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---------------------------------------------------------------------------------

Q1.a)Provethat1.1!+2.2!+3.3!+…+n.n!=(n+1)!-1wherenisapositive

integer. [5]

Solution:-

Letp =1.1!+2.2!+3.3!+--+n.n!(n)

Letusprovep istrue;(1)

n=1; =>LHS:1.1!=1

RHS:(n+1)!=-1 => (2)!–1 =>2-1=1

Letusassumep istrue(k)

1.1!+2.2!+3.3!+…+k.k!=(k+1)!-1 ……………………….(1)

LHS:- 1.1!+2.2!+3.3!+…+k.k!+(k+1)(k+1)!

=>(k+1)!–1+(k+1)(k+1)!

=>(k+1)!+(k+1)(k+1)!-1

=>(k+1)![1+k+1]–1

=>(k+1)![k+2]–1

=>(k+2)!–1

=RHS

Thustheresultisproved.

---------------------------------------------------------------------------------

Q1.b)LetA={a,b,c}.Showthat{P ,⊆}isaposetanddrawitsHasse(A)
diagram. [5]

Solution:-

SetcontainedbelongsisalwaysapartialordersinceforanysubsetBofA;BisasubsetofB

isreflexive.

IfB⊆CandC⊆ =>B=C;so⊆ isantisymmetric



IfB⊆C,C⊆DthenB⊆D.So⊆istransitive

PartialorderrelationofsetcontainmentonsetP(A)isasfollows:-

R= ; ; ; ; ; ;{ ,{φ}{φ}}{ ,{φ}{a}}{ ,{φ}{b}}{ ,{φ}{c}}{ ,{φ}{a,b}}{ ,{φ}{a,c}}{ ,{φ}{b,c}}

; ; ; ; ; ;{ ,{a,b,c}{φ} }{ ,{a}{a} }{ ,{a,b}{a} }{ ,{a,c}{a} }{ ,{a,b,c}{a} }{ ,{b}{b} }{ ,{a,b}{b} }

; ; ; ; ; ;{ ,{b,c}{b} }{ ,{a,b,c}{b} }{ ,{c}{c} }{ ,{a,c}{c} }{ ,{b,c}{c} }{ ,{a,b,c}{c} }{ ,{a,b,c}{a,b} }

; ; ; ;{ ,{a,b,c}{b,c} }{ ,{a,b}{a,b} }{ ,{a,c}{a,c} }{ ,{b,c}{b,c} }{ ,{a,b,c}{a,b,c} }

Diagraph:-

{φ} {a} {b} {c} {a,b} {a,c} {b,c} {a,b,c}

{φ} 1 1 1 1 1 1 1 1

{a} 0 1 0 0 1 1 0 1

{b} 0 0 1 0 1 0 1 1

{c} 0 0 0 1 0 1 1 1

{a,b} 0 0 0 0 1 0 0 1

{a,c} 0 0 0 0 0 1 0 1

{b,c} 0 0 0 0 0 0 1 1

{a,b,c} 0 0 0 0 0 0 0 1

Step1:-removeloops:



Removetransitiveedges:-

, , , , , ,{ ,{φ}{a,b}}{ ,{φ}{a,c}}{ ,{φ}{b,c}}{ ,{φ}{a,b,c}}{ ,{a}{a,b,c}}{ ,{b}{a,b,c}}{ ,{c}{a,b,c}}

Alledgesarepointingupwards.Nowreplacecirclesbydotsandremovearrowsfromedges.

HasseDiagram:-



---------------------------------------------------------------------------------

Q1.c)Explainthefollowingterms:

[5]

i. Lattice

ii. Poset

iii. NormalSubgroup

iv. Group

v. PlanarGraph

Solution:-

1.Lattice:-Itisaposet(L,≤)inwhicheverysubset{a,b}consistingoftwoelements

hasaleastupperboundandagreatestlowerbound.WedenoteLUB({a,b})byavb

andcallitthejoinofa,b.similarlywedenoteGLB({a,b})byaʌbandcallitthemeet

ofaandb.

2.Poset:-ArelationRonasetAiscalledpartialorderifRisreflexive,antisymmetric

andtransitiveposet.ThesetAtogetherwiththepartialorderRiscalledapartial

ordersetorsimplyaposet.

3.NormalSubgroup:-AsubgroupμofGissaidtobeanormalsubgroupofGiffor

everya∈G,aH=Ha.AsubgroupofanAbeliangroupisnormal.

4.Group:-Let(A,*)beanalgebraicsystemwhere*isagroupifthefollowing

conditionsaresatisfied.

1.*isclosedoperation.

2.*isanassociativeoperation

3.Thereisanidentityoperation.

4.EveryelementinAhasaleftinverse.

Becauseofassociativity,aleftinverseofanelementisalsoarightinverseoftheelementin

agroup.



5.PlanarGraph:-Agraphicissaidtobeplanarifitcanbedrawnonaplanein

suchawaythatnoedgescrossoneanotherexceptofcourseatcommonvertices.

---------------------------------------------------------------------------------

Q1.d)Commentwhetherthefunctionfisonetooneoronto.Considerthe

function [5]

Solution:-

f:N⟶NwhereNissetofnaturalnumbersincludingzero.

f = +2(j) j
2

Solution:-

f = +2(j) j
2

N={0,1,2,3……….}

f =2(0)

f =3(1)

f =6(2)

f =11(3)

f =18(4)

Foreverynumbern∈Nwecanfindanothern.sothegivenfunctionisonetoone.

Butnoteveryelementofn ∈Nisimageofsomeelementn.sothegivenfunctionisnot

onto.

---------------------------------------------------------------------------------

Q2.a)FindthenumberofwaysapersoncanbedistributedRs601aspocket

moneytohisthreesons,sothatnosonshouldreceivemorethanthe

combinedtotaloftheothertwo.(Assumenofractionofarupeeisallowed)

Solution:- [6]

LetA,BandCbethe3sonsanda,bandcbethemoneygiventothemrespectively.Bythe

givenconditions;0

a≤b+c,a+b+c=601c=601

-a

a=300

Similarly,wecandeducethat



b≤30000andc≤300

Sowehave,

a≤300,b≤300,c≤300300anda+b+c=601

Thecorrespondingmultinomialis

(1+x+ + +……+x
2
x
3

x
300)3

Thetotalnumberofdistributionisthecoefficientof intheexpansionofx
601

(1+x+ + +……+x
2
x
3

x
300)3

= =-(1+x+ + +……+x
2
x
3

x
300)3 ( -1x

301

x-1)
3

( -1)x
301 3

(1-x)
-3

=-( -3 +3 -1)×(1+x+ + +……+x
2
x
3

x
300)3 x

903
x
602

x
301 (1+ x+ +…..+(31) (42)x

2 (603601)x
601)

Hencethecoefficientof intheaboveexpressionisx
601

-3× =45150(603601) (302300)

---------------------------------------------------------------------------------

Q2.b)LetA={,,,,}andletRbearelationonAwhosematrixisa
1
a
2
a
3
a
4
a
5

Find *byWarshall’salgorithm. [6]M
R

Solution:-

A={ ,, ,, }a
1
a
2
a
3
a
4
a
5

=M
R [

1 0 0 1 0
0 1 0 0 0
0 0 0 1 1
1 0 0 0 0
0 1 0 0 1

]
=M

R
W

0

=W
0 [

1 0 0 1 0
0 1 0 0 0
0 0 0 1 1
1 0 0 0 0
0 1 0 0 1

]



Computing :W
1

=1ispresentat1,4C
1

=1ispresentat1,4R
1

Put1in(1,1);(1,4);(4,1);(4,4)

=W
1 [

1 0 0 1 0
0 1 0 0 0
0 0 0 1 1
1 0 0 1 0
0 1 0 0 1

]
ComputingW

1

=1ispresentat2,5C
2

=1ispresentat2R
2

Put1in(2,2)and(5,2)

=W
2 [

1 0 0 1 0
0 1 0 0 0
0 0 0 1 1
1 0 0 1 0
0 1 0 0 1

]
ComputingW

3

=1ispresentatnopositionC
3

=1ispresentat4,5R
3

Noneworderedpair,therefore =W
3

W
2

=W
3 [

1 0 0 1 0
0 1 0 0 0
0 0 0 1 1
1 0 0 1 0
0 1 0 0 1

]
ComputingW

4

=1ispresentat1,3,4C
4

=1ispresentat1,4R
4

Put1in(1,1);(1,4);(3,1);(3,4);(4,1);(4,4)

=W
4 [

1 0 0 1 0
0 1 0 0 0
1 0 0 1 1
1 0 0 1 0
0 1 0 0 1

]
ComputingW

5



=1ispresentat3,5C
5

=1ispresentat2,5R
5

Put1in(3,2);(3,5);(5,2);(5,5)

=W
5 [

1 0 0 1 0
0 1 0 0 0
1 1 0 1 1
1 0 0 1 0
0 1 0 0 1

]
=M

∞

R
W

5

Transitiveclosure={ , , , , , , , , ,(,)(,a
1
a
1
)(,a

1
a
4
)(,a

2
a
2
)(,a

3
a
1
)(,a

3
a
2
)(,a

3
a
4)(,a

3
a
5)(,a

4
a
4
)(,a

5
a
2)a

5
a
5
}

---------------------------------------------------------------------------------

Q2.c)Findthecompletesolutionoftherecurrencerelation: [4]

+2 =n+3forn≥1andwith =3an a
n-1

a
0

Solution:-

=3a
0

Recurrencerelation:- +2 =n+3an a
n-1

Thecharacteristicsequationis:-

α+2=0

α=-2

Homogenoussolutionis:

= (-2a
(n)

n A
1

)
n

Forparticularsolution:

RHSislinearpolynomial,theparticularsolutionwillbeoftheform +P
0

P
n

1

= + nan p
0

p
1

= + (n-1)a
n-1

p
0

p
1

Substitutingthesevaluesingivenequation

+ n+2 =n+3P
0

P
1

[+P
0
P
1
(n-1)]

+ n+2 +2 n-2 =n+3P
0

P
1

P
0

P
1

P
1

+3 n=n+3(3 -2P
0
P
1
) P

1

Comparingcoefficientonbothsides



3 -2 =3;3 =1P
0

P
1

P
1

=P
1

1

3

3 - =3P
0

2

3

3 =P
0

11

3

=P
0

11

9

Thusthegeneralsolutionis:

= +an a
(n)

n a
(p)

n

= (-2 + +an A
1

)
n 11

9

1

3

Usinginitialcondition; =3a
0

=1.78(-2 + + nan )
n 11

9

1

3

---------------------------------------------------------------------------------

Q2.d)Letf:R→Rdefinedasf = andg:R→Rdefinedasg =4 +1(x) x
3

(x) x
2

Findoutgof,fog,, [4]f
2
g
2

Solution:-

1.gof=g(f(x))=g()=4 +1=4 +1x
2

()x
32

x
6

2.fog=f(g(x))=f(4 +1)=x
2

(4 +1)x
2 3

3. =fof=f(f(x))=f()=f
2

x
3

()x
33

4. =gog=g(g(x))=g(4 +1)=4 +1g
2

x
2 (4 +1x

2 )2

---------------------------------------------------------------------------------



Q3.a)Giventhatastudenthadprepared,theprobabilityopassingacertain

entranceexamis0.99.Giventhatastudentdidnotprepare,theprobabilityof

thepassingtheentranceisexamis0.5.Assumethattheprobabilityo

preparingis0.7.Thestudentfailsintheexam.Whatistheprobabilitythathe

orshedidnotprepare. [6]

Solution:-

Probabilitytreediagram

Wewillfind:

P(Fail| )=P(Fail∩Pr’)Pr
'

P(Fail| )=P(Fail∩Pr’)+P(Fail∩Pr)Pr
'

P(Fail| )= =0.976Pr
' 0.3×0.95

0.3×0.95+0.7×0.01

Probability=0.976

---------------------------------------------------------------------------------

Q3.b)Defineanequivalencerelationwithexample.Let‘T’beasetoftriangles

inaplaneanddefineRasthesetR={(a,b)|a,b∈Tandaiscongruenttob}

thenshowthatRisanequivalencerelation. [6]

Solution:-

ArelationRonasetAiscalledanequivalencerelationifitisreflexsivesymmetricand

transitive.



eg:-letA=IRandRbe‘qualityofnumbers‘.

ConsiderallsubsetsofauniversalsetandRbetherelation‘equalityofsets’.

AissetoftrianglesandRis‘similarity’oftriangles.

Digraphofequivalencerelationwillhavealoop.Edgefromb,aifa,bispresentandifare

froma,bandarefromb,c;thereshouldbearefromatoc.

LetTbesetoftrianglesinaplace.

Sinceeverytriangleiscongruenttoitself;Risreflexive.

If∆aiscongruentto∆b,then∆biscongruentto∆a;Rissymmetric

If∆a≅∆band∆b≅∆cimplies∆a≅∆c;

Ristransitive.

ThereforeRisequivalencerelation.

---------------------------------------------------------------------------------

Q3.c)LetA=B=R,thesetofrealnumbers.Letf:A→Bbegivenbytheformula

f =2 -1andletg:B→Abegivenbytheformula(x) x
3

g = .ShowthatfisbijectionbetweenAandBandgisa(x) y+
1

2

1

2

3

bijectionbetweenBandA. [4]

Solution:-

fisbijectionifitisonetooneandontof =2 -1tobeonetooneandonto(x) x
3

Ifa,b∈A

Suchthatf =f(b)(a)

2 -1=2 -1a
3

b
3

=a
3

b
3

a=b

fisonetoone

nowfory=2 -1x
3

1+y=2x
3

=
1+y

2
x
3



x=
y+1

2

3

Foreachy∈B;thereexistuniquexinA

Suchthatf =y(x)

fisonto

fisbijective

yisbijectiveifitisonetooneandonto

g =g(b)(a)

=+
a

2

1

2

3
+

b

2

1

2

3

Cubingbothsides;

+ = +
a

2

1

2

b

2

1

2

a=b

gisonetoone.

Nowforx∈A;thereexistsuniqueyinBsuchthatg(y)=x

gisonto.

Sogisbijective.

---------------------------------------------------------------------------------

Q3.d)Let denotethesetoftheintegers{0,1,2,…,n-1}.LetObeabinaryzn
operationon denotesuchthataOb=thereminderofabdividedbyn.zn

i) ConstructthetablefortheoperationOforn=4

ii) Showthat(,O)isasemigroupforanyn. [4]zn

Solution:-

1.Tablefortheoperation*forn=4

*
4

0 1 2 3

0 0 0 0 0

1 0 1 2 3



2 0 2 0 2

3 0 3 2 1

2.Theset isclosedundertheoperation*becauseforanya,b,∈zn zn

(a*b)∈zn

(a b) c=a (b c)*
4

*
4

*
4

*
4

Leta=1;b=2;c=3

(1 2) 3=1 (2 3)*
4

*
4

*
4

*
4

2 3=1 (2)*
4

*
4

2=2

Isassociativeoperation

Fromabovededuction;(,*)issemigroupforn.zn

---------------------------------------------------------------------------------

Q4.a) [6]

1. Among50studentsinaclass,26gotanAinthefirstexamination

and21gotanAinthesecondexamination.If17studentsdidnot

getanAineitherexamination,howmanystudentsgotanAin

bothexaminations?

2. IfthenumberofstudentswhogotanAinthefirstexaminationis

equaltothatinthesecondexamination.Ifthetotalnumberof

studentswhogotanAinexactlyoneexaminationis40andif4

studentsdidnotgetanAineitherexaminationthendetermine

thenumberofstudentswhogotanAinthefirstexaminationonly,

whogotAinthesecondexaminationonlyandwhogotanAin

boththeexamination.

Solution:

a)LetTbenoofstudents

LetFbestudentswhogotAin1stexam

LetSbestudentswhogotAin2ndexam



n(T)=50;n(F)=26;n(S)=21

noofstudentswhodidnotgetonAineitherexamination=17

noofstudentsgotanAinatleastoneexaminationis50-17=33

noofstudentsgotAinbothexamsisn(F∩S)

33=n(F)+n(S)–n(F∩S)

N(F∩S)=47-33=14

b)NumberofstudentswhogotanAin1stexamequaltothatin2ndexam;n(F)=n(S)

TotalnoofstudentswhogotanAinexactlyoneexaminationis40

N(F)+n(S)-2n(F∩S)=40 …………….(1)

4studentsdidnotgetanAinatleastoneexaminationis50-4=46

From(i);

n(F)+n(S)–2n(F∩S)=40

n(F)+n(S)-nF∩S)–n(F∩S)=40

46–n(F∩S)=40

n(F∩S)=6……………(2)

6studentsgotanAinbothexaminations

Usingequation(i)

n(F)+n(S)–2n(F∩S)=40

n(F)+n(S)–(2x6)=40

n(F)+n(S)=52

n(F)=n(S)=52/2=26

n(F)–n(F∩S)=26-6=20gotAinfirstexam

n(S)–n(F∩S)=26-6=20gotAinfirstexam.



---------------------------------------------------------------------------------

Q4.b)Considerthe(2,5)groupencodingfunction [6]

e:→ definedby:B
2
B
5

e(00)=000000 e(01)=01110

e(10)=10101 e(11)=11011

Decodethefollowingwordsrelativetoamaximumlikelihooddecoding

function:

i) 11110 ii)10011 iii)10100

Solution:-

e: → definedby;B
2

B
5

e(00)=00000 e(01)=01110

e(10)=10101 e(11)=11011

decodingtable;

00 01 10 11

00000 01110 10101 11011

00001 01111 10100 11010

00010 01100 10111 11001

00100 01010 10001 11111

01000 00110 11101 10011

10000 11110 00101 01011

1.Wereceivetheword11110wefirstlocateitin2ndcolumn.Thewordattopis01110.

Wedecode11110as01

2.Wereceivetheword10011wefirstlocateitin4th column.Thewordattopis11011.

Wedecodeitas11

3.Wereceivetheword10100wefirstlocateitin3rdcolumn.Thewordattopis10101.

Wedecodeitas10.

---------------------------------------------------------------------------------



Q4.c)(i) IseveryEuleriangraphaHamiltonian? [4]

3. IseveryHamiltoniangraphaEulerian?

Explainwiththenecessarygraph.

Solution:-

1.LetG=(V,E)beagraph.Aeuleriangraphisagraphwhichpassesthrougheveryedge

exactlyonce.

Let ( ,)beagraph.AHamiltoniancircuitisonewhichpassesthrougheveryG
1
V
1
E
1

vertexexactlyone.AgraphiscalledHamiltonianifitpossesaHamiltoniancircuit.

Eulerian:a,b,c,d,a

Hamiltonian:a,b,c,d,a

Eulerian:c,a,b,c,e,d,c

NoHamiltonian

HenceeveryeuleriangraphisnotHamiltonian.

2.InHamiltoniangraph,weneedtovisiteachvertexonceexceptlastvertex.



Repetitionofedgeisnotnecessary.ThereforeHamiltoniangraphmaynotbe

Eulerian.

Hamiltonianbutnoteulerian(sinceitisnotpossibletocoveralledgesatonce).

---------------------------------------------------------------------------------

Q4.d)Giventheparitycheckmatrix. [4]

H=|1 1 0 1 0 0
0 1 1 0 1 0
1 0 1 0 0 1

|
FindtheminimumdistanceofthecodegeneratedbyH.Howmanyerrorsit

candetectandcorrect?

Solution:-

H=|1 1 0 1 0 0
0 1 1 0 1 0
1 0 1 0 0 1

|
Inthegivenparitycheckmatrix,allcolumnsaredistinctandnonzero.

Sod>=3

Wecanusethepropertythattheminimumdistanceofabinarylinearcodeisequaltothe

smallestnoofcolumnsoftheparitycheckmatrixHthatsumuptozero.

Wecansosumoffirstthreecolumnsiszerosominimumdist=3

Itcancorrect( -1)/2=1errord
min

Itcandetect -1=2errors.d
min

---------------------------------------------------------------------------------



Q5a)Explainpigeonholeprincipleandextendedpigeonholeprinciple.Show

thatinanyroomofpeoplewhohavebeendoingsomehandshakingtherewill

alwaysbeatleasttwopeoplewhohaveshakenhandsinthesamenumberof

times. [6]

Solution:-

Pigeonholeprinciple:Ifnpigeonsareassignedtompigeonholesandm<nthenatleast

onepigeonholecontainstwoormorepigeons.

Extendedpigeonhole:Ifnpigeonsareassignedformpigeonholesthenoneofthe

pigeonholesmustobtainatleast +1pigeons.[(n-1)m ]
Therearenpeopleinaparty.(n≥2).Ifnotwopeoplehaveshakenhandswithequal

numberofpeoplethentheirhandshakecountmustdifferbyatleast1.Sothepossible

choiceforhandshakecountwouldbe0,1……n-1.Theseareexactlynchoicesandnpeople.

Ifthereexitapersonwith(n-1)handshakecount,therecanbeapersonwith0handshake

count.Thusreducingthepossiblechoicesto(n-1).Nowduetopigeonholeprinciple,we

havethatatleasttwopersonwillhavesamenumberofhandshakecount.

---------------------------------------------------------------------------------

Q5.b)DeterminewhethertheposetwiththefollowingHassediagramsare

latticeornot.Justifyyouranswer. [6]



Solution:-

1.LUB:-

V a b c d e f g

a a b e d e f g

b b b e d e f g

c c e c f e f g

d d d f d f f g

e e e e f e f g

f f f f f f f g

g g g g g g g g

GLB:-

^ a b c d e f g

a a a a a a a a

b a b a b b b b

c a a c a c c c

d a b a d b d d

e a b c b e e e

f a b c d e f f

g a b c d e f g



2.LUB:-

V a b c d e f g h

a a b c d e f g h

b b b f d f f g h

c c f c f e f g h

d d d f d f f h h

e e f e f e f g h

f f f f f f f h h

g g g g h g h g h

h h h h h h h h h

GLB:-

^ a b c d e f g h

a a a a a a a a a

b a b a b a b b b

c a a c a c a c a

d a b a d a d b d

e a a c a e e e e

f a b a d e f - f

g a b c b e - g g

h a b a d e f g h



---------------------------------------------------------------------------------

Q5.c)Fromthefollowingdigraphs,writetherelationasetoforderedpairs.

Aretherelationsequivalencerelations? [4]

Solution:-

Anequivalencerelationisreflexive,symmetricandtransitive.

=R
1

{ , , , , ,(c,d)(a,b)(a,c)(b,a)(b,d)(c,c) }

isnotreflexivebecause(a,a),(b,b),and(d,d)doesnotexistR
1

isnotequivalence.R
1



={ , , , , ,(c,a)}R
2

(a,a)(b,b)(c,c)(a,b)(b,c)

Relation isreflexiveandtransitivebutnotsymmetricbecause(a,b)existsbut(b,a),(c,b)R
2

(a,c)donotbelongtoR
2

Hence isnotequivalencerelation.R
2

---------------------------------------------------------------------------------

Q5.d)ForthesetX={2,3,6,12,24,36},arelation≤isdefinedasx≤yifx

dividesy.DrawtheHassediagramfor(X,≤).Answerthefollowing:

i)Whatarethemaximalandtheminimalelements?

ii)Giveoneexampleofchainandantichain

iii)Istheposetalattice. [4]

Solution:-

R={ , , , , , , , , , , ,(2,2)(2,6)(2,12)(2,24)(2,36)(3,3)(3,6)(3,12)(3,24)(3,36)(6,6)(6,12)
, , , , , ,(36,36)(6,24)(6,36)(12,12)(12,24)(12,36)(24,24) }

Hassediagram:-

1.Maximal:24,36

Minimal:2,3

2.Chain={2,6,12,24}

Antichain={2,3}

Thisposetisnotalattice



---------------------------------------------------------------------------------

Q6.a)Provethattheset(1,2,3,4,5,6}isagroupundermultiplicationmodulo

7. [6]

Solution:-

Multiplicationmodule7tableforsetAis

X
7

1 2 3 4 5 6

1 1 2 3 4 5 6

2 2 4 6 1 3 5

3 3 6 2 5 1 4

4 4 1 5 2 6 3

5 5 3 1 6 4 2

6 6 5 4 3 2 1

1isidentityelementofalgebraicsystem

a 1=a=1 aX
7

X
7

eg:-1 1=1;2 1=2;3 1=3………………..6 1=6X
7

X
7

X
7

X
7

recallthat isthatelementofGsuchthata*a
-1

a
-1

2 4=1 inverseof2=4X
7

3 5=1 inverseof3=5X
7

6 6=1 inverseof6=6X
7

Wehave =22
'



=2 2=42
2

X
7

=2 2=4 2=12
3

X
7

X
7

=8 2=1 2=22
4

X
7

X
7

Hence|2|=3

2isnotgenerator

Wehave =33
'

=3 3=23
2

X
7

=9 3=2 3=63
3

X
7

X
7

=27 3=6 3=43
4

X
7

X
7

= 3=4 3=53
5

3
4
X
7

X
7

= 3=5 3=13
6

3
5
X
7

X
7

3isgeneratorofthisgroupandiscyclic

Subgroupgeneratedby{3,4}isdenotedby<{3,4}>since3,4areelementofthissetthey

havetobetherein<3,4>

Inverseof3is5and4is2

3,4,5,2∈<{3,4}>

3 4=5X_74=5 5 4=6X
7

X
7

3 3=2X_73=2 6 6=1X
7

X
7

3 5=1 X_75=1 5 1=5X
7

X
7

4 4=2X_74=2 1 1=1X
7

X
7

3 2=6 X_72=6 5 2=3X
7

X
7

5 5=4 3 6=4X
7

X
7

5 6=2 2 2=4X
7

X
7

<3,4>=<1,2,3,4,5,6>

Subgroupgeneratedby<{3,4}>isthesetAitself.

Hencetheset(1,2,3,4,5,6}isagroupundermultiplicationmodulo7.

---------------------------------------------------------------------------------



Q6.b)Givenageneratingfunction,findoutcorrespondingsequence [6]

i) ii)
1

3-6x

x

1-5x+6x
2

Solution:-

1. =
1

3-6x

1

3(1-2x)

Thesimplegeometricfunctionthatgivesthesumofgeometricseries

=
1

1-x
⅀
∞

n=0
x
n

Replacexby2x

= .
1

1-2x
⅀
∞

n=0
2
n
x
n

Multiplythisby1/3

= .
1

3(1-2x)
1

3
⅀
∞

n=0
2
n
x
n

Theassociatedsequenceis(0,,,,……
2

3

4

3

8

3 )

2.
x

1-5x+6x
2

Weknow:1-5x+6 =(1-2x)(1-3x)x
2

Therefore =
x

1-5x+6x
2

x

(1-2x)(1-3x)

x=A +B(1-2x)(1-3x)

Putx=½ and1/3

WegetA=-1andB=1

f = + =(x)
1

(1-3x)

1

(1-2x)
⅀
∞

n=0
( -3

n
x
n
2
n
x
n)

= - forn≥0an 3
n

2
n

Sequenceis(0,1,5,19,65,…..)

---------------------------------------------------------------------------------



Q6.c)Determinewhetherthefollowinggraphsareisomorphicornot.[4]

Solution:-

Hencebothgraph and contain8verticesand10edgesnoofverticesofdegree2inG
1

G
2

bothgraphsare4.Thenumberofverticesofdegree3inbothgraphsare4.

Foradjacency,considerthevertex1ofdegree3.In itisadjacenttotwoverticesofG
1

degree3and1vertexofdegree2.Butin theredoesnotexistanyvertexofdegree3G
2

whichisadjacenttodegree3and1vertexofdegree2.Henceadjacencyisnotpresented.

Hencegivengraphsarenotisomorphic.

---------------------------------------------------------------------------------

Q6.d)Provethefollowing(uselawsofsettheory) [4]

A× =(A×X)∩(A×Y)(X∩Y)

Solution:-

A× =(A×X)∩(A×Y)(X∩Y)

Let(a,x)∈A× ……………..(1)(X∩Y)

BydefinitionoftheCartesianproduct

a∈Aandx∈X∩YY

ince,x∈X∩Y

x∈X andx∈Y

(a,x)∈A×X and(a,x)∈A×Y

G1 G2



(a,x)∈(A×X )∩ (A×Y)

A× ⊆ ∩ (A×Y) ……………..(2)(X∩Y) (A×X)

Againlet;(a,x)∈ & (a,x)∈(A×X) (A×Y)

a∈ A,x∈X& x∈YY

∈ AA& x∈X∩Y

(a,x)∈A×(X∩Y)

(A×X )∩ (A×Y)⊆ A× …………..(3)(X∩Y)

From(1)and(2)weget,

A× = (A×X )∩ (A×Y)(X∩Y)

---------------------------------------------------------------------------------
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DISCRETE STRUCTURES 

DEC 19 (CBCS) 

__________________________________________________________________________ 

 

Q1 a) Prove using Mathematical Induction  

   12+22+32+……n2=n(n+1)(2n+1)/6                                (5)                          

 

Solution: 

Let P(n)= 12+22+32+……n2=n(n+1)(2n+1)/6  

Step1: n=1 

LHS=12 

   =1 

 

RHS=1(1+1)(2x1+1)/6  

   =1(2)(3)/6  

= 1 

 

LHS=RHS 

P(n) is true for n=1. 

 

Step2: 

Let P(n) be true for n=k 

12+22+32+……k2=k(k+1)(2k+1)/6   ……………………………(1) 

 

Now we have to prove that P(n) is true for n=k+1 

   

12+22+32+……(k+1)2=(k+1)(k+1+1)[2(k+1)+1]/6  

 Q.P Code: 77261 
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LHS= 12+22+32+……k2+(k+1)2 

   

= k(k+1)(2k+1)/6 +(k+1)2 

   =(k+1)[k(2k+1)/6 + (k+1)] 

=1/6 (k+1)(2k2+k+6k+6) 

=1/6 (k+1)(2k2+7k+6) 

=1/6 (k+1) (k+2) (2k+3) 

 

RHS=(k+1)(k+1+1)[2(k+1)+1]/6  

 =1/6 (k+1)(k+2)(2k+3) 

 

LHS=RHS 

P(n) is true for n=k+1 

Hence from step1 and step2 

By the principal of mathematical induction  

 12+22+32+……n2=n(n+1)(2n+1)/6  

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q1 b) Let A={a, b, c } . Draw Hasse Diagram for {p(A), ⊆}              (5)                               

Solution: 

A= {a, b, c}  

P(A)= {ϕ, {a}, {b}, {c}, {a,b},{b,c},{c,a},{a,b,c} } 
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Hasse Diagram is as follows: 

 

 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q1 c)Let A={1,2,3,4,5}. A relation R is defined on A as aRb iff a<b. Compute R2 and  

R ∞                                                                (5) 

 

Solution: 

R={(1,2),(1,3),(1,4),(1,5),(2,3),(2,4),(2,5),(3,4),(3,5),(4,5)} 

Diagraph of R is as shown below: 
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R2: 

1R23 since 1R2 and 2R3 

1R24 since 1R2 and 2 R 4 

1R25 since 1R2 and 2R5 

2R24 since 2R3 and 3R4  

2R25 since 2R4 and 4R5 

3R25 since 3R4 and 4R5 

 

R2={(1,3),(1,4),(1,5),(2,4),(2,5),(3,5)} 

 

R∞={(1,2),(1,3),(1,4),(1,5),(2,3),(2,4),(2,5),(3,4),(3,5),(4,5)} 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q1 d) Let f: R O R, where f(x)=2x-1 and f-1(x)=(x+1)/2 

     Find (f O f-1)(x) 

 

Solution:                                                           (5) 

 

f(x)=2x-1 

 

f-1(x)=(x+1)/2 

 

(f O f-1)(x)= f(f-1(x)) 

=f(
2

1x
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= 2(
2

1x
)-1

 

 

=x+1-1

 
=x 

 

(f O f-1)(x)=x 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q2 a) Define Distributive lattice. Check if the following diagram is a distributive 

 lattice or Not.                                                   (4) 

 

                                                          

 

 

Solution: 

A lattice L is called distributive if for any elements a, b and c in L we have the   

following distributive properties 

1. a ˄ (b ˅ c) =(a ˄ b ) ˅ (a ˄ c) 
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2. a ˅ (b ˄ c)=(a ˅ b) ˄ (a ˅ c) 

 

From given figure : 

a ˄ (b ˅ c) =a ˄ l = a 

 

While, 

(a ˄ b ) ˅ (a ˄ c)= o ˅ o = o 

Therefore given figure is non-distributive. 

 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q2 b) Prove that set G={1,2,3,4,5,6} is a finite abelian group of order 6 w.r.t 

 multiplication module 7. 

Solution:                                                            (8) 

 

 

 

 

 

 

 

 

 

G1:  

Consider any three numbers from table  

5 x (6 x 3)=5 x 4=6 

X7 1 2 3 4 5 6 

1 1 2 3 4 5 6 

2 2 4 6 1 3 5 

3 3 6 2 5 1 4 

4 4 1 5 2 6 3 

5 5 3 1 6 4 2 

6 6 5 4 3 2 1 
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(5 x 6) x 3=2 x 3=6 

As 5 x (6 x 3)=(5 x 6) x 3 

Hence x is associative. 

 

G2: 

From table we observe first row is same as header. 

I ꞒG 

 

Hence Identity of x exists. 

 

G3: 

Consider any two number from table  

4 x 2 =1 and 2 x 4=1 

 

Hence x is commutative. 

 

G4: 

Inverse of x exists. 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q2 c) Find the number of positive integers not exceeding 100 that are not divisible 

 by 5 or 7. Also draw corresponding venn diagram.                       (8) 

 

Solution:  

Let  

A: All positive integers not exceeding 100 
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A1: Divisible by 5 

A2:Divisible by 7 

 

There are 100 integers not exceeding 100 

|A|=100 

There are 100 integers not exceeding 100, while a number divisible by5 is every 5th 

element in the lost of positive integers. Use the division rule: 

|A1|=
d

A ||
 =100/5=20 

Similarly we obtain for numbers divisible by 7 (round down) 

|A2|=
d

A ||
=100/7=14 

Numbers divisible by 5 and 7 are divisible by 35(round down) 

|A1 U A2|=
d

A ||
=100/35=2 

By principal of inclusion-exclusion 

 

 |A1 U A2|= |A1|+ |A2|- |A1 ∩ A2| 

= 20+14-2 

= 32 

 

Thus 32 of the 100 integers are divisible by 5 or 7 , then the number of integers not 

 divisible by 5 or 7 are  

|(A1 U A2)C|=|A|-|A1 U A2| 

 = 100 - 32 

= 68 
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Thus, there are 68 integers not divisible by 5 or 7. 

 

Venn Diagram: 

 

                                                     

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 
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Q3 a) Construct Truth Table and check if the following statement is tautology. 

(P →Q)  ↔  (¬ Q  →  ¬P) 

Solution:                                                        (4) 

 

 

 

 

 

 

 

 

 

 

 

 

Hence the given statement is tautology. 

 

 

---------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q3 b) Consider the (2,5) group encoding function defined by                 (8) 

e(00)=00000 

e(01)=01110 

e(10)=10101 

e(11)=11011 

Decode the following words relative to maximum likelihood decoding functions. 

i)11110  ii)10011  iii)10100 

P Q 
((P → Q) ↔ (¬Q → ¬P)) 

 

F F 
T 

 

F T 
T 

 

T F 
T 

 

T T 
T 
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Solution: 

The decoding table is as follows: 

 

 

 

 

 

 

 

 

 

1) Encoded word= 11110 

Corresponding encode word belongs to the column 01110 

Therefore d(11110)=01 

 

2) Encoded word= 10011 

Corresponding encode word belongs to the column 11011 

Therefore d(01010)=11 

 

3) Encoded word= 10100 

Corresponding encode word belongs to the column 10101 

Therefore d(00110)=10 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

 

 

00000 01110 10101 11011 

00001 01111 10100 11010 

00010 01100 10111 11001 

00100 01010 10001 11111 

01000 00110 11101 10011 

10000 11110 00101 01011 
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Q3c)How many four digits can be formed out of digits 1,2,3,5,7,8,9 if no digits 

 repeated twice? How many of these will be greater than 3000? 

Solution:                                                            (8) 

 We have to make 4 digit number without repetition using 1,2,3,5,7,8,9 

 For this we have to fill 4 spaces (_ _ _ _) with required numbers. 

 1st space can be filled in 7 ways. (7 _ _ _) 

2nd space can be filled in 6 ways because we already used one digit in previous space so 

only 6 digits are remaining now. (7 6 _ _) 

Similarly 3rd and 4th space can be filled in 5 and 4 respectively. (7 6 5 4) 

So the no of four digits can be formed out of 1,2,3,5,7,8,9 =7*6*5*4 

                 =840 digits   

 

 

 The four digit number greater than 3000 are: 

 The first place can have number 3,5,7,8,9 i.e 5 digits. 1st space can be filled in 5 ways. 

 (5 _ _ _) 

2nd space can be filled in 6 ways because we already used one digit in previous space so 

only 6 digits are remaining now. (5 6 _ _) 

Similarly 3rd and 4th space can be filled in 5 and 4 respectively. (5 6 5 4) 

So the no of four digits can be formed out of 1,2,3,5,7,8,9 which are greater than  

3000 are                                         =5*6*5*4 

                 =600 digits 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 
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Q4a) A bag contains 10 red marbles, 10 white marbles and 10 blue marbles. What is 

the minimum no. of marbles you have to choose randomly from the bag to ensure 

that we get 4 marbles of same color? 

Use pigeonhole Principle. 

 

Solution:                                                         (4) 

Apply pigeonhole principle. 

No. of colors (pigeonholes) n = 3 

No. of marbles (pigeons) K+1 = 4 

Therefore the minimum no. of marbles required = Kn+1 

By simplifying we get Kn+1 = 10. 

Verification: ceil[Average] is [Kn+1/n] = 4 

[Kn+1/3] = 4 

Kn+1 = 10 

i.e., 3 red + 3 white + 3 blue + 1(red or white or blue) = 10 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q4b) Define Euler path, Euler circuit, Hamiltonian path and Hamiltonian circuit. 

 Determine if following diagram has Euler path, Euler circuit, Hamiltonian path and 

 Hamiltonian circuit and state the path/circuit.                       (8) 
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Solution:  

 

Euler path: An Euler path is a path that uses every edge of a graph exactly once. 

Euler circuit: An Euler circuit is a circuit that uses edges of a graph exactly once and 

 which  starts and ends with same vertex. 

Criteria for Euler cycle: 

If a connected graph G has a Euler circuit, then all vertices Of G must have a even degree 

 

Criteria for Euler path: 

If a connected graph G has a Euler path then it must have exactly two vertices with odd 

 degree. The two endpoints of Euler path must be the vertices with odd degree. 

 

In above graph all the vertex has even degree. 

Hence there is no Euler path but it has Euler circuit. 

Euler circuit: BCEADGCDEBAFB 

 

 

Hamilton path: Hamiltonian path is a graph that visits each vertex exactly once. 

Hamiltonian path: FABEDCG 

Hamiltonian circuit: Hamiltonian circuit is a path that visits every vertex exactly once 

 and which starts and ends on the same vertex. 

 

Criteria for Hamiltonian circuit: 

The given condition are necessary but not sufficient 

A) A simple graph with n vertices (n>=3) is Hamiltonian if every vertex has degree n/2 

or greater. 

B) A graph with n vertices (n>=3) is Hamiltonian if for every pair of non-adjacent , the 

sum of their degrees is n or greater. 

 

Hamiltonian circuit: FADGCEBF 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 
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Q4c) In how many ways a committee of three faculty members and 2 students can 

 be formed from 7 faculty members and 8 students.                       (8) 

Solution:  

A committee of 3 faculty and 2 students need to be formed. 

Available faculty and students are 7 and 8 respectively. 

Out of 7 faculty members 3 faculty members can be chosen in 7C3 ways. 

Out of 8 students 2 students can be chosen in 8C2 ways. 

Total number of ways of forming a committee =(7C3) * (8C2) 

                                                           

                  

        =(7 * 6 * 5 / 1 * 2 * 3) x (8 * 7 / 1 * 2) 

       =980 ways. 

We can form a committee of three faculty members and 2 students from 7 faculty and 8 

students in 980 ways. 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

Q5a)Let Zn denote the set of integers {0,1,2,…….n-1}. Let ʘ be a binary operation 

 on Zn such that a ʘ b=reminder of ab divided by n 

I) Construct table for the operation ʘ for n=4 

II) Show that (Zn,ʘ) is a semi group for any n       

 Solution:                                                        (4) 

i)The table for the operation ʘ for n=4 

    

 

 

 

 

 

ʘ 0 1 2 3 

0 0 0 0 0 

1 0 1 2 3 

2 0 2 0 2 

3 0 3 2 1 
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ii) The set Zn is closed under the operation ʘ because for any  

a,b Ꞓ Zn , a ʘ b Ꞓ Zn                                   …………………..1) 

Now check for associativity for any a,b,cꞒ Zn 

(a ʘ4b) ʘ4c = a ʘ4(b ʘ4c) 

Let a=1,b=2,c=3 

(1 ʘ42) ʘ43 = 1 ʘ4(2 ʘ43) 

2 ʘ43=1 ʘ42 

2=2 

⸫ ʘ is an associative operation.                        …………………….2) 

From 1) and 2) we conclude that (Zn,ʘ) is a semigroup for any ’n’. 

 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q5b)Find Transitive Closure of R represented by MR as follows Using Warshall’s 

 algorithm set {a,b,c,d}    

MR=

0000

0001

0101

1010

                                            

     

Solution:                             (8) 

         𝑎 𝑏 𝑐 𝑑 

W=   

𝑎
𝑏
𝑐
𝑑

[

0 1 0 1
1 0 1 0
1 0 0 0
0 0 0 0

]                     
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Step1: First we copy all 1’s from W to matrix W1. 

       

We observe W has 1’s at b and c position in first column and has 1’s at b and d in first 

row. 

So add 1’s at (b,b),(b,d),(c,b),(c,d) 

       ⸫W1 is same as W 

  

 

  𝑎 𝑏 𝑐 𝑑 

W1=   

𝑎
𝑏
𝑐
𝑑

[

0 1 0 1
1 1 1 1
1 1 0 1
0 0 0 0

]                     

 

Step 2: We copy all 1’s from W1 to W2. 

We observe that W1 has 1’s at (a,b,c) position in second column and at(a,b,c,d) position 

in  second row. So we add 1’s at 

(a,a),(a,b),(a,c),(a,d),(b,a),(b,b),(b,c),(b,d),(c,a),(c,b),(c,c),(c,d) position in W2. 

  

  𝑎 𝑏 𝑐 𝑑 

W2=   

𝑎
𝑏
𝑐
𝑑

[

1 1 1 1
1 1 1 1
1 1 1 1
0 0 0 0

]                     

 

Step 3:we copy all 1’s from W2 to W3. 

We observe that W2 has 1’s at (a,b,c) position in third column and (a,b,c,d) position in 

third row 

So W2 and W3 are same. 
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 𝑎 𝑏 𝑐 𝑑 

W3=   

𝑎
𝑏
𝑐
𝑑

[

1 1 1 1
1 1 1 1
1 1 1 1
0 0 0 0

]                     

 

 

Step4: First we copy all 1’s from W3 to matrix W4. 

We observe W3 has 1’s at (a,b,c) position in fourth column and has no 1’s at fouth  

row. 

       ⸫W3 is same as W4 

 

 

 𝑎 𝑏 𝑐 𝑑 

W4=   

𝑎
𝑏
𝑐
𝑑

[

1 1 1 1
1 1 1 1
1 1 1 1
0 0 0 0

]                     

 

 

Hence by Warshall’s Algorithm  

Transitive closure={(a,a),(a,b),(a,c),(a,d),(b,a),(b,b),(b,c),(b,d),(c,a),(c,b),(c,c),(c,d)} 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q5c) Let A={1,2,3,4,5} and let 

R={(1,1),(1,3),(1,4),(2,2),(2,5),(3,1),(3,3),(3,4),(4,1),(4,3),(4,4),(5,2),(5,5)}. Check if R 

 is a equivalence relation. Justify your answer . Find equivalence classes of A. 
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Solution:                                                             (8) 

 

Equivalence relation: A relation R on set A is called equivalence relation if it is 

reflexive, symmetric and transitive. 

 

A={1,2,3,4,5} 

R={(1,1),(1,3),(1,4),(2,2),(2,5),(3,1),(3,3),(3,4),(4,1),(4,3),(4,4),(5,2),(5,5)} 

R is reflexive since (1,1),(2,2),(3,3),(4,4),(5,5) Ꞓ R. 

R is symmetric. 

R is transitive. 

Hence given relation is equivalence relation. 

 

The equivalence classes of elements A are: 

[1]={1,3,4} 

[2]={2,5} 

[3]={1,3,4} 

[4]={1,3,4} 

[5]={2,5} 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q6a)How many vertices are necessary to construct a graph with exactly 6 edges in 

 which each vertex is of degree 2. 

Solution:                                                            (4) 

Handshaking Lemma: The sum of the degrees of all vertices of any graph is equal to 

twice number of edges. 
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Here, number of edges (e) =6 

Degree of each vertex= d(v) =2 

As per the lemma ∑ 𝑑(𝑉i)𝑛
𝑖=1  =2e 

⸫ n x 2= 2x6 

⸫ n=6 

Hence, there are 6 vertices in the graph. 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q6b)What is the solution of the recurrence relation an= -an-1 +4an-2 + 4an-3 with 

 a0=8,a1=6 and a2=26? 

Solution:                                                             (8) 

Since it is a linear homogeneous recurrence, we find the characteristic equation of:  

r 3 + r 2 − 4r − 4 = 0  

which we can rewrite as: 

  r 3 + −4r + r 2 − 4 = r(r 2 − 4) + (r 2 − 4) = 0  

which factors as (r + 1)(r − 2)(r + 2). 

From our theorem, we know that  

an = α1(−1)n + α2(−2)n + α 3 (2n ) is a solution. 

We need to use the initial conditions to solve this.  

a0 = α1 + α2 + α3 = 8                              …………………..(i) 

 

  a1 = −α1 − 2α2 + 2α3 = 6                           …………………..(ii) 

 

a2 = α1 + 4α2 + 4α3 = 26                           ………………….(iii) 
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After multiplying the first equation by 4 and then subtracting the third equation, we get 

α1 = 2. Substituting and combine the second and third equations, we get α2 = 1, and then 

α3 = 5.  

Thus the closed form of the recurrence is: an = 2  (−1)n + (−2)n + 5 x (2n ). 

 

----------------------------------------------------------------------------------------------------------------

__________________________________________________________________________ 

 

Q6c) Determine if following graphs G1 and G2 are isomorphic or not.         (8) 

 

Solution: 

Two graphs G(V,E) and H(V’,E’)  isomorphic if 

1) There is one to one correspondence f from V to V’ such that f(V1)=V1’  and 

f(V2)=V2’ for every (v1, v2)ꞒV and (v1’, v2’)Ꞓ V’ 

2) G and H should have equal no. Of edges. 

3) G and H should have equal no. Of vertices. 

4) G and H should have same degree of vertices 

5) Adjacency property is observed in each vertex. 
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From the above two graphs: 

 

 

 

 

 

We observe that,  

There are equal no of edges and vertices for both graph. 

Graph G1 has 2 vertices with degree 2, two vertices with degree 3. 

 

Graph G1 

Number of vertices 4 

Number of Edges 5 

 

Vertex Degree of vertex Adjacent vertices 

V1 2 V2(3),V4(3) 

V2 3 V1(2),V4(3),V3(2) 

V3 2 V2(3),V4(3) 

V4 3 V1(2),V2(3),V3(2) 

Graph G2 

Number of vertices 4 

Number of Edges 5 

 

Vertex Degree of vertex Adjacent vertices 

W1 3 W2(2),W3(3),W4(2) 

W2 2 W1(3),W3(3) 

W3 3 W1(3),W2(2),W4(2) 

W4 2 W1(3),W3(3) 
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Graph G2 has 2 vertices with degree 2, two vertices with degree 3. 

Adjacency property is observed in each vertex. 

Hence the two graphs are isomorphic. 

----------------------------------------------------------------------------------------------------------------
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DISCRETE STRUCTURES
MAY 19 (CBCS)

Q1 a) Prove using Mathematical Induction
2+5+8+….+(3n-1)=n(3n+1)/2 (5)

Solution:
Let P(n)= 2+5+8+….+(3n-1)=n(3n+1)/2

Step1: n=1
LHS=3x1-1

=2

RHS=1(3x1+1)/2
=2

LHS=RHS
P(n) is true for n=1.

Step2:
Let P(n) be true for n=k
2+5+8+….+(3k-1)=k(3k+1)/2 ……………………………(1)

Now we have to prove that P(n) is true for n=k+1

2+5+8+….(3k-1)+[3(k+1)-1]=(k+1)[3(k+1)+1]/2
LHS= 2+5+8+….(3k-1)+[3(k+1)-1]

=k(3k+1)/2+[3(k+1)-1]
=(3k2+k)/2+[3k+2]
=3k2+7k+4/2
=(k+1)(3k+4)/2

RHS=(k+1)[3(k+1)+1]/2
=(k+1)(3k+4)/2

LHS=RHS
P(n) is true for n=k+1

Hence from step1 and step2
By the principal of mathematical induction
2+5+8+….+(3n-1)=n(3n+1)/2

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________



Q1 b) Find the generating function for the following finite sequences
I) 1,2,3,4,……….
II) 2,2,2,2,2 (5)

Solution:

I) If {am}={a0,a1,a2,a3….} is a sequence of real numbers and x is a real variable then
Ordinary generating function of the sequence is infinite sum
g(x)= 



0n

an xn =a0 + a1 x + a2 x2+ a3 x3 +……..

For sequence {an}={1,2,3,4,…….}
g(x)= 1+ 2 x + 3 x2+ 4 x3 +……..

=(1-x)-2
=1/(1-x)2

The generating function g(x) =1/(1-x)2

II) If {am}={a0,a1,a2,a3….} is a sequence of real numbers and x is a real
variable then Ordinary generating function of the sequence is infinite sum
g(x)= 



0n
an xn =a0 + a1 x + a2 x2+ a3 x3 +……..

For sequence {an}={2,2,2,2,2}
g(x)= 2+ 2 x + 2 x2+ 2 x3 +2 x4 which id GP with first term a=2 number of terms n=5

and common ration r=x
In GP sum of series
Sn =

1-r
a (rn -1)

The generating function g(x) =
1

2
x
(x5 -1)

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q1 c) Let A={1,4,7,13} and R={(1,4), (4,7), (7,4),(1,13)}
Find Transitive closure using Warshall’s Algorithm.

(5)
Solution:

13741

Relation matrix W= MR=

13
7
4
1



















0000
0010
0100
1010



Step1: First we copy all 1’s from W to matrix W1.

We observe W has no 1’s at first column and has 1’s at 4 and 13 in first row.
⸫ W1 is same as W

13741

W1=

13
7
4
1



















0000
0010
0100
1010

Step 2: We copy all 1’s from W1 to W2.
We observe that W1 has 1’s at (1,7) position in second column and at(7) position in
second row. So we add 1’s at (1,7) and (7,7) position in W2.

13741

W2=

13
7
4
1



















0000
0110
0100
1110

Step 3:we copy all 1’s from W2 to W3.
We observe that W2 has 1’s at (1,4,7) position in third column and (4,7) position in third
row
So we add 1’s at (1,4), (1,7),(4,4),(4,7),(7,4)(7,7) in W3.

13741

W3=

13
7
4
1



















0000
0110
0110
1110

Step4: First we copy all 1’s from W3 to matrix W4.
We observe W3 has 1’s at (13) position in fourth column and has no 1’s at fouth row.
⸫ W3 is same as W4



13741

W4=

13
7
4
1



















0000
0110
0110
1110

Hence by Warshall’s Algorithm
Transitive closure={(1,4)(1,7)(1,13)(4,4)(4,7)(7,4)(7,7)}

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q1 d) Let f: R O R, where f(x)=2x-1 and f-1(x)=(x+1)/2
Find (f O f-1)(x)

Solution: (5)

f(x)=2x-1
f-1(x)=(x+1)/2

(f O f-1)(x)= f(f-1(x))

=f(
2
1x )

= 2(
2
1x )-1

=x+1-1
=x

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________



Q2 a) Define lattice. Check if the following diagram is a lattice or not. (4)

Solution:
A posset (L,≤) in which every pair (a,b) of L has a LUB(least Upper Bound) and GLB
(Greatest Lower bound ) is called a lattice.
For eg.
Let R be a relation of divisibility. Consider the set of divisors of 625
i. e. D625={1,5,25,125,625}

The hasse diagram for D625 is
We observe that every pair of elements of D625 has a LUB and GLB.
Also each LUB and GLB ε D625.

The given diagram is lattice because it has LUB and GLB.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________



Q2 b) Prove that set G={1,2,3,4,5,6} is a finite abelian group of order 6 w.r.t
multiplication module 7.
Solution: (8)

G1:
Consider any three numbers from table
5 x (6 x 3)=5 x 4=6
(5 x 6) x 3=2 x 3=6
As 5 x (6 x 3)=(5 x 6) x 3
Hence x is associative.

G2:
From table we observe first row is same as header.
I Ꞓ G

Hence Identity of x exists.

G3:
Consider any two number from table
4 x 2 =1 and 2 x 4=1

Hence x is commutative.

G4:
Inverse of x exists.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

X7 1 2 3 4 5 6
1 1 2 3 4 5 6
2 2 4 6 1 3 5
3 3 6 2 5 1 4
4 4 1 5 2 6 3
5 5 3 1 6 4 2
6 6 5 4 3 2 1



Q2 c) A travel company surveyed it’s travelers, to learn how much of their travel is
taken with an Airplane, a Train or a car. The following data is known; make a
complete Venn Diagram with all the data. The number of people who flew was 1307.
The number of people who both flew and used a train was 602. The people who used
all three were 398 in number. Those who flew but didn’t drive came to total 599.
Those who drove but did not use train totaled 1097. There were 610 people who
used both trains and cars. The number of people who used either a car or train or
both was 2050. Lastly, 421 people used none of these .Find out how many people
drove but used neither a train nor an airplane, and also, how many people were in
the entire survey.

Solution: (8)

Let A be the set of people who flew
Let C be the set of people who travelled by car
Let T be the set of people who travelled by train
N(AᴖTᴖC)= 398

N(A)= 1307

N(AᴖT)=602
The people who flewed and travelled by train but didn’t travelled by car
= N(AᴖT) - N(AᴖTᴖC)
= 602-398

= 204

People who flew but didn’t drive are 599.
Therefore people who only flew are 599- 204=395



N(C)= 1097
N(CᴖT)=610
The people who travelled by car and train but didn’t flew
= N(CᴖT) - N(AᴖTᴖC)
=610-398
= 212

The people who flewed and travelled by car but didn’t travelled by train are =310

Those who drove but did not use train totaled 1097
The people who travelled by only car = 1097-310=787
The people who travelled by only train= 139

The no of people who drove but used neither a train nor an airplane= 787
The no of people in entire survey were =2866

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q3 a) Prove ¬(p ˅ ( ¬p ˄ q )) and ( ¬p ˄ ¬q) are logically equivalent by
developing a series of logical equivalences.
Solution: (4)

¬(p ˅ ( ¬p ˄ q ))

¬ p ˄ ¬( ¬p ˄ q) By Demorgan’s law
¬p ˄ ( p ˅ ¬q) By double negation
(¬p ˄ p) ˅ (¬p ˄ ¬q) By distributive law
F ˅ (¬p ˄ ¬q) (¬p ˄ p)= F
(¬p ˄ ¬q) By Identity law

Hence ¬(p ˅ ( ¬p ˄ q )) and ( ¬p ˄ ¬q) are logically equivalent.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q3 b) Consider the (3,5) group encoding function defined by (8)
e(000)=00000
e(010)=01001
e(100)=10011
e(110)=11010
e(001)=00110
e(011)=01111



e(101)=10101
e(111)=11000
Decode the following words relative to maximum likelihood decoding functions.
i)11001 ii)01010 iii)00111

Solution:
The decoding table is as follows:

1) Encoded word= 11001
Corresponding encode word belongs to the column 01001
Therefore d(11001)=010

2) Encoded word= 01010
Corresponding encode word belongs to the column 11010
Therefore d(01010)=110

3) Encoded word= 00111
Corresponding encode word belongs to the column 00110
Therefore d(00110)=001

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q3c) Mention all the elements of set D36 also specify R on D36 as aRb if a|b. Mention
Domain and range of R. Explain if the relation is equivalence relation or a Partially
Ordered Relation. If it is A Partially Ordered Relation, draw its Hasse Diagram.
Solution: (8)

D36={1,2,3,4,6,9,12,18,36}

R={(1,1)(1,2)(1,3)(1,4)(1,6)(1,9)(1,12)(1,18)(1,36)(2,2)(2,3)(2,4)(2,6)(2,9)(2,12)(2,18)(2,
36)(3,3)(3,4)(3,6)(3,9)(3,12)(3,18)(3,36)(4,4)(4,6)(4,9)(4,12)(4,18)(4,36)(6,6)(6,9)(6,12)
6,18)(6,36)(9,9)(9,12)(9,18)(9,36)(12,12)(12,18)(12,36)(18,18)(18,36)(36,36)}

00000 00110 01001 01111 10011 10101 11010 11000
00001 00111 01000 01110 10010 10100 11011 11001
00010 00100 01011 01101 10001 10111 11000 11010
00100 00010 01101 01011 10111 10001 11110 11100
01000 01110 00001 00111 11011 11101 10010 10000
10000 10110 11001 11111 00011 00101 01010 01000
10001 10111 11000 11110 00010 00100 01011 01001
10010 10100 11011 11101 00001 00111 01000 01010



Domain of R ={1,2,3,4,6,9,12,18,36}
Range of R={1,2,3,4,6,9,12,18,36}

A relation R on a set A is called a partial order relation if it satisfies the following three
properties:

 Relation R is Reflexive, i.e. aRa ∀ a∈A.
 Relation R is Antisymmetric, i.e., aRb and bRa ⟹a = b.
 Relation R is transitive, i.e., aRb and bRc ⟹aRc.

For D36 Relation R is reflexive, antisymmetric and transitive
Hence it is partial order relation.

Hasse diagram of D36 is

----------------------------------------------------------------------------------------------------------------
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Q4a) Explain Extended pigeonhole principle. How many friends must you have to
guarantee that at least five of them should will have birthdays in the same month.
Solution: (4)
Extended pigeonhole principal

It states that if n pigeons are assigned to m pigeonholes (The number of pigeons is very
large than the number of pigeonholes), then one of the pigeonholes must contain at least
[(n-1)/m]+1 pigeons.
Here Number of pigeons = n = ?
No. of pigeonholes = m = 12 (months)
∴ [(n−1)/m]+1=5
[(n−1)/12]+1=5
n - 1 = 48

n = 49 [ No. of pigeons]

∴ 49 friends should be their to guarantee that at-least five of them must have birthday in
a same month of year.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q4b) Define Euler path and Hamilton path.
I) Determine Euler cycle and path in graph shown in (a)
II) Determine Hamiltonian cycle and path in graph shown in (b) (8)



Solution:

Euler path: An Euler path is a path that uses every edge of a graph exactly once.
Euler circuit: An Euler circuit is a circuit that yses edges of a graph exactly once and
which starts and ends with same vertex.
Criteria for Euler cycle:
If a connected graph G has a Euler circuit,then all vertices Of G must have a even degree
In fig(a)
Since vertices B and D have odd degree.
Therefore there is no Euler cycle for fig(a).

Criteria for Euler path:
If a connected graph G has a Euler path then it must have exactly two vertices with odd
degree. The two endpoits of Euler path must be the vertices with odd degree.

The Euler path- BACDBED

Hamilton path: Hamiltonian path is a graph that visits each vertex exactly once.
Hamiltonian circuit: Hamiltonian circuit is a path that visitsevery vertex exactly once
and which starts and ends on the same vertex.

Criteria for Hamiltonian circuit:
The given condition are necessary but not sufficient
A) A simple graph with n vertices (n>=3) is Hamiltonian if every vertex has degree
n/2 or greater.
B) A graph with n vertices (n>=3) is hamiltonian if for every pair of non-adjacent , the
sum of their degrees is n or greater.
For graph (b)
Hamiltonian path= abcdb
There is no hamiltonian cycle.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________



Q4c) In a group of 6 boys and 4 girls, four children are to be selected. In how many
different ways can they be selected such that at least one boy should be there?
Solution: (8)
In a group of 6 boys and 4 girls, four children are to be selected such that
at least one boy should be there.
So we can have

(four boys) or (three boys and one girl) or (two boys and two girls) or (one boy and three
girls)

This combination question can be solved as

=(6C4)+(6C3∗ 4C1)+(6C2∗ 4C2)+(6C1∗ 4C3)

=[6×5/2×1]+[(6×5×4/3×2×1)×4]+[(6×5/2×1)(4×3/2×1)]+[6×4]

=15+80+90+24

=209

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q5a) Let G be a group. Prove that the identity element e is unique.

Solution: (4)

As the identity element e∈G is defined such that ae=a ∀a∈G.

While the inverse does exist in the group and multiplication by the inverse element gives
us the identity element, which assumes that the identity element is unique.

A more standard way to show this is suppose that e,f are both the identity elements of a
group GG.

Then, e= e o f since f is the identity element.

=f since e is the identity element.

This shows that the identity element is indeed unique.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________



Q5b) A pack contains 4 blue, 2 red and 3 black pens. If 2 pens are drawn at random
from the pack, Not replaced and then another pen is drawn. What is the probability
of drawing 2 blue pens and 1 black pen?

(8)

Solution:

Total blue pens: 4

Total red pens: 2

Total black pens: 3

Total pens: 4+2+3= 9

Probability of drawing 2 blue pens= 4C2 / 9C2 =4 x 3/ 9 x 8= 1/6

After these the pens are not replaced. Therefore there are only 7 pens left.

Probability of drawing 1 black pen from 7 pens= 3C1 / 7C1 = 3/7

Probability of drawing 2 blue pen and 1 black pen= 1/6 x 3/7 = 1/14

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q5c) Let A be a set of integers, let R be a relation on AxA defined by (a,b) R (c,d) if
and only if a+d=b+c.

Prove that R is an equivalent relation.

Solution: (8)

Relation R is defined by (a,b) R (c,d) if and only if a+d=b+c.

I) Put a=c and b=d in a+d=b+c

∴ c+d=d+c, which is true

∴ (c,d) R (c,d)

Therefore R is reflexive.

II) Let (a,b ) R(c,d)

∴ a+d=b+c



∴ b+c=a+d

∴ c+b=d+a

∴ (c,d)R(a,b)

∴ R is symmetric.

III) Let (a,b)R(c,d) and (c,d)R(e,f)

∴ a+d=b+c …………………………………(1)

And c+f=d+c ………………………………….(2)

Adding (1) and (2)

(a+d)+(c+f)=(b+c)+(d+c)

∴ a+f=b+e

∴ (a,b)R(e,f)

Hence R is an equivalence relation.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q6a) Define reflexive closure and symmetric closure of a relation. Also find
reflexive and symmetric closure of R.

A={1,2,3,4}

B={(1,1),(1,2),(1,4),(2,4),(3,1),(3,2),(4,2),(4,3),(4,4)}

Solution: (4)
Reflexive closure: A relation R' is the reflexive closure of a relation R if and only if
(1) R' is reflexive,
(2) R ⸦ R', and
(3) for any relation R'', if R ⸦ R'' and R'' is reflexive, then R' ⸦ R'' , that is, R' is the
smallest relation that satisfies (1) and (2).

Symmetric closure:A relation R' is the symmetric closure of a relation R if and only if
(1) R' is symmetric,
(2) R ⸦ R', and
(3) for any relation R'', if R ⸦ R'', and R'' is symmetric, then R' ⸦ R'' , that is, R' is the
smallest relation that satisfies (1) and (2).



A={1,2,3,4}

B={(1,1),(1,2),(1,4),(2,4),(3,1),(3,2),(4,2),(4,3),(4,4)}

If ∆ is euality relation then Reflexive closure R1 = ∆ ᴜ R ……….(1)
Symmetric closure R2 = R U R-1 …………..(2)

Reflexive closure:
∆={(1,1),(2,2),(3,3),(4,4)}
From (1)
Reflexive closure R1=∆ ᴜ R=
{(1,1),(1,2),(1,4),(2,2),(2,4),(3,1),(3,2),(3,3),(4,2),(4,3),(4,4)}

Symmetric closure:

R-1= {(1,1),(2,1),(4,1),(4,2),(1,3),(2,3),(2,4),(3,4)}

R2=R U R-1= {(1,1),(1,2),(1,3),(1,4),(2,1),(2,3),(2,4),(3,1),(3,2),(3,4),(4,1),(4,2),(4,3)}

----------------------------------------------------------------------------------------------------------------
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Q6b) let H=

100
010
001

111
110
001

Be a parity matrix. Determine the group code B3 ---> B6

Solution: (8)

Let eH: Bm --->Bn be encoding function.

If b=b1b2b3……bm then

eH(b)=b1b2b3……bm x1x2x3……xr…………….(1)



Where r=n-m and

Xr=b1.h1r+ b2.h2r+b3.h3r…bm.hmr……………….(2)

Let B={0,1}

∴B3={000,001,010,011,100,101,110,111}

Given B3 ---> B6 and H=

100
010
001

111
110
001

Here m=3, n=6

h11=1, h12 =0, h13=0, h21=0, h22=1,h23=1,h31=1,h32=1,h33=1

∴r=n-m=6-3=3

 For b=000, b1=0,b2=0,b3=0

∴From (1), eH(000)=b1b2b3x1x2x3

=000x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r

=0.h1r+ 0.h2r+0.h3r=0

∴ x1=0, x2=0,x3=o

∴eH(000)=000000

 For b=001, b1=0,b2=0,b3=1

∴From (1), eH(001)=b1b2b3x1x2x3

=001x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r



=0.h1r+ 0.h2r+1.h3r=h3r

∴ x1=h31=1 ,x2=h32=1, x3=h33=1

∴eH(001)=000111

 For b=010, b1=0,b2=1,b3=0

∴From (1), eH(010)=b1b2b3x1x2x3

=010x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r

=0.h1r+ 1.h2r+0.h3r=h2r

∴ x1=h21=0 ,x2=h22=1, x3=h23=1

∴eH(010)=010011

 For b=011, b1=0,b2=1,b3=1

∴From (1), eH(011)=b1b2b3x1x2x3

=011x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r

=0.h1r+ 1.h2r+1.h3r=h2r+h3r

∴ x1=h21+h31=0+1=1 ,x2=h22+h32=1+1=0, x3=h32+h33=1+1=0

∴eH(011)=011100

 For b=100, b1=1,b2=1,b3=0

∴From (1), eH(100)=b1b2b3x1x2x3

=100x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r



=1.h1r+ 0.h2r+0.h3r=h1r

∴ x1=h11=1 ,x2=h12=0, x3=h13=0

∴eH(100)=100100

 For b=101, b1=1,b2=0,b3=1

∴From (1), eH(101)=b1b2b3x1x2x3

=101x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r

=1.h1r+ 0.h2r+1.h3r=h1r+h3r

∴ x1=h11+h31=1+1=0 ,x2=h12+h32=0+1=1, x3=h13+h33=0+1=1

∴eH(101)=101011

 For b=110, b1=1,b2=1,b3=0

∴From (1), eH(110)=b1b2b3x1x2x3

=110x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r

=1.h1r+ 1.h2r+0.h3r=h1r+h2r

∴ x1=h11+h21=1+0=1 ,x2=h12+h22=0+1=1, x3=h13+h23=0+1=1

∴eH(110)=110111

 For b=111, b1=1,b2=1,b3=1

∴From (1), eH(111)=b1b2b3x1x2x3

=111x1x2x3

∴From (2), xr=b1.h1r+ b2.h2r+b3.h3r



=1.h1r+ 1.h2r+1.h3r=h1r+h2r+h3r

∴ x1=h11+h21+h31=1+0+1=0 ,

x2=h12+h22+h32=0+1+1=0,

x3=h13+h23+h33=0+1+1=0

∴eH(111)=111000

Hence the(3,6) encoding function eH:B3 ---> B6 is defined as:

e(000)=000000,e(001)=001111,e(010)=010011,e(011)=010011,e(100)=100100,e(101)=1
01011,e(110)=110111,e(111)=111000.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________

Q6c) Determine if following graphs G1 and G2 are isomorphic or not. (8)

Solution:

Two graphs G(V,E) and H(V’,E’) isomorphic if

1) There is one to one correspondence f from V to V’ such that f(V1)=V1’ and
f(V2)=V2’ for every (v1, v2)Ꞓ V and (v1’, v2’)Ꞓ V’
2) G and H should have equal no. Of edges.
3) G and H should have equal no. Of vertices.
4) G and H should have same degree of vertices
5) Adjacency property is observed in each vertex.



From the above two graphs:

We observe that,

There are equal no of edges and vertices for both graph.

Graph G1 has 2 vertices with degree 1, two vertices with degree 2 and two vertices with

degree 2.

Graph G1

Number of vertices 6
Number of Edges 6

Vertex Degree of vertex Adjacent vertices
A 1 B(3)
B 3 A(1), C(3), E(2)
C 3 B(3), D(1), F(2)
D 1 C(3)
E 2 B(3), F(2)
F 2 E(3),C(2)

Graph G2
Number of vertices 6
Number of Edges 6

Vertex Degree of vertex Adjacent vertices
Y 1 V(2)
V 2 Y(1), U(3)
X 2 Z(2), U(3)
Z 2 X(2),W(2)
U 3 V(2), X(2),W(2)
W 2 U(3),Z(2)



Graph G2 has one vertices with degree 1, four vertices with degree 2 and one vertex with

degree 3.

Therefore, the degree in two graphs are not equal.

Hence the two graphs are not isomorphic.

----------------------------------------------------------------------------------------------------------------
__________________________________________________________________________
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---------------------------------------------------------------------------------

Q1.a)Provebyinductionthatthesum ofthecubesofthreeconsecutive

numbersisdivisibleby9. [5]

Solution:- Lettheconsecutivenumbersben,n+1,n+2

P(n): + + =9kn
3 (n+1)3 (n+2)3

LHS: + + =>1+8+27=361
3

2
3

3
3

36isdivisibleby9

LetusassumeP(k)istrue;

LHS: + + =9mk
3 (k+1)3 (k+2)3

=> + =9m-(k+1)3 (k+2)3 k
3

LetusproveP(k+1)istrue;

LHS:( + +k+1)
3 (k+2)3 (k+3)3

=>9m- +k
3 (k+3)3

=>9m- + +9 +27k+27k
3

k
3

k
2

=>9m+9 +27k+27k
2

=>9(m+ +3k+3)k
2

WhichimpliesP(k+1)istrue

Therefore,P(k)istrue

Therefore,P(n)istrue.

Henceforn∈N,theresultistrue.



---------------------------------------------------------------------------------

Q1.b)Findthegeneratingfunctionforthefinitesequences.

i)2,2,2,2,2,2 ii)1,1,1,1,1,1 [5]

Solution:

1.Multiplyingthesequencesuccessivelyby ,,,,….x
0
x
1
x
2
x
3

2 +2 +2 +2 +….x
0

x
1

x
2

x
3

2 + + + +….)(x
0

x
1

x
2

x
3

2(1-x)-1

Ans:
2

1-x

2.Multiplyingthesequencesuccessivelyby ,,,,….x
0
x
1
x
2
x
3

+ + + +….x
0

x
1

x
2

x
3

+ + + +….)(x
0

x
1

x
2

x
3

(1-x)-1

Ans:
1

1-x

---------------------------------------------------------------------------------

Q1.c)Aboxcontains6whiteballsandredballs.Inhowmanyways4ballscan

bedrawnfromtheboxif,i)theyaretobeofanycolorii)alltheballstobeof

thesamecolor. [5]

Solution:

1.Thereare11ballsand4aretobedrawn.

Thiscanbedonein11 =330C
4

2.Alltheballsofsamecolor:

4whiteballscanbedrawnfrom6C
4



4redballscanbedrawnfrom5C
4

Numberofways=6 .5 =15x5 =75C
4

C
4

---------------------------------------------------------------------------------

Q1.d)Findthecomplementofeachelementin [5]D
30

Sol: ={1,2,3,5,6,10,15,30}D
30

1 ˅ 30

2 ˅ 30

3 ˅ 30

5 ˅ 30

6 ˅ 30

10 ˅ 30

15 ˅ 30

30 ˅ 30

1 ˄ 1

2 ˄ 1

3 ˄ 1

5 ˄ 1

6 ˄ 1

10 ˄ 1

15 ˄ 1

30 ˄ 1



---------------------------------------------------------------------------------

Q2.a)DefineIsomorphism ofgraphs.Findifthefollowingtwographsare

isomorphic.Ifyes,findtheone-to-onecorrespondencebetweenthevertices.

[8]

Solution:

Iftwographsareisomorphicthen:

i) Theymusthavesamenumberofvertices.

ii) Theymusthavesamenumberofedges.

iii) Theymusthavesamedegreeofvertices.



n(G1)=8 n(G2)=8

no.ofedges=12 no.ofedges=12

degreeofeachvertex=3 degreeofeachvertex=3

Ans:Thegraphsareisomorphic.

---------------------------------------------------------------------------------

Q2.b)Inacertaincollege4%oftheboysand1%ofthegirlsaretallerthan1.8

mts.Furthermore60%ofthestudentsaregirls.Iastudentatrandomistaller

than1.8mts,whatistheprobabilitythatthestudentwasaboy?Justifyyour

answer. [8]

Solution:

Fortheconveniencesupposethereare1000studentsinthecollege.

Therefore,

Tallerthan1.8 Lessthan1.8 Total

Boys 16 384 400

Girls 6 594 600

Total 22 978 1000



Sincethestudentselectedatrandomisfoundtobetallerthan1.8,thestudentisoneof22.

Butoneof22students,16areboys

Therefore,therequiredprobability= =
16

22

8

11

Ans:8/11

---------------------------------------------------------------------------------

Q2.c)Prove∽(p∨(∼p∧q))and∼p∧ ∼qarelogicallyequivalentby

developingaseriesoflogicalequivalences. [4]

Solution:

ByDistributivelaw,

=> ∽( ∧(p∨q))(∼p∨p)

=> ∽(T∧(p∨q)) [ =T](∼p∨p)

=> ∽((p∨q))

=> ∽p∧ ∽q ByDemorgan’s

---------------------------------------------------------------------------------

Q3.a)ProvethatsetG={1,2,3,4,5,6}isafiniteabeliangroupoforder6with

respecttomultiplicationmodulo7. [8]

Solution:

X
7

1 2 3 4 5 6

1 1 2 3 4 5 6

2 2 4 6 1 3 5

3 3 6 2 5 1 4

4 4 1 5 2 6 3

5 5 3 1 6 4 2

6 6 5 4 3 2 1



Fromthetable, isassociativeX
7

Eg:2 (3 5)=2 1=2X
7

X
7

X
7

(2 3) 5)=6 5=2X
7

X
7

X
7

a e=aX
7

Heree=1,identityelement=1

a =eX
7
a
-1

Everyelementhasamultiplicativeinverse.

Also,a e=b aX
7

X
7

4 5=6X
7

5 4=6X
7

Ans:Therefore,Gisabeliangroup.

---------------------------------------------------------------------------------

Q3.b)LetA={1,2,3,4,5},letR={{1,1},{1,2},{2,1},{2,2},{3,3},{3,4},{4,3},{4,4},{5,5}}

andS={{1,1},{2,2},{3,3},{4,4},{4,5},{5,4},{5,5}}betherelationsonA.Findthe

smallestequivalencecontainingrelationRandS. [8]

Solution.

MR:

MS:

1 1 0 0 0

1 1 0 0 0

0 0 1 1 0

0 0 1 1 0

0 0 0 0 1

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 1

0 0 0 1 1



=M
R∪S

FindingW5 byWarshall’sAlgorithm,

C1:1isat 1,2

R1:1isat1,2

Put1in(1,1),(1,2),(2,1),(2,2)

W1=

C2:1isat 1,2

R2:1isat 1,2

Put 1 in (1,1),(1,2),(2,1),(2,2)

W2=

C3:1isat 3,4

R3:1isat 3,4

Put1in(3,3),(3,4),(4,3),(4,4)

1 1 0 0 0

1 0 0 0 0

0 0 1 1 0

0 0 1 1 1

0 0 0 1 1

1 1 0 0 0

1 0 0 0 0

0 0 1 1 0

0 0 1 1 1

0 0 0 1 1

1 1 0 0 0

1 0 0 0 0

0 0 1 1 0

0 0 1 1 1

0 0 0 1 1

1 1 0 0 0

1 0 0 0 0

0 0 1 1 0



W3=

C4:1isat4,5,6

R4:1isat4,5,6

Put1in(4,4),(4,5),(4,6),(5,4),(5,5),(5,6),(6,4),(6,5),(6,6)

W4=

C5:1isat 5,6

R5:1isat 5,6

Put1in(5,5),(5,6),(6,5),(6,6)

W5=

Therefore,

transitive closure=

{(1,1),(1,2),(2,1),(3,3),(3,4),(4,3),(4,4),(4,5),(5,4),(5,5)}

---------------------------------------------------------------------------------

Q3.c)Testwhetherthefollowingfunctionisone-to-one,ontoorboth.

f:Z→Z,f = +x+1 [8](x) x
2

Sol:ThesetisZ

0 0 1 1 1

0 0 0 1 1

1 1 0 0 0

1 0 0 0 0

0 0 1 1 0

0 0 1 1 1

0 0 0 1 1

1 1 0 0 0

1 0 0 0 0

0 0 1 1 0

0 0 1 1 1

0 0 0 1 1



Totestwhetherfunctionisinjective,

f =f()(x
1
) x

2

+ +1= + +1=>x
2

1
x
1

x
2

2
x
2

=> ( + +1)=0(-x
2
x
1
)x

1
x
2

Therefore, - =0; + +1=0x
2
x
1

x
1

x
2

= ; =-1x
2

x
1

x
2

-x
1

Therefore,fisnotinjective.

Now,y= +x+1x
2

Ify=0; + +1=0x
1

x
2

x= =>xisimaginary,ie,∉Z
-1±1-4

2

Therefore,fisnotsurjective.

Ans:Thefunctionfisnotone-to-oneoronto

---------------------------------------------------------------------------------

Q4.a)Showthatthe(2,5)encodingfunctione:→ definedbyB
2
B
5

e(00)=00000 e(01)=01110

e(10)=10101 e(11)=11011isagroupcode.

Howmanyerrorswillitdetectandcorrect? [8]

Sol:

 00000 01110 10101 11011

00000 00000 01110 10101 11011

01110 01110 00000 11011 10101

10101 10101 11011 00000 01110

11011 11011 10101 01110 00000



Fromdiagonalelements,00000isidentityelement.

x⨁y∈Nforx,y∈N

Everyelementhasitsinverse.

Therefore,eisagroupcode.

00000,01110=(w,x)=3

00000,10101=(w,y)=3

00000,11011=(w,z)=4

01110,10101=(x,y)=4

01110,11011=(x,z)=3

10101,11011=(y,z)=3

Therefore,theminimumdistance=3

k+1=3,

k=2

Ans:Itcandetect2orlesserrors.

---------------------------------------------------------------------------------

Q4.b)LetH=

be aparity checkmatrix.DeterminethegroupcodeeH:→B
3
B
6

[8]

Sol:

1 0 0

0 1 1

1 1 1

1 0 0

0 1 0

0 0 1



={000,001,010,011,100,101,110,111}B
3

= + +x
1

b
1
h
11

b
2
h
21

b
3
h
31

= + +x
2

b
1
h
12

b
2
h
22

b
3
h
32

= + +x
3

b
1
h
13

b
2
h
23

b
3
h
33

ButH=[1 0 0
0 1 1
1 1 1

]
Substitutingthevalues;

e =(000) 000x
1
x
2
x
3

=0.1+0.0+0.1=0x
1

=0.0+0.1+0.1=0x
2

=0.0+0.1+0.1=0x
3

e =(001) 001x
1
x
2
x
3

=0.1+0.0+1.1=1x
1

=0.0+0.1+1.1=1x
2

=0.0+0.1+1.1=1x
3

e =(010) 010x
1
x
2
x
3

=0.1+1.0+0.1=0x
1

=0.0+1.1+0.1=1x
2

=0.0+1.1+0.1=1x
3

e =(011) 011x
1
x
2
x
3

=0.1+1.0+1.1=0x
1

=0.0+1.1+1.1=0x
2

=0.0+1.1+1.1=0x
3



e =(100) 100x
1
x
2
x
3

=1.1+0.0+0.1=1x
1

=1.0+0.1+0.1=0x
2

=1.0+0.1+0.1=0x
3

e =(101) 101x
1
x
2
x
3

=1.1+0.0+1.1=0x
1

=1.0+0.1+1.1=1x
2

=1.0+0.1+1.1=1x
3

e =(110) 110x
1
x
2
x
3

=1.1+1.0+0.1=1x
1

=1.0+1.1+0.1=1x
2

=1.0+1.1+0.1=1x
3

e =(111) 111x
1
x
2
x
3

=1.1+1.0+1.1=0x
1

=1.0+1.1+1.1=0x
2

=1.0+1.1+1.1=0x
3

e(000)=000000 e(100)=100100

e(001)=001111 e(101)=101011

e(010)=010011 e(110)=110111

e(011)=011100 e(111)=111000

---------------------------------------------------------------------------------



Q4.c)Howmanyfriendsmustyouhavetoguaranteethatatleastfiveofthem

willhavebirthdaysinthesamemonth? [4]

Sol:Sincetherearetwelvemonthsconsideringevendistribution,ifthereare48friends,

atleast4willhavebirthdayinthesamemonth.

Hence,ifwehave49friends,thenfiveofthemwillhavebirthdayinthesamemonth.

Orbyextendedpigeonholeprinciple,

+1=5[n-112]
=> =4[n-112]
=>n-1=48

Therefore,n=49.

Ans:Totalfriendsneededsothatatleastfiveofthemwillhavebirthdaysinthesamemonth

=49

---------------------------------------------------------------------------------

Q5)a]LetGbeasetofrationalnumbersotherthan1.Let*beanoperation

onGdefinedbya*b=a+b–abforalla,b∈G.Provethat(G,*)isa group

(8)

Solution:-

Leta,b∈G

Assume,a+b-ab=1

a-b+b-ab=0

(a-1)(-b+1)=0

a=1andb=1;sincea,b∈Gthesetofrationalnumbers

a*(b*c)=a*(b+c-bc)=a+(b+c-bc)-a(b+c+bc)

=a+b+c-bc-ab-ac-abc



Gisassociative

a*0=0; 0∈Gisidentity

a* =0; exists∀(x,y)∈Ra
-1

a
-1

---------------------------------------------------------------------------------

Q5]b)solve -7 +10 =6+8rgiven =1, =1 [4mk]ar ar a
r-2

a
0

a
1

Solution:-

-7 +10 =0ar ar a
r-2

-7r+10=0r
2

=0 r=2;5(r-2)(r-5)

Rootsarerealrationalanddistinct

Letthesolutionbe

=A +B5a
(n)

n 2
n

F(r)islinear;weassumeparticularsolutionasar+b

-7 +10 -6-8n=0(an+b) [a +b(n-1) ] [a +b(n-2) ]

n+ =0(4a-8) (-13a+4b-6)

4a-8=0

a=2

-26+4b-6=0

b=8

Solution:- =2 +3 +2n+8an (2)
n

(5)
n

---------------------------------------------------------------------------------

Q5]c)LetA={a,b,c,d,e,f,g,h}.ConsiderthefollowingsubsetsofA

A1={a,b,c,d} A2={a,c,e,g,h} A3={a,c,e,g}

A4={b,d} A5={f,h}

DeterminewhetherfollowingispartitionofAornot.Justifyyouranswer.



1.{A1,A2} 2.{A3,A4,A5} (8)

Solution:-

Forpartition ∪ ∪…….. =AA
1

A
2

An

And ∩ =∅;i≠jA
i

Aj

Consider = and ={a,c,e,g,h}A
1

{a,b,c,d} A
2

∪ = ∪ = ≠AA
1

A
2

{a,b,c,d} {a,c,e,g,h} {a,b,c,d,g,h,e}

∩ = ≠0A
1

A
2

{a,c}

isnotapartition{ ,A
1
A
2
}

Consider ,A
3
A
4,
A
5,

= ; = ; ={f,h}A
3

{a,c,e,g} A
4

{b,d} A
5

∪ ∪ = =AA
3

A
4

A
5

{a,b,c,d,e,f,g,h}

∩ =∅A
3

A
4

∩ =∅A
4

A
5

∩ =∅A
3

A
5

,, isapartition.A
3
A
4
A
5

---------------------------------------------------------------------------------

Q6]a)DrawtheHasseDiagramofthefollowingsetsunderthepartialorder

relationdividesandindicatewhicharechains.Justifyyouranswers.(8)

1.A={2,4,12,24}

2.A={1,3,5,15,30}

Solution:-

Thegivenpartialorderrelationisdivides

1.A={2,4,12,24}



2.

Theposetisachain

3.B={1,3,5,15,30}

Theposetisnotachain

---------------------------------------------------------------------------------

Q6]b)Letthefunctionsf,gandhdefinedasfollows: (8)

f:R->R,f(x)=2x+3



g:R->R,g(x)=3x+4

h:R->R,h(x)=4x

findgof,fog,fohandgofoh

Solution:-

1.gof = g(f(x))

= g(2x+3)

= 3(2x+3)+4

= 6x+9+4

= 6x+13

2.fog = f(g(x))

= f(3x+4)

= 2(3x+4)+3

= 6x+8+3

= 6x+11

3.foh = f(h(x))

= f(4x)

= 2(4x)+3

= 8x+3

4.gofoh = g(f(h(x)))

= g(f(4x))

= g(2(4x)+3)

= g(8x+3)

= 24x+9+4



= 24x+13

---------------------------------------------------------------------------------

Q6]c)DetermineEulerCycleandpathingraphshownbelow (4)

Solution:-

NoEulerianpathexistsas4verticesareofodddegreei.ea,c,g,fareofodddegree=3

ThegraphisnotEulerianasnoteveryvertexhasevendegree.

---------------------------------------------------------------------------------


