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UNIVERSITY OF NORTH BENGAL 

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 /  / समूह-क  

1. Answer any four questions: 

 

कुनै चार ÿĳको उ°र िदनहुोस्: 

3×4 = 12 

(a) Define walk, path and circuit in a graph.  

 walk, path circuit   

 एक úाफमा walk, path अिन circuit पåरभािषत गनुªहोस् ।  

(b) Give example of a graph which is  

úाफको उदाहरण िदनहुोस् जनु हो 
(i) Eulerian but not Hamiltonian. 

 Eulerian Hamiltonian

Eulerian हो तर Hamiltonian होइन् । 
(ii) Hamiltonian but not Eulerian. 

 Hamiltonian Eulerian

Hamiltonian हो तर Eulerian होइन् । 
(iii) Neither Eulerian nor Hamiltonian. 

 Eulerian, Hamiltonian  

 न Eulerian न Hamiltonian हो । 

1+1+1 

(c) Prove that the number of vertices of odd degree in a graph is always even.  

 (degree)   

 úाफमा िवषम िडúीको vertices को सं́ या सध§ समान हòÆछ भिन ÿमाण गनुªहोस् ।  
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(d) Prove that a graph is a tree iff it is minimally connected.  

 tree (minimally 
connected)  

 

 ÿमाण गनुªहोस् िक एक úाफ tree हो यिद यो minimally connected छ भने माý ।  

(e) Find the product of two graphs 1G  and 2G  shown below: 

1G 2G  (product)

तल दखेाइएको दईुवटा úाफहł 1G अिन 2G को गणुन प°ा लगाउनहुोस् : 

 

 G1 G2 

 

(f) Show that the maximum number of edges in a simple graph with n vertices is 

2
)1( nn

. 

 

 
n (simple)

2
)1( nn   

 

 
n vertices भएको साधारण úाफमा िकनाराहłको अिधकतम सं´या 

2
)1( nn  हो भिन दखेाउनहुोस् । 

 

   

 GROUP-B /  / समूह-ख  

 Answer any four questions 

 

कुनै चारवटा ÿĳको उ°र िदनहुोस ्

6×4 = 24 

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

2
1n  edge-disjoint Hamiltonian circuits. 

6 

 n 3 (complete)

2
1n  Hamiltonian  

 

 
n (एक िवषम सं́ या) 3  vertices भएको पूणª úाफमा 

2
1n  िकनारा-िव¸छेदन (edge-disjoint) 

Hamiltonian circuits हòÆछ भिन ÿमाण गनुªहोस् । 

 

   

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

incidence 
िनÌन úाफ सगँ सÌबिÆधत incidence matrix प°ा लगाउनहुोस्:

 

 

 

 

6 

   

4.   Prove that a non-empty connected graph G is Eulerian iff G is the union of some 
edge-disjoint circuits. 

6 

 G Eulerian G
circuit-  

 

u1 u2 v1 v2 v3 

v1 

v2 v3 

v4 

v5 
v6 

e1 

e2 

e3 

e4 

e5 
e6 

e7 
e8 

e9 

e10 
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 ÿमाण गनुªहोस् िक एक गैर-खाली connected úाफ G Eulerian हो यिद G िकनारा-िव¸छेदन 
(edge-disjoint) circuits को िमलन हो भने माý । 

 

   

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

6 

 k-level binary tree nk 2 0n  
 

 

 Binary tree को k  Öतर मा vertices को अिधकतम सं´या nk 2  हो भिन दखेाउनहुोस् जहा,ँ 
0n  हòन् ।  

 

   
6.   Show that a bipartite graph cannot have a cycle of odd length. 6 

 bipartite cycle   

 Bipartite úाफ मा िवषम लÌबाइको चø (cycle) हòन स³दनै भिन दखेाउनहुोस् ।  

   

7. Define self complementary graph. Prove that order of a self complementary graph 
must be of the form k4  or 14 k , k being a positive integer. 

1+5 

 Self complementary self complementary 
(order) k4 14 k  k  

 

 Self complementary úाफ पåरभािषत गनुªहोस् । ÿमाण गनुªहोस् िक self complementary úाफ 
को øम k4  वा 14 k  को łपमा हòÆछ, जहा ँk  एक धनाÂमक पूणा«क हòन् । 

 

   

 GROUP-C /  / समूह-ग  

 Answer any two questions 

 

कुनै दईु ÿĳको उ°र िदनहुोस् 

12×2 = 24 

8.  (a) Describe the travelling salesman problem. 6 

 travelling salesman problem)   

 Travelling salesman समÖया वणªन गनुªहोस् ।  

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

6 

 Spanning tree spanning tree
 

 

 Spanning tree भÆनाले के बिुझÆछ ? के सब ै úाफमा spanning tree हòÆछ ? आÉनो जवाफ 
औिचÂय पानुªहोस् । 

 

   
9.  (a) Find the adjacency matrix of the complete bipartite graph 3,3K . 6 

 bipartite 3,3K - adjacency   

 पूणª िĬप±ीय (complete bipartite) úाफ 3,3K  को adjacency matrix प°ा लगाउनहुोस् ।  

(b) What is the diameter of a graph? If the distance ),( yxd 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. 

1+5 
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 x y
),( yxd - path

(distance function) metric  

 

 एक úाफको Óयास के हो ? यिद एक úाफमा दईु vertices x अिन y  बीचको दरुी ),( yxd  लाई 
ितनीहł लाई जोड्ने सबैभÆदा छोटो मागªको लÌबाईको łपमा पåरभािषत गर,े ÿमाण गनुªहोस् िक Âयो 
दूरी ÿकायª एक मिेůक हो ।  

 

   

10.(a) Show that a simple graph with n vertices and k components can have at most  

2
)1()(  knkn

 edges. 

6 

 
n k

2
)1()(  knkn  

 

 

 
n vertices अिन k components भएको साधारण úाफमा अिधकतम 

2
)1()(  knkn  िकनारा 

हł हòन स³छन् भिन देखाउनहुोस् । 

 

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

6 

  G Euler G
 

 

 ÿमाण गनुªहोस् िक एक जडान गåरएको úाफ G Euler हो यिद G का सब ैvertices समान िडúीका 
छन् भने माý । 

 

   

11.(a) Prove that every tree has either one or two centres. 6 

 tree centre)   

 ÿÂयेक tree मा एक वा दईु केÆþहł छन् भिन ÿमाण गनुªहोस् ।  

(b) Find the incidence matrix for the digraph G, having two disconnected units 1G  

and 2G . 

1G 2G digraph G incidence matrix

दईु िव¸छेदन (disconnected) एकाइहł 1G अिन 2G भएको digraph G को लािग incidence 

matrix प°ा लगाउनहुोस् : 

 

 
 
 
 

 1G  2G  

6 

   

v1 v2 

v3 

v4 

e1

e2e3

e4

v2

e1 

v1

v4 v3e2 

e3 
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SEC4B 

BOOLEAN ALGEBRA AND AUTOMATA THEORY 

 

 GROUP-A /  / समूह-क  

 Answer any four questions from the following  

 

कुनै चार ÿĳको उ°र िदनहुोस् 

3×4 = 12 

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

 ordered Ordered   

 Ordered सेट पåरभािषत गनुªहोस् । Ordered सेटहłको दईु उदाहरण िदनहुोस् ।  
   

2. Define alphabet. Explain any finite automata with output.  

 Alphabet automata   

 Alphabet पåरभािषत गनुªहोस् । Output संग कुनै पिन पåरिमत automata Óया´या गनुªहोस् ।  
   

3. Define a complete lattice. Give an example of it.  

 complete lattice   

 एक complete lattice पåरभािषत गनुªहोस् । यसको एक उदाहरण िदनहुोस् ।  
   

4. Show that associative laws hold in a Boolean Algebra.  

 Boolean Algebra associative   

 बिुलयन बीजगिणत मा associative law हòÆछ भिन दखेाउनहुोस् ।  
   

5. Show that *)101(*)01(   is a regular expression over }1,0{A .  

 }1,0{A *)101(*)01(   regular   

 दखेाउनहुोस् िक }1,0{A  मा *)101(*)01(   एक regular expression हो ।  
   

6. Find a DFA which accepts the set of all strings over {0, 1} with three consecutive 1’s.   

 DFA {0, 1} 1 string
 

 

 एक DFA फेला पानुªहोस् जसले {0, 1} मा सब¥ strings को सेट लाई लगातार तीन 1 को साथ 
Öवीकार गदªछ । 

 

   

 GROUP-B /  / समूह-ख  

 Answer any four questions from the following  

 

कुनै चार ÿĳको उ°र िदनहुोस् 

6×4 = 24 

7.   Let L and K be two lattices and KLf :  be a map. Show that the following are 
equivalent: 

(i) f  is order preserving 

(ii) Lba  , , )()()( bfafbaf   

(iii) Lba  , , )()()( bfafbaf   

6 



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

6076 
 

6

 L  K lattice KLf :

(i) f order preserving)

(ii) Lba  , , )()()( bfafbaf   

(iii) Lba  , , )()()( bfafbaf   

 

 L अिन K दईु lattice अिन KLf : एक ÿकायª हòन् । दखेाउनहुोस् िक िनÌन एकै हòन् । 

(i) f  is order preserving

(ii) Lba  , ; )()()( bfafbaf   

(iii) Lba  , , )()()( bfafbaf   

 

   

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

  zyxwzyxwzyxwxyzwwxyzzyxwf ),,,( . 

4 

 K-map 

 zyxwzyxwzyxwxyzwwxyzzyxwf ),,,(

minimal  

 

 K-map ÿयोग गरेर िनÌन ÿकायªको Æयूनतम łप प°ा लगाउनहुोस् । 

  zyxwzyxwzyxwxyzwwxyzzyxwf ),,,(  

 

(b) Find the CNF for the function 

   zyxzyxyzxxyzzyxf ),,( . 

2 

 zyxzyxyzxxyzzyxf ),,( CNF  

 ÿकायª zyxzyxyzxxyzzyxf ),,(  को लागी CNF प°ा लगाउनहुोस् ।  

   

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

Boolean logic circuit

िनÌन ÿÂयेक बिुलयन अिभÓयिĉको लािग, logic circuit कोनुªहोस् । 

(i) )()( zyzyxzyyzx   

(ii) )()()( zxuyxuzyx   

3+3 

   

10. Find regular expression for the following finite automata. 
automata regular 

िनÌन पåरिमत automata को लािग िनयिमत अिभÓयिĉ प°ा लगाउनहुोस् ।

 

 

 

6 

   

q1 

q4 
a 

q2 
q3 

q5 

b 

c 

d 
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11. Let ),},,{,},,,({ 03210 APbaAAAAG  ; where P consists of ,| 100 bAaAA   

,| 321 aAaAA   313 || bAbAaA  , 03 | bAbA  . Construct an NDFA accepting 

)(GL . 

6 

 ),},,{,},,,({ 03210 APbaAAAAG  P 100 | bAaAA  , 321 | aAaAA  , 

313 || bAbAaA  , 03 | bAbA   )(GL NDFA  

 

 ),},,{,},,,({ 03210 APbaAAAAG  ; हòन् जहाँ ,| 100 bAaAA  ,| 321 aAaAA   

313 || bAbAaA  , 03 | bAbA   P मा समावेश छन ् । )(GL  Öवीकार गन¥ NDFA िनमाªण 
गनुªहोस् ।  

 

   

12. Draw a DFA that accepts the following language: 

DFA  

  *}1,0{{  xL : x contains three consecutive 0’s} 

6 

 िनÌन भाषा Öवीकार गन¥ DFA कोनुªहोस् ।  
  *}1,0{{  xL : x ले लगातार तीनवटा 0 समावेश गदªछ } 

 

   

 GROUP-C /  / समूह-ग  

 Answer any two questions from the following  

 

कुनै दईु ÿĳको उ°र िदनहुोस् 

12×2 = 24 

13.(a) Let ,,,( B  ) be a Boolean algebra with 0 and 1 as identities for the operations + 
and  respectively. Prove that for any Bba , ;  

(i) 0 baaba  
(ii) bbaba  0 . 

3+3 

 ,,,( B  ) Boolean algebra 0 1  +   identity 
Bba ,

(i) 0 baaba  
(ii) bbaba  0 . 

 

 ,,,( B  ) एक बिुलयन बीजगिणत हòन् जहा ँ 0 अिन 1 øमशः + अिन  अपरशेन को लािग 
identifiers  हòन् । कुनै पिन Bba ,  को लािग ÿमाण गनुªहोस्: 
(i) 0 baaba  
(ii) bbaba  0 . 

 

(b) Find the minimal SOP of the following Boolean expression: 

   zyxzyxzyxyzxxyzzyxf ),,( .  

6 

 Boolean SOP

zyxzyxzyxyzxxyzzyxf ),,(

 

 िनÌन बुिलयन अिभÓयिĉ को Æयूनतम SOP प°ा लगाउनहुोस् 

zyxzyxzyxyzxxyzzyxf ),,(  

 

   

14.(a) Draw the Hasse diagram for the poset )),(( SP ; where )(SP  is the power set on 
}3,2,1{S . 

4 
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 )),(( SP  poset Hasse )(SP , }3,2,1{S power

 

 

 Poset )),(( SP  को लािग Hasse रखेािचý कोनुªहोस्, जहा ँ )(SP , }3,2,1{S मा power set 
हòन् । 

 

(b) In any lattice L, prove that 
  )()()( cabacba   for all Lcba ,, . 

4 

 lattice L

)()()( cabacba   Lcba ,,  

 

 ÿÂयेक lattice L मा, कुनै पिन Lcba ,, को लािग ÿमाण गनुªहोस् 

   )()()( cabacba   

 

(c) Let L be a complemented distributive lattice. Prove that 
  baba  )(  and baba  )(  for all Lba ,, . 

4 

 L complemented distributive lattice

  baba  )(   

  baba  )(  Lba ,,  

 

 L एक पूरक िवतरण lattice हòन् भने कुनै पिन Lba ,,  को लािग ÿमाण गनुªहोस्  
   baba  )(  अिन baba  )(  

 

   
15.(a) Find the parse tree for generating the string 0100110 from the following 

grammar. 
string 0100110 parse tree 

िनÌन grammar बाट 0100110 string उÂपÆन गनª का लािग Parse tree प°ा लगाउनहुोस ्
 AASS 1|0  
 BAA 0|1|0  
 BBB 0|1  

6 

(b) State and prove pumping lemma for regular languages. 6 

 Regular pumping lemma   

 िनयिमत भाषाहłको लािग pumping lemma ले´नहुोस् अिन ÿमाण गनुªहोस् ।  

   
16.(a) Design a Turing machine that accepts the set of all even palindromes over {0, 1}. 6 

 Turing machine {0, 1} even palindrome  
 

 

 Turing machine िडजाइन गनुªहोस् जसले {0, 1} मा सबै सम palindromes को सेट Öवीकार गदªछ ।  

(b) Convert the given NFA to DFA. 

NFA DFA

िदइएको NFA लाई DFA मा łपाÆतरण गनुªहोस् । 

 

 

 
 

6 

 ——×——  
 

0 

1 

0 0, 1 

q0 q1 q2 

1 

0, 1 


