
TITIB JJ UVAN U.NIY:RSf IY. -I}iS.TJTUTE-OF ENGINEERING-
Examination Ccntrol Division

20f9.{sh*in

Subject; - Disuete Stt-ucturc fcr jj1,

/ Cxndideles_aie re.ldi:d to gi-,,e their ars\tcrs jll thejr olijr .rords as &r as praciic::,:.-/ llae)itpi All allt?siiaiis.
t The.figitres h:irc tnjai.pin iiitijcate Full trjat.ks./ 4.. :.,:t ",,. co e,ln,o.;1rc.s\0.1.

81'r:sing rLrles ofi.i:re'ces. sliolv that the hj,potiresis ,,lfl.!! sen.l iie an entail. ih.n i '.i]iilii;ll \,f:iiIt3 ale p:cgfani'. "lf ) cu do rci sen,i nrc ar e-rraii ntcssagc. rh;;t I w iligo:: st::o

c.n:lrsiL\i "lil d{] rcr lrnish \\,riiiig rhe prog.!m. thcn I will !,,,ake L[r ftcling relieshc,1,,
l. Use marhenatical indriction !o prove ihat

I -3 - 6 + 10 +....... - ln (n- i )l/2 = [n (rr _
Siate Converse, Contrapositive and inverse ior the
studv lill late nigltt."

Proved thar rl is-an irraricnal by riving a proofby contra.liction. What are lhe significance ol
ra0leaU InelhDLlsl

3l

i) (n-2 )J/ 5 for all posilive iniegers n.
conditional statements: "i feel sleepy ii I

-.-2j

- De.igr a F ili:e Srd c ALt om,L lrlat a-.c.i.ptecLe.J llo.e.,r'rg.or(r ia, bt,rarerd.r.iti
'abb". Your design should include tl,d proper deJinitior of-the fiirte-:rare autcmation.
:ansition iable and the iransitjon diagram. Give regular erlression for follcr.,ing languege
r, = {*, e {a, b}*; $, srans and encis r.vith dii}.erent synbols} 1"6+21

aanstruct a Nor.deterministic Finit. Automata eq!ivalent to the regrjar gramnrar C giren
::low and conlert in io ihe Detelmitistic Finiie Autoneta. Her.e thJ resuiar srammat G is
-. ir.dr,:
:: {N, T, P. S}, *here N js ncnlerminal synrbols, T is
:--res and S is the slarling syrbol..:.>{S,AJ
- _t {r. b}
:->aAb,aaAb

-> € (enpty synrbol)

all the solutions ofthe recurrence rehtion + = 2ai_r + a.2.t-
;anda,=i9.

r:: Dijkastfa's Shoftcsi Path Algorithm to find the shorlesr
r,:;rg \reigli,jd grip]r /\ls. nrake irighlgll the shijriest farh

ierminal symbols, P is pr.oduction

l---l

2"-1 rviih initial ccnditiois

pnrll irom A io Z in tl.
fior:r soLricc 1c tiistilliaiorl

isl

lsl

::r:t ar Lii.iifect.d ruj-h has even nuntber ol\cniccs ofocid rjegrce. !)ra|r ctcle lir:r
::s r'C5) and 3,Dimcirsional ll;per.cube (e3) and w.irc Lheir chfonratic nurn!ers. ,_ I

Hemihcnian and Buler Cjrcuit rvith suirable exa;rples. Deiine 6irn:r

ro'.es ebo!t fblloxing ropics:
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Full trI,rriis :.
Pass llarks ::

let

t5t

" Candidates are required to give their answers in theil owa words as far as practicable.
{ Attempt l!! questiow.
J T1:e fipt,rcs in rltc marpin i,'tdicate Ful! lln*t.
. q*t'ie ,uitabte da,o 11, ""rrror,.-

Defi[e regular e{pression with example. Design a DFA t]lat accepts follorving lalguage
L = {rv I w is a binary stridg such th41 w has b91h 01 and t0 as substdng}

1. Explain inclusive a:rd exclusive disjurction !,ith tflrth table aod exa$pies. [6]
2. Expiairr De Morgan's law lol quaatifiers with example. tll
3. Slfe the converse, contaFositive and inveGe for the conditional stalement "if any two

sides of a triangle hal'e equal ieagth, then the triangle is isosceles" t3]

1. Check r,hether the following gmups of statements are corsistent to each other or trot
usiog tableaux method. If co$istent, give the truth values to the variables for which the
s''Stem is consistent.
' or{p "(i'i).(rvs)-} q.' (I)"q)}

: . Use mathematical induction to prove that n < 2n for all positive integers n.

Check your design for 1 001 1 and 1 101. B+61
-- Define Reguiar glarllnar. Consbuct a Non-Detenninistic Finite State Automata for

following $ammar and convert it into its €quivalent Deterministic Finite State Automata, [8]
G = (Ii. T. P, S) where
\ = set ofnon-terminals = { S, A, B }
-l- 

= <Fr ^f rpmr;nqle = Ie hl
P = productions = {3 -+ aa I bB, a -+ a I n -+ a1
q = cf2rtino n^n-iFm;na]

I :.id sohtion of following recurrence relation

== 2an1 - a.-2 + 2n for n >:2 rvith ao = 1 and at = 2
: :. r1i is a bipaltite graph? Is C6 bipartite?

- - -:r::a:I matrix represeltations ofgraph with exanipies.

- --- : Di-ikstra's algo.ithm to find the length ofshoftest path betw€en vedices a and g in the
i-:qhled graph displayed below.

isl

i2+)l

t6l

t8l



12. How does a tree diffei ftom graph? Define balanoed tree with example., l4l

13. Define spanning tree with example. llse ?rim's aigorithm to frnd rninimrrm spanlm1g ftee

offolloving griph. [2+E
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- Discrete Structure

r' Candidates are rcquired to give their aoswers in their own words as far as pracficable./ Attempt AII questions.
/ Thefigces in the margin indicate I!4LLb2E/ Assume suitable data ifnecessary.

-. Use . es of ir:ference to shotv that the hS.pothesis ',lNo humans cal fly.", "Tweety is a
bird or a humat. ", "Tweety can fly" implies the conclusion "Tlveety is a bird .

: Write the inverse, coyers ard oontrapositive of the staiement,, If Covid Spreads then we
will have online olasses". Use a mathematical iDduction to prove, if n is non-negative
Ereger. ttren (tr--nj rs dlvislble by 5.

i Define consistelcy and Completeness ofthe Logical System. Draw Tableau for formula
s€t:

i= (P^ Q)v &P -+-a, -p]
Given a Language L= { W€ {Ab} x.:$/ ends with'ba'}, Wlite a regulax exprossion and
design a Finite state automata that accepts the laflguege L Your design sliould include
proper definilion oifinite- state automalion, hansitiol table and transition diasaro_
Coosider the regular grarnn.rr
G-(N.T,P,o) where,
Set ofNon-TerrDinals. N = {o.A,B}

t8l

[3+5]

t2+41

B+61
[4+41

SetofTenninals, T={qb}
Set ofproductions, P = {o-+ bB, o -+ bA, A ) a6,B -. bB, B -+ a,B -+ ).}
rod starting symbol o.
ColsturctioE a Not- Deterministic Finite State Automata equivalent to the above given
regular grammar aad co[vert this into DFA.
Fmd all the solution of the recurrence relation: an=6o-1 -8n-2 + 3i, where the initial
c@ditio1ts: ao+ and ar = 10.
Lrse Dijktra's algorithm to furd the leagth of shofiest path between vertices 'ai and 'z iq the
graphs below. Also highlight tte shoitest path,

sae Handshakiog Algorithm for directed graph- Define Biparite gaph with a suilable
qurple, Draw a 6gure for complele bipa te graph K3.5 and determine its chromatic

t8l

t8l

spanning lree wifh a suitable example. ?rove that K33 is rroit-plarar graph.
short rotes ol1:

11'-2 r)) )1

[3+5]
[4+4]

Breadth First and Depth First Traversal
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Prograrnme tsDl. BEX, BCT

i Year /PaIt II / II

Subject: - Drsarete Slructure fC1'i5-1l

'' a:rdidates ale requiled ic give their anslvels iI,t their or'o words as far as placticable.

" :tieiilpt 1!U.llestions.i Tlie fglr'es in the t1iaryh1 illdico.te [!!!LL[!!L!..
', .:!s:1!iite s|liisble .latd if ecessar/.

Sholl ihat the premises. "If the Council appro'es the ftinds, then Nerv Ati;uriic , iiL 5ei
rhe Otlnpic Gernes. If Ne\{ Atlantic gets the Olympic GanT es, then New Atlantic $il1
build a neq'stadium. New Atlantic does not build a new stadium. Therefore, the Couooil
does not approve th9 funds, or the Olympic Games are caneeled."

l_:c nra henra La{ irductior 1o r,ror c lhat 25 n2 lol n > 4.

Define predicates. State the oonversq conftapositive, and inverse of "I coure to class

l.henever there is going to be a quiz," Prove that ifn is a positive integer, then n is even if
and only ifTn + 4 is even. [1+3+4]

Design a DfA that accepts a language L(\4) = {w e{0, 1} *: ali bit stings that contain
the string 101,] Your design should include proper definition ofDFA, tradsition table ard
transition diagram, l8l

Y/rite the regular exprgssiol for set of stiii]gs ofa's and b's eading with the string eiltLer
ab or ba]. Constuct a finite-stale nachine that gives arr output of I if and only if last
tiuee biis receir'€d a!- all ls. [4+4]

Fincl, al1 solutions of tbe recurIence l€lation d, = la" r + 2n2 wirh iaitial coriditioa ai = 4. t8]

Let G be a coDnected planar simile $aph with e edges and v vefiices. Lei r be the
rrunber ofregions in a planar representalion of G. Then prove thar r = e - v + 2. l4l
Are C3 and C6 bipartite? Justiry youi answer. Explain about lnoidence Matri<es
technique for graph representation with figure.

9. Use Dijkta's algoridrm to flrnd the iength ofa shofiest path ftom the veitex ?'A" to other
veriices irl the graph below, l3l

4.

5.

1.

8.

:

t8l

[8]

"','irat 
is Hur'inai coding? Why alo you ieed it?

. :.1.\-eI r > 3. \\.ahat is lhe chro atic nu,tber of Ci
:- "l'i. 

q T..,rlL"^..- u irl. pv,nnlp

K,, has Ha:nilton circuit
l2+3+31

14l

Sho1.,, that
forn-3?
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,5#6,/'ecl. - Discrete Shuchre fcf -r51l
r' Candidares.zue required to give iheir ans,,rers i,rltbeir own r.rords as la, os pra"Li.utte.{ Atlehpt 4Jlqucslions.{ TVie fgues in the maryin iiLlicote Fr lMa rr./ Aslut/E ruitabte deto lJ n""errory-

t. !i,e, ruies of inference to sho\v that tLe hlpothesis ',Buddba will go to Lumbiai or
*Eg1!,S.'lu*ru.itru.y.aT,,tr1-ir5"?i*"il*i-"iil3,,',#ffi :fi i:;Mlrajy reopte only if he visits Sar:aqgkot-", ,ill t" tiit Sr*iedt, n ;[ d"pai"sfidnis.': "He wi[ not do paaglidiag', in]ty d" ""."i."i";;d";ilG;i";#-i"ji I8l

I.I.1 I2 Ccm.jecane a fomlula |or ;.+.;. ++ and prove the fomluta you *oj""ruia___ j_
2n

usilg mathdmatical ioductioo
3- a) ; State Conversg Contrapositive aad Inverss for the conditional stat€me[t:

t2+61

!)-DeEb_q!s!s!, _d4ccs aad mmpleteaess of a ?rooe srtten. Draw.TabloarrJor.folmtla
sers: @={P -+ev R,p a-e;(f *A)f

a 
fesiq a DFA that accepts a language L(M)={we{0]}*; Bvery 0 io w has 1

yTql""t{ a its rightl. four desiga 
"t 

ooia iu"tuju pra* a.A;ti* -of._nl+-'.*=,_-- _i.
I

, fr:::,r:::".1_Ti.i1::- . ,si 
I

,_ __,_*_q<Nr4v!qs6reu. 
I8J 

ICouidertbe regular grammar, G=(ltr !p,o) where tzltl j
Set ofNon-terminals, N.fo, A" Bl L-'rJ 

i
SetofTermi-oais, 1={u,li I
Sel ofproductions, f=1'o-+a.4, o.+ae, o-+bA, A+bA A_+1", B+b) j
aEd st-aJting s)mbol o.

"I wodt get a de$ee ifl do not pass in Discrete Stnicture,,,

CoDskuct a Non-delern nistic Fini{e Stafe Aurornata eouivalent 1.r ihe qhnve .i"""
r€gdar granrn dr and co nverl J his i nfo eqoi vale n i DFA ,

Find all solutiols of ihe recxtrence relatiot au-7an_1-i 6a..2+lia.-3+n4n wiih a!-2, ar=g,ad a;5.
tBl

5^1i51tr:q rn*r": to find the number of edges of the graph which consls.fs of 12g131,:*:I 9"*:: j,v::,De{ii'ctu9m",i" t i","u"i,. niTlv"tr,"'iT*. 
"ii"J_*u,"

i3j

2+2+2
lioa'titate graph K3.1 and'y"t" wia s v",ti""s i,'.qi;,ioit;ff 

"H#"ff ii,#X"fi*r*ru l



8- u*: Dijkha s aigqrithE to fud the lau*r'' of a sholtest path fibm tlle Yertex 
uA" to othcr

Yettic€s in fie grapb below'

10. {iitd shiit;dr€e o!:

O Hardton gtaPn

b) Mex flow ald Min cdtheolem

oi Plaou" ctraPu
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9- Defu Spanning Tree end I'!j-rirnur,1 Sparui,rg Tl.e. Find the mininrum spa ning Bee

foid tbe given gralh bJlow. i

,!

i

1 0- Wliie shoii noles on:

a) tr4ax flow and Min cut th€orc!:l
b) Cut edges add Cut ver-tices

c) Euler graph.



. 'lai5;ri"r'\.1\ iilili !\silt
IliSTI] i- LLl Oa ltiGiNEEIlll'lC

...;tnin,.,ir'l C3' J Ji'ii;j;c':
7{J76 B:ti."lih

1.

S ubier:l: - Llis;reie ijh ui loie 'a'7'ij,
Cordidates are ;l:tulred to siv. theit ais1'tis iil iheir o1m 11ords ts iLli a: pla';c'blo

It | ! !nr, ! A | ! ! 1. t. sa ir i t t.
lirc is:;;; iE irc naritl ivl;cai' !!'L!lf'tti:t
,:l:! : ui ;r s it i itiL ! ? d d t lt i i tEc e r 5 a t)'.

a) 'i siLrd:li iir llii; .1a9s hi-c nol r!2ii 1;l' i'cor'' ;:"i Erelturr=ai ' lllis I 1F'.'sr{1 h'

ii::r e:;ur" !111p1!.,r i18r roilc[isiox "s'"r:r: ( \-1llo r''s:: ] _i': it'5i r''!m ls ilo'; iead

ii13 book."

b) Lei Q(r,i (lirlloac {x+)-0). ilrlr:|i is fr'irlil v'lurs of '{Lr::1i'tcaiio' :i-t''-1Q(r'}) 
'ild

YxlyQl\, )'l .

i--l

irl

Slo.r'*at {-{,r i,(-''i\/l);' (-a v -'C)l ai' Lri]srlisiiallilj:t of ihc gi1'el lij u::i11!l

n:lhoil oi'-.;lca,,-x. lro'. e lilai " Il r is :'rr' iil:eg'r rlld 311+2 is 
'dd 

iir':L: ijj l di " l5-!:]

Use ni:i::erraiicai i[ai ciii,li to tio|e thrii 7"2i-3:"1 is divisible by ji fc' e'"e!'i lcr
!eg:ji\'? iritig€r t1.

-irsilrr a IS.\ 1:lilsilion cie€lar iit4t lrc'eljt-' illc Sivrn sei oi sirilig cti'i {e'Lr}'

i] r''hicir siar-i; rtith ab 
'!r:d 

er-'ds 11iii1 b?'''

ii) r,!i:. eve.l', iJ ibllo--re.i bi 3

Desisi a Grarin'a1 1o ge;ler:i; PaliiJli'r:e lci Birir'/ \!ul:lji;r' CoN;der il: riSbi-)in-ai

i.."r.- il:ifi, T, i s;, r"i':r'e il='ei of lic.r lalrriirc = [i' !' S]' I:Set oi

ii.,-."t:i", i.. i}, :..r,d ? .oisisis or. thd foilol'inr rrles: iS -)Eb,dDbii'ia' A-i:A'irB't'

B >b:R,/a:-r,d.]. Cor;iiuci ihe llDliA c.llivai:l1t !o illt gil'3rl3i3xlr'!1'rr'

fild ali iire sr:lulli'il oi I cc"lri'ncc : el..iLoll:

e ,=:. ::..-, +.ia' 2r-3' 1','j .l inilill 'jorCiiiar s :i.'= I anii l] i:?

..1.. at lnd Ci ri!:lrlil., .:i!l:lil 'ri:ll 1l-2ilic:r' li C is :r crni''rci:l tLeu'ti siiilrle gr'Lrh \r';ilr

i: 
"ig.t ".,1 

v ."t,i.,.., \"11;."' 1/>3. illi'r! irr''-' e l]!ri E:l 3rJ-5 i1'41

;- i.)e.iltr t-Jj!.:] 1r.., ,'.,j ar) 1... rlild "!iairlir:- ii3:. i'-llil thr r:lir'iri]l :1)! rlj'lirg 1:i't 1i'rln

l:r-i5j

iir

i3l



'J^_ L1l,,rr:";1.,':irxrl io fi'd..r l.:r.iiru'si.c.:s: ...i.,r ., ., .r.,.r'...t.:. t'i:
iile folic."rjirg \reighi?{i $apb- AIso hisirlight tile shrrn€si f-ntir,bsiis ir -Eqph.

c

i0. \vriie s;-!orl iot-s or:
a) Regulaj Grr,oh lv-lh ex:.rnpie.
r.\ r. t... ur ..,. . I I \r;.. r.,r Tn. ,:::.r
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2

J.

4.

Subiect' - Discrete Structu\g Q,TSJI)_ __ -

Candidates ilEreqldred to give their answers in their own words as far as practicable.

Attempt rAlt ry.stiurs-
The figures intl* mwgin indicate FuIl Marks.
Assume suit&le fu if necessarY'

Define ths Erms Tautology, Contradiction and Logical Equivalences. Show that

-,A+-B aad B+Aare Logically Equivalent. State the converse, contrapositive and

inverse of thestatmnt, "A positive integer is prime only if it has no divisors other than 1

and itself'. 
- 

t3+2+31

Show that the premises "There is someone in this class who has been to Pokhara.

Everyone urb goes to pokhara visit the Sarankot. Therefore, someone in this class has

visited the Srdd.' [8]

Use mathendicd idrrction to verify: t8l

lz _22 +3v _42 +.--,._......*(_l;tn"tln, =(-l)n*tn(n +l)12

a) Stafe the clmtne properties of Regular Language. t3l

b) Let L be the set of strings accepted by the FSA shown below. Now constmct a FSA

that accepelhe sfrings LR = {X".......X,1X,.......X" € L} t5l

b

I b b

01 62
\ 

-/.

a

a

i) Find the language L(G) overs, {a,b,c} generated by the grammer'G with production:

S+aSb, aS+Aa, Aab+c. [4+4]

iD Write a gralnmer that generates the string over {a,b} not ending rvith ab'

Find the solution of recurrence relation of an =5an-r-6?n-r+3n+2" -with initial

condition ao - Oa, = 1, and 4z =2-

prove the theorem, nAn undirected graph has an even number of vertices of odd degree."

Describe complete graph and biparlite graph-

8. What is chromatic number of Kr,K,.n and Cofor P ) 3, explain with suitable figure'

How Euler graph is different from Hamilton graph, explain? [5+3]

5.

6.

t.

t8l

[3+s]



T 9. Use Dijkstra's algorithm to find the length of a shortest path from the vertices A to other
in the graph below.

lO Write short notes on:

i) Max Flow and Min cut Theroem
ii) Plannar Graph

t8l

14+41

,q
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Candidates are required to give their answers in
A$empt All questions.
Thefigures in the margin indicate Fuil Marls.
Assume suitable datu if necessary.

their own words as far as practicable.

t.

book is on my breakar, ruurll,,not 
paid rny phone bill" imply

2' write the inverse' converse and contrapositive of the statement .,I uisit tempte only if it,s 
t8]

saturday"' Prove that if n is a positive integer, then n is even if and only if in+ 4is even. [3+5]3' Define tableau method with its significances? use mathematical induction to prove theformula for ttre sum of a finite number of terms of Geometric progression: 
V+41

Xi=o ari'=a*ar*
when r + l, where n

aF +.... + ark =
arn+L- a

t'-j. t

is non-negative integer.

4' Given a language, L : {w e {a, b}* : w contain at-least three ,b, 
s}

5.

6

write the regular expression for It 
-and 

design a Finite State Automata that accepts theLanguage L' Your design should include the proper definition of the finite-stateautomation, transition table and the transition diagram.

where N : set of non_terminal symbols _
P is the set of production rules : {o_+bo,
ng symbol- Construct a non_deterministic

::::fi ?J#' ilTi 
" 
H: i iT,:r"*Term 

i ni s,i c

State linear homogeneous and non-homogeneous recurrence relation with exarnples. Findall solutions of the recurrence relation, an i za,-, +'int;ililili'.onaition a' :4.
7' use Dijkstra's algorithm to find the length of shortest parh from vertex A to vertexzinthe following weighted graph. Also hight"ight the shorter, pu,rvpuirrrffiJ#J,

[2+6]

[3+5]

[3+5]

t8l



T
8' State Handshaking Theorem for un-direc-ted gynh. Define bipartite graph with suitableexample' Draw the hgure for complete Bipartit. craph K:,c and determine its chromaticnumber.

[2+2+2+2J9' How does Hamiltonian circuit differ from Euler circuit? Define planar and Regulargraphs with suitable examples.

lo. write short notes on: [4+2+21

a) Tree and its apprications [4+4]

b) Max-flow Min-cut Theorem

:g* *
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
Tht fisrrres in the margin indicate FryA Ma*s.
Assume suitable data if necessary.

l Hypothesis: "If today is Sundaythen I will have atest in MFC and IT. If my IT teacher is

sick then I will not have a test in IT. Today is Sunday and my IT teacher is sick."

Conclusion: "I will have a test in MFC." IJse rule of inference to prove it. t8l

2. What do you mean by weak principle of mathematical induction? Prove that 5o -1 is
divisible by 4 for all n 2 1 using Induction method. I

3. What are the central ideas of formal and informal proofs? Prove that Jl is irrational.

Define Non-Deterministic Finite State Automata. Design a finite-state automation that

accepts only those set of strings over {qb} which ends with aba. Precisely, only those

strings which end with aba should accepted and other strings over {a,b} should be

rejected. Your design should include the proper definition of the fmits-5tate automation,

transition table and the transition diagram. t2+61

Consider the regular graulmar G = (N, T, P, o) where N :set of non-terminal

symbols - {o, C), T - set of terminal symbols : {a, b}, P is the set of production

rules - {a+bo, o-+aC, C+bC, C+b}and o being the starting symbol. Construct a non-

deterministic finite state automaton equivalent to the given regular grammar. Use this

non-deterministic finite state automaton to generate equivalent deterministic finite state

automaton. [4+4]

What do you understand by recurrence relation? Explain in brief. Setup a recrurence

relation for the sequence representing the number of moves needed to solves Hanoi
Tower pvzzle. [3+5J

Draw neat and clean graphs of: Wo (a wheel with 6 periph'eral vertices), Ik (a complete
graph with 6 vertices, Qr (a 3 dimensional hypercube) and K2,5 (complete bipartite graph).

Use graph coloring technique to color each of these graphs and state their respective
chromatic numbers. [4+4]

Find the shortest path from vertex a to vertex ZHighlight the shortest paths in the graph. 16+2)

4.

ze
9. Explain the Euler circuit and Hamilton circuit with example.

suflicient conditions for them.

10. Write short notes on:

D Spanning Trees
ii) Mor-flow min-cut theorem

{. rf {.

[3+s]

t4+41

State the necessary and the

12+2+2+21

14+41

5.

6.

7.

8.
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Structure rcf551)
Candidates are required to give answers in their own as far as practicable.

{ Attenpt AA questions.
r' fnrisrrA in the margin indicate Full Marhs.y' Assume suitablb data if necessary.

.ty'Using resolution principle, prove that the hypotheses "If today is Tuesday then I will* have a test in Discretd Structure or Microprocessorr'. If my Microproeessor teacher is sick
then I will not have a test in Microprocessor." *d 'Toduy is Tuesday and my
Microprocessor teacher is sick." lead to the conclusion that 'I will have a test in Discrete
Structure".

2. Prove tbat 42 is irrational by giving a proof by contadiction. Draw the tableau for the* 
formula (TvS) + -Q where -. denotes the negation of variable, v denotes the disjunction
of variables and -+ is the symbol for implication.

State the contrapositive and inverse of the conditional statement, "If it snows tonight then
I will stay at home". Using mathematical induction technique, prove that the following
statement is true: 3+3*5+3+52+.....3*5n=3(5n*l-l)/4 whenever n is nonnegative integer.

Differentiate between a Finite State Machine and a Finite State Automation. Design a
Finite State Automata that accepts precisely those string over {a,b} that contains an even
no. of a's. Your design should include the proper definition of the Finite State Automata"
transition table and the transition diagram.

Consider the regular grammar G : (N, T, P, o) where N : set of non-terminal
symbols : {tr, C}, T = sel of terminal symbols : {a,b}, P is the set of production
rules = {o+bo, o+aC, C-+bC, C+b} and o being the starting symbol. Construct a non-
deterministic finite state automaton equivalent to given regular grammar. Use this non-
detenninistic finite state automaton to generate equivalent deterministic finite state

automaton.

Exam.

I

t

t8I

[s+3]

<1r

-:s,.

12+61

12+61

14+41

t8I

Is+3]

14+41

Find all the solutions ofthe recurrence relation:

a'n = 5on-r -6dn-, + 2n with initial conditions &o = I and a, = 4

'..{, Explain the Euler path and Euler circuit with the help of a diagram. State the necessary-- 
and the suffrcient conditions for Euler circuits and paths.

8.J Draw neat and clean graphs of: Cz (a cycle with 7 vertices), Ks (a complete graph with 5
- 

vertices), Qr (a 3 dimensional hypercube) and Ks,+ (complete bipartite graph). Use graph

coloring technique to color each of these graphs and state their respective chromatic

numbers.

Use Dijksta's algorithm to find the length of shortest path in the following weighted
gaph. Also highlight the shortest patlr/paths in the graph: t8l

7 e

3

a

4

c

10. Write short notes on:

l) Mocimum Flow Mincut Theorem
ii) HandshakingTheorem

6

Llh
(

BELevel

Programme BEX,BCT ?snWs*r ,1
'Year lPzrt II/u Time 3 hn.

5

+r rF rF

[4+41
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r' Candidates are required to give their answers in their oun words as far as practicable.
{ Attempt&lquestions.
'/ Thefigures in the margin indicate Full Marks.

suitable data if n,ecessary.

Use resolution to show the hypothesis "It is note raining or Sita has her umbrella," "Sita
does not have her umbrella or she does not get wet," and "It is raining or Sita does not get
wet" imply that *Sita does not get rvet."

rnathematical induction to show that

23 + ....+ n3: [n(n + l)/2]2

whenever n is a positive integer.

3, ,State the converse, contrapositive and inverse for the conditional statement, "I go to the
Vvueurt whenever it is a sunny summer day."

q./Vny is a tableau rnethod irnportant in propositional logic? Draw the tableau for the
V formula

<D = (pn-,q)+s

Where - denotes the negation of a variable, n denotes the conjunction of variables and

12+31

denotes the implication.

between Finite State Machines and Finite State Automata. Design a Finite
State Automata that accepts precisely those strings over {a, b} that contain an odd
nrunber of b's. Your design should include the proper definition of the finite-state
automation, transition table and the transition diagram. [2+6]

6. Consider the regular grammar G = CN, T, P, o) r,l'here N : Set of Non-Terminals :
I lg, A, B), T = Set of Terminals : {a, b} with productions.

}Ab*,o-+bB, A-+a,B-+aand starting symbol o. ,
Construct a Non-Deterministic Finite State Automata equivalent to the above given. 
regular grarnmiu and convert this into equivalent Deterministic Finite State Automata.

14+41

t8I

2.

t8l

t8l

13+

t3l

5.

l -liinaall solutions of the rectnrence relation

V dn=3an-r*2n

with initial condition ao:5.



/
/

,8.fiJse Dijkstra's algorithm to find the length of the shortest path between the vertices a and
v zin the weighted graph displayed below.

-\

i8l

is usually denoted by Ke)
graph coloring. What is the

l?+2+2+2)

lOlxplain the Hamiltonian path and Harniltonian circuit with the help of a diagram. State

\ ./ the necessary and sufficient conditions for Euler circuits and paths. How is Euler circuitv 
different from the Hamiltonian circuit? [3+2+2)

fi.Wny shogl notes on: [3+3+3]

z{;r{nineu""vgjt'Cuse:a and Cutverti ces

c) Application of trees

***

4



v

I
37 TRIBHUVA}.I UNTVERSITY

INSTITUTE OF ENGINEERING

Examination Control Division
2070 Bhadra

Exam. Ilcgular
Level BE Full Marks 80

Programme BEX, BCT Pass Marks 32

Year / Part II/II Time 3 hrs.

Subject: - Discrete Structure (CT551)
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1. If P = F, Q = T, S : T, R: F, then find truth value of:

@ o (s+(Pnn1n((P +(Rve))ns)
b) ((PnQ)+) (Q^R)) + (svQ)

2. Using rules of inferences, show that the hypothesis "It is not rainy today and its hotter

f4.1 than yesterday", 'o'!Ve will go for movie only if it is rainy", "If we do not go for movie,
\y then we will go for shopping", and "If we go for shopping, then we will be home by

sunset" lead to the conclusion "We will be home by sunset". You are required to show
each steps and grve reasons for those steps before you come to desired conclusion from
the hypothesis. t8I

Prove by Mathematical Induction: t8]

1.2.3 + 2.3.4 + 3.A.5 +........ + n(n + 1) (n + 2) =n(n + l) (n + 2) (r+ 3) I 4

+4. Design a Finite State Machines (FSM) that performs binary serial addition. Define DFA

@ and \,DFA. Construct DFA that recognize the language o'The set of bit brings that do not,\'/ 
contdin three consecutive 0's. Show only necessary figures and state diagrams. 13iZ+f1

@v5. Define and differentiate between context-sensitive, context free and regular grarnmars

with suitable examples. Explain in short the role of regular expressions. 16+21

166. What do you understand by recurrence relation? Explain in brief. Derive and solve thev recurrence relation for Tower of Hanoi puz-zle. 12+61

@ "1. Is K3; graph a planar graph? Explain it with suitable reasons. 14+41

@ g. Define Regular and Bipartite graphs with suitable examples. t3+31

@ g. Define level and height of tree? What is full m-ary tree and balanced tree? 12+21

(A l0.State the handshaking theorem for the undirected graph and use it to prove the theoremY 
that an undirected graph has an even number of vertices of odd degree. 12+41

11. Write down the short notes on the following: 14+41

@ a) Maximum Flow Mincut Theorem
b) Graph Coloring

*'i!f

14+41

d
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l. Construct an argument using rules of inference to show that the t8l
hypotheses "Randy works hardr' *lf Randy works hard, then he is
a dull boy," and *lf Randy is a dull boy, then he will not get the
job" imply the conclusion "Randy will not get the job."

2. Use mathematical induction to show that' f +22+.... +n2=n(n+l)(2n+l)/6
whenever n is a positive integer.

'3. 
State the @nverse, contrapositive and inverse for the conditional
statement, "A positive integer is a prime only if it has no divisors
other than I and itself,'

4. Define satisfiable and unsatisfiable formulas. Draw the tableau for
the formula

'r" o=-((paq)vr)
whdre - denotes the negation of a variable, v denotes the
disjunction of variables and n denotes the conjunction of
variables.

[2+3]

t8l

t3I

5.. Define Finite State Machines. Design a Finite State Automata that
accepts precisely those strings over {a U1 that contain two
consecutive a's. Your design should include the proper definition
of the finite-state automaton, transition table and the ransition
diagram.

6, Consider the rcgular grammar G : (N, T, P, o) where N= Set of
Non-Terminals = {o, A, B}, T= Set of Terminals = {a, b} with
productions
o-t4 6-+bB, A-+bA, A-+aB, A-+b, A+a, B+b and starting
symbol o.
Constnrct a Non-Deterministic Finite State Automata equivalent to
the above given regular grammar and convert this into equivalent
Deternrinistic Finite State Auromata.

7' . Find all solutions of the recurrence relation
q:)41 * 2n

with initial condition ao=2.

12+61

14++1

J

t8l



t4
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Use Dijkstra's algorithm to find the largth of the shortest path
berween the vertices a and z in the weighted graph displayed

e

z

9. Draw the figure for the complete graph with 5 vertices (This is
usually denoted by Ks). Define the term graph coloring and the
chromatic number of a graph in graph coloring. What is the
chromatic number of the complete Efaph Ks.

10. Construct an influence graph for the board members of a company
if the President can influence the Director of Research and
Development, the Director of, Marketing, and the Director of
Operations; the Director of Research and Development can
influence the Director of Operations; the Director of Marketing
can influence the Director of Operations; and no one can
influencc, or be influenced by, the Chief Financial Officer.

I I . How is Euler circuit different from the Hamiltonian circuit?
Explain

lZ.. Write short notes on
a) Spanning tree and its applications
b) Nctwork Flows
c) Regular graphs

++'*

c lt
3 0

a

7

12+2+2+21

t4l

[3+3+3'] ,

t3l

i

I

1

I

i
I

:

l

,

i

I

i
l
\
I

t

I

I

I

I
I

I
i
I
I

I

t
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/ Attempt 
"4llquestions../ Thefigures in the margin indicate Eail lWsrkt/ Assume suitable data dnecessary. 

-
I) Using rules of inferences, show that the hypotheses "lf you send me an e-mail message, then

I will finish writing the program," "lf you do not send me an e-mail message, then I will go
to sleep early," and "If I go to sleep early, then I will wake up feeling refrelhed" lead to the
conclusion "If I do not finish writing the program, then I will wakJ up feeling refreshed."
You are required to show each steps aqd give ieasons for those steps beiore you come to the
desired conclusion from the hypotheses. (8)

2) Use mathematical induction to prove that (S)
3 + 3 . 5 + 3 , 52 + ......+ 3 ' 5n = 3(5n*r - l) / 4
whenever n is a nonnegatiye number,

i; f.r" tlrat {2 is inational by giving a proof by contradiction. Draw the tableau for the
formula (TvS; + -Q where - denotes thenegation of a variable, V denotes the disjunction of
variables and * is the symbol for implicationl (5+3)

4) Design a finite-state automaton that accepts only those set of strings over {a, D} which starts
with baa. Precisely, only those strings which begin with baa shoutd be accepted and other
strings over {a, D} should be rejected. Your design should include the proper definition of the
finite-state automaton, transition table and the transition diagram. (3+2+3)

5) Discuss regular'expressions and regular languages in detail with suitable examples.' the different properties of regular languages.

6) Find all solutions ofthe recurrence relation
ar= Zan-t+ 3n' with initial conditlon &r = 5.

7) Use Dijksra's algorithm to find the lengh of the shortest path bbtween th6 vertices a and z in
the weighted graph displayed below. (8)

Explain
(4+4)

(8)

b 5

4

a

l0) Write short notes on: -
a) Eulerian graph
b) Hamiltonian graph
c) Spanning tree

z

2
3

10 e

8) Draw the figure fof the complete bipartite graph K3j and the cycle graph with 5 vertices
(This is usually denoted by Cs). What is the chromatic number of the drawn complete
bipartite graph K3,a and the cycle graph C5, p+2+2+2)

91-6161s the handshaking theorem,for theundirected graphend'itse it to prove'tlte-thedtem'&bt
. "an undirected graph has an even number of vertices of odd 'dCgree. :! (*t4)

. -i-.,1*;
ai

***

(4+3+3)
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r' Candidates arc required to give their answers in their own words as far as practicable.
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{ Assume suitable data if necessary.

,l Gonstnrct an argtrment using rules of inference.to show that the
hlpotheses "If it does not rain or if it is not foggy, then the
sailing race will be held and the lifesaving demonstration will. go
on,n "If the sai.ling race is held; then the hophy will be awarded,"
and ".Th.e trophy \ryas not awarded" imply the conclusion "ft

.' ffitd:'1!@,{Bg'!oq.uir€d to show eacl,r,slep amd girre rensrg. ns f,sr
those-strys hqforc.'you corne to the desired corrclueion frorn the
hSpotheses.

.2 Use rnathernatical induction to prove the inequality a < 2n for
all positive integers n.

@ Wt-rytableau method-is important in the proposifional logic? Draw the

: tableau forthc formuia s;et

O = {(pn-Q)+s, -QV-r, pAt}
wher€ - denotes the n€gation of a variable, v denotes the
disjunction of variableg n denotes the conjunction of variables
and -+ denotes the irnplication. i

Differenfiate bqrneen Deterministic Finite State Automata and 
,

Non-De,ten.ministtc Fii$te . State Autorflma.' Deslgn-a'?lutF$at6' '

Aitiofiffi'f,iat"sccepti:f,reeisely thore s*lngs 
-over 

{a, b} that
conuain an ev€n nurnber of a's. Your desigri should include the -
proper definition of the finite-state automato-n, transition table and r

the nansition diagram.

m Consider the regular\r with productions
gra,mmar defined by T={a, b}, N={o, C}

l8l

t8I

[2+6=8J

[2+6 = 8]

I

[4++=31

o+bo, o->aC, C+bC, C-+b and starting symbol o.
ConsEuet aNondeterrninistic Fintte State Automata equivaleirt to
the above givia rcgular grammar and convert this intoequ.ivalent
Deter_minigt.c Finite State Automata.

3
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E'i*d'a$. rs .htiom*ef.+Ss*eeueenee-*ee#ion
r|o-'7tln.-r - l6a"-z + l?ait* n4o

witlt initiat condition th: -2,8r = 0 and az = 5.

, .-. ,i ,,

Use Dijkstra's algorithm to find the l-ength of the shortest.path
betwe€n the vertices a and z in the weighted graph displayed
below.

./

d

,t8l

t!I

I

I

-1
i

!

I

3

-.1

i

4

a z

5 I

:

-a
I

2

c
g Orawthe figure forthe complete bipartite giaph &,: and the cyglc

Saph with 6 vertices (This i's usually denoted by Co)."What is the
chromatic number of the drawn complete bipartite graph IQ5 and

9' Detine a tree' and discuse its various properties as well as

app-tieations offiees.

l0 ltrrite short notes on: -
a) Eulerian graph
b) Max flow, min cuttheorpm
c) Planar and regular graphs

12+2+2+21

ll+2+4=71

[3+3+3=9J
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