 7f6 et e e
TADT Bl G UTIEHd] IR o
13.(a) Convert the following DFA to regular expression: 6

5T DFA-GP regular ARSI sofles T4
f&Su®r DFA TS regular expression AT IRUA X |
1

6 0 f;\ |

(b) Prove that for any two languages L, and L,, L, UL, and L, "L, are also 6
languages.

@~ 0 O L, @R L, -9 &) e T, L, U L, @R L, N L, 7FaR O & |

G gs WWEw L, and L, A, L, UL, 3 L AL, Ul HIES g A GHTOT
R

14.(a) Let M be an NFA whose state diagram is given below: 6
(i)  Write down the transition table for this NFA.
(i) What are the final states?
(iii) Find L(M).
3 M @S NFA 119 5%« w30 (state diagram) foes affoe
(i) NFA-97 (%(q transition table-16 SC&< 331
(i) e s &
(i) L(M)-a3 3 faefar 321
WMl M T3el NFA 9U, 59T o3 dd fasuar ©
(i) ¥ NFA &I @FM transition table % |
(i) <74 states & @ g ?
(il)) L(M)&T |

@ a Gl\ b @ a
a,b
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(b)

15.(a)

(b)

(©)

16.(a)

6076

Draw the truth table for the Boolean expression x| + x, - x; and then reduce it to
its DNF.

x| + x, - X, T AR Truth table & o« $9 @R ET6CE SR DNF @i
@

expression x| +x,-x; I Truth table =0T R a7 Iqee DNF H
1 2 73
gRUM TR |

Suppose a Boolean term in 3-variable is given by: f =X m(3, 6, 7). Minimize f
using Karnaugh map.

@ 3 T iR @ @3 IR 2 £ =X m(3, 6, 7) 7R FR&@W® 1 Karnaugh
wIl (map) TR f - (=I5 SIS 2 41

Ml USST gelld term 3-variables AT I8 fasudl B f=Ym(3,6,7) .
Karnaugh map TIRT TR JHATg ©CTS |

Draw the switching circuit which realizes the Boolean expression
xyz +x'(yz' + y'z).

xvz' +x' (v + y'’z) e afRmiena Sorpe 52k I8 (Switching circuit)-o S&w
P41

el expression xyz’+x'(yz + y’z) AT M TIET switching circuit =IF0T TR |

Find the Boolean expression that represents the circuit shown below:

feraferie T e @ ave Jferae AfmES e F=e

feSUdI circuit TS represent T g@ﬁ'& expression Eﬁﬁf TR |

Suppose a room has three entrances and at each entrance there is a switch to
independently control the light in the room in such a way that flicking any one of
the switches changes the state of the light (on to off and off to on). Design a
switching circuit to accomplish this.

£ (Pl 90 FCF fodi A Oitr @R 2ol emmioitd TN SIS T
foEe 3@ @ @3 I J2B Wi, AR @ GFHF 59 A6 NE 997! A7
2T (BIF] (AT 3% 4R I9 (A 51 @fb 5o T2 wey @ 73 NS wniza w411

Al USTT DISTH! 3 92l Yd9l §R © 31 UAP gRAT Ul switch B el
A BT BISTHI IRiATs R0 TS | IRAT ARBIel SIEAT G Y[l switch

GAISGT, TIBIBT il 3faRT URAdH TS (on IRT off 3 off IRT on) I

AT ™Y USCT switching circuit design TN |

3+3
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(b) Prove that a lattice is non-modular iff it contains a sublattice isomorphic to Ns. 6

6076

(Ns is the pentagon).
2Wd F9 @F0 lattice, non-modular TE@ I GR FEG T lattice-Tore @FH
sublattice QFCI A N5-G3 AL isomorphic | (Ns 28T ALge) |

UScl lattice, non-modular B Ife % IfT A IFT sublattice, Ns G
isomorphic YUHI AT TS AT THIOT TR | (N5 USCT U BI).

SEC4B
GRAPH THEORY

GROUP-A / [RoN-% / Te-%
Answer any four questions from the following 3x4 =12
Faferiee - o176 etss Tea wie
TADT Bl IR UTTEwd] IR a9

Define complete graph and complete bipartite graph with examples. 3
ICLETRREY ﬂ“’i‘f & (Complete graph) @R ﬂ“”i‘f fRo[=F17 &l (Complete bipartite

graph) eI 4|

Complete graph 31T Complete bipartite graph &I SQTER0T HAled URWMNT T |

Examine the following statement is true or false: 3

“There exists a simple graph on 10 vertices and with 20 edges and 5
components.”

Tewx (el wrey =t e »F=w a <10 B 1R, 20 © g @2 5 © ot g&
(component) G A< &lF-@F SEG =R 1”7

ot fegUdl ®ee wea ' 'IgA Wiia TR 20 edge € 10 vertices 31 5 qeT
component HY®HT ATIRYT graph EHI TS |

Prove that every tree is a bipartite graph. 3
23id 39 @ 2T {8 (Tree) o F17 &% (Bipartite Graph) 2|
URUd tree STl bipartite graph & 9=l JHIT IR |

Does there exist a simple graph with five vertices having degrees 2, 2, 4, 4, 4? 3
— Justify.

2,2, 4,4, 4T (degree) T2 5 & Mdfpr @36 Ma@e aiF (Simple Graph)-43

g SR 9

2,2, 4, 4, 4 degrees YYD 5 vertices AT ARIRYT graph BHI TSB! ? ~ITAIIq
TN |

Prove that, a connected graph G with n>2 vertices is a tree iff the sum of the 3
degrees of the vertices is 2(n—1).
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o8 I @ p - MARR @6 FIE alF (Connected Graph) G @ G (Tree) =T
Tt @R @35 T (if and only if) MR elr &&= =2 2&1 2(n—1) |

n>2 vertices UHI USCl connected graph, tree Bl IfE 31T AT A vertices
Bl degree T ARTHA 2(n—1) B A= YHIUT TR |

6. State the following graph is bipartite or not. Justify your answer. 3

o<1 &l f@siFi i w3 9 (S 7o IHIR 41
T fASUI graph bipartite 1 B3 IRIIT TR |

4

e
3 el

V2
V3 €

GROUP-B / Rei-4 / w1
Answer any four questions from the following 6x4 =24
Faferiee - 5176 etss Tea wie
TADT Bl IR UTTewd] IR oS

7. (a) Define Hamiltonian cycle and also show that the following graph is a 3
Hamiltonian graph.

‘Hamiltonian cycle’-93 & w8 @R} el @de @ [HkRe aF © b
‘Hamiltonian graph’ 2(R|

Hamiltonian cycle &I URWINT og Y f&gUPT graph Hamiltonian graph BT
T JHOT TR |

(b) Let G be a simple connected graph with 10 vertices and 9 edges. Does G contain 3
a vertex of degree 1? Justify your answer.
12 AF G 7 10 M @k 9 © g [Ki#E @3 7@ wge a1 arw G-co 5 @ ot
%2 @5 MR qccR 2 o TS AR FA)

A G, 10 vertices 31T 9 edges YUHI Ul ARIRYT connected graph & /& G
o1 degreeﬂ'@ﬁ vertex THIIY TS ? <IAd TR |

8. Prove that a graph is bipartite if and only if it does not contain any cycle of odd 6
length.

2l 1 (@ a0 e [qe=Ri &l (bipartite) 203 T @R @@ TW (if and only if)
e RSG WA @I 5F (cycle) = QA
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9. (a)

(b)

10.(a)

(b)

(©)

11.(a)

(b)

12.

6076

UICT graph bipartite 81 If& 31 AfS A IHel odd MG DI cycle HHACL
TS W JHIOT TR |

Show that a connected graph with one or two vertices each of which has even
degree, has an Euler circuit.

mle @ @< At 7fo MRz @ I &l (Connected Graph) 1 &feH M-
@3 (&1 fB& (even degree) TR, (T @36 ‘Euler circuit’ AP |

UICT connected graph AT even degree YU Udh AT g5 [RI¥EH (vertices) ©
A= JFAT Euler circuit UM B ¥R YA TR |

What is the number of edges in k,, n=>2? How many vertices are there in a
graph with 20 edges if each vertex is of degree 4?

“k,’-a7 (G A2 IR 7 T @A 222 1 9F &lF @I 20 B A= @0 9%
2ifofs Md-aa & (degree) 4 20, W2 alF-97 M7 ez 11

k,, n>2 Hl ®fdacl fGIRES (edges) © ? 20 fHIRIES 9D TICT graph AT

Id RUERd! degree 4 WY, Hid dcT Rigs B ?

Give an example of a graph which is Eulerian but not Hamiltonian.
QT &llcFa Twizzel WS (0! ‘Eulerian’ 263 4% ‘Hamiltonian’ 23 |
UICT graph &I IETERVT &3 il Eulerian 81 % Hamiltonian 218 |
Give an example of a graph which is Hamiltonian but not Eulerian.
@ &llcFa Twiggel WS (0! ‘Hamiltonian’ 23 5% ‘Eulerian’ 23 /11
UICT graph ®I ITERVT &3 Wil Hamiltonian 81 X Eulerian 818 |
Give an example of closed walk of even length.

3B (&I WCdR I 261 (Closed Walk) Ewizgel wis |

Even SIHT$ 9U®T U3l closed walk & I&TERT 3 |

Define isomorphism of graphs.

IS ‘isomorphism’ - e[ WIS |

Graph 5] isomorphism &I IRYNT T3 |
Prove that the two graphs are isomorphic.
2ol 9 @ 4G &llFE “‘isomorphic’ 21

g% graph &% isomorphic B |l JHIUT TR |

& =h

A graph G with n vertices, (n—1) edges and no circuits is connected.

n MRW @R (n—1) g [T @ are-ag 7w @ Circuit” T A, Oz s’
@b WY& &1F (Connected Graph) 2(A|
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n R¥ES WU (n—1) fHIRES ST M circuits T9TH! graph G connected

O
GROUP-C / eiol-at / -
Answer any fwo questions from the following 12x2 =24
faferiie @- 7f6 et e wie
TADT Bl Gs UTIEHD] IR o
13.(a) Prove that a simple graph with n-vertices and k-components can have almost 6
(n—k)(lza—k+l) edges.
ot T4 @ n MR @3 &k ToAR*PR (Components) 436 MKEe alltwa SAGE @

YT AL AFCS AN |

(n—kY(n—k+1)
2

n RWEw M k-componentsF ¥WUHI UICT WRIRY graph &I T
(n—k)Y(n—k+1) & =5 ol T R

2
(b) In a Binary tree 7 on n-vertices, then show that number of pendant vertices is 6
n;—l . Is it possible to draw a tree with 5 vertices having a degree 1, 1, 2, 2, 4.

e @ n MIRWYE a3 ‘Binary Tree’ T-(S n;—l FRAF ‘Pendant’ IR AT
5 & MRge @3 Tree’ Siw 787 [ @i Mdfimafen B (degree) 2@ 1, 1, 2,
2,41

n-RRI¥EH IUPT Binary tree 7 © | Wa= Rgwd! G n;—l © HAl YA TN |

Degree 1, 1,2,2,4 9UdT 5 RNE® AU tree T 77 Faw ?

14.(a) Prove that every connected graph has at least one spanning tree. 6
2 $9 (@ 2fsfb iY@ alF (Connected Graph)-@ F97CF @S0 ‘Spanning Tree’
AR
Y& connected graph ®I &H H HH USTl spanning tree © 9T THIT TR |
(b) Find the minimal spanning tree in the following graph: 6

ffeTie i @36 “Minimal Spanning Tree’ e
adt fASUSI graph 91 minimal spanning tree @ISl R |

V1

e 12
€
Ve

V2

e3 ;)| eg )
€4 e; © 9 V7
€11
V4 €s Vs
15.(a) Prove that a graph G is a forest if and only if e—n+4k =0, where e = number of 6

edges, n = number of vertices of G, and k£ = number of component of G.

6076 9 Turn Over
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(b)

16.(a)

(b)

6076

2ld T @ 90 &iF @ ‘Forest” A M IR GG A e—n+k =0 2, @A
e = AT A, n = AMIRYA R @R k = G -9 ToAR*-93 34T (Component) |

U3CT graph G forest & AT 31 AT AF e—n+k=0, Tl e =THAREEDI
&, n = RVgwa! I G @ k=G &I component Ewd HEAT |

Suppose G is a self complementary graph on n vertices. Prove that there is ke Z"
such that n =4k or n=4k+1.

@ AT G T RIS @3 “Self Complementary’ alF | &S 9 @ p = 4k
n=4k+1 T, @A k 257 43 Frefs 7R

AHEl G USel n RR¥E® 9U@l self complementary graph | AT TR &l
keZ'® SEHT n=4k AT n=4k+1 |

Define adjacency matrix of a graph. Find the adjacency matrix of the following
graph:
‘Adjacency matrix’ -€3 7| w8 | fWH{IS Al <Adjacency matrix” 483

Graph @I Adjacency matrix &I RN o | fQSU®dT graph &I adjacency
matrix Qo TN | 7

V2
Vs
Vs Vs
Vi
In the following graph:
[CEGIRICKa| (e
ad fASUI graph T

Vi

Find: (i) A walk oflength 5 from vs to vs.
(i) A trail of length 9 from v; to v;.
(i) A circuit of length 7 from v; to v;.

oz (i) vs Q& vs 78 5 da @I (6 “Walk” |
(i) vy F v, 2189 9 CHa @ “Trail’ |
(iii) v CF v, 78 7 (Cda @S “Circuit” |

@t (i) vseRa vs THDI 5 dHTS 9UPT T3l walk @I |
(i) v;<RT v, THBT 9 AHETS HUBI TS Trail @I |
(iii) v, <RI v, THDT 7 AHETS HUBI TSI circuit G |

X
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