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Sets, Relations, POSET andp,
_.Snma

-

b m_x _mngzmnd_ou of well defined objects, nm:mn LmEmE

of the set.
2 These elements may be anything like =:H_H.n.m _mﬂg_..m _E. m:urm_umaw

points etc,

3. Sets are denoted by capital letters ;:n— wrm_n EmEm:_.m by lower
letters.

4. Ifanobject x isan element ommmﬁ.m._, ....6 E-.:c :“ asx e A and read it g5
belongs to A' otherwise x g A (x ncaw :n& belong to A). i

Types of set:

L Finite set: A set with ﬁER_ or naﬂnnmv_m number of m?::...:m is called

5 5_.—- Ema—umn.m

Casg

finite set. P
2 Infinite set: A m.:. 55 Emb,—wm number of elements is nmu_mm En.n_am
set.

3 Nullset:A set .ar_nr non».n.:.:m no element at all is nLHHma a n:z mm" Itis
denoted by ¢ or (1], It is also called empty or void set.” -
mEm_m_.oﬂmmn A Eﬂs?a: has only one m_mEmup is called mEmEﬂo: set,
Subset : Let A and B be two sets, if every elements of A also belongs to
(B i.e., if every element of set A is also an m_mEm:n of set B, then 4 is
+called subset of B and it is dencted r.f& =B
mwﬂg_pnmuu.mnm:.u €eAxe B 4 y
w_“.wmuuaa I Ais subset of a set B, nrmu B iz called superset of A.
m.”_. subset : Any subset A is said to be proper subset of another set
.._. o ereis at least one element of B which does not belong to A, i.e.,if
£ :m. but A £ B. It is denoted byA B,
ncﬂ____.n_w_.wwﬂwa”mn In many applications of sets, all the sets under
| are considered as subsets of one particular set. This set is
C universal set and ig denoted by U.
8. Equal set : Two setA &
and B are said to be equal if every element of A4

belong t
bol ~......w 0 set B and every element of B belong to set A. It is written as

mwﬂra_zm:w.m =BifxeA andy e B.

10. Dj
f“ﬂ“n.%mm”z_ﬁ%”h and 8 be two sets, if there is no common element
. then they are said to be disjoint,

o

bl

2| De
scribe the different types of operation on sets.

Discrete Structures & Theory of Logic 1-3F (CS1T-Sem-3)

L E..__Hab Lot Aand B be two sets, then the unionof sets A and Bisaset
that contain those elements that are either in A or B or in both. It is
denoted by A B and is read as ‘A union B".

Symbolically, A uB=(x|xeAorxe B}
For example : A=11,2,134}
B=13,4,58}
AwB=11,2234d,5,6)

2, Imtersection: et A and B be two sets, then inlersection of A and B is
a set that contain those elements which are common, to g.w_..h and B. Tt
is denoted by A n B and is read as ‘A intersection B,
Symbolically, L_Jhw [x|x cAmndx e E e, N
For example : =11,2 3, 4} e Hghe

=12,4,6,7 b
then A _Dw = (2, 4}

i Complement : Let I be the GE___._m".mb..— sct .Eumm. vﬁ. any subset of U,

then ecomplement of A is a set E..ﬁnE.Ebn m—aﬂn.i.m of U which do not

belong to A_It is denoted by A ar A’ E. A.

Symbolically, .hn = {xjx'e ﬁ__.m_,_..m g Al

For example : ={I}2,3,4,5,6)

and b {2, 3:8). %
then =11,4, 6 )

4. Difference of nmnm : Ew A'and B be two sets. Then &m—nmﬂm:n.. of A and
Bisasetofall :.Eww mFEmsg which belong to A 85 n_.n. HE» g_cnv to B
and is ;n:oﬁn by A= 5: 8 P

muuu—uc_.__nm:u_.__ . l_m =lx|xeAandx ¢ B)
m.E.mHEH—...—m _...o_....# 2,3,4,5,6,71 <

o b = (4,5, 7} ra 3
.mumu, <A - m =12,3,60%, . &

5 mw.uﬂﬂuonlo difference of set:Let 4 mﬂﬂt _um ?an sets. The symmetric
differenceofAand Bisa mmn.oobemuu_.bm all'the elements that belong to
A or B but not both. It is denoted by A® Bor A AB.

Also AGB=(AUB) - E}«E
For example: Lot A = {2, 3,4, 6}

B =11,2,5, 6}
then A®B=11,3,4,5

S

ek

: m&nn«oﬁw ﬁmﬁ :Ec_..r Oumaﬂo.ﬂ. on wmﬁnhﬂewﬂﬂ 2

ke s oo

‘Que 1.3. | Describe the term relation along with its types.

| T e : :
Let A and B be two non-empty sets, then R is relation from A to Bif R is

subset of A % B and is set of ordered pair (g, b) wherec e Aandb e B. It is




—n

Sets, _wa_m._._mo:w. TOm__wq, "
L]

T.Sem-3) H.m.
_Lm.ﬂnmh : : :
by aftb and read as “a E.MM-MSM M....M.Ww.h : «
_.‘_mna—wm_awnmv:u. F=lgbli¢E A, _. O
e d read as "a is not related to b by g
hena K ban .
1f (@, b) g 11
le: Rbiffa x b = eve
For anﬁnﬂ 4, B= i 9) anda o
Then i =

5: : . . .
Types of n,n..“h_.“_._ O ntion : A relation R is called universg)
1. Unive

rel
where R is defined from A to B, they, = ﬁ.a: on 4 i

R=AxX A. [ocase .__m E:.cn_.m
relation ifR=4A x B. ;
M.E. example o - |

m.L: 1, (1, 2), (1, 3), 5 : G 5
then (3,2),43,3) 5 G. 6, .
is universal relation over A.

¢ A relation R is EER_ EE..SJ. relation

ty relation !
2 M_nm“_.m M:n e A). Itis denoted by h.p or P.. orA; Ttis alsg called d;

relation.
For example :
If4 =1{1, 2, 3}, then

identity relationon A.
%.“._m relntion : A relation R i is called a void relation W —:ﬂ _v o

on 4 jf
18gona)

4 .n._:...F (2,2),(3,3)

3
also called null relation.
For example :
ICA~(1,2,9) and R s dofined as R = (a4 &) .+ >51,a,b € A then
R=¢

4 Inverse relation : A relation R defined m.una _m to Ais nm_._m.“_ e

relation of R defined from A to B if
Fl=|(b,a):be .mb_umn m.}mb_u.“_u bleR).

1__“:. example nona_mrh _.opﬁ_,__u:
1 R=1(1,1),(1,2),(1, S_ Hm 2]
then R1={(1,1),(2,1), (3, 1),(2,3)

5 Complement of a relation : Let relation B is defined from A to B, then
complement & is sct of ordered pairs {{a,b): (a,b) ¢ R} Itis also caled
complementary relation.

For example :

LetA=11,2,31 B=I4,5]

Then A x B ={(1,4), (1, 5),(2, 4), (2, 5), (3,4), (3, 5)}
Let R be defined as R = ((1, 4), (3, 4), (3, 5)}

Then RC= R =101, 5),(2,4), (2,51

MHﬂ_w:— operation on relation with example.

. Bﬁﬁ nﬂ.
_. w.m_msn.um are sets of ordered pairs so all set operations can bed
H_w_.mrbﬁm

e R N SR
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2. The resulting sets contain ordered pairs and are, therefore, relations.
3. IfRand S denote two relations, then £ ~ S, known as intersection of
R and 8, defines a relation such that
M 8)y=xRy xSy
4. Similorly, R v S, known os union of R and S, such that
B nSly=xRyvxSy

Alsu, x(R-8)y=xRynszx$ywhere R—5is known as different
of Rand S
and H,".m..u.w =x Ry where R' is the complement of B

=lx, 5,2, B=lz,y2,C=(x, ¥z}

=Y, 2z}, BE=l{x, X), (x, ¥}, C.t&._
S={{x, Y], v, 2)}
The complement of R consists of all pairs of the Omnﬂaﬁmn product
A x B that are not R. Thus A = B = [(x, .5 (2, 1), (x, N“. o, X, v, ¥,
by, 2, (2, X0 (2, Y), (2, D))
Hence R=1lix, Z), (3, XD, 07V, (e, X, qu. ), (2, ZN
RuS=[(x,X) (c, ¥), 0, )] -/
RAS=1x,¥),0,2)

= |{x, ¥}

[PART3 |

. Properties of Relations. ..

For example :

o

Give _uqc—u..n.y.nmﬂw. of relation.

ﬁ-dm.uﬂn.om of Iur._..ca are: = 2 s

1. Reflexive pelation : A binary Hm_wﬁ_aam on ur__. A is said to be reflexive
if every element of sct A is related to itself.
ie., J YacA, ﬁ:.a_mhanu.m.u
For example : Let R = ((1, 1), (1, 2), {2, 2),(2, 8), (3, 3)} be a relation
defined on set A = |1, 2, 3. .__rm.,._. C e R, (2,2) e Rand (3, 3) € R.
Therefore, B is reflexive relation, ~

2 Irreflexive relation : A binary relation R defined on set A is said to
irreflexive if there is no element in A which is related to itself ie.,
v a A such that {a, a) ¢ H.

For exnmple : Let B = {(1, 2), (2, 1), (3, 1)} be a relation defined on set
=11,2 3L Az (1, 1) ¢ R, (2, 2) ¢ R and (3, 3) ¢ R. Therefore, R is
irreflexive relation.

3. Non-reflexive relation : A relation R defined on set A is said to be non-
reflexive ifit is neither reflexive nor irreflexive i.e., some elements are
related to itself but there oxist at least one element not related to itself

4. Symmetric relation : A binary relation on a set A is zaid to be
symmetric if (a, b} e R = (b, a) eR.

T — AR AERR T
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» Relations, m.Omm...HEpn

Latie,
. Asymmetric relation : waun‘ﬂ“ﬂwﬂm_wﬁcn on a et 4 i = 5
asymmetricif (a, b) e It = a 1 )

6 >.=:=.<=.=:E.1n relation: A .c:.EJ. relation R defin
i to antisymmetric relation if {a, b) € Rand (b,a) e B
—~a=bfora bel. ‘

mﬁ“ﬁﬂmh?a relation 1 A _.u,:..EJ. relation R on a Bet A
& henever (u,b) € R and (b, ¢) € Rthen(a,c) e R

r afth and ble = aRe,

ie.,

‘Que 1.6. | Identify whether the each of the following 4

ﬂ..—.—OE
defined on the set Hu.u (1,2,3, 4} are reflexive, Symmetric, _._.Emﬁ.:n
and/or ==..m:v.q:=.__n:¢._nn.~:_ i >,
L D02, (L )y (2, 1), 2,2), 3,3, 4, 11, 4
. m“ = (2, 1), (3, 1, (3,2), (4, 1), (4,2), (4, 3))

Answer _

i, :.Hu_:.:_:_ﬁ_.ﬁ_ 1 ,
SetA=11,23,4 -,
Roeflexive : (1, 1) € 1£,(2,2) ¢ .-M__ . .. p>
Therefore, i, in not reflexive re h_m_cz. A\
Symmotrie: (1, \._“ .”.h_, (2, eR

is ikrie rolntion. ; &
.W__d._ _wsm_w.mmﬁﬁ _“._. 2) e R, and (2, 1) e R, then .:. 1 eRy g
ik H ¥ : . !
R is S_Em:.cpﬁh_%._ﬁcmw Y nd2 41
" minda . L] ! - % Ryt N .
».m__i_u.”w_c_.c R, is not ___:fmeEc.:..F _._.__.w“._whw N
i ; J:W. (1, D m_, 2, (1, 4,2, 1, (2, 5._ m, ' m .m_:.a @A) CR)
v (1 1) € Ry (2, ) ¢ Ry (33) € Ry
oxiva (1, 2 .
ﬁnﬁa?qc It, isreflexive _.Emsﬂmp. g
Symmetric: (1, 2) € Ry, then (2, :
R,
4) eR, then (4, 1) € Ay w :
1, wmwo-.m R, is symmetric relation 2 then (1, 1€ R,
e .__ma.ﬂ.“ (1, 4) e .m..__ and (4, 1) € hgy
nsi (1, S ] .
ﬁwﬂm?uo R, is transitive _._mwﬁ_c%.ﬁ b - < onlyif4 .1
i tric: (1, 4) e Kyand e 2
%M__.““w‘oﬂm-ﬂw is not nntisymmetric relation
2] u

2, (4, 3N
! 4,1), (4, 2), .Tr xive rela
i R, =((2, 1,3, 1,2, i< not reflexi

Sdonagea;
Sazbi ol

mh ..Hw.b.wm.wm_...m

tion. .

r ~ea .MN_ ‘mH_..GPm

: B R, Therefore ity fore Rl
_ﬁamnﬁﬂm.u.ﬁm:h . wu but (1,2) g Ry, Therel® i s
mvxﬂﬂ.uﬂﬁ ricC « Loy i eR js I . _

. relor 3 i “_
relation. 1,3) ¢ Ry. The b
Transitive : (3, 1) € Rybut ( .:w&.é%
relation,

ly
¢ R4,00
Antisymmetric (3, 2) e %_m but (2,3) € i3

is not antisymmetric relation.
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(FARTa

.. Composite Relations, Equality of Relations.

Write short notes on :
a.  Equivalence relation
b. Composition of relation

OR
Write a short note on equality of relation.

.b.bmin_.

a.  Equivalence relation :
1L Arelation R on g set A is

said to be equivalence relation if it js
reflexive, symmetric and transitive. . 5
2. The two elements q and & related by an equivalence relation are
called equivalent, . )
3.

So, arelation & is called equivalence relation on set A if it satisfies
following three properties !

L A{e,a)leR Vaed

{Reflexive)

L (aq,ble R =(b,a) eR (Symmetric)

Ui (a, b} e Rand (b,c) &’ = {a,c)e R} .”--.HM._EE___&

b. Composition of relation 5, K & s

1. LetRbea relation from a set A to B and Sbe arelation fom set B

to Cthen composition of R and Sis arelation consisting or ordered

pair(a,c) wherea e A ande o C provided that there exist € Bsuch

. that la,b)c R A x Band (b, ¢) e ScBxC.Itis denoted by RoS,
2. Symbolically, g sch th

0S8 = lta, |3 b

s

€ B such that (q, &
(b, ¢} e S} e :c {a, b € R and

i

The characteristic function Cgofarelation R S N*is defined as follows :
JG X s vitar, RS .
= Cs(X,, ... X,) = 0 if <

recursive function,
Examples of recur
clx, Y= sgly + x)

sive relationg <> 5 =




|

1-8F nnmnﬂ.mmﬂ.u_ ) Sets, w.m_m:cuw. gmma
E..nrw :
)

c,(x, y) = sglx +y)
e fx, ¥)= sg (x+y)
cfx, ¥)= s (x+y) xe lx, ¥) = 8¢ (¥ 2 x)

Onum&mﬂ. relation R(x, ¥, 2) defined as followg -

_Rix,y,2)iffy xz=x

We see that R is the result of substituting

recursive relation £.

g. Thus, Ris recursive.
7

(Technically, R is the result of substituting the Fso:oum

. . ﬂ:mﬁmﬁh.u\_ z)=xinto %, and we need to show —.rm.ﬁ.a. & .um 'Y, ﬂﬂwx
fx, y, 2) = ¥ are recursive ... but that’s »JSE wm_,u.&ne X2y
?nnﬁoﬂmu : i

| PART-& |

b — Order of Relations, A
Que 1.9. _ Define the term _uﬂuﬂnm.& orderrelation c&tnﬂEon_ﬁE
relation. G

i

Answer _

A binary relation K de sfined on mwnb is called Partial O&mw m_m_wna_n Rlif
R satisfies following properties : o [ \w, \% i
(a,a) el Yae A (Reflexive) .

If(a,b) e Rand (b,a) e R,thea=b Eh_,_muéhsnﬂnu

i

the Tecursive funey; {
0n X3
5.3

RuUR!iscalled symmetric ¢

y five)
ii. 'If(a, ) € Rand (b,c) € R =(a,c) mxg&mnmn.a amb.wph”_“a.
5 :
A set A together with a _umi\_m_ _E.QE. qm_wscnm is nu:mn_ parti |
poset, oo : - £
@Em ..— 10. E—.:m short n.opmm E- -
a. Closure of relations 5
b. Total order .
¢. Compatibility relation
_a_
ALY w0
ions : d on By _
a. Closure of relations F Lei Ribéia relation @mﬂ._um_nn_ a:a&
i. Reflexive closure : Do B FR, where s :
Ru I, is called reflexive clo . Ay __H._q.
diagonal or identity am_mthHW o wm_m_._on %mum.&ﬁ. i
ii. muﬂ:ﬂmeﬂc closure : D e of R where
on A q

Discrete Structures & Theory of Logic 1-9F (CS/IT-Sem-3)

b. ..H.Eﬂ_ order: A binary relation R on a set A is said to be total orderiffit
is
i Partial order
i. (g,bleRoribaleRvabeA
It iz alao called linear order.,

¢. Compatibility relation : A binary relation B defined on set A is said to
be compatible relation if it is reflexive and symmaetric. It is denated by <.

| Is the “divides” relation on the set of positive integers

__“-.whw;-dn ? What is the reflexive and mu.uubpa-!n n_o!.:.-.. of the
relation .w
=[(a, B)|a>b) ...5 the set of positive Ennnnu,w.

|AKTU 2019-20, Marks 10 |
‘Answer % A
Yes, divides relation on the set om_ucmuﬁ_cn Eem_w.e.m is transitive.
Numerical : 7
Reflexive : a=a = a2 o

{a,a) € R ¥ g isreal number:
Risreflexive o
Symmetric: Let (a, b) e R e
=5 nu.mu Jw. bza = (b,a)eR
R is not symmetrie, " i
Risnotan m.EEEE.Em relation.

D:a —..E vros_. Enn R= In. blaab HEQ__ n_..: is nb mac.dm_nnnm

R

ke, -t

= :a 3 | nuwwﬁmma ..m...s N J.M,
_.2. an equivalence relation it hasto _umumaoﬁqn muﬂ.Emndn and transitive.
Reflexive : For reflexive ¥ a € Zwe have Hn. a)eRie,

a =a{mod m}
= a-aisdivisibleby m i.e. c_m divisible by m
Therefore aRa, v a & Z, itis uvnmﬁﬂv.
Symmetric : Let (g, b) € £ and we have
{ag,b)e Rie.,a=5{mod m)
a —b isdivisible by m
= a=>b=km, kisaninteger
= b=—a)=(-klm
= (b—a) = p m,pis also an integer
==
=
It

U

b - a is also divisible by m
bea(modm)=(haleR
is symmetric.
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Transitive : Let (g, 8) € R and
(a,b) € R = a-bis divisible by m

n&. c)e R ﬂrm.ﬂ—

= a-b=1tm,tisan munmmmw
beldeR= b-cis divisible by m
= b-ec=sm,sisan integer .___FHNS
Fromeq. (1.12.1) and (1.12.2)
a-b+b-c=(t+35)m .Eﬁ
a-c=

a - is divigible by m
@ = c(mod m), ye
R isan equivalence relation.
To show : (x, +xp) = (y, +¥p)
Itis given x, =y;and x, =y,
e, x, ~¥, divisible by m
x, =y, divisible by m
Adding above equation :
(z)~y,) + (x,~y,) is divisible by m
= (x +x,)- (3, +y,) is divisible by m
ie,(x, + )=y +3,)

Que 1.13. | State principle of duality.

numbers and a relation 7 is defined on A such
i n K/ fis that (a,
and only if g% + b2 = e+ a2 Justify that R is

uswer sl Ao Yo

Principle of duality : The princi
of algebraic strueture in which ¢
results held in one formuylat; 1 i
25 dual formulation” a M..mwmwc_m &

Z:E.mwnﬂk"am+&munm+w.h, ;
.”p.num?_:...?q

.—..m_“
then nm+nwnnu+nu
P._.n_uh an._...u,

Hence, R i reflexive.
Let (g, ¢) B,d)e N+ N such that {a,c)
= a4 pl o242

= GH.T&.N”...HM.—.WH

(e, d) R(a, b)
Hence, j is Syminetrio,

Let (q, b), (e, d), (e
(@, ) Ric,d) and

=

fle N* N guch that
e, d)R e, )

Im, !is also an integer

5 itis nu.mﬁ.mmnmf_w

Let A denote the set of rey
at (a, BIR (c, d) it
an naEem.wmmmww.L%an.

| AKTU 2021-22, Marks 77

. .
2 =
& o

oy 4
g

ple of duality is a type cwﬂ@g ervasive property
Wo concepls are interchangeable only if all

m:.ircﬂ_ This concept is known

Rib, d)

Discrete Structures & Theory of Logic 1-11 F (CS&1IT-Sem-3}
al+ b= 2y .(1.13.1)
s g2yl --{1.13.2)

Adding (1.13.1) and (1.13.2)
P+ bltct e flo gl flag?
aZ+ b= d? 4t
{a, )R (d, e)

Hence, R is transitive.
Hence, / is an equivalence relation.

Que 1.14. | Let R be binary relation on the set of all strings of 0's

and 1's such that B = {(a, b) |a and b are strings that have the same
number of "s). Is R is an equivalence nﬁ_n»moﬂ.ﬁ.ﬂm s.mm.m._.“ﬂ_ ordering
relation ? . B

m.mmiﬁ.,.
m,n..-.ﬂ..a:.?m_ﬂnnu relation :
Reflexive:a Re = (a,ale R Va e R/
where a'is a string of 0's and 1's.
Always a is related to g _um.w.m_..ma both'a has same number of 0s.
Itis reflexive. 58 o i
Symmetric : Let (a, bleR- £~ ¢
then a and b both have same number of 0's which indicates that again

both b and g ; i]l also have same number ammmgm.m“—un.nﬁ (b,a) e R.Itis
symmetric., : n B i

_.—._-.Em.wm:dm : _.hﬂn bleR tbc)e R S, &

“_w.____..,..d.E €ER=a and b have same number of nma.m_....”.;. .

b, e) € K= bandc have same _._Eaﬁa { w“umnmm.

Therefore'a and ¢ also rma.m.mﬁdw\wm.nwﬁ rof zergs, henee (a, ¢) € B.
It is transitive. o)

. e . >

R is an equivalence relation.

For partial order, it has to be reflexive, antisymmetric and transitive. Since,
symmetricity and antisymmetrici ty cannot hold together. Therefore, it is not
partial order relation.

..ﬂ-..—.@._.qun. LetA(1,2,3,.........., 18}, Consider the equivalence relation

on A x A defined by (a, b)) R (¢, d) ifa + d = b + c. Find equivalence
classes of {5, B).

A=11,23,..,13}
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S —

Sets, Relations, POSET -

[(5, 8)] = [(a, b) : (a0, B) R (5, 8),(a,b) e 4
[la,b):a+8=p +5)

[(a,b):a +3=5]

((1,4),(2,5), (3, 6), (4,7
(5,8),(6,9), (7, 10), (8, 11)

(9, 12), (10, 13)}

ﬂ:uw._a. _ Hrn?:caﬁ.nmwa_nznnoubu E.m.w_a_r Determ;
n
whether the following : i

a. R={(1,3),(3,1),(1,1),1,2), (3,3, (4, )
b, R=Ax4A

Is an equivalence relation or not 7

Answer _

a R={(13),(3,1),(1,1,0,2),33), 44)
Reflexive:(a,a)e RVae A :
v (LDeR,(2,2¢R :
R is not reflexive. B
Symmetric : Let (g, b) e Rthen(d,a) e R. D
© (L) eRsoGECR. R
v (L2 eRbut(2 1) e R e
Risnot mw._dn.a_uﬂ.._n. . : S
Hn.uu...n:?n 1 Let (@, b) € R and (b,cle R Srnﬁn ....U (S m
(1,3) e Rand (3, 1) e R so (1, DeR #Sh ¥
“4 (2,1 e Rand(1,3) <Rbut(2,3) ERY (
h ~Risnot transitive,

mEnm R is not reflexive, E:.. meEmﬁ._n m:m :3 transitive so U is notan
equivalence relation.

b R=AxA :
Since, A x A contains all possible elements of set A. 8o, R is reflexive,
symmetric and transitive. Hence R is an equivalence relation.

FES_

X 4]

(5, 8]

Que 1.1 ﬂ.. Let n be a positive integer and 5 a set of strings. Suppose

that R is the relation on § such that sR t if and only if
s=§0or both s and ¢ have at least n characters and first n characters
of s and { are the same. That is, a string of fewer thun » nrn.u.mrﬂa..m is
related only to itsell; a string s with at least n characters is ﬂ@_mmnn
to astring ¢ ifand only if f has at least n characters and { beings with
the n characters at the start of s.

Discrete Structures & Theory of Logic 1-13F (CS/TT-Sem-3)

We have to show that the relation R, isroflexive,

1. Reflexive ; The relatijon R,
whenever s is a string in S.

symmetric, and transitive,
is reflexive because s = 3, 50 that sR »

2. Symmetric: If sR_{, then either s = ¢ or.s and ¢ are both at least n

characters long sﬁw begin with the same n characters. This means that
¢R, s. We conclude that B _is symmetric.

3. Transitive : Now suppose that sk, tand tR_ u.Then eithers =tor s
and { are at least n characters ﬂo:m and s and ¢ begin with the same n
characters, and either ¢ = or ¢ and w are at least n arm...mn_.mﬁ long and
¢ and u begin with the same n characters. From -.m.nm we candeduce that
either s = u or both s and u are n characters Ho.uw and g and u begin with
the same n characters, i.e.,sR u. Ocammn:nuzu._.m me«wnm,s.&

Que H.Hm Let X ={1,2, 3, T) E...nm = _F.,E_Ahluo is divisible by 3).
IsR EEcEm:nﬁ relation 7 U—.nﬂ,mwm n_uu.mm__p c_.. R.

Given that .un =

and = [lx: ¥} .na - y) is divisible by 3}
Then R is an maEﬁ.—muom relation .mu

i Reflexive: VxeX = (x lnu isdivisibleby 3 .

So, (x,x) e X ¥V x €X or, w is reflexive. @ j

3 muau_ﬂanﬂa H.mﬂu?u_munmbn_ru ¥leR gn

= (x—yYisdivisible by 3 = (xr— ~¥}=3n,, _?:. _ua._nnwhEﬁmmmz

=y - H...wah |m:n.amﬁﬁmogﬁﬁmmm 2
80,y —x is divisible by 3 or R is symmetric;’ Y

iii u.-.wu.u_ﬂqn.rmﬁn y.ze Xand(k, yIeR, ¢ num.m

ThenxZy'= mau y-z= maw} ny, g being integers

=>x-z=3(n+n,), n + au,_.uﬁ«fm.wmw integer
So, (x —2) is also n_:_._m_Em by 3or(x,z)e R
So, R is transitive, o

o
Hence, R is an equivalence relation.

i I.....l o

iFig. 11831, Disgraph of R}

2kt l....r.r

T —




. arelationon g set A satisfying followip
.__. .m_onmn.fa mhﬁn_avmmﬁ..m;nmn
w” Fora,beca ifaRb and bRq theng=p
Ww. Fora,b,ceq ifafth and bR then aRe
Then R is called partial orq _ e
. er relation gr simply’
to define partial ordering of 4. 4 setA Swmﬂmwﬂﬂr relation B (
on

order relation)is called partially ordered set, m._..u.mcm.wn H_mno_..m

A partially ordered relation is denoted by <ig < ;s read as “

Let (A, <) be a m.mﬁmuv_h%._caaﬂnu set. Let < be a binary
. ora.andd in A, a is related to b iffp <
- Show that < is partially. ordered relation. (b <a.

il. Show that (4, <) is lattice or not. i
_q .. ..... .. _._

Answer i, p di e
L (A Qisaparti ve, antisymmetric and
‘transitive. ' . 4
‘Reflexive : Leta € A then by definition of relation, aRa = a < a which
SR 5 '

F €

is true. . p
Hence, the relation R i.e., 5'is reflexive.
d !

Antisymmetric: Leta, b € A snd
alb= b=<a &@mﬂ%

= nm&
= bR a

aRb and bRa holds only when a = b. Relation is antisymmetric
Transitive : Leta, b,c € A and alth and bitc

bza,csd

csa

=

=y

= afc /
Hence, relation is transitive. i
Therefore, <isa partial order relation.

Discrete Structures & Theory of Logic
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ﬂ:..__ uh— What do you mean by Hasse Diagram ?

‘Answer, o i
Let A be apuset and o, b € A. Then a is mEEmEmmM predecessor of & or b is
immediate suecessor of a if @ < b, but no element a_...ﬁ,ﬁmm._umwinmua and b
denoted by @ < < b. We can also say that b is cover of g

Hassc diagram of a poset A is a directed graph whosc vertices are elements
of A and there is a directed edge from a to b whenever a < < b_ In Hasse
diagram we will place b higher than a and draw a line between them to
indicate succession instead c_,m.mms.ﬁh.mﬂ arrow.

For example : Let A be set of factors of 12 and < be the R_m:a_un._nm.ﬁﬁa on

A such that x < y means x divides .ﬂw...maéh =11,2,3,4,6,12). & .

Step1: 1divides 2and 3 ¢., 2and 3 are successors of 1. There is £ slement
between 1, 2and 1, 3 whichs divisible by 1. § 4

7
5 /
: ~u/ —\

ms__ﬁ.%%@%Emnﬁwﬁm&&En_ﬁEnmsam_
4 and 6 are successors of 2 and 6 is successor of 3%,
v ¥y o4 4 28y

18
Step II1 : Now 12 is divisible by both 4 and 6.
Therefore, Hasse diagram is shown below :
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(1,2, 3,4, 6 8,912, 18, 24) be ordered set with

[QUYL327] Lot A =
relation “x divides y”, Draw its Hosse dingram.

fAnswer -
The Hasse diagram of poset is shown below :
24
i _ 18
| = /]

[Fig, 1.22.1. 5
. 3 % N

Que 1.23. | Draw the Hasse dingram'of (4, 5), where \

A={(3,4,12, 24, 48, 72] and relation <he such thata s b ifa divides .

| g
\Answer. & &4V @ .
Hasse diagram of (A, <) where A = (3, 4, 12, 24, 48,72] '
s /z. .n_. o Pra N e e
PN W 1 N2\
...“. ..». A LEGR, J.\,

Ehpee¥OED)
[Fig. 1.23.1.,

»%v.%_x

| 2 bap -
Flkvne 5575 e et

on the power set of aset S. Draw the Hasse diagram for inclusion on
the set P(S), where S={a, b,
a lattice.

Que 1:24, | Show that the inclusion relation c is a partial ordering

c,d}. Also determine whether (P(S), ) is

Wuhmﬂmq—.q,ﬂ A c A whenever A is a subset of §.
Antisymmetry : If A and B are positive integers withA c B and Bc A, then
A=B.

Transitivity : If A c Band B < C, then A c C.

Discrete Structures & Theory of Logic 1-17F (CS/IT-Sem-3)

Hasse diagram :

la, b, ¢, d}

Fig 1245
(P(S), <) is not a lattice vmam:mm..r.n.wmu....moh d)) has no lub and glb.

-

Que 1.26. | Let A ={2,3,6, 12, 24, 36} and relation ‘<’ be'such that
‘r 5y if x divides u___..._Un.Wdﬂ_nH—..&,mum.qu diagram of (4, )77 N
) : £ \_... .ﬂ...v. 4

r

Answer _ gk J._.,_

The Hasse diagram is m_ua.sﬂ below :

24 36
| / 12 \ J....m_
~m - _”..._ > A

o

\m ..A
2 e af -3
Fig. 1.25.1.
T .mww.. e e e Py s
pha i .. n ¥ y PART-9 | \«.e..,» s ....‘......‘.9...&.&%

| e e 2= : v o W S A
- Lattices : Definition and Properties of Lattices-Bounded, ;
i Complemented, Distributed, Medular and Complete Lattice. |

ﬂﬂ.m ..—.Mm. | Define lattice. Give its properties.
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Answer |
A lattice isa PO
has least upper

: 1, avery subset {a, b) consisting of 3
set (L, 5) EMWH.W m;.mmnnmn lower bound (gih), Leagt Uppe
pound HH +band is known as joinof g and b, Creat, T
a byaAb and is known as meet, of g ang %,

Hﬂ—.ﬂ-w .u.a.-m

ted by
la, b} is deno denoted

d by (L AV

nd of
w“u&nw bound of (& b}is

Lattice is generally denote

e en
Mmﬁhrm a lattice anda,b e Lth

L Eoﬂﬁoﬁapﬂgﬂmim. e
i ava=2 =
2 nnﬂﬁﬁnwpwqa «:dvaiw Fn)wuvkn.
i awvb=0bva B =R .
1 Associative property !
L ni_wc&n_“ncgca
4 Absorption property :
i aviaabl=a )
5 L avb= biffa b P
. aab= caifavb=h;

ty::
tributive Inequality: .
B anlbvelzl npm.u...;a)nw

i m).m,..} cl=lanb)ac

R

ii. av(bac)slavb)rlave)d,
7. Isotonicity : .
Leta, b,e, mwaana b; then

i ncn&wch ",_w.a.)cn..“.w..,“»n.
i e

8  Stability: Pt i oy _
Leta,b,c. € en .
i n&w gsc=>a% <(bve)a=bnae)

s

i m. nw-nu_n

w (b >3.n = (b >Q
b«\..

s of lattice : ,
”W.U_chhnmm lattice : A lattice L is said to be bounded if it has a greatest
element 1and a least element 0. In such lattice we have
avl=1l,asl=a
avil=a,an0=0
YaeLandO<ac<l ot
2 Complemented lattice : Let [ be a bounded lattice with m..-.m

element 1 and least element 0. Let a € L then an element &
complement of a if,

ava'=landaae' =0

e Lis

Di

5.

screte Structures & Theory of Logic 1-19F (CS/1T-Sem-3)

Alattice Lis called complemented if is bounded and ifevery element in

L has a complement.

Distributive lattice : A lattice L is said to be distributiv

element a, b and ¢ of L following properties are satisfied :

i avibaci=lavbialave)

i. astbvel=lanb)viaac)

otherwise L is non-distributive lattice.

Complete lattice : A lattice L is called complete if each of its non-

emply subsets has a least upper bound and greatest lower bound,

For example :

i (Z, =}is not a complete lattice. .

ii. Let S be the class of all subsets of uoan...ﬂbu.ﬂmﬂmm_fman A and a
relation < is defined as X < ¥ = X ig'a subset of ¥ such that
XAaY=XnYand X Y. Every subset cw.wrmumh_w and lub. So, 8
is complete.

Modular lattice : A lattice (7., m_ _mnmﬁmn :._on_z_mh_m;_nmrm
avibag)=(a <&u>n£rm5nﬂmqnmn mcmmbn b,ceL,

e if for any

&

ﬂﬂa 1.28. _ If thelattice is Hm—uu.oueunm__u by the Hasse diagram given
below :

i.

L

elementsin a bounded di
a’, then

gmﬂau

Que 1.29,

Find all the rcaﬂ_nﬁanﬁ .un .m. #

i

Prove that the m:i: —ﬂnn-am is bounded aauu—u_nn:nzna.a _w-.n_nm.

s

\&
Complements of e are ¢ and o c.;:nr ar

e as follows :
cves=h

dves=bh

, ene=f
v dae=f
A lattice is bounded if it has

greatest and least elements. Here b is
greatest and f'is least element.

Define modular lattice. Justify that if ‘a *and %%’ are the

stributive lattice and if ‘a’has complement

i n<nﬂ.>vvﬂ9<?

ii, ﬁ)aﬂ....{ﬁv"n)&

[ AKTU 2021-22, Marks 10]
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ﬁgﬂ.ﬂ.ﬁﬂﬂamw

itice- For any & & a...n:: mrmnrnmg Sifagy
fine ala <nm¢<mﬂumm>am¢>«h

Eﬂnvhna . G
.“. o, o\._.”.uhu I, .”...{.
26, Page T:m.mﬁ a

mmm&m.

! _m.mam_...m
beoy m

chvdande; <6V
Om.ﬁ.m.—._am_u%

nhwwann.}nmmhnﬁ y
Emmmonbnn&}a 3 T

.._.J

n_n_}nf.nﬁ“h}nm

& an
Asgnrcsa nimu_uoﬁbn_aw&

Hencea ACIS al
m.uﬁ __?ﬁhw .\r&.

P -._rcna—uﬂ_na nbn a,beL.Ifand
hﬁm H.h.__.. Let Ah M Ve S

irnbm_mﬁ
m—u% nwwﬂ.ﬁ @ n.wo

- c :Ea
e ...m%mw g pros _\mm._,c 2019-20, Marks 10
iy = (Absorption).
b= M 4 M_M “ .Mw. ?uﬂ..umsui
- 3}> a)v (bnac) (distributive mua“
= is
=(anc)vbac) ﬁﬁuﬁ“ﬁ”i
={avblnrc (distribu )
- Ewuos,mm
=(@ave)ac (Al .._._Eauu
=
that in#
mmE Hhﬂ Define complemented lattice and then show ..n__m..
T ﬁ_mn-mua then

dietribvtive lattice, if an clement has a com TMarke 10

complerient is unigue.
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Complemented lattice : A lattice L. is called complete if each of its non-
empty subsets has a least upper bound and greatest lower bound.
For example :
L {Z, £}isnol a complete lattice.
i Let Sbe the class of all subsets of some universal set A and a relation
<isdefinedas X Y = Xis apubset of Y suchthat X n¥Y =X~ Y and X
w ¥, Every subset of 5 has ufb and {uk. So, Sis complete,
Proof : Let {L, <) be 4 bounded distributive lattice. rnﬂ.m € L having two

complement b and ¢ then show b= ¢
Since b and ¢ be complement of a then

avb=1
ave=1
Now b=bnl
=hnla vel  dn 5
=(bra)vibac) . A [bydistributive law]
nn.)_-..y{h_m,}n_ i [zab=bnral
=0vibac) [anb=0]
rﬁ.‘u}nu(noﬁ n_, [O=anar]
= (avb)act’ favb=1]
...l u.>nﬂ.... ; ...,w

cno H.wm Let L rm a _uc_:u_mmm ..._.ua-.._u:n.ma_ _pnn.nm m.wncm.mﬂ a

ﬂ_uu:_u_o_.snu... mh::m it is unique. Is D, a nounﬁ_aﬂnﬂunn lattice ?

Draw the Hasse diagrum of LP (a, b, c), <], (Note :*< stands for subset),
Find n-mh_..mm» o—ﬂ:mﬂ». least element, Em._ a—mE-ln and maximal

element. e
.q, OR o

U::q the :Enn .uuﬂm.n.mn__ of [P (g/B,¢), cl AZQE #*=" stands for subset).
Find ﬂwﬂnﬁ.ﬁ_ element, least _m_mEmhr H,_..EHE m_m.ﬂm nt and maximal

element. . i

u_.mﬁ a, m:m a, be two complements ommh m_mEmu» ael,
Then E_ mn_ﬂ. nition of complement

i J _(133.1)
aaa =0
ave, =1 (133.2)
ara,=0
Consider a,=g,v0
= n—..._.mn >Quu [from (1.33.2)]
= (a, va)ala vay [Distributive propertyl
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=(ava))nla va,) [Commutative Property)

= M.,, (a, vay,) [from (1.33.7),
= Nl

Now Consider a,= n“ s ch -
w M__u {E.> a,) [from (1.33.2)]
=layvalrla,va,) [Distributive Property)
=lavay)ala, v a,) [Commutative property)
=1nla,va,) [from (1.33.1)]
=a; v,

Hence, from (1.33.3) and (1.33,4), S

@)= a,

_mmc for bounded distributive lattice complement is unique
asse diagram of [P(a, b, ¢), clor [Pla, b, ¢), €] is shown in Fig. 1.33.1

fa, b, ¢)
fa, b) fave) el
>
{n) ib] fel
¢
Fig. 1.33.1.

Greatest element is _n b, ¢} and maximal _.__....Enun is [a, b,¢)..
The least element is ¢ and miniraal element is ¢.

Que 1.34.

inequalities hold
. asalbvelzlaanbd)vianc)

ii. avibarels{avbalave) —E: 2020-21, Marks H.ﬁ

11,

Answer _

Proof:Sincca<avbandazave,a<(avd)lanrch
Similarly,brc<sb<avbandbac<c<aveimplybac<{avb)alavel
Together we havea v (baclslavblalavc).

The second inequality is the dual of the first one.

The two inequalities above are called the distributive inequalities.

Prove that in any lattice the following distributive

Diserete Structures & Theory of Logic 1-23 F (CS/IT-Sem-3)

D.ﬂn 1.35. | The directed graph G for arelation R onset A={1,2,3,

4) is mvcﬂ_ﬂ below :

[Fig. 1.35.1.] .
i.  Verify that (4, R) is a poset E..ﬁ_ find its _._mmtn ...:hnﬁ__:r

ii.» 1s this a lattice 7
._m. How many more cdges are needed i in _._u.u m,—_u :.—..u.a. .1 to extend
(A, i) to a total order ? ﬁ._ //»

iv. What arc the maximal and EFFK.-.H a_az..u.m...w.wm 7

Answer _ S i
n_:.mn:.i graphis,

i The relation R corresponding to the given
=[(1, 1),{2, 2}, (3, 3), (4; 47768, 1), (3, 4), (1, 4),(3,2)
.m_ is a partial order anmaEn ifit is reflexive, antisymmetric EE »E—E:_é

Reflexive : Since Eaﬁ.(.u €A% hence, it is reflexive. B
.Pn:muaﬂnnmn:n Hm:..nmahv and bRa then we wﬁ a=
or bRa. s

Hence, itis u:ﬁwu._.EEﬁﬂn
Transitive: Forevery aRb and bRe we get n.ma. H.?:nm # is transitive.

_H.rm_.i.nnm we can say that E. m. is uﬁmﬂ Its _.._..E_ma diagramis:

= b ca_rﬂ.ﬁmm nxv

3" Fig.136.2.
Since there is no Jub of 1 and 2 and same for 2 and 4. The given poset is

not a lattice.

i,
|1 2
1

3
1
2
3

ﬂkmwh-dl{

1 - 1
#i. Onlyone edge (4, 2) is included to make it total order.
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are (1, 2} and minimals are {3, 4).

Sets, Relations, POSET
and ..
. Fﬁgm
iv. Maximals
Que 136, | In a lattice if a 5 b < ¢, then show that

R £

., avb=zbac
M. _ﬁn<...._<@>aynan<3>an<nu =h

a _n:.__nu. rashsc
a v b = least upper bound of 4, b

Now
= least {all upper bounds amn E
= least [b, ¢, ...) i
_ @ & o
14 (1.3 D
and b ac = greatest lower bound of b, &3 i ;
= maximum Tw: _,ou.,dmw _unss.n_m n_mm_ e
= maximum by '3 h g lusing o <b<q)
=h .. i .::.mm.m”_
Eq.(1.36.1) and (1.36.2) gives;a v b = bie
b. ?(Sc@ >&_U._a<3>ﬁn<n“_ .w
3 \\sn.r
c m%_“_..._
fzﬂu.
-.(1.36.4)

.mm.ﬂoﬁmn_ ﬁmmm“_mbmnummt ?(E(S_;n...ﬁﬁn (3.‘..,?(& =b.

a mw.ma __E, 25 finite m.._u%__. & ‘a _nE.E has an LUB and a

b.  Give an example of g _n:—na Q.En_u is a modular but not a
distributive, §

L Thetheoremist bei
its own glh ang h_mw_m ifthe subset has 1 element, the element being

2. Itisalsg true if the subget has 2 elements,
3. Suppose the theorem holds for
elements, s that 5 subset ¢
pd

all subsets containing 1, & ek

21+ a, of Lhas aglh and a fub.
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4. If L contains more than & e¢lements, consider the subset
fa;. gy sy, 4 Of L.

5. Letws=lubla,a,, .., a,)

6. Lett=lub(w,a, ).

7. Ifsisanyupper boundofa,, a,, ..., a, ;. thens is>eachofa,,a,,..,
a, and therefore s 2 w.

B. Also,sza,  ,andtherefore s is an upper bound of w and a, g

9. Henceszt
10. Thatis, since t zeacha,, tis thelubofa , a,, NN

11. The theorem follows for the [ub by finite m:aﬂmﬁ.m..urw.. ,
12. If L is finite and contains /m elements, _..wm Emnnﬁun process stops
whenk+1l=m ._..
b, nx..;. b ._._.,_. :
1. Thediamond is modular, —...:_. not, &mﬁn_wﬁnsm.
2. Obviously the pentagon nE.Enn _.,_¢ mnp_u.mmﬁ_mm in it.
3. Thediamondis not &mnﬂ_.ucsa.a P
.w.(ﬁ>w.|u.6.¢.£>¢.<tlh

4. The distributive latlices are closed under sublattices E.un every
sublattice of a n_mn:_uﬂ_.:.a_mnﬂnm is itself a distributive lattice.

AT s

5. Ifthe diamond nmnwﬁ R:md&mmm in a laitige, then p_.:mn _m_.:n»._._mm a
non- ;_mgrﬁim dem._.ﬂam, hence it is not n_pm__h_ r:.r:.m :

\nuv

Que 138, EEE moduldr F&%hai?:ﬁ_m&aw s bounded

lattice with na_EB—u_.n mbn diagram.

peswer] vf A f
ﬁnﬂﬂhi_ﬁ.wplmﬂrdm and _u.u:uu..._aﬁ— r-_.:n.w E_.E. Q. 1.27, Page 1-18F,
mit-1, w 3

Example: o ‘._.o.
Let consider a Hasse diagram : &%

0
[Figi138.1."

e bt

Modular lattice ;
Osaie,takingb=0
&<..a>nuuc<cuc.a>3<3nn>nuc

S T I

R RIS TT I,
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Distributive lattice :

H.dcw. aset S, the lattice P
satisfy the distributive property.

] m
Mice F.EnE ang E
Bounded lattice : Since, the given lattice }, Hfas

element so it is bounded lattice. A5 1ag Breatey N
mﬁpﬁf
Que 1.39.
i.  Justify that (D,,\) is lattice,
ii, Let L, be the lattice defined as D and [,
where P(S) be the power set nmnha on “MME”FESE# .
the two lattices are isomarphic. = n.L..._pa.rm.
or ol
For any positive integer D36, then find é_w,ﬁrmwwu@w el
=°—. -N a_.. \ uM... ...m.\ J _..,_an
Answer S,

;

i

Hasse dingram :

Since, :
So, D36 18 not a lattice.
= [a, b} and PS) =
. to lattice (Dg:

In fact, we define a mappif

hw—.H.V - G. _\Hpu _.n.._..—u

is bijective a0
Then, f L 2o e

&
-9

i, D36 = Divisor of 36 = {1, 2, 3,4,6,9,12)18, 36)

(1 3) = 1365 (1v D =12 41 2v 51=(6, 1
= 36

) mw“bmimmwﬁ
(a, b} (see FIE-*

y
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and so on. Hence fis isomorphism_ Thus, the two lattices are isomorphic.
r

8 (a, b}

2 3 {a} {b)
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Ummn.ﬁc? marnyr
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Functions
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Qperations 00
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Growth of Fumetions e =
Boolean Algebra : Introduction, ..o
Axioms and Theorems of

Boolean Algebra

Algebraic Manipulation e .
of Boolean Fuﬂnwmnsam

jon’ &. mno_mmu EE o -
ﬁm_. msmw Emﬂm_h.
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= PART-1
mEaE.EE .Um___maq.:o..r Clussification of Functions,
R Al Q_ﬁm...nnSa.._. on F unctions.

Que 2.1. _ Define the term function. Also, give classification of it.

1 LetXandY be any two non-empty sets, A functionfrom X to Yis a ..Em
that assigns to each clement x € X a unique element y = wu

2. Iffisa function from X to Y we write f: X > Y,
3. Functions are denoted by f, g, £, i etc. g

4. Ttisalso called mapping or transformation or gﬁmmtobnnnnm.

Domain and co-domain of a function : Let / be a function from X to Y,
Then set X is called domain of function fand ¥ is ealled co-domain of function r

Runge of function : The range of fis set of all images of elements of X.

fe., Range (=ly:ye %.B..n_u Ht& wxeX)
Also Range (fic Y 7
Classification of n.._un:a.pw :

1. Algebraic functions ; Ew_nrwﬁn functions are _..w_amm _,Eunsoﬁm which

consist of a finite number of terms s.:_.cmﬁbm ﬂoﬂm_ﬁ and Toots of the
independent variable x.

Three particular cases of algebraie fanctions are: o

: |
i Polynomial functions : 1 A function of the form 2" +a

iy

1

“ i+ ¢ wheren is a positive ESME. and Gg.dy; ..., are real constants
‘and a, + 0 is called a poly nomial of x/in n_m.m:wm n, for example
flx) =223 4 52 4 Tx - 3i is a polynomial of degree 3.

flx)

ii. Hational functions: >Euaﬂo:a:rn form —== @
g(x

where f(x) and

g(x)are polynomials,
iii. Irrational functions : Functions involving radicals are called

irrational functions. flx) =
function.

Yx+6is an exarple of irrational

2. Transcendental functions: A function which is not algebraic is called

transeendental function.

i. . Trigonometric functions : Six functions sin x, cos x, tan x, sec x,
cosec x, col x where the angle x is measured in radian are called
trigonometric functions.
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wl..wH._”_ﬂ

w__ﬂ..—.. Wﬂﬂ..&

tions gip- 1y
in ~
Verse E..wn_ r G -w

ili. Exponential functions: 1 A funetion fxisa (g
law a’ = a and 00" = &*** is called the wubcnmnﬂ_nwﬁmhﬁsganf
iv. Logarithm functions : The inverse of the expy e
called logarithm function. Poneatia] P:ﬂmoh i
I

ii. Inversetrigonometric functions : : Six fur,
tan™ x, cot™! x, sec! x, cosec! x, arg called i
functions.

=

One-to-one function (Injective Tunction ar §
f:X — Ythen fis called one-to-one function if for n___wzuhﬁ 1
there are distinet image in ¥ie,f isone- _.....-a_._n it ol

flx)) = fix,) implies Xy =2, xxp c ¥

mentsof ¥

Eh uw.- Ounrg,aun. :.“.w.

f -
Onto function ﬁm.udﬂn:an or surjective wE,_n:a..u _..na.m i R L
then f is called onto function iff for every element y £ Y there is an
mr..EE; xe .«nﬂgﬁhu =yor[fisanto _ﬁmmhmm 5 m‘

‘Fig. mhh. OH..R_

One-to-one onto function {Bijective function or bijection) : A
function which is both one-to-one and onto is called one-to-one onte

function or bijective funciion.
X Y

H
2 = b
3 [

ion:aﬂ ‘ Lot .

e e
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4. Manyone function: A function which is not coe-to-one is called many
one function Le.. two or more elements in domain have same image in
cp-domain [.e.,

Iff: X — ¥then flx,) = flrg) = x, # x4

5. Ildentity function : Let f: X — X then fis .E.:mn_ —mnaﬂ_q Mnction if
fla)sa v a e Xie,every element .u:..w‘ iE _.Eumm o_.:,_:,.:. it is denoted

by I
6. Ioverse function n—.ﬂtnl_v_ﬂ?unﬂah_ Let Fbe a hijective function

from X to ¥. The inverse function of __a.m the function that assigns an
element ¥ e ¥, a unique element'x e X such that fiz) = y and inversa of

fdenoted by -1 ..._..#mnmm.c:u :.h,u,._ =y implies f! {y) = x.

Determine I&h»—nm-. ﬂ—.:wb. of these functions ma a -u..-m_nr.n.m

‘Flg. 2.24.Manyone] . .\\

.H:n 2.3.
from R to R. ...u.w...r e B
A flxlmaxiel )

b. Hﬂ"vl“u hﬁ.p...ﬁ. = ..,... .
e fx= ﬂ.ﬂ»+nw__..pu.h+n_.ur b eyed

H.m.. Hu__ X, € .m... sueh thatl '

. Q“ﬂi_ﬂ J=flz,) %
..q n_u+_1hu%+w . .
H...;Hu e g
T =Exy o
Therefore, ifx, = 1thenx, =+ I
So, fis not ane-to-one.
Hence, fis not bijective.

b. letx,x, e R suchthat flx P =Axy)

x3= nup
Ty =X,
. f i one-to-one,
Let ¥ € B such that
y=x
x = ()R

For ¥ y = R 3 a unique x ¢ K such that y = f{x)
[ s onto.




2
H_u +1 - r.mM.Hrm
" X+ 2 Hw + 2
but *1=1,x =-1
5 R ﬂrmnbu

e 1% x,

~ fis not one-to.gpg.

_F:nm.ﬁm not rd.anmfm.
Que 2.4, Let a function
L x—my

__‘.HHvH E
(x - 3)

Lot X, et (3, 1) such that -
._Ah_w = \QHMV

X =1 =

X, -1

- .

H_Iuw ..-..m.lw
Hwamlwfinu;.w

¥y =%, - 3x, = XXy = x, = 3x

Xy + 3x =Xy +dx,
w.«_ihh = an!Hu
2¢, = 2z,

%= %

<. fis one-to-one,
Lety eR - (1, 3) such that

r-1 Ll

% r-3

yr—3y=x-1

=3y +l=x-yx
1-3y=x(y-1)

= 1-3y
y-1

X

- Fis not onto ;
Harnce, fis not bijective

fx) = I-3y

y-1

Tnverse of

2

SEiXy X -3x,+3

SR S R S0 o bl i s wrs el ole MBS S
ALa T 5 3 b ok I

B
tion E.H._.nm le
— -H. mﬂ-ﬂ_. 3) Hu._.—uun ta) mwg an }_ Wrﬂﬂ.

i itive
i. LetR=((1,2)(23) (3,1} m.\.ﬁ—uo&ou.ﬂ.lm.mq 3).Find the transi
. closure of R using Warshall's algorit E.Q D e toome cato
. ,.m.-_..w»nﬂ.n"hlusbn—h“hl € Snenee
" M:“_M..wonw then gof is also one to one onto an
u [

[AKTU 2021-22, Marks 10|
=flog'"

OR .
A = B, g:8 - Careinvertible ?:o-ﬁnnm. then show thatgof:
Iff:a-8pg: o : .
A Mv Cisinvertibleand (go N 1=f1o0g

o
Y

"

| _. R=lL2@ 6,0 5 9
" . - -
Step 1: Representing the relation B in -E_.E.E wo.-_...mv
010

: 1n3.

Step 2 : Now, consider OOEHE Hm.mi Row 1 of the above n.:.u_.z_k .
So, C,= (3} and R, = {2)

-

-
—y

mp@__. 3 : Now consider Column 2 and Row

o

2 of .mv.__.i_m ‘matrix

o

Se,

10 of
Step 4 : Now consider C, and R,

ie., Cy=12}and R, = {1}
ﬁ_..._"._n_mwwﬂ_wu 1}
010
So, R=|1 0
1 00
Henee,

B=10,2)2, 12,3 (3, 1y)
fA>Bandg: B, Cle one-to-one onto functions, then g o fis also
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one-ontoand g l=f"og™
Proof : Since fis one-to-one, f () =f (&) = x, =x, forx,, Tasp
Again since g is one-to-one, g (v, =& a) N I H.E.%.l_. YyeR
Now g o f is one-to-one, since (g 0 Nia)=@ohHx) =g S»E A
£ [ftx)l )

=2 flx) = flxy) lg is o:?,?oa_.._
— X=X If is oﬂm._.a.aui
Since g is onto, forz € C, there exists y € B such that g (y) = 2. .ﬁmc,m
being onto there existsx € A suchthat f(x)=y. _..Hmﬂno.u =80 =g _.__.Fu_
={gofHix) : ;
This shows that every element z € C has ﬁnm-mﬂwmm..mnmmﬂ £0f.So, g, r
is onto.
Thus, g o f is one-to-one onte function and :a:c..m...ﬁ

.

.,u,,.bq_ exists,
By the definition of the composite .._.:noﬂnhm”‘.;h;n f:A 0 5
wopt:Co A £ g y :
Alsogt:CoBandf :B-A. "
Then by the definition cmncﬁtamm»m .m..w_.n..nﬁaﬂm.\rp oglt:CoA.

Therefore, the domain of (g 0 /)1 = the domain of /! 0 g"L.
Now ol @=x = (gopix)=z

+
f i,

gy zwherey=f) 5 | _

A, Sys€'® A
ARG S mmvcwbu et @=flogm

N er=FlogM@ Iy =n, ¢

=1 |

gofylz)=og )2

S0, Sl S@ o= flog .

‘Answer

[T s St e

L

Que 2.6

etanlnle S it

:| Write short note on growth of functions.

We need to approximate the number of steps required to execute any
algorithm because of the difficulty involved in expression or difficulty in
evaluating an expression. We compare one function with another
funection te know their rate of growths.

If f and g are two functions we can give the statements like ‘£ has same

growth rate as g’ ar °f has higher growth rate than g’.

J
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a

Growth rate of function ean be defined through notation.

A. O-Notation (S8ame order) : This notation bounds & function to
within constant factors. We say fln) = Og(n) if there exist positive
constants ng, ey and ¢, such that to the right of n, the value of fin)
always lies between ¢,g(n) and ¢ Z(n) inclusive.

c,gln)
fin)
c;gln)

fg fin) = © (ga))
‘Fig.2.6.1.

b. O-Netation (Upper bound) ; This notation gives an upper bound
for a function to within a constant factor. We write fin) = Ofgln)) if
there are positive constants njand ¢ sich that to the right ofn, the
value of fln) always lies on or below cg(n).

= 1
n,fin) = oﬂﬂhﬂ: #
Figi262. -

¢. < f-Notation (Lower bound) : This notation gives a lower bound
for a function to withina .constant factor. We write An) = Q g(n)) if
there are positive constanta n, ande such that to the right of ny, the
value of fln) always lies on or above cg(n).

ey
4 fin)
cgin)
i
|
]
. = n
Mo fln) =0 (gin)
{Fig. 2,68

P ————




ctures & Theory Ol Lalstt VALY o]

bra : Introduction, Axioms and T e
Boolean A% lean Algebra, eorems of

piscrete StrY

-_‘ L]
ooz, | What is Boolean algebra ? Write the axiomy o
cribe the theorems of it. leg,

algebra. Also, des

Answer _ p |
h__r Boolean algebra is mnnwnm,.:% __mn.ﬂ%m.wn by (B, +1 o n_...._u.w where (1

tice with binary operations + anc - Salse wrmuawﬁ and meet .ﬂ,.mw. +L. sy

“.E&_M_u - anary operation in B. The elements 0 and Lare zerg :mmw:vﬂf% :
Mw: eatest) elements of lattice (B, +, .). B 12 n_...bmn_.m wn..ﬁmw: &wm_ﬁ.mm_cﬂ_. .
mm_n._cs.&_m axioms are satisfied for alla, b, cin B. i the 4_._
) ) ; i .
Axioms of Boolean algebra : B =32 |
:.ﬁ_: m«. cE m. HTQH— i § o

| Commutativelaws: o F P .

. S bl Pab=ba

a a+b=b+e |
2 Distributivelaws : oo

L=

i A
3. Identitylaws: ° . g
a a+l=a b.
4, Ouiu_.mmm.mbw Hm.a..__..m = 3
a. a+da u.....m,_.,. b. a.,..b. =0 e
Basic .»—.u_nnwmﬂi,.ﬁ" ; : = w,wvy 4
Leta,b,c'e wutﬁu DB &
1. Idempotentlaws:
a a+a=c b. aa=a
2 Boundedness (Dominance} laws :
a a+l=1 b. a0=0

3. Absorptionlaws:
a. a+febd)=a b. ala+bl=a
4. Associative laws:
a f(@+bl+c=a+b+e) b. (a.b)c=a.(bc)
5. Uniqueness of complement :
at+x=1landagx=0,thenx=a
6. Involutienlaw:(a') =g

2-10F (CS1T-Sem-3) Function and Boolean Algebra
7. a4 0=1 b 1'=0
8. De-Morgan's laws :

a f(g+br=a.bd b, (ab)=a' +b

P

=

-p

Prove the following theorems ¢

Absorption law : Prove that V a, b, e B
i. alda+bl=a i.a+ab=a
Idempotent law : Prove thatYae B,a+ta=aandaa=a.
De Morgan’s law : Prove that Va, b, e B

i. (ax+b)y=a.b ii. (a. b)Y =a'+ b ..
Provethat 0 =1 and 1' = 0. N e

Answer,
Absorption law :
To prove:a.la+bl=a
Let ala +b) = (a+0la+b) by Identity law
=g+0b~ A by Distributive law
=g+00. by Commutative law
=a+0 by Dominance law
=a Hh 0 by [dentity law
Toprove:a+ab=a_ =~ . s .
Let a+ab=al+ab byIdentity law
L i =all+ b by Distributive law
= a.b+1) #% by Commutative law
g Y= a1 - ..Tw”daﬂ,m:m:nm law

',

T, e O =a . byldentity law

Idempotent law: e
‘Toproveia +a=aandaa=a g

Let . w a=c+0 o by Identity law

Ao —a+a.@ 7 4  byComplement law

+ = __”ﬂ +a)la+a’) by Distributive law

=(a+a)l™ by Complement law

—a+a Py by Identity law

Now let a=al == by [dentity law

=aJda+a’) by Complement law

=aa+aa by Distributive law

=aaq+0 by Complement law

=aa by Identity law

De Morgan's law :
To prove:la+b) =a' b
To prove the theorem we will show that
la+bl+a'b =1
Consider {(a+b}+a'.b’' = lla +b)+a'l{la +b) + b'lby Distributive law
= lib+a)+allla+b)+d]
by Commutative law
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Discrete
m.aﬂr
= [b+(a+a'llla + (b + by 1)

=(&+ 1la+1)

1.1

1

a'bt’.la + &)

a'b.a+ab.b

alab)+a.bb)
={a.a'Lb' +a'ib. b)
=0.&+a'.0
=b4.0+a".0
=0+0
=0

From eq. (3.14.1) and (3. 14.2), we get

U

n

Also consider (a +bla b

a'b’ is complement of (g + b) i.efa + DY =a _T..

ji. Toprove:(a.b)=a"+&

Fallows from principle of duality,.that i is, ::n—._..z._.ﬂ.mbmm operations 4

and interchange the elements 0. and 1,
d Toprove: c.!pmbm“_ ..c

- @@, .__H.

an.l.nu

a’+a 4.

by Compl emmen| 1
t Loy

by De Hﬁaﬂwg:m“.

by Hﬂcoﬁusan law

by Commy ....a%mrﬁmq !

U@. ‘ns..ﬂnnuﬂ—m_wﬂmﬂni_hi.

i LHS=A- SJE:
Hﬁj_..;m_.__.n__._w“..
=AnAwE)
=(ANAYUANB)
=¢ul(AnE)
=AnpBE
=A-B
=RHS

1L A-BnCh=A=-BlufA-0)

LHS={A-(BrC)
=An(EBnNCY
=An@UC)

(l.A-B=Anf)

(De Morgan Jaw)
( Distribution law)

ang 4

2-12F (CHIT-Sem-3) Function and Beolean Algebra

"S.\.am.")g_\.‘n:v
=A-BuviA-C)=RHS

Que 2.10. | Define Boolean algebra. Show that in a Boolean algebra

meet rbn—.ﬂn_m: operations are distributive to each other.

Answer | .
Boolean algebra : Hefer Q. 2.7, Fage 2-9F, Unit-2.
Meet and join operntions are distributive :

L.  LetL be a poset under an ordering <. Let a, b & L. a

iy o

2. Wedefine : 3
a v b (read “a join 57} as the least upper bound amnnbm b, Ea
a ~ Blread “a meet b7) as greatest lower _uo:.na ofa :un_ b,

3.  Since the join and meet operation —:..um:nm a cE.ﬂ:a :um:_... in all cases
where they exist, we can na:n_r_n.ﬁ _..?mu_u as _uﬁE.Q cperations on a set if
they always exist. %

4.  Alattice is a poset L (under ﬁ_ in d&:nb G..m_.u. pair of elements has a fub
and a g, &

5 Since alattice L isan m_nm—u—.mnn n.ﬁ_wug with binary uvmanunnm n m._.i wy it
is denoted by [L, v, .)_ il

6. Letus consider, 2
a  [PlA), v, &E#_mﬁﬂnmmo_. any mm_..}mnm £ g
b. .H_._va ._E.n_ ovm_.nﬂc_._ 15 the set cn_mnm_.ucn ow ﬂ_.Euﬂ Eum ‘the meet

- ou.ﬂ.mﬂn: is ES operation c—.E_,hwmnnwEP a:m:w. wvo=wand A=

1. ..Hn can be shown EE_ the commutative Fiwu,ummaﬂmﬂqn laws, idempotent
Jaws, and absorption laws are all true ?u E&. lattice.

8. An mE:dﬁ_w of this is n_mmh_u__ mﬂﬂ.}v C_. ._J_ mE_na “these laws hold in the

algebra on sets. i

9. This lattice is also distributive mcnr ;E_. join is distributive over meet
and meet is distributive overjoin. g

it

Que Z.11. | Define Boolean algebra. Show that a".[()" + €)' + b.c] +
[(a + &')'.c) = a'.b using rules of Boolean Algebra. Where a’ is the
complement of an element a. [AKTU 2022-23, Marks 10 |

Boolean Em.m_u-.b Refer Q. 2.7, Page 2-9F, Unit-2,
Numerical :
LHS=a' . [(d'+c) +bc) + [(a+ &) . ¢l
=a'.lb.c'+b.cl+[a'.b.cllde Morgan's Law]
=a'.[ble'+ec)] +a'be la+d)=a.b'




Diserete Structures & Theory of Logic

=a'.[b.1]+a'b.e %
=a'b+a'be I i FS_
=a'b(1+c) [Ident p+n..

= a'b=RHS ey Law 1y o

HH_

Que 2,12, _ Show that the following are equivalent jy »
algebra. w_aa—aﬂa

ashbea*b=0sbicdoca®db=1

Answer _

First prove the LHS, for thiswe use a *b' =0 ora A w. ;

ARTU 2019-20, Marks 15

Y _ﬁmwﬁ

Now, a=anl [By identity of bo
, Gq.—&._rﬂ—u.ﬂ.—.
nn)@.cm.;iﬁbv”.(h:)&u By law of ice]
=(@nb)v0 Lpavo m;_w:_uw_ﬁaa
=anb<h A 0

.. . %E.»E_ c_._nc
Hence it is clear that ifa * &' =0 then relation o <bis a partial oaaﬂ.“__wﬂo 0]

Since, it is evident in Boolean m_nmcwm forany a, b,
as=biffb' <qa’
[By law of duality]
Note : In the given question, the equivalency canno
&b =1. So, mm:::.:%m a' +b=1. n ¥ he solveq .T.S B
Since,a<bsowecansaythata Ab=u=avb=5 é ._u.
If a' + b = 1 then by de Morgan’s law and involution, .
1l=0=(a*b)Y=a+b"=a'+b
o 0=1'=(@'+b)V=a"*b' =a* b’
So,a*b'=0isequivalent toa'+bh=1

PART-4

Algebraic Manipulation of Boolean .m.amﬁmmwn.ﬂmm .

Que 2.13. _ Express each Boolean _mﬂuu.n....mmmmnn as SOP and then in its
complete sum-of-products form.
a. E=x{xy +x’y+yz)
b. E=z(z'+5) +5.

a FE=zxxy +zxx'y+xyz=xy +xyz=xy
(- =xx'y=0andxy is contained inx.y'.z)

Complete SOP form =z (z+2') (- zis missing)
=zxy'z+xy.z
b. E=z(x+yv)+y =x'z+yz+y

Function and Boolean Algebra
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xzly+y' )+ yzlx +x) +y (x+x7) {z+2")

Then E
(by Complement law)

i3

r

vyz+x'yerxyzrayz +ay' z+xz’y
+x'yz+x' Yz

T

yzr A zrEyzEay T +xz +xlye

- [PART-5]

_d:oi:un Boolean .L:u-.mmm.o.._ using Karnaugh maps
xyz +xy'z + x'y'2 + x'yz + xV'z' :

Answer

-.w.rn._nwh function of degree n : : cf

1. LetB={0,1} Then i = {{x, x, ::..H...:a..m for 1 <i<n)isthe setofall
possible n-tuples of 0s and 1s. b

2.  The variable x is called a Boolean variable if it assumes <w_nmn only
from B, that is, ifits only possible values are O and 1.

3. A function from B” to B is called a Boolean function of degree .

4. For example, the function Flx, y) = xy from the set of ordered pairs of
Boolean variables to the set {0, 1}, is 0 Boolean m.:ﬁn».mau.—.a_. degree 2
with £{1,1)=1, F(1, 01 =0, F(0, 1) = 0 and F(0,0)=0

Z:Bumn._nnr__ The EE.?EM_.. map for the given ?nn_._oa is ;

HHN+HHN+R%N+HV_N+HHN 5

vz _ g “
X yz' Fye .yr yz'
x _ 1 1 * 1 1%
x 1 =1
Fig. 2.14.1.

Then the simplified expressionis:z +x'y". .

.@...:w 2.156.

variable maps :
a. Fix,¥y2)=%200,1,57)

Answer _

a. fla,y,2)=X0,1,5 7

Simplify the following Boolean functions using three

b. Fx,¥2)=X(1,2,3,6,7)

S e el ——
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z
0

.—. y
00
01
11

14

2
g
4

3
&l
5]
‘Fig. 2.15.1.
_u. .__‘.m.H.U_q.h”_HMﬁ—.M.m-m.nw_u
N 00
o 0
4

01

11 10
L g

2 q_. m:..

Fig.2.15.2.
f=Xz+y

Que 2. -n Simplify the following mnxuuﬂE.u H_..Hnro: e .
Flr,y,2) = 20,2,3,7) g B S
ol u 10 ]
SO G
‘ 1] ]
g Fig. 2.16.1.
..m_._.l £zZ+yz

Function and Boolean Algebra
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ozl + oz MEHTE

in
he following Boolean gxpressions us g

.ﬁﬁn 2.18. Simplify t

K-ma
a. w_un (LAB) + A’ +ABY

bh. A'BCD+A BCD+A B CD+A B CD=A'R

A

Answer

Y = ((ABY + A’ + ABY

a.

i

= ((AR)) (A" + (ABYY
= (AR (LAY (AB))
=AB(A{A'+BD

= AB(AA' +AB) £
= ABIO+AB)=ABAB" <
o ABE Ui i
=0

Here, we find that the A.nu_dmp_a: is HE.,. in _.:E_Sa For getting minterm,
we simplify and find that its E-__E. is already zero. Henee, ne :.n.nm to use

K-map for _q:_..:nﬂm_.B_u—_.n.amnnu :
AR ﬁ.bh.:p N.QU:P.W.QU._:#.Q CD =4’ B
‘ _.|m mﬁ‘ﬁ.+h.wn.b+}tg+>m.nq

2 §

CONAB
L ABOD
% 4 aBCD
AT ABCD =
ABCD -

Ll B

1)

Fig. 2.17.1.

Fig. 218.1.
On mEﬁ__mnm:n: by K-map, we m.mn A'B’ corresponding to all the four
one’s.
Que 2.18. | Solve the following Boolean functions using K-map:

L Fl4,B8,C,D)= =Llmgm,m

1" w ITT,, M., T
ii. FAB,C,D)=210,2,5,7,8, 10,18, 15) °

|AETU 2022-23, Marks 10]

My Mg My, m,., -.-.._.:u

H-.I\ £ 2 Wa..v..-.-.....l. _
(A w.n.brm_ie My Mg My my mg, mg, mg, myg,m.m, )
e T

_.g.i B B g e L )
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—AD
T ABD
Fig- 2.19.1.
E.w_n.buumw+mm+mmb |
ii .m.g B,C chHM._.ﬁ_uM_mu .qwm- .._r_“w_1 Hnw_ Hm”— N
| o e
cD _ e
AB mm__ ¢D .Cch-|CD
AB| ! T
4 ; 1 _ 1 : ..Iulm#!ll BD
AiB[ ., : i
1< 1 .
AB| =g ] 14 =5
- H . w.. H .
ABl Treli g » o
- Fig. 220.1.

FA,B,C,D)= BD + BD s

Que 2.20. _ Simplify the ?:nﬂ_.ﬂﬂ vca_nnﬂ awvwnmm_aum using
Boolean algebra o :

i xsy+xz+yz
i CB+CHA+B+O)

ik, A+BA+B)+AA'+B)
v. XY+ (XZ)Y+XY'ZXY+ D)

gwn

i y +x'z +yz

=aytae’ +y)=(ay +2) (xy + 2" + y)

Sy +2) (Gl + D+ x') = (xy + 2) (y + x)
=CB+CHA+B+C)=(BC+CC)(A+B+0)
=BC+0WA+B+ Q) by Idempotent law
=CA+B+ ) Uu‘_. ku»Um.Oﬂ._uEn_ﬂ law
=AC+BC+CC

[AKTU 2020-21, Marks 10 ;
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Function and Boolean Algebra
=AC+BC+C by Idempotent law
=AC+C by Absorption law

= [\ by Absorption law
1L =A+BA+BI+AA+ B)
=A+AB+ BB+ AA'+ AR
=A+AB+DB+AA' by ldempotent law
=A+AB+RB by Complement law
=A+8B by Absorption law
i = xy + (x2) + xy'zlxy + 2)

=xy+x' +2' +xy'zizy +2) by nn ,.__oqmw: 5 law
=xy+ 2 +2 +h%~&u..+ﬂ!ﬂn

=xy+x +2 +xy'zy +xy'z  byldempotent law
=xy+x' +2 +xy'z by Complement law
=xly+y'z)+ 2+ 2l : 4
=xly+2)axiez [z +xy=x+3]
Xy+rz x4z

H.u_........,....ﬁ..._qu......H...... [x+xy=x+y|
=l+y+z" by naEﬁ_nEmnﬂ law
25 .H. - by mncbmmmbnmm law

ABC + A(B’ + C)

B +C

[Figi22is

B O i
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.ﬁ:mmhuh Find the Sum-Of-Producis and p
mnmgumcu of the Boolean function F(x, y, z) a H“.annn .
2,

MxAl

1 | 1 1

=il 0

1| o 1

1 | 0 0

0 | 1 1

0 | 1 0

0 0 1

o | o 0
Sum-Of-Product : o,

Flx,y, z)=xyz' +xy'2" + x'yz'
Product-Of-Sum: _ © 7+ f P

ey <& + +2)e 4y 2)(x! "y + N‘._NH..T..v.

Theory of Logics

8-1F (CS1T-Sem-3)




Proposition Truth Tables. A

Que 3.1. ﬁ pefine the term
example-

osition with

13@:&2:? Also, explain compoung

prep
ich is either true or false b
Answer _ oo agtatement which s e1 ut b
Proposition _iuﬁ_cmmhar It is usually denoted by lower case leter,
both. Itis mn_mn_Em%”mum are called Boolean variable or logic variabje
{ etc € . G
g ) &b,
Fop exemp & Prime Minister of India.
3 ¢ Ministero
bedul Kalam was Prime Mipister
1. Dr.APJ.A B .
9, Roses are red. Y
iig] dia i AL
3. Delhiis inln 7 .
(1) proposition is false whereas (2) E._n (3) are true. '
d . & sompound proposition is formed by eomiposition
d proposition : A£0 pou r N by compos
o e iti led components or sub-propositions.
of two or Enumvaowcm_ﬁ_aﬂ_n.i. c . %
Forexample:. . . ) 450
1. Risabhisintelligent and he studies hard. :
2. /Sky is blue and clouds are white.
: . 1 two propositions “Risabh is intelligent” and *he

first mEnmE.muwS:ﬂE. : . i 3 . e
H”%mm M_E.n: whereas second statement contain ?.oﬁc.u:._c:m sky is Ecm
and “clouds are white”. As both statements are formed using two propositions.

So they are compound propesitions.

‘Que 32. | Discuss connectives in detail with truth tables.

lled

. The words or phrases used to form compound proposition are ca
connectives.

2. There are five basic connectives as shown in the Table 3.2.1.

Discrete Structures & Theory of Logie
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Table. 32,1,
-8.No. Onﬁ-ﬂmnﬂﬂnﬂo!un “Name of ..mbﬂ..ﬂo.nﬁmﬁm ' Symbol
1 Not Negation ~or —or -
2. _ And Conjunction A
3. _ Or Disjunction v
4. % If-then Implication -
5. _ If and only if Biconditional -

Negation : If P is a proposition then negation of Pis a proposition
which is true when p is false and false whenp istrue, ILis denoted
by ~por—orp'orp. b
Truth table :

[ e TP,

_ = P, T

| F T Gl
Conjunction : If p and ¢ are two propositions then aa_aﬁumm..cu of
p and g is a proposition which is true when both p and g are true

otherwise fala Itis denoted by p ~ g.

; ...H.m.ﬂn_.. table: 20
hNETT 9 | pra
7 g = -
5T = F
F s I3
F | F o

Umwmﬂ.-..nﬁ_.:n_ :Ifp and g be two wﬂoﬁcmmﬂmaw@ then disjunction of p
and g is a proposition which is true when cither one of p or g or both
are true and is false when both p and g are false and it is denoted by

pva.
Truth table :

PV
T

B

M e
e il

T
T
[ F
F




teg on i _

gi cal equivalence

e . hat shows the tryy),
;A ! 1 _mmﬂmﬁumﬂ val
S prath table A p._..”::mww_umm possible cases. Heofy
i. M““ﬂﬁ::& .ﬁ_ﬂnm._umuﬁan_ 7 g (p f.\.ﬂv Eg
: r|T| T . HH
ACEB Ny
Flr] B,V
giti mgu....m.- .....H m_...—.:w
: ¢ If two propositions Qpg.y |
i, Logical EEEMH%ES& variables, W__“M”rn.mmﬁ truth vg),)
where P, 4» _Ewﬂmmm the propositions aré ¢ OENCALY equivalen
3 EF 5 * %, P |
inev ._L...\ vmw‘m_nnr and denoted by e |
simply 4 )= QP Tz |
Blpa: 3 ith suitable exa
\.\\_ Explain the following terms with suita ® Rl
Que 3.4. xp PSR 4 4 -;..F.s
m- noannﬁﬂmaﬂ . i .. . .....\... A 3 3 g \-../.r- _
ji. Disjunction b el
iii. Conditional . . »
iv. Conversé ...
v. (Cont apositive OR :
Define inverse. J =
%ﬂ s t e wﬂmmm.. ) .mu.nm then conjunction ofpand
P Confunction : d g are two Statemen -2 d read s
ﬂu.._.ﬂﬂ.—.uuu -.—.ﬁ_ﬁ and g At 1 nm UU._ p A q and read a5,
) %.Muu-:n compound statement m\..m.boﬁm
lh m_._ﬂnm m__-.. Its .—.H._.._ﬂm.— EEG 18, __
T |T| T |
T F F
F T F
F F F
Example:
p - Ram is healthy.

g : He hss blue eyes.

Discrete Structures & Theory of Logic
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Prg:Ramig healthy and he haa blue eyes.
Disjunetion : 17
g i P and ¢ are twg statemonts, the disjunction of

he compound g s
or g™ Its truth table is, alement denoted by p v g and it is read as '

‘9P va:
T T

T F T

F T T

F F F
Example: : £ Wy
P :Ram will go to Delhi. 2 o\mr. .M.\w =
g : Ram will go to Caleutta. ) \.r - )

hiTh % i
b vig :Ram will go to Delhi or Caleatta, | -

Mmm..#moﬂ.pm. The compound propesition if
¢ and is called conditional propesition
then ¢” and its truth table is,

Conditional ; Ifp and ¢ are .-u_..a
ptheng denatedby s = gorp
or implication. It is read as“Tfp

=

R, o

|iP=a.

b : Ram works hard.
g : He will get good marks. 3
P — q:If Ram works hard then .rc _,ﬂ.: get good marks,
For converse and contrapositive :
Let P trains,

q : The crops will grow.
Converse:Ifp= gisan implication then its converse is given by g = p
states that S : If the crops grow, then there has been rain.
Contrapositive : If p = ¢ is an implication then its contrapositive is
given by ~ g = ~ p states that,
¢ : If the crops de not grow then there has been no rain.
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Inverse:
Ifp=gqis implication the inverse of p = nid
Consider the statement P>
p: Itrains.
g : The crops will grow
The implicationp = ¢ states that,
- Ifit rains then the crops will grow,
The inverse of the implication p = g, namely -
o

u - Ifit does not rain then the crops wil| not o Stateg oy
Ow) 3 k

Que 3.5. _ =t

i. Express Converse, Inverse and C
o
statement “Ifx + 5 =8 then x =3” nixs

ucu:mcwmm; f
W 2

ii. Show that the statements P < @ and (p 5 g_r..}
equivalent. : e @ f._wp. a__
Answer _E#‘ ]
i. Consider the statements .
pix+ mum & A
gix=3 _ _sf...\.rw.f
Converse : Hm..,q =g :....mz its converse isq = p - { & A1
ifx=3thenx+5=8 ofin,

Inverse:;Ifp = ¢ then inverse is - p = ~/g D 4
Ifx+5%8thenx #3 4 _.
Oonnuﬂ.m.a_.m:meé :Ifp=gq .m._._.“m.n. its nnﬁqmﬁcﬂmﬁm is~g=-p
Ifx=3thenx+5=8 _ :

#

ii.
PlQ|-P|-@|Pr@|-Pr-@
T|F| F | T F -
F|T T F F F
T!T F F T F
F|F T T F T

Since all rows of (P> Q) and (P~ @) v (~ P A - @) ar€ identicst
Therefore (P = Q) =(PAQ)vi(~-Pr~Q)
ing m.nﬁi%w.._.

Construct the truth table for the follow

Hence, (P —» &) — P is a tautclogy

Hence. P (P v QYisnota tautology

- Tautology, Satisfiability, Contradiction, Algebra of Proposition,
W ame au..&mu.._uﬁuhhh?ﬁm:hn.

5

Que3.7. Explain tautologies, contradictions, satisfiability and

contingency.

Answer .

1. Tautology : Tautology is define
always true for all possi ble truth v
it contains T in last column of its truth table.

d as a compound proposition that is
alues of’its _u_d_uo_mmﬁoﬂmu variables and

Propositions like,
i, . The doctor is either male or female.

{i,  Either it is rainingor not.



Th
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and are tautologies.
adiction is defined as a compoypg
all possible truth values of jtg P

are always true

2 noiaw&nzan + Contr e

EE_

i for : H _.
variables
o
Propositions .
i xiseven and x 13 odd number.
: om is bad boy.

i HaEmmm....oﬂ_gwnun_a

d are contr

are always false an T - |

g2 Contingency ! A uwavwm_rcﬂ which is :Eﬂ.u.nnf._.m:nn?
SE.H__&EQ_._EB:E_ contingency. G

Here the last column of tru!

adiction.

BY nor

th table contains both Tand ¥,

4 Satisfiability:

A compound sta ! isse
ifit has the truth value T for ma me_.. .wum nou.._,_u.:umso: of truth valyyy.
PPy B DF &

Que 3.8.° _ Write short note on _Emn—u.ﬂﬂ of propositions, &

Mbhﬂ .c_.f.,,.. g A

; o G, .,.‘ . . .4 =
Proposition satisfies various laws which are useful in m_Eu_._mﬁnmmW plex

expressions. These Hmﬂm._mm__m..:ww_mm as: v
I EmBESE_plm.."/ _,.L £ L_,“
b “PAPEP . )" '

2. /Associativelaws® #
la (pvglvrapvigvr) S5

.. T p )E..J.......Ih algar)
3. ﬁqEB:wm.n?w_mﬂm"
a pvg=qvp
b. pag=gap
4, gﬂnrﬁnptm_.mﬂm
a ﬁ<3>l_m€_<_ﬁ>ﬁ_¢l
b. b}.ﬂaca“_mﬂ.q)ﬂ_{F)l
5. Identitylaws:
a pvFep
b pvTeT
€. paF=F
d paTep
6. Complement laws -
a pv-PaT
b. pa-per

tement formula A (P}, By, .. P,) #.m.,.muwm tobe mm_n_.mm&..

Discrete Structures & Theory of Logic 3-9F (CSTT-Sem-3)

¢. =TaF
d -F=T
7. Involution law:
a ~(-pl=p
8. deMorgan's laws:
a ~pvgl=-pr-q
b ~lprgls-pv-q
9. Absorption laws:
B pvipaglsp
b palpwvglep w

These laws can easily be verified using truth .,.Eu...m” :

g -

Que 3.9. | Explain various rules of w_._?.u_.n_...m.m._ for propositional

logic. " [AKTU 2019-20, Marks 10|
LOR,

Discuss theory of inference in propositional logic.

Rules of inference are the laws of logic which are uscd to rench the
given conclusion without using truth table. Any conclusion which can
be derived using these laws is called valid canclusion and hence the
given argument is valid argument. . <05

o 4

gis also true. By N
: n

1. Modusponens (Law of detachment) : By this rule if an implication
S Br 4 %xm,mr ik
_._.#hm u.nmE.Hmn_._ is of the form = F

p—qis Eumm and the premise p is true then we can always conclude that

p —» g is true and conclusion q is false then the premise p must be false.
The argument is of the form :
pP—q
=1
L=D
3. Hypothetical syllogism : By this rule whenever E_w two implications
p - q and g = r are true then the implicationp —» ris also true.
The ergument is of the form :



10.

e ——

..ﬂ_umaﬂv. of _r..ﬂo..

pA
p._.lﬁ
|I|I|I|I|II»
LT

y this rule if the premises p v g ang B

e — - o

ginm :B

|

|

The argum oy _
=i I

P | !

Addition : By thia rule if p is true then p o/ ¢ 4 trug regnrdlom thy 1y

“..._____..., ”__.H_M:aae_.a inof the form

r

v
By thin rule ifp 2 iatruo then pis true,

-4 ficatlon:
Simplifi ffurm:

st I8 0

The nrgument 18 T
oLy A

Conjunction : By 1his eule §if p and i are true thenp ~ gls bet .._

The argument in of the form ! @,

q

._u... lidal) i

Construetive dilemma : By this rule if(p =sqi A br—r8) andpvIET

true then g v s i# Lrue.

The argument {5 of form © i

: (p=r i (r—> 8)-~ _
pvr

o gV E mt__.__}_-__.- 1
Destructive dilemma : By this rule il (p > @) A (r = 1)an !
true.

The argument is of the form :

(pogialr-»s) w
~ 8 W
L L= PAT Qistr
Absorptlon ; By thiy rule if p - ¢ is true then p —» (P 7 :
The argument is of the form : it

T o ————— T

P ﬁ

S AL
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2eri
Sy ..__d\.._.___u.

fQue 3.10. _ What do you mean by valid argument 7 Are the following

urguments valid 7 If valld, construct o formal proof : if not, explain
why.

For atudents to do well in discrete structure course, It jn necessary
that they study hard. Studonts whe do well in courses do not sklp
clunsen, Bludent who study hard do well fn cnursen. Therefore
students who de well in discrete structure course do not skip closs.

Annwer —

Valid arguments :

1, Anargument PP P = G esaid b b valid I s true whenever
nll the premines P __.n _T.. are truy,

2. Forexample ; Conalder the argument s p-v 6,5 = p.

¢ r I
7 R W

[T T 7 f
T F »

F T 7] | Souef
F 2 7

where P denotes the priczmise and C denotes the eanclusion.

3. From the truth toble wo can see in first and thicd rows both the premises
o unel p=» g e true, but the cunclusion p la false in third row. Therefore,
thisis not o vaulid argument. :

4. First and third rowe nre called critical rowa,

G,  Thia method to detormine whether the conclusien logically follows
from Lthe given premises by conatructing the relevant truth table i
called truth table tochnique,

6. Also, wo can say the argument P Py, L P = Qs vaolid if and only il
the propositien ', » P, » ... a P_is Lrue or we can say il
Pyal'ya . a P - Qisalautology.

For example : Consider the argument p -+ ¢, p = ¢




7.

10.

p—*q
q->r
LpoTr

P

Addition: B
value of g

The argument is of the form :

p
. pU W ;
Simplification : By this rule ﬂ.".a ~ g is true then p is true,
The argument is of form : :
pag pPAq

Do . N

..._u_uH g

Conjunction : By this rule if p'and g are true then _u_> a_.wm.ﬁ ..

The argument is cm.n_wm.mnﬂw_ "
. p "
L ) 7 . - ﬁ AQ

Construstive dilemma : By this rule if (p ) A (r—>s)andpvr
‘true then g v s is true. !

The argument Is of form : - :
b (p— glalr— sk
a .h”...,.__.
Logvs

Destructive dilemma : By this rule if (p — @) » (r—s)
Lrue.

The argument is of the form :
(poqlalr—os)
~{q A8

L= pAT
Absorption : By this rule ifp - q s true thenp > (P14
The argument is of the form :

2y

y this rule if p is true thenp v q is true qmw.mw&aw.. qu:nm )

R,

and - g AsE®

) is brue-
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rP—=q
Sp=(pag)

Que 3.10. | What do you mean by valid argument ? Are the following
arguments valid ? I valid, construct formal proof;
why.

For students to do well in diserete structure course, it is necessary
that they study hard. Students who do well in courses do not skip
classes. Student who study hard do well in courses, Therefore
students who do well in discrete structure eourse do not skip class.

‘Answer _ -
Valid arguments : :

.H...EEE_:_E._EU_.F..:aTn_wmmm_.n:..._H;_:.:..a..mmﬁEmﬂymnE._un
all the premises P, P, . P_are true. :

if not, explain

2. For example : Consider the argument :p — g'g p.

C o s P
Eps q .hl;u.
S T T
T A F F o
‘[F T i bl
°F F Tt .

where P Qm.@.ﬁmm the premise and ¢ denotes the conclusion.

3. Fromthe truthtable wecan see in first and third rows both the premises
¢ and p —» g are true, but the conclusion, p is false in third row. Therefore,

this is not a valid argument.
4. - First and third rows arc called critical TOWS.

5. This method to determine whether the conclusion logically follows
from the given premises by constructing the relevant truth table is
called truth table technique.

6. Emc.imnpbmwu.;.rﬂmﬂwgmn_,w__m.ut:.m_:__lﬂﬁﬁ..:n:.uhman_w%
the proposition P, » P, A ... A P, is true or we can say if
Pyalya.. n P — Qisatautology.

For example : Consider the argumentp—q,p =g
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an. n_.réo

Then from the truth table :

) q lp-a .?;Iq;
T T T T

T F F F

F T T F

F F T F

p A lp—q)—» qis atautology since the last colump
p—rq,pgisavalid argument,

ncﬂﬁe.bm H.ﬂu.__u.

o~

Numerical :
Let the propositicnal variables be ; v
p — Dowell in the course.

g -+ They study hard,

r — Do not skip classes.

1. Forstudents to do wellin discrete structur

CCourse, itisp
they study hard : p — ¢ 17 thay
2. Students who do well in the courses do not skip classes por
3. Students who study hard do well in course A

S:1q-p

4. Therefore, students who do well in discrete structure nocaﬁgﬂ_&ﬂ

classes:p = r 7

Therefore, we have, )
Given ; pP=a p=r q—p Conclusion pr

[ I il v

Proof : Taking Il and I1 together we get

._a.lv__.u:u S rgives gor (Using hypothetical syllogism)

[, i <
Now taking 1 and V
P qandq—rwegetp —r (Using hypothetical syllogisz!

Hence, p —ris conclusion, so it is valid.
Yes, the statement is valid,

theses
Que 3.11. | Use rules of inference to justify that the three hypo 7
L “Ifit does not rain or ifit is not foggy, then the sailing

.. beheld and the lifesaving demonstration will go on.” arded”
“If the sailing race ig held, then the trophy will be a¥

i
iii. “The trophy was not awarded.” imply the conclusio? .
iv. “Itrained.

Discrete Structures & Theory of Logic 3-13F (CEIT-5em-3)

Letr be the proposition "It rains " |et fbe the proposition Tt is fogey," let s be
the proposition “The sailing race will be held . let I be the proposition “The life
saving demonstration will go on,” and let 4 be the proposition “The trophy will

be awarded.” We are given prem

1ses(—rvofi— (sal),s—t, and -t We
want to conclude r.

Step Reason
Hypothesis
ey Hypothesis
1 _a Modus tollens using (1) ﬂ_un_ﬁw
4 (=rv=sfi=risal) Hypothesis .. Ry,
b (=lsallls—(=rvapn ﬁozﬁnmtcu:?ﬁrﬁ&
6. (wsv—llalraf de Morgan's law and double negative
T el Addition, using (3)
8. rAf Modus ponens using (6) and (N
9 r

. | Simplification using (8)

Que 3.12. _ 4

-
3 y B o,

L. Showthat ((p v q) A ~pal-gv-rNv (~pr-@dv{-pvr)isa

tautology without using truth table. 4 4

- | L
ii. Newrite the following arguments :iun.nmmﬂﬂw.—nk__ variables
and predicate symbols : 4D, T
a. All birds can fly, | - <,
b.  Some men are genjus, # 4
c.

Some numbers are not rationa]. .

L Thercisa student who likes ?:EH 7
2y g OR/ S& s

Show that ((p qha~(-p All~g Y~} v {=p A “vi{~pvrisa

tautology without using truth table, e

. .n.._.”..

.m.Lwn.r

ey X o
matics but not geography.

i We have
Upvagin~i-p Alegyv~rvi-
={pvgla- =pr-igarvi-
(Using de Morgan's Law)
=[ipvq) Alpvigar)) v=lpvgalpvry
m__:...cﬁ)_‘_o(ﬂ)@}...
(Using Distributjve Law)
r_:bci_i.az,n: A .h<l<aﬂ€c£>€<lu
Slpvgiapy w:<|:._c<a”_>€<__.:

Po~glvi-pvr)
Pvghv-(pvry

:<..:b<ﬁ>€ vr)



Theory of Logie,

_pvr@n?

b Jx [Mx) A Gix)]
g WX [Bix) = Fiel 4 B (Sl A Mix) A~ Gz}

B

. ’mw— u.—HF H (__QU___)!.I.-
m._-.-.m “.ﬂm- ow i _hu |

. wnn.?ﬁ—nﬁnnm.

Qv-RIV PV @ npy

y

\.mﬂaﬂﬂ.ll_ Ryv(aPvm@APASR)

- yan (@Y PR
-:?ar:?mf:a?]ar; Pradhie

u:.m_cm wZﬁQ)a\/E::JH\,Jw.:Jm#%TD)JTL)JEV
= & ) - -
nﬁ.;b_}.ﬂqﬁamzw:_.l_m.vjmu.@.ﬁi&.b P& R)
HM.ua,:_P:ﬂi?JQT,ﬂ;JE_.__. 7 T Bem
=(Pv :

R)

- h___ W nu...mu M " :

S :mmm. given expression is nota Eﬁcﬁomw.
Hu_

|.|. LY

o arket is perfect then the wages of all
Que 3.14. “If the _n_.u..w.u.-.”,.n.ﬁ . al. But it is alw
. s cular m_unh.—au_.ﬂ:wdn will be equal. 1418 Blways
persons in & uE..:mm for such persons are :w_n. equal ﬂm_m-.w—.oa the
A _&NM”.._ Mm_...on m..m-..wunna. Test the validity of this argument
labour markel. i i

using truth 55..@.

Answer _ A O e S

" p. - The labour market is perfect: . _ ! b
5 MH. . Wages of all persons in'a particular employment will be equal..
-p,: Wages for such persons E.ﬁmm.\mazm_.
The labour market is not perfect.

o and the conclusion is ~ Py-

The premises are p; = Py ~ Pz :
Py =Py ~Pa =~ P18 validif ((p, = py) A ~ P2

The argument

)= ~p, i8 a tautology-

Discrete Structures & Theory of Logic 3-15F (CSTT-Sem-3)

Que 3.15. | Prove the validity of the following argument.

If b-.,_...._.. runs _“21 office, she will be elected. If Mary attends the
meeting, she will run for office. Either Mary will attend the meeting
or she will go to Indin, But Mary cannot go to India.

“Thus Mary will be elected”, Eﬂdgﬁrwﬁ.gﬁﬂr 10 _

Let p, : Mary run for office
P! She will be elected
Py Mary attends the meeting
p, : She will go to India
Conclusion: p,

Hypothesis becomes
R :p,—p,
fyipy—+py
Rypyvpy

R, :~p,

o, ©*| »Rule 2 T
/Rule1 2T, T

Hypothetical syllogism using Rule 1 and Rule 2

Rule 3 B R ¥ ¥

Ruled © B i

Disjunctive syllogism using Rule 3 and Rule 4

Its truth table is,

Py | By | Py |72 Pi=2Py

“r[r|FF| T
T|F|F |T| F
FlT|T\|F T F
FI|FRY |T| T T

Since ((p; = p,) A ~p,) = ~p, is a tautology. Hence,

Modus ponens EWEW step 3 and step 6

mmﬂa wq_._m.... Prove the validity of the following argument “if the

races are fixed so the casinos are cooked, then the tourist trade
will decline. If the tourist trade decreases, then the police will be
happy. The police force is never happy. Therefore, the races are not

fixed.” [ARTU 2019-20, Marks 10

p : Race are fixed.
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q : Casinos are cooked.
r : Tourist trade will decline,
¢ : Police will be happy.
The above argument can be written in symbol;
@Eaglor
r—-»s=-g
L=p

n.*.ogm_.m

So,
. (pvg)—or(Given Premise)
r — s (Given Premise)

=

- 5 (Given Premise)

~r Modus tollens using 2 and 3 2
~{(pvq) Modustollen using 1 and 4 N &

& . =

. ~DPA~g iy o

Que w..uq. _ Prove the validity of n.l..w .mo.:oﬂ.mhm mest
ok : argumen

“If I get the job and work hard, then I wi
E will get ;
promoted, then I will:be happy. I will not ﬂw M“W%wmﬂ..::a
=

either I will not get n.muﬂ.mc_?.-mn.-.— will not work h g /M&?&.

ook g

=]

2 ¥ &, & [AKTU 2020-21; Markl]
Answor | Y s Nutt
Let p:1 wmun.__.r.w h.o_w,tt. . , _..,_\a
1q: I work hard » B ON S
Mgty A b

MHHQE_.EWE“_E‘ i N

o iR e g

Then the given arguments can be written in symbolic from as

-

prg)l—r NP
r—s
~ 5
So

1. f{(pag)or Premise (Given)
2. r—os Premise (Given)
3. (parg)—s Hypothetical syllogism
4. -5 Premise (Given)
5 -pag) Modus tollens
6. ~pv—gq Conclusion

3-17F (CSIT-Sem-3)

Discrete Structures & Theory of Logic

Hence the argument is valid.

Que 3.18, | Define tautology, contradiction and contingency ?
nraﬂr whether{(pv @) a{~-pvri— (gvr)isatau tology, contradietion
[ARTU 2020-21, Marks 10 |

or contingency-

mww_mmqm,ui
1. Tautology and contradiction, contingency : Refer Q. 3.7,

Page 3—7F, Unit-3.
Proof:(pvglal~pvr)—aigvr

ey Gy

= Ta [ ir =P Gvd|-pvD|[ArB) [@vr)|C>D
b ‘ A | =B | =C =D}
F| F|F | T T, ¢ m. P F T
fFLrlT| T F T -
Fl T|F|T Bt T T
Fl@VT | T r| T T T
T| F| F F : 7 F F F
T F T Fi R = T ~.1 i m..
T T F ..m..h.. 4 F F. T T
7| 7| T8l Fa T T a|Shwf T |
e D = =
ma.tn_n <ﬁ%n|rﬁ ) {g vr)is contingency, { -
W e
Quesan| Sl % . L2 ¥

i. Find a compound propasition involving the propositional
variables p, g, r and s that is true when exactly three
propositional variables are true and is false otherwise.

ii. Show that the hypothesis “It is not sunny this afternoon and it
is colder than yesterday”, “We will go swimming only if it is
sunny”, *If we do not go swimming, then we will take a canoce
trip.” and “If we take a canoe trip, then we will be home by
sunset” lead to the conclusion “We will be home by sunset.”

OR
Show that the premises “It is not sunny this afternoon and it is
colder than yesterday,” “We will go swimming onlyif it is sunny,”
“If we do not go swimming, then we will take a canoe trip.” and
“If we take a canoe trip, then we will be home by sunset”lead to
the conclusion “We will be home by sunset.”
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er.

e iti
z mpound propost :
The comp n “It is sunny this m.m"mwaoau..qnvm

onwillbe: (P rgar) o

P Y v ﬂcmucmmﬁ.c § a th
i Koo J;E * than yesterday”, 7 be the Proposition ey * Prop, .

“It is colde Lo eie will take a canoe ﬂj—u:. atl Swip tioy

osition “V the iy, 555@.

s be the ProPos =+ sunset”. ® Prgp, 8,

“We will be home Y Fw:s..

Then the rw._uc.ﬂrmm, :
conclusion is gsimply ¢

We construct !
clusion as follows :

con —
Step ‘Reacon_
1 —pAg E”.ﬁ...o_..rmmwm -
Simplification :ﬁﬂmﬂ.ﬂmﬂu.,ll/
1 Hypothesis )
3. ”. ?Hamt.m.ﬂo:m:m using steps 2 i

Que 3.20. _ Obtain the princi

normal .-.E..Em of th

orineciple disjun
{p-+r)~ ‘(perq)

AI;G_(...?_.._.CUin}@iQ:

!
A

1 4

B C
(BAA)V(CAA)
\#Halﬁv)glium

is becomes P A G,

an argument to show that gur r..é_o m

| Hypothesis

ﬁiﬁ..)ﬂr...m_mﬁ.mm A
..,,_,.—._u_m

S leag
o Wil

BN
e o W

" Hypothesis

‘Modus ponens usi

" Y
7 L. L.»._.%
. & ’

and 7

——

Modus ponens :mEm m_..‘_mﬂu [

&

e formula (p |+_m.v A (g Tvmv .
Cwo . [ARTU 2019-20,Markiiy

ction normal form :
[By using distributive propec

:m<.ﬁv>ﬁ|h<ﬁ

=(~g vpta~pv(~gvpIVa

———

ple disjunction ‘and conjunctiy ,__

|
|

Discrete Structures & Theg ry of Logic 3-19F (CS/IT-Sem-3)

=(~gA=~p) vipap) <TQ>|E<_€ )
[By using distributive pro perty]

u?._q.),.E<»q<.ﬁ<¢u>3uﬁin>|hn_<ou>ﬂ

Now, (BrA)v(CaA)
ulh,;:ln)|.E<:u)n:{?}?@)rhflt;ﬁ:
nmib\,lq\,ehu<ﬁih>h>3u<?>i
n_ﬁ..n.(,...E,.\?,;ra);bu(?)»c}av
={(Thari-gna ..__Ee.?\,h}ﬁu?ab.(__E,l‘___.)t) )
Principle conjunctive normal form : =
Porinipeg)
?II.?EI._E\,GLQ
?hulvﬁw.)?.m.i.&\iiblﬁ
Show that : (r — ~ &_.%«w

L The

ﬁ_)i.ﬁv(ﬁﬂ}_@)ﬂ_:

inconsistent.

Rule Em_..,_r...am& 7

Rule .ﬂ.,_n “_,._,in.. mbm modus ponens

e

e
..tmﬂw_m T.18),{6) disjunctive s yllogism

3o

(8} i
Rule P
(8} ®Fvg g
q xwam.hﬁmvmummﬁaﬁlvamw vg)
18) (10) rag Rule T, (8) and De Morgan’s law
1,246 (1D)ra q Rule T, (7), (3) and conjunction
{1,2,4,6, 8 (12)r A Gn Fag RuleT,(10), (11)and conjunction.

nmc_h_wmo. Mc.a Wbc# that m..w_n of formula is inconsistent if their conjunction implies
radiction. Hence it leads toa contradiction. So, it is inconsistent.

| Justify that the following premises are inconsistent H
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i
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..E_.m.oqa:a ;

classes through illness then she tfai

< { Nirm
i “unv school- iiin school, then she is uneducated,
i@ 1f Nirmal2 ?b”—n ﬁh—nn of books then she is not uneducateq.
i LfNirmal® Rum nany classes through illness and reads 5 alot
misse 2021
books-
\\\..— ..nvrc.ln
Answer
F= Z:.Bhu. fails _ﬂnﬂmnroau \.
¢ = Nirmalais ch_wmsnmﬁ s
B= z:.ﬂm._h ﬂnmmm nnn.om books
nis . <=
gymbolic Hﬁﬁmmuﬁg m, m.lv r _w 5 €, CABare inconsisteny
@ Ralep
1. CaB w," i, ...w Rule 7, 1and Sigiplification
2 C . A e Rule T, Hmb\@;mﬁmw.mﬂhnn
“w .m ,.__m_\ \\._.v,u”..”/.vu.“vﬁ. Ga .\..\._ y ..- »ﬂ.u?.._.ﬂmu
s C-oF & O . Gd FRuer
5 TF-e N ....__a ol Rule T, 4, mmbmrwdognﬂ_nmuwuﬁnnﬁﬂ
6 CpEln o 7 Rule P
7. Bo—-eN wam.__.w;an_aaﬁﬁﬂa
8. (ae ¥ 4 N wam T,2, 6 and modus ponens
9. =B a5 { . "“ITule T, 8,9 and conjunction
10. ermE s \L..w.w Rule T, 10 and negation law
n. F Eﬁuamne

col
The set of given premises are in

Que 323. | Write a ghort note on

Pl s

1. First order logic
2 Quantifiers

Discrete Structures & Theory of Logic 3-21 F (CS1T-Sem-3)}

L . First order logic:

L Firstorder logic is the extension of propositional logic by generalizing
and quantifying the propesitions over given universe of discourse.

fi. Infirst order logic every individual has the property p (say).

i Itis also called first order predicate calculus.

iv. Predicate calculus is generalization of propositional caleulus.
Predicate ealeculus allows us to manipulate wﬁw«oﬁmurm about all or
something.

qll %

v.  Universe of Discourse (UD): It is the set of all m.a.mh&_e values that

can be substituted in place of predicate ﬂmdmeﬁn b 4
2  Quantifiers ; There are following two types omﬂcmbﬂmmwm

i.  Universal quantifier: Let p{x)bea Hnabaa_._a_._wu function defined

on set A. Consider the nuu_.mmm._wn. g
(vxeAlPx)orvx .mﬁ.& e -43.23.1)

Here the symbol *v™ is read as *for all” or “for every” and is called
universal quantifier, .H_wuu the statement (3.23.1} is read as “For
everyx € A, Pix)is ﬁ...._m s

ii.  Existential quantifier: Hhﬂ.m_ﬁug a propositional E:R.Eua_mmpmn
on set B. Consider the expression -

{3z € B) Qux) or Ix Qtx) & i 7 .a 2.2)
Here :un mu_.E_B_ _.m_- is read as “for some™ or “for At _mﬁﬂ one” or
\xE&nwﬂHmﬂ.a and is called existential ndmb__hwmq &

.q_wm_ﬂ .—.—um mu.m_uﬁ.npmh.w (3.23.2) is read mm__.m.ou. EOme’Y € B, ex)is

4 +% &
m... true”, ST f” >
mﬂu._..uhh. m.nuuHEH rulesof phn_m..dunm Hﬁm&nﬁno logic.

~.1 ...r:l u..‘.
Rule o_.E.-.m_.mnhm is alogical form nnﬁm_.mﬂ_.nnhm.mﬁ.ﬁﬂon which takes premises,
analyzes their syntax and returns a Sﬂn?m.nP
Ruoles of inference:
i. Universal specification : By this rule if the premise (¥ x) P(x)is true
then Pc) is true where ¢ is particular member of UD.
{¥z}Pix)
= Ple)

ii. Universal generalization : By this rule if Pc} is true for all ¢ in UD
then (vx) P(x) is true,

Pie)
S (¥x)Px)
1 i5 not free in any of given premises.




Theg _

jfication : By this rule if (3, . Y ot
Hmuww-ﬂmnc_mw member of UD, ) P(x) i8 try, FF,. i

the,
(2)P(2) Wy,
- Ple) _

mlhg_ﬂ:
true for 80

mber of UD.
nauaﬂlmﬂnnmos : By this rule jf Ple) 4
mber ¢in UD, then (3x) P(x)is true 18 try, tor
P(c)
s (3 Plx)

¢ ig some me

Existential

fv. d
E;.:.E_E me

mber of UD. N

odus ponens : By this rule if P(x).., aﬁmuw .

ticular member ¢ in D «rmzzﬂ ww__.a-nw
v, g c

trog

¢ is some me

A Universal m
Y y and Plc}istrue for some par

(¥ ) P(x) > Q(x) "

R
odus E:mnwm._"_mw. thisrule if Plx) — Q(x)is
true for some particular ¢ in UD then -

trug qnﬂ___.a..q

i, Universalm
xand ~ Q(c) 18

£ A9 x) Plae) — @) PN
\.4.. : .. 5 i bﬁﬁv .w.r-” aw i "
Ny PRI . |
preate N A4 pm/ﬂﬂwﬂw .
A, P bolic form mu\m.p.ummwﬁ the following
Quo 3.26. | Write the symbolic fort BURZEES

i vl Fa® ,\.

tements : A £V

“E .mhd..nnm,,....ﬂmm is rn&nw.._....nnﬁ.no »Wnuﬂww of work. _

' Some peop! dmired by everyone. : =

i s B ol St -m—ﬂmmu__.u_uan..u, or his neighbours vl
o 4§ :

¢. Everyone should help his
not help him. . .

‘Answer.

a. Symbolic form: ) .
Let P(x): x is healthy and Q(x): x do all wor _
|

v x(P(x) — Qx)} _

Negation : ~(V * (Plx) = QxD

b. m.._.qﬂ___vq:n form :
Let P(x) : x is a person
Alx, y) : x admiresy

Discrete Structures & Theory of Logic 3-23 F (CS1T-Sem-3)

The given statement can be written as “There is a person who is not
admired by some person” and it is {3¢) (3y)[P(x) A Py} A = Alx, )]

Negation : (3x) (33} [P (x) » Ply) » Alx, ¥)]
¢. Symbolic form:

Let Nz, ¥) : x and y are neighbours

Hix, y): x should help ¥

Plx,y):xwillhelpy
The statement can be written as “For every person x and every peraon
y, if x and y are neighbours, then either x should helpyory will not help

anditis {vx) (¥ ¥Nx ¥) = (Hix, y) J%M_H_._ ;ﬁ,.mwwr“a
Negation : (v x) (¥ y) [Nix, y) —» -~ (H (z, .._..:v_@. .m.uw._r%

e 2 B i
Que 328, | Translate the following statemes ._sw._w in symbaolic form
i, The sum of two positive integers .m.m....n.piw.w.w.m poaitive,
ii. Everyone is loved by someone.”
Some people are not admired by everyone.

ifi.
iv. If a person is nmEP_m...,m.m:_ *m._...w.-umwaﬂn. then thia person is
someone's mother, =, W, “#Egna.u—.. Marks ._b_
Fon - —
¢ Nl

b

i Fortwo vo&:é Emmmm. Pix) and Ply)
Pl iz mm..mm,imn?.n_,.pmmm,ﬁmw
%@L iy mm,"_wowd. tive integer
.mﬂmﬁu; i +M.bm..__._.om:_.m...¢ mﬂawmmﬂ.
VrVy (Px) A Ply) - Stx, y)
i Letz mnn_.m.t are persons m.__“
Loves (x, y) - x is loved by y
%x3y Loves (y, x}
iii. Refer Q. 3.25, Page 3-22F, Unit-3.
iv. Px):xisparent
F(x) : x is female

Mix, y): xis the mother of y
vax((Flx) A Plx) =+ 3y Mix, )}

W:.n.ukmaw Express the following statements using quantifiers and

logical connectives.
a. Mathematics book that is published in India has a blue cover.
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-2
E
5
:
;
g
:
:

§

5

L =9

d. He eats crackers : k wit

only ifh : h g

e. There are Emnrmﬂmpﬂuﬂ. r%nﬂwuurm Cover thy, #zf__.

£ Not all books have Er:ow.n.ﬂ—urmm
8.

a.  Plx):xis a mathematic baok published ip 1p4: mal
Q(x) : x is a mathematic book of blye ncqm“:rm
Vx P(x) — Q(x).

b. P(x):xisan animal
((x) : x is mortal

Vx Plx) — Qix)

R(x): x is a human being mw,“. y {
s Vx Rix) - Plx). e v
c. Plx):xisa Emﬁrmuumﬂnm..m,_m._ow G / ’
Q(x) : x is not a blue‘color -
36, P@) A Qs £ G P
d Px):x ml:rm,mwm___n. ”_ ._.,.._m 4 o : mmw
@H_Hw." aamﬂm mwmnfw.vw\ N b,
“_.n:‘ x, —n».c_.mﬂu S..m;ﬂ UHHV. . .m.dn
Vor x, P(x) U_.v{.@_ﬁuu. = ,}\ %
e. EV.H is m._wum?mnumnnm wo.n.._._w. , ) .,,NMUn.\
QQVH mm_ .ﬁcw:mrnm cﬂpmmmm....m..ﬂ&w : ) ¥ ‘
Jx Plx)} » Qx). _ L5 ~ |
f Plx):xisa book having Ewmcwﬂmw_d. ~ ¥z, Plx). 1_ j
R : i ntifiers : “Every studeslt
L Baprss s sstement o L
school of mathematical m&wunmm . L &Ewﬁ.
i, If va3yPlx,y) is true, does it necessarily s ”
true 7 Justify your answer. s

A .Sem-3)
Diserete Structures & Theery of Logic 3-26F (CSAT

e

Answer 7
. Waxplx)=3 vz Qly,2)

where Plx) is student of class.

@y, z) is the course from department.

=1 and x, y belong to some set of integers vxIyPlx, y}H1s
xists pome y for whichx +y =3 istrue but for
y)will not be true,

ii. Lot Plx,ytbex+y
true means for all x there e
all y we conclude that Mx,

420,
Que 320, | Translate the following sentences in guantified
h wey s F i i 4 ¥

ressions of predicate logic.

ex
i F All students need financial aid. P % &
ii. Some cows are not white. & Aw_mv
jii. Suresh will get if division if and gnly if he gets first div.
iv. If waler is hot, then Shyam:will swim in pool.
v. | All integers are either even or odd integer.
2, e, A

- o

L velSmo Rl S A
i - 3 (Gle) A Wizl / i . R =3
i Sentence isincorrect so cannot be translated into guantified expression.

. - |
iv. Wix):xiswater o =

ﬁm?k.ﬁ.: w!_.E._: pool - !
va (W) AHGD => (Se) A PG

v. Elx) .,.H,. ?,—w _m..a...uﬁ { mw«mm.a 3
C{x):x isedd i

Y (E(x) v Olx))

ﬂﬂcuha | Convert the following two statements in guantified
expressions of predicate logic

i. Forevery number there is a number greater than that number.
ii. Sum of every two integer is an integer.

iii, Not Every man is perfect.

iv. There is no student in the class who knows Spanish and German.

[AETU 2022-23, Marks 10|




v

- vx(P(x)

Plx}:
Lix):x
¢ (Px) v L(x)
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P - T —

. E.\ o

. Algebraic Structures : Definition, Groups, , Subgro

system.

Answer _ £

Algebraic structure: An m._w,nr.nm.._n structure is mﬂcﬂ&ﬂuqﬁﬁnﬂs
with one or more binary operations. Suppose * i3 5 _uEHw GEE_E e
Then (G, *)is an algebraic structure. tug,

Properties of algebraic system : Let |S, . | _x.. mE dm..,.uwws E.,_H-.
where * and + binary operation on § ;
1. Closure property:(a*b) e § v a,b,e§

2. Associative property:(atb)c=atb*c) yabeg
W.OBEEEnﬁp..ﬂﬁ_uncﬁﬂi.u_.:n..S_un@._,nw {Pv_mm
.p

A

. p h that a * e = a (right ident}
tity element: 3 e € 5 suc
”a_.m.ww_-_.m_ identity element of S with Emﬁmnn to aﬂcnm_uop..

Y
Inverse element ; For everya € 5,3a™' €8 such Fm.w..

b. ,
a*tal=e=al*a b ,.
. A
i inverse of ‘o’ er operation®. * W
here a-1is called inverse of ‘a” under op . 4

r

6 | Cancellation property :
a*b=na nUw1:Em@..

{ a,b,cel
7. Distributive ﬁﬁcﬁmlw
a*(h+er=la*b)+{a*c)lright distributive)

(b+e)*a=(b*a)+(c*a)lleft distributive)

=c n..u.fwnn v.a, wammu.E_m.:u

Sis
8. Idempotent property: bbm_aEM_.; M €
with respect to operation * if g

_ ite short noles on :

Que 4.2, | Write sho . il -. :Mm.
. i Order of gro
“F W.HH_..MM and infinite group iv.
v. Groupoid .

. w_.uuﬂ_%a d
..}.H—.ﬂdﬂmﬂ 5 - ture EH..—OHQ *ig w.mﬁ_.ﬁm"
. ro >: Let (G, *) be an algebraic struc o are s
il * alled a group if following prop

then (G, *) is calle i

1 *h e GV a,beG|closure pro
. a

—.u. f mmﬂm.“

called idempoteat feoet.

A T

o |
|
|
|

—d_ =

Diserete Structures & Theory of Logic 4-3F (CSIT-5em-3)

2 a*tbrci=ig* bl*c wa,bce G [associative property]
3. There exist an element e < & such that for anya = ¢
a*e=e*a=s [existence of identity]
4. Foreverya e G, 3elementa-lc g
suchthata *gl=gl* 5,
For example : {Z, +), (R, +), and (Q, +) are al] groups,
ii. Abelian group: Agroup (G,

*}13 called abelian EToup or commutative
Eroupif binary gperation ¥ is

tommutative e, g -_m:u.w avabel
For example : (Z, +) iz an ubelian group,

Finite group : A group G,
elements in G are finjle, Fore
finite group, S, P

Infinite group : 4 group (G, J .u nmumn_ .=m.i.nm Broup if number of
element in G are infinite. L

For example, (Z, 4)i5 infinite mwe..__u

Order of group : Order awwuc:_uﬂ is :.E number of e]
G, It is denoted by o a.u
element. .

iii. *) iz called a mE_.a ﬂ_.n_:u n. number of

xample G = E. H.Nw.m..m_ under By iz a

iv. ements in group
or :u_ A group oforder 1 has eEu. ..wm E.._.__ﬂ._nw
V. Groupoid : Let ff J _....m an algebraic structure in ﬂ&_

emply et and #ig o EHE operation on S, .:Em
operation * Such'a Abrueture consi

_uEuQ u_unwu:nn numamn_ in & is call

ch .w 18 A non.
5i 18 closed with the
stingof a uun.nﬁﬂ_.w Bet S and g
eda m«uﬂmﬁi

(Closure uwo..veﬁ.ﬂ
Svm_n.mm—w:nr:..ﬁn E=g=etavgcly

Where e is called identity of ¢,
_Emna_mzmsnrgin *a-1 =e=a%avaely

m.nwmnmﬂw_m";ngw *of al
of Q- (0] Q* ofall non

Rue 4. a.. *| Show that the get G=
Fespect Lo a._nn_;.an.

“ZT0 +ve rationg] number ig subgroup

x+yfo _H.u.mb:_m__.ﬂqdnu_i:—p
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iv.

aum_m a E__..uE. of order of G,

From mn .Eh Humbn (4.4.2) #

\ Therefore, G isassociative Eﬁmq mnnr..:ﬁ '3

}.Hwﬂ—unﬂmﬂ

Illlfm.m,;ﬁjﬁar.

X=x,+2¥
Yeozx,4 V2 ¥,
ce@Qand X, Y e G {
JZy g+ V2 |

SRR MEACTE S YN R _

_ H + a.__\..mwm € ( where ._..ﬂ—....—»..m. «m _
Therefore, G is closed :unmu.mn&ﬂnﬂm m.EH .uh.wﬂ.a _.n_..:.._uﬁ Mumbepy 7

rational],
Associativity !
LetX, YandZe G

where 2, 35 ¥1: ¥z
_.—._—u...__ﬂ.wq +Y= ka +

: X=x+ cﬁu_,..s am._. _w_._ =g+ iy, _
Gshwmk_..nm_km..:iu.m.u..un Q .
Consider (X + Y1+ Z =x; ¥ 2y rx+
uﬁ_me+a~.T_..:__+u_mu V24, +

. hﬁn +H++Hu”_+¢. +¥5+ 3302

2y e txg+ 1.wmu_m

i i,
Also P+;.+N,.n_.n"+ ;__mu.zi? * 2y,) #lrys
R A R R AR :;zj

P f+um+nu+Q~+....u+.._.uf__m

W44

KN +Z=X+(Y+D

Identity element :
Lete m«% be identity n_mE@Em of & Eumm-. mn_...__:c,: then

9+..J.__1u_+__...;+m.~,.¥_..u|a....u¢_ﬁ. _
wheree =e, +e,./2 m.bn_mh_n.m.a.,.u,.mm_
e +e,2 =0+02
e, =0ande, =

Therefore, 0 = G is identity element.
Inverse element ;

-x-y2 ¢ Gisinverse of x + y 2 € G.

eQ
Therefore, inverse exist for every element x + y /2 € G such that,y
Hence, GG is a group under addition.
hat order

| Let H be a subgroup of a finite group G. Prove ¢

Diserete Structures & Theory of Laogic 4-53F (CSTT-Sem-3)}

1. Let H be any sub-group of order mm of a finite group G of order n. Let us
consider the lelt coset decomposition of (7 relative to £,

2. Woe will show that each coset alf consists of m different elements,
let He by, by k)

3. Thenah, ah,, .. ah_, are the members of af, all distinet
For, we have

ah,=gh = A = k;

by cancellation law in 6. P

4. Since G is a finite group, the number of distinct left’ naw.m-..mEE also be
finite, say k. Hence the total number cqmFSm:Fahﬂ: Sﬁm—...- nrma which
is equal to the total number of elements _...-._.H .

Hence

= mk ) d
This show that m, the order .u:u. 5 a n_:__wun Bf n, the order of the
group {7, 3

We also find that the index k iz m?aw &ﬁmaw of the order of the group.
ﬂ:u .Fa. 5,

—t

Define E_-ln:a_. Dba_ uﬂd m—mﬂ_@ﬂ—: of aset E.:"__...ﬂn hinary

operation *. What do ¥ ou Eeﬁﬂ -u an inverse element 7,

Eun#.,.u. n—_..n__a:. L_E &mE._.wE einaset Siscalledan .nmnr__.u- mHmEE:_ with
respect Lo the rEE.u. o qmrap if, for any elemen da E 5%

gt n =a, then n pu n..__mm the _._m.w.“ identity m_nh_n.u_n for ..wm operation * and
ife*a=aq, then ¢is called the left identity n.._ﬂdn:n _.E.. the operation *.
Zero aHmBﬂﬂ.. _.h__ £ be an abelian’ wwa.._u !_:.p ».nmvmnn to addition. The
element 0 &R yill be the mnm:En identity, It iscalled the zero element of B
Inverse element : Consider a set § wmium the identity element ¢ with

respects Lo the hinary operation *,_ If Lorresponding to each element
aeSth b b
ere exists an element b € S guck that

a*b=h"ag=¢

Then b is said to be the inverse of a and i 1 =
it 13 usually denoted by a -1, We saya

:mmm..‘,__ q. || Define the binary operation * on Z bys*yex+y+1for

allx,y re_o.__wu to set of integers. Verify that (Z, *) is abelian group 7
Discuss the properties of abelian group. y
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Algebraic m.._.a_nanﬂp
— e

as k.“._ * G
. * ig closure In Z

. Associntivity 11etx Y

c, el

Consider x * 0 + 2)
N xtiy+zt 1) n £
Ua+...u+u+“—+wﬂ.u+w+u+ H+n+.ua..._,."._...
yhzalr ey D=2 +IT T T
Gt Hh+u..+&+_m F L _.u.
. ociativein Z. By A BV
i Mum“”.“..—.w__mna of the identity H#H x4 m_._mm.mn such that

r+e=x+etl=xs 1 Wi
» 1is theidentity m_nﬁmﬂﬂ,

.v. Existence of the inverse .rmmnm ZondyeZ

i

gl

x +y+ HHN .
Figs, gk
b rHy=1l .
e S S A NS
-4/Theinverse /._.“_._m x=1-y, ¥ s
i N, s
v. /Commutative:Lletx,y=Z 2,
& m._fu Axty=x+y ‘+..“H ,
& P e wx+1
QonFa ¥ EEY Y
T . ¥
.. ¥ is commutative. 4

Thus, (Z, *) is an abelian group. _

element pair (a, b) € G always holds commutative law. An m&m_mmﬂﬂﬁw
satisfies five properties : Closure m_.ovmﬁw.. Associative Property,
Property, Inverse Property, and Commutative Property.

Que 4B, | Provethat (Z, (+¢)) is an abelian group of order 6, where

Zy=10,1,2,3,4,5L

prmme——t

The composition table is :

Properties of abelian group : An abelian group G is a group for which the _

Diserete Structures & Theory of Logic 4-7F (CSIT-Sem-3)
o[ 1] 2]s] 4]s
0 1] 1 2 3 4 | 5
1|1l 2 ]3| a4l 50
2 2 i 4 5 0|1
3 3 4 5 0 1|2
4 4 ] o 1 213
5 |6 1o 142 | 3l
Since 2+441=3
4+,5=3

From the table we get the following observations ;. ¥ M
Closure : Since all the entries in the table belong to the given set Z. Therefore,
Zis closed with respect 1o addition modul 0650 Y

Emmoa.—bﬁinm.uer.wno-s_ucm_,:o: __._.m.J.m mmmmnmh_:._mn.. .._.wu. b, ¢ are any three
elements of Z,, S |

_...
F
¥

atgbrge)=atg{bae) (b +.c=b + ¢ (mod 6)]

Y i

= least non-negative ..mnm..u.mbn_nq when a + (b + c) is divided by 6.

= least non-negative remainder when (a + b) + ¢ is dividad by 6.
deagrd, g . ; ¥

A 3
=la+bl+e= An. +ib ..-.Mn.,u..-a -

N A 2 \ -4
Identity : We rm..wm OeZ. Ifris any element of Z;, then from the composition
table we sce that iy, N -
i W LAY SR
_.n._um.n.&.na. 0is the identity element, . Tl
o, Py Wy
-uc&ﬂﬂ..".,m,_.oﬁ_nrwmuzm we sce thatthe mhfm_.mm 0f0,1,2,3,4,6are0, 5, 4,

3, m. 1 respectively. For mHPEEWMthn u.,fmﬂém 4 implies 4 is the inverse
ﬂnE:-.h_:tu : The composition is nc_..m___H.E..wm,_B as the elements are
symmetrically arranged ahout the main diagonal. The number of elements
inthe set Z, is 6. -

(Zg, +5) 18 a finite abelian group of order 6.

ﬂ..._.u..h.u. Let G = (1, ~ 1, i, - i} with the operation of ordinary
multiplication on G be a algebraic structure, where i = vy <1,
i Determine whether G is abelian.

Determine the order of each element in G.

[TH
cyclie group, if G is a cyclic group,

_:.Uﬂ__.mu.ﬂu._ﬂmﬂrn:uaﬂﬁmn n
then determine the generator/generators of the group (.
r._u_mnu...:.-—un.

iv. Determine a subgroup of

[AKTU 2022-28, Marks 10]
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OR
Let G =1{1,-1,#, - i} with the binary operation multiplication be an
algebraic structure, where i = —1.Determine whether ¢ j, an
ahelian or not.

Answer_ i

o st

i The composition table of Gis

s 1 -1 i —i Lo
1 i ml i J.r..“._, I.ﬂﬁi
.wu -1 1 —1 cw_ ) m.._.m\., \
HEEEIE A
R AN & 21 (i

£p
g

1. Closure property : Since h.._._.mrm ouwﬂmm of the composition table b,
the elements of the given s mm_w ﬁ_wm m...n 'is closed under multiplication.

2 Associativity : The m_nsmuﬂ of Gre complex numbers, and we know
that multiplication of EEE@M numbers is associative.

2 Identity:Here 1is the identity element. h.,..”... .L

L N = e, ..u.
4 Inverse:From the composition table, we see ﬁ..mﬂ?n E,qnﬁ_& m__munﬁ_..w
of1,-1,1, |pE.mH...h - i, i respectively. g
5 GQEHFEE_..H 'The corresponding row m.un— na—E.wa of the tahle
iare identical. Therefore the binary oﬁmumﬁom..wm commutative. ﬂm_pno
1 (G, *) is an sbelian group.
i fﬂ:-prrz A R
Order n_: (1 =1, ESI R

Orderof-1:(-1)l=—1 &
(-1PF=-1x-1=1, El:n
Orderofi: @r=:

= J~IxJ-1=-1
WP =itxi==i
(if=i"xi?

g

=(-D(=0)=1 :

i) =4
Orderof-i: (-iil=-i
_..IHVMH IH

(—iP¥=-1x-i=i

Discrete Structures & Theory of Logic 4-0F (CSIT-Sem-3)

_..I_..wﬁ.u|.._.!|-HHH
=i}=

ui.  As N and M are subgroups of G then N M M is a subgroup of G. Let g
eGandaas NI M
aeNanda e M.
Since ¥ is normal subgroup of G, gagl e N
Siace M 15 normal subgroup of G, gag-! « M
gag ' e N N M is a normal subgroup of G.
Hence N 1 M is a normal subgroup of G.
iv. H=I1-1}is the subgroup of group &G, F=

Que 4.10. | Write the properties a_,m. nﬂuﬂu. m,.uoi that the set
:N.u.._.m.Eno-nud:-unﬂmnuu.&h:oﬂnum HE.G:.H#&H E.u.u_:_n.

& »ﬂmm ‘...wr.u_...l.x

N N4

Properties of group : ReferQ. 4, m:_...ﬂnhm 4-2F, Unit-4. £
Numerical : 450 O mm?u
»EE,_E_ modulo 8 (+)) : nﬁ&aﬁu table of § = [1, 253, 4, me._...m%n
operatiog +. is m.._ﬂm:_ !m - # .m =

Q- @ wf )

» 2 3 ¢ 5h Wyt

../ . r.n.ft\

4 5 acm. A.__g_u_.,

i

43 4

Since, 1 +,5=0but 0 ¢ S e, hﬁgnﬁigﬂﬁnﬁnﬂﬁﬁnm,
So, §iz not a group.

Multiplication modulo 6 g I

Compositi = i i
position table of S = (1, 2, 3, 4, 5} under operation *_is given as

s | 1 F) 3 4 3

oo BB
[ S
N D ke B

W O WO
B D K
= B3 D) e LR




SV Lot G = —__v.__.n—n._...ﬂu-ﬁiq.hﬂuﬂﬂlﬂ-.ﬂﬂ.ﬂ.?ﬂﬂ!ﬂhﬂﬁmd{ﬂnﬁ.

ola):a’=e—o0la)=6
olat): (e =ab=e—>0a? =3
olad}: {@"P¥=a=e s ola)=2 0
olatt: (¥ =a?=(a®P=e’=e ....wrw\.._..._.hﬁw
ala®) : {ab)F =a =(af)i = b ““ m...flx_v,...n.xnov..mw 6
ola®) (@®* MV =ab=¢ = n.__.__..ﬂn.u__h,!;..—. ...ﬁwut
_mm.w /.nn.u“.“f..rul-..”.
ﬂn..ﬁw B .mu&m any ele

menty,
%o

Que 4.12. | Let G be a group
Then

i fal'ma

i, (@a*byrlab!*al
OR T

In a group (G, "} prove that | -~

i. @i'lsa : w

i (ab)'=b-la-l. 1 _Ewamanﬁ.u—rumr;

mﬁﬁmﬂlﬂ y [Rec nu..._........u.._.

i Letebethe identity element for * in G.
-1

en we havea =g, Z G
Th havea *a e, wherea=1e (7

Alsota~")7'Ta"'se _.. )

& _— _..r\\
Therefore, (a<")"'*a~'=g*a”!. Wi ¢

efore, | . e

k AL

__du:w. ﬁ..._...d right Eanncmznu..._.u_.sﬂ..w w..__n_.__.\m.m___.. -1z g,
i. Letasrdb  Gand Gisa group for %, thena * « G (closure)

Therefore, (@ *5)" ' * (a * b) = e 55" {4121)

Let a= ' and &~ ! bu the inverses of @ and b respectively, then a -,

b-le(m

Therelore, (4 '*a-" V) *@*bl=b-1*{a-1*g)}*bh (associativity)
=h-1*g*h=b-1*h=¢ L4.122)

From (4.12.1) and (4.12.2), we have

fe*b) %@ dy=(p 1*a-)(a*b)

a*b)~l=p-l*g-! (by right cancellation law)

Quedis
L Justify that *The intersection of any two subgroup of a group
(G, *) is agaln a subgroup of (G, *)™.

i !

_ T.miﬁihﬁ?ﬂﬁram? e

- - - - " = A s
ii. Justify that“If a, b are the arblirary elements of a group G »_J_n.
(ab} = o} if and only if G is sbelian. ‘

OR -
Prove that the intersection of two subgroups of a grouop is also
subgroup.

T b T

ﬂ”.m.ﬁ. EWEr St
. PH.—.M-..F-‘._ ) 4 -
L Let #, and M, be any two subgroups of . Since atleast the identity
clement e i common to both H| and H.,. 3 J.EJW_r .

T

:H_\,__M.HNHG g ..
eient to prove that

In order to prove that Bf, ~ H,isa mﬂ_umﬂa:_m_, ?mw.,u.u..._..._m
nmz_Dm..u.wmm..FJ.ﬁuuvn&-__mm_dm_u o
Nowaef, nl,waecl ﬂﬂn_,n.,,m m.m. 5
beH,nH,=beHandbeH, &
But M|, i, are subgroups. Therefore, ;-
acH beH =abteH, \:< F=
asH; beHy=ab? m..m.Mn..."......... e
Finally, ab-! & H, n..w._ cH, .Iwu.n..vl_ e ~H,
Thus, we have shown that

acHnHyb el AL, ab) e Hy N Hy,

ﬂ.uﬂﬂﬁ-ﬂ.— .:».mm.ﬁ”mmuwHo:ﬁ of G.
li. .m..&__. Gis E..&Tm:w.._. group )
LN /i ab=tavabeG]
Cousider 75" (ab)? = (ab){ab) = °
f = n_“?.uw.ma
= alab .,m._. ) y
= (aa) (bb) &
lah)t = q%?
Conversely, let (ab)? = g2 v a.bel
lab) (ab) = (aq) (bh)
albalh = alabib
ba = ab

ba=ab va,be

P [By aseociativity law]
[-+ Gis an abelian ba = ab]

[Cancellation law]

_ﬂnm.ru.m Let G be the set of al] non-zere real number and let
a * b =ab/2. Show that (2 *) be an abelian group

P A ey e
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i Closurc property :Leta,b e G-
a*b= % mmﬁhﬂ.ﬂ_ﬂ.ﬁ—
— *iaclosure in G. boeeG
ii bu-bn—nn__ss_. Leta, b, ¢ &
i -ﬁ?... _athe) _abe
Consider a*(®®e)=a®{5)=74~ "7
E.E-nnmm& 0w fablc g

AT

on..\ﬂ

2 4 Imﬂz %
* i5 associative in G. : o
i, Existence of the identity :Leta e mw,.,ﬁx a.ﬁﬁrﬁ
ae= N &
SN
- ae = .
= e=2 T X...f.”,-__ .

2 is the identity element in .,m b

v, Existence .u:rnmﬁcaﬂ_n.uhaa.m Gandb e chnwwrm.»ﬂ}vlnum

Wy 7

/

v w...wa_uunnﬂvwﬁdﬁ tleta, m_ mD N

and h*g=

= *ig commutative.
Thus, (G, *)is an abelian group.

Let (if possible) b and ¢ be two inverses of element a € G.
Then by definition of group :

b*g=a*b=e

and g*c=c*a=¢

where e is the identity element of G

Discrete Structures & Theary of Logic 13¥ ._th....—....mq.a.mu
Now b=e*b=(c*m*bd
=c*la*b)
=¢*cC
=¢
b=ve

Therefore, inverse of an element is unique in (G, *).

Oﬂn:n ﬂ-.ﬂ-..—... A group G is nu.”_.—mﬂh ﬂHn__n H._.e..-n. if 3 at least one element o
in 7 such that every element x € G is am:.__m forma”, where r is some integer.
The element a € 7 is called _,.m.mﬁmsm;wna of (7.

iy 4”%”_...

Show that the B::.@Enmﬁdn n.d.._m. G={1,-1,i, Ih_ is nwmm—_nwvambhmh& its
generators. T ) ¥ = el .

For example :

Let G be a group whose order is a prime p,
Since P> 1, there is an elementa e G such

thate #e,
The group <a> generated by ‘a’ is a subgroup of .

By Lagrange's theorem, the order of

But the anly divisors of |G|
1,80 |ea>| =p.

‘a’ divides | G].
=pare land p. Since a = ¢ we have | <]

Hence, <a> = G and Qs eyclic,
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.

Que 4.18. | Show that every group of order 3 is cyclic.

L

mcwm.nmm ( is a finite group whose order is a prime number p, then to
prove that G is a cyclic group.

An integer p s =aid to be o prime number ifp#0,p £+ 1, and _.._._Emoﬁu
divisursof pare £ 1, £ p.

3. Some G is a group of prime order, therefore G must contain at least o
elements. Note that 2is the least positive prime integer,

4. Therefore, there must exist anelement a _m jmnf.ﬁ..mp. asthe .Em:_ns__
element e. Y

réfore 0(a) is' definitely 2 2, Ly
groip .n..,.m..n.pnmapﬁ.nﬂma by a then

o

E

5.  Since ais not the identity element, therefo
ola) = m. If H is the cyclic sub
o (H =ola)=m) B

6. By Lagrange's theorem m _._..Ea.m..f.m a divisor of p. But P is prime ang
m =2 Hence,m=p. oo

7. . H=0G.Since His cyclictherefore
s e

i

i B
%.m 15 cyclic and a is a generator of Q
0 .

¥

e8] how that gy (4 s cvelic group whérs a0,
2, 3, 4}. What are its &uﬂ.n. ntors ? et

W g

;ml@l—lﬂ'ﬂ

0 is the identity element of G under +5.
1'!=1m 1modb
12=1+1=2mod5
1¥=1+1+1=3mod5
14=1+1+1+1=4modd
1P=1=1+1+1+1= 0mod5

where 1" means 1 is added n times

Therefore, 1 is generator of G.

|
|

Diserete Structures & Theory of Logic

Similarly, 2,3, 4 are also generalors of (5. s
Therefore, (7 is a cyclic group with generator 1, 2,3, 4.

H i man
Que 4.20. | Show that G = (1, 2,4, 5 7 B} Xyl is cyclic. How Y

| PPN

generalors are there 7 What are they T

)

Composition table for X, is

|

=]

I

~
. -] 0 | 00
Rt
W

=] G = OO ok GO B2

— ba 2

A e W = O | e
P - g S

1 isidentity element of group G 7.
21=2=2mod 9 -
22 =3 . .n..._..ucm g
22=5=8mod 9
2z 16=Tmod 9
e 2°=32=5mod 9 ¢
e S B ed=1mod 9 _
Therefare, 2 ."m.,.mmmm.r._wmr_. of 7. Hence (7 is n._.ﬁﬁ__...”c,.. .
m..:dm_._.nlu... fis mu.m_a generator of {7, g

Hence there are two generators 2and 5.

.. i 35 GE.. Eauﬁmp.uh Hf.ﬁhﬂﬂ.iﬂa-

.H.,_..-.m L..,ﬂ.u.. Define cosets. Write and prove properties of cosets.

Let H be a subgroup of ¢

; group G and let @ € & then the
Ha = lha : h « H} is called right coset generated by H and a. et
Also the set aH =

lak ik € H) is called left coset generated by a and [,
Properties of cosets : Let / be

(. Then a wﬂdﬁﬂnﬂ_b of Gand let ¢ and b FEH.D_H_W to




L ot o e

1.

2.

e - |

acaH

Proof:a=aecal

Since e is identity element of G.

aH=Hiffae .

Proof : LetaH =H.

Then a = ae € al = H (e is identity in G and so isin H})
—=aeH

aH=bHoraH N bH=¢

Proof : LetaH =bHoraHN bH =4
and to prove that aHf = bH.

Let el (1 bH

Then there exists h,, h, e H m;aﬁ ﬂu
=ah, and x = bh,

a=xh, o =bhy )™ :

Since H is a subgroup, we rpdm r .:Tp eH

lethyhyt=heH &, Com,

Now, aH = bhyh LIHFEN b (hH) =bh H El‘mg uﬂauﬁuﬂ

- aH=bHifaH :ém 4 N 7

Tk

Thus, Ee_paan:_i_vm $ or aH =bH.
: em_ﬂn-;mm

£
ﬂ.. m_.)

A%
..:#u

aH = bH.
o laH =a™ ?4. =
eH = nuﬂwu.....m :
H=(a"b)H k_.._._

Therefore by property (2); & b
Conversely, now ifa™' b € H.
Then consider bH = e (bH) = (a a™} (bH) -y
=a(l7'O)H _
= aH
Thus aH=bHiffa'b e H.

aH is a subgroup of G iff @ € H. ' e m_..m....
Proof : Let aH is a subgroup of G then it contains the identity € %27

Thus,aH ) eH # ¢ _..
then by property (3);aH =eH = H

Discrete Structures & Theory of Logic 4-17F (CSTIT-Sem-3)

al=H=aecH
Conversely, if a € H then by property (2); aH = H.

| State and prove Lagrange's theorem for group. Is the
converse true 7

OR
State and prove Lagrange theorem for group,

[ AETU 2020-21; Marks 10 |

fAnswer '

¥ ! i -

Lagrange's s theorem :

.r 7
Statement : The order of each subgroup of a _m._._u:...“.r maacm_ is a divisor of the
order of the group.

w.
Proof : Let G be a group of finite order n: H.mmrm fu. : ' subgroup of G and let
O(H)=m. Suppose h, h,.... ... h E.o the m Haﬁra; of H.

Leta & G, then Ha is E.E right cogel, c:uqﬂp Q. and we have

Ha = :JF mn.: m. 3
Ha has m distinct members, since = ha=ha=h=h .hﬁr
Therefore, each right coset of H § in'G has m Emﬂhﬁ E»Evm__m. L:HG_ itwo
distinct right cosets of H in Q are disjoint i.e., they have no’ m_oﬁmuﬂ in
common. Since G is wmbnm group, the number ow distinct right nombnm sof Hin

G will be finite, m.wu_". mm.&b to'k. The union of these k distinct: .n_.m—pn cosets of H

b A_

EO_\wWEhuH

r..x.., .\_ u.'w.._. .-n..
_.H_.r: Jif Ha,, Ha,,.... _.mn . are the k n_ma_ﬂnﬂ _._EH_ cosets _:. H in G. Then
n; v Ha, C.ww.nw(_ -wHa, . J ». o

= S_.a _._.nE_u.m. ?mHmEmuam »H G = ﬂ_..__

Ha, + ..o _"_ua number omm_mamb.wm in Haj-

n n_c._n_vmq of elements in
...-.a..\
_:ar @

B e

SulF the number of elements in
a
= O(G) = km

N .M%
= n=km

=

= mis adivisor of n.

= OH)is adivisor of O{G).

Proof of converse : If G be a finite group of order n and n € G, then
a*=e

Let o (a) = m which implies a™ = e,

Now, the subset H ol G consisting of all the integral power of ¢ is a subgroup
of G E__m the order of H is m.
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's
Then, by the Lagrange s
Letn= .ﬂ.k. then

m is divisor of n.

heorem,

L
aann.._.___nﬁnx.w.__un NE

Yes, the converse ja true.

H s theorem.
Que 4.23. | State and explain Lagrange

5 m.-_ m“_h. theorem - 2 .
“..ﬁm...ma F“n finito group and /f is & subgroup of G Fmﬂ 35..&5&3 oG

Marcover, the pumber of distinct left (right) aamm..m of Hin Gis o(GWofH) |
Proof + Let H be subgroup of order m of a frite §7oup G oforder 1.

Let H th), A5, n By)
Leta e G. Hﬁmbnmmumm_m_wacvuﬂawtpﬁmubmnm _a__p__nbu. aah *_.F,.m__.a

distinct elements as ah = ah, = h, =h; by by caccellation law in G.

Thus, every left coset of i in n has m n:w.uuﬁ clements.
the :Eﬁ—um_. 2. n.mf:ﬂ lefl cosets will also be finjtg

mu.._u_n._w “H.u.r__ui 3
WH_U_” Wﬁuﬂunu the union of these &- loft cosets of H in G is EE_ to G.

Le., ifa,H, adf, ... n.tu._.mﬂmwn coscts of H in G then
G=za .r.r\.nN:_(_ ~JaH.

aﬁmu _...E _r..._ + iuns + . +ola H) o
Hmﬁ_na two distinct lett an.c.m.,.m are E:Em:___. disjoint)

=
,

=4 =m+m+. +E$4._E_m£

nE #
n= a‘ﬁ .A.“y... * “”._rl.l. ..”... v \_
b oG
olHY™ £
Thus order of each subgroup of a finite group G is adivisor of the orderof the
group. . .
Cor 1 : If H has m different cosets in G then by Lagrange's theorem ;
olG) = m olH)
e ol7)
= T olH)
ol((5)
G:Hl=——
=] ol '}

Cor2:If |G| =nanda € Gthena"=e

Let |a| =m = a™=e a0

Now, the subset H of G consisting of all integral powers of a is a subgr
G and the order of H is m.

Discrete Structures & Theory of Logic 419F nﬁm-..—.ﬂ.maw.._.

Then by Lagrange's theorem, m is divisor of n,
Let n = /mk, then
a'=amt=(a™F =t =

Que 4.24. | Explain cyclic group. Let i be a subgroup of a finite

....|,_....l.r_r

group G. Justify the statement “the order of H is n divisor of the
[AKTU 2021-22, Marks 10 |

order of G™.

_nu.n__n nﬂn:v Refer Q. 4 16, Page 4-13F, Unit4. &0,
Proof : Let G be a group of finite order n. Let #{ he n muwmuuc_u of G and let

O(If) = m. Suppose &, k... ... v A are the m Emndgﬂm of H.
Let a e G, then Ha is the Emrﬁ coset of H E _.... Eub we have
____:a.?un:..

Ha has m distinct EmEva since = & g us} P a h
qfcnmqaum.mmﬁrEﬂr_ﬁ.mapc_,mﬁh has m distinet Emn&.m-.m Pnu_._.c.c

distinet right cosets of K in, n.uq ..mhm n_ﬂ\o*i i, they have no element in
common. Since (Gis a finite mHE.ﬁ_. the number of distinct right oam.m tsof Hin
G will be finite, say, qu_:a k. .H._..r union of these & distinet D&uunommﬁu of H
nGisequalte G, &
Thus, if Ha,, Ha,, .ﬂn& are m.h,.m & distinct right numn_.m cﬁm in _...“.Hrmﬂ G=
ﬁn_cmnuc.tn r_. C,m_n.._ o B

= A_ﬂm u:_ﬂwau am &....Emﬂ..m in G = the nﬂEcm?ch elements in

Ha %.... +the EEH?:. of clements in Ha, +.,,ut mﬁ:::.&au of elements in
Ha, | “ay s
L 44 _ A .w.n{ £
=Ry K6 =hm o i ca”
M P

= misadivisorofn.
= O{H)is a divisor of O{G).

8. _v-.__:.n that every eyclic group is an abelian group.

b. Obtain all distinet left ¢
osets of {(0), (3
(Zg, +3) nnd find their uniog, of {(0), (3}] in the group

c. Find the left cosets of {[0), (3]} in the group (Z, +,).
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— T

: Z}
= <ar = la%+nx L
.”an. elements of G, there exist integersr and ¢ Buch

g, areany o

ﬁ"“_wnu__n n_..._._. and &7 el .H.—.u...wu._ =gt =a""= a' . @ = g8,

_—ﬂi %n =4
mo.mu_.wn&_mmuﬂw._ sl L H and [2] + H = {61 + H are the three

= + » 1A 5
> H_ELMW.MM% cosets of Hin (Zg:¥¢) .
We would have the following left cose A%
e w g H= ﬁp..r_r_mm._ \L..._.” @,
w_\. A .; ey T
gH=18; k heH e

e h heH F N
E H= _.W.a ' . iy,
= a1 he g's, since for each gey
) ts will include all the
The union of all these s&

=g, h he .E._«.._. .._.,..".M.,.a.
h.—. _.mm h_. E _/.-...M,“. _xJ
we have £ <8, =&, h, ~m... 1 «Mf\\
here e is the identity. P . < .
;_., make the union of all these sets we will have at _mmﬁ, all the
ﬁwnnm”,_,“g .U.m The other elements are merely g, for some h. mﬂy _ﬂ_ﬂou. PRT:
Mum”,us.oci be repeated elements in the union. So, the union of eftcosety

J TN, e .E
inGisG,ie. K 445 a Y,
WfHinGis 0 Zg= #0) (), 121, B, kg
" o L' e LW ! ﬁ . m.ﬂ.# E mr. ﬁl..ﬂ_-HH.u.w
e Let A Zg= (01, (1,12], [3), 4], (51} be a gron

Pl .,w.....,.».wa.ww =10, 13!} bea m..p.ow.nmw._”.__n..._..ow (Zg, +¢).
\...\ -~ 2 h.r/. &

>

m‘f_Hrm left n_,.wam,ﬁ of H are,

[ 101+ H = (0], [8]

S+ H= W) N
(20 + H = 21,0600
81+ H =131, o)),/
(4] + H = {14, 157
[51 + H = {15], (2]}

by

'Que 4.26. | Write and prove the Lagrange’s theorem. If a group

G={ur—3,2-1,0,1,23...) having the additiva Pmrgmumnﬂml.?. :
Hmﬂ.m.”u !....un-.oﬂv of group G where x* € H such that x € G. Wha .

H and its left coset wor.t17

H.u.mu.nhw%-....rnnunﬂ : Refer Q. 4.23, Page 4-18F, Unit-4.
Numerical :
H={x2:z2eG)=10,1,4,9,16,25 ..}

Discrete Structures & Theory of Logic 4-21 F (CS1T-Sem-3)
—_— g NYH

Left coset of H will be 14 j7

={1,2,5,10,17,28,...]

What do you mean by cosets of u
group Z of integers tion and the subgroup
He={.,-10,-5,0,5, 10, ....] considering the multiple of 5,

i. Find the cosets of Hin Z.

ii. Whatisindexof inZ 7

ubgroup? Consider the
under addi

Answer

Coset : Refer Q. 4.21, Puge 4-15F, Unit-4.

Numerical : A5 Sy

i énrmémnTﬂ-m.ﬂm.L.nm,lu.lrﬁ_._.r_w.u.#.m.m_..;
and _. ..

H={...-10,-50,5/10, .} -
Let 0 = Z and the right cosets are given as 7.

H=H+0=(::-10,-5,0,5 10, .}

H+1= n._..J |..-mﬁ|.nf..u. n.wv MH..._..*
Hy2=1(./-8,-32712 .

H+1 B __.....h.r 7, |_W..”.,w. B, 13,.._} : . Y )
Hed=|..-6-14914,..) G
_.m.a.rmﬂ."..,\.:ql.ps.rm.o. 510, . J=H" -

Now, its repe ..u_.._m..u..__ slarts, .Z_n.s_. we see that th
HHALH+2 He8 H+ 4
disjoint. Similarly the left cose
ii. m__unﬁ.a of Hin G iz the number
Therefore, index is 5.

e right n.....m.w..m. :
are all distinct and more over they are
ts will be same as right cosets.

of distinct Dmrs_mﬂ_ .ﬁ..wmﬁm.

Que 428, | What do you mean by cosets of a

.. ::wm.-.o:ﬂaﬁ.cnwmmaw

the group Z of integers :hmaw.u_-nmh:.u.h and the subgroup
H=l...,-12,-8,0,8, 12, ) considering of multiple of 6

i.  Find the cosets of H in Z, y

il. What is the index of i in 2,

2]

| AKTU 2019-20, Marks 10|
Anawer
Cosets of a subgroup : Refer Q. 4.21, Page 4-15F, Unit-4.
Numerica] :
L WehaveZ = [-6,-5, -4,-3,-2 - 1,0,1,2,3,4,5,86,...}
and H=(.,-12 -8, 0,6,12, ...}
Let0 e Z and

the right cosets are given as

H=H+0={..,-12,-6,0,6,12,...)
H+l=(.,-11,-51,713, ..
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_M. ......M .“ H_, A m_m.Lum._ u.—. .m_ehmwm._u is called a eyclic permutation of length &,
om0 Por extmple: Consdor i e enlep=(] ¢ G ]
H=H+6=l" ° ““.mﬂw:umﬁ the right cosels, . Ihen I hasa cycle of length 3 given by (a, ¢, o).

Now,
Now, its repetition starts. i o H +5re all distinet and more over they Brg

HH+1,H+2 _m;.wﬁu_ ame as right cosets.

t. Similarly the le cosels.
ii ””MM“,. h_.— H._M Z is the number of distinct Hw_uﬂ__.—mﬁ._ _.‘m
il .

Therefore, index is 6.

ﬂﬁm 4-30. | Define the subgroup of a group. Let G,

—Lmnﬁl_._.u_nmﬂubnnce boa
normal subgroup.

c) be a group.

it _....o@nn.m will be s for all b ¢ G). Show that H is a

_ Subgroup: If(G, *)isa group and H <G. Then 1, ._:w said to subgroup of
_u_hr m.__-h_. Gif (F. *) i= also a group by jtself, ) »

ie.,

1. a*beHva,beH(Closure u-.aﬁml..w...

Normal .m:?w.?ﬁ.uﬁ%ﬁﬂﬁ&.dn .E._..m mu...iim_qln.mﬂnﬁq.
. e T i i, i —— 2. JeeHsuchthata®e=a=¢*p"
where ¢ is called identity of G,

. | Write short ..E.-.ma EH !
Que 4.29 _ 5 S 3. @ .nmmmcnr__.r&n..nu_nu a,:n{nm.ﬂ__.

a. Normal subgroup .. . . &
b. Permutation graup

Numerical: Let (GG, x} be =m_.3.nﬁ A non-empty subset Hof a m_..cE.. nJ ?is said
Lo be a subgroup of G :.;w *} itselfis'a group.

Pl HofGi nﬂoguﬂwgnmcw Given that, ﬁn_aﬂ.mﬁnmﬁiauv .w_u__u J_.._u _mﬁu_
ﬁ_ u:_uﬂudﬁ—u »? subgroup H of G 15 521 Broup ¢ : 4
* ?mnmu_u:w;w,.nh v ac Gie., Emﬂpnr..noulpnnwmﬁncmuﬁammﬁn . ....nmmmﬂu_pﬁuuncnbnnvnh Hcm dﬁ .Q...
Mmq.m;ﬁn:#.n are the same. = F 4 (b otu ={xob)-! s
Cmmu_q. every subgroup H of an’ dbelian group G is a normal i ..u_.-Hs.wL =b-lox!
“ 2, subgroup of G. Fora < Gand heH, ah=ha. = ef.#._m H ¥ 4 . g
__r L w.__._nm a cyclic group is: ur.._ﬁb. m_._.mnw wﬁwnﬁacﬁ of a cyclic groupis Now, ", _r- ob-lox=go rw “ig ) e I ois associative]
normal. . uacﬂno& A [v wseb-leff
b. Permutation group : A mmﬁ .\u .:. .__:_ permutation on a non-empty = (g oioruw \ [ :
cet A under the binary operation *is called permutation group. i s < aeH]
IfA=(1,2 3,..,nl, the given permutation group ?qErMn_ ww.. ._“. is mrn | x nﬂnu c..m.... X
5 N of element =xoloob-

nwuwm.n_ mﬂu_“m.,._ﬂn group of degree n denoted by S Number 3 Gab-de it

I} Wil fn 1

nu_.nrn permutation : Let A = {x,, xp, ., X} Then let £, ty,... _.F “ Therefore, H is a subgroup of group G.

elements of set A and m__ﬂ-.“ﬂﬁ_wm._._a_.-.m. A— naﬁ_.ﬂmm by { lethe H and g € (7 and any x in G.
.}:q =i, g Consider
Pit)=t, | Eabomu:onnﬁ‘uhu—o}vch [ keH
........... =leohlox=shorx

’ =xo0h I~ heH)
Pit, 1=t =xolhogog-)

Pl =t

.

e o e A et e e



Sem-B) Emn_uﬂanm..g._swmw
p (CST-Sem” .
gl =xolgohog™ b hen

-1 ¢ H [orany & € =
_..u..-.c.,—ﬂ ....-n.ﬁ.u__

= NO _.—u o h.
H is a normal sub

G is a normal mnvn.!u:u if
f n group ang
._.:.un...._-._ﬂ o
Que 4.31. [ A su

.m...___.u.. if n..l 1py e H for cvery

wumﬁmﬁ _

Let G bo a group and let I7 S G be a subgroup. We say __.._M.w.,. :l_m m._pwrﬂoﬂﬁ Hi
ot J an_n...o_.._r;p: a G, if forevery g _mHJE.E.? € imrh__dﬁh_mm_ Hmmm

M“__.HM. wﬂ.ﬁnﬂ every g € H we havegHg 'c H. m |

Proof : Let g € G be arbitrary. We WH..,n_ﬂ pqm.»qh w%u Therefore o
" h e Hgh e Hg, that is, there exists h'.e H suc atgh = h'g, Hene,

rﬂaﬁ. 1 n| k' e H. Since h € H ip.._ clu_ﬂwm_.m_ this implies that

gy = ‘

gHg ' < H. Therefore HaG. AR

Que 4.32. If Nand M are U.o-.ﬂ-l..— m:.?mdﬁﬁ.—u of G :..w.u .?_. :.E..E a
e . \

¢ ..,.f.

normal subgroup of ﬂ

hbu!u-. g
As N and M are mﬁdr‘noaﬂm of Gthen NN Misa mcrmua:ﬂ. of m. LetgeG
and g ENNM, S “ i =
aelNanda e E .

Since NV is normal subgroup of G, gag™' € .2_.
Since M is ucﬂun_ subgroup of G, gag ¢ h.u

gog e N N Misanormal m...&m_.osﬁ E.ﬁ ']

Hence N N M is @ normal mc_umu.oﬁm._cw n%

i ] tion of two normal
mmﬂﬂ 4,3%. | Prove or disprove .._:; intersection

ot gup G is again a normal subgroup of G.

[AKTU 201920, Marks 10

n:vnﬂo:ua of a gr

=L
=

w E EE. H, be any two subgroups of G. Since at least the identity ele
€3 ..uBHSn ._b both H, and H,.
: HnHy#¢
i rov
1n or der to prove that H, ~ H,is a subgroup, it is sufficient to P
aehl | nHybeH nH,=ab le H nH,

ment

g that

heHandg €G- u.

Fﬁﬂd 2020-21, Marks :__ _

Discrete Structures & Theory of Logic 4-25 F (CSIT-Sem-3)

Nowa e i }Imﬂvnm: anda e H,
b m:_.)_ﬂ uv@n: E.::u_mmm

But X\, H, are ms_u.w...acﬁa Therefore,
a m:t__.mb. = ab- dmh

aell, bel,=ab! ¢ H,

Finally, ab~ e If |, ab~1 ¢ z"u ab™t e H N H,
Thus, we hove shown that

cel M &m.mj.r.nvﬂw-wm_r. mH,, e
:a:ac H,n H,is a subgroup of G, N

Qﬂn:ﬁm ﬁuﬂn&&ﬂaﬁﬂ Definition and .mumgﬂmmv. .«ua.a._wl_..m.« 3
A 3 %msmni.qah% B e S

sl

b_.nmﬂ.mn. a ) P

ot SR

EeEcEEﬂrEE Let *..Qb -". and :m + ¥1 be two groups nw.mu. a EJE.EN

G, =G, iscalled mrquEEﬁ?aH.mﬁn *h)= nhv*h.& foralla;b'eG,.

Thus fis ro:.EEe.hm_rnmE from G, to G, then fpreserves the composition in
G, and Qu rn: ::mhm of ncEH.._oE:ﬂ.: is mn_cp_ to naﬁﬁsﬂﬁsn of images.

The E..”.Eu_ Q is u.:n_ to be homomorphic i _Bmma cnnnccv G, if there exist a
rnEouEHﬁr_mE 2. G\ onto G, o

-mnEogruw.ﬂ whn (G, *} and (G, ) wu .u_q_u m—é:ﬁm then a mapping
f: G, + G,is anisomorphism __. ..

i.  fis homomorphism.

L {isonetoonei.e hnul__ﬂ..u_nvuﬁu__ iHL.mm
ii. {isonto.

Que 4.36.

Let (G,*) and G',*) be any two groups and leteand v ¢
their respective identities, If f is a homomorphism of G into G, the
prove that
L fle)=¢

i, o) =1, Ve

| AKTU 2022-23, Marks 10

..En______c-.

i
5

1.

muzvam H.m_..m and e’ be identity of G and G' respectively.
Let Hmn.llv__nmuﬂ”_mn_ __.."nhn._
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¢’ flx) = fix) = flxe) lxe =y
MNow = fle) fix) [fis homomorphism of j _ma_.no.ﬂrhmna
o' = fle) Iright cancellation Lave)
= a1l
fledis identity of ¢
u._. is the identity of G = fle)is identity of G, Ifx ! is the inverse ofxip
ii. el
G, then -1
Hluh =£=XX
N lz=e=flxlx) = fle) 2\
Ui- +1
. .}Hu:_ Ax) = flel Iris homo w_ﬂ.—mmgowﬂzmﬂy
Again xx = e = flax~1) = fle) D
= Ax) fle!) = fle) i
] fx~D) flz) = fle) = flx) ?ﬁl_
= fal = Sa: e

HEH } ring is M.:Ewncmmu.mmu.m»mg _E +, *)where Risa :o?mﬁmw i o
+and ® are two binary cﬂm_.m.ﬂoum (which can bo different from' ma&m.mw o

multiplication) mza if, :,E wo:c..ﬁnn conditions are mmnﬁmmw, - A
1. (R, +”:m_g._._w_urrm5mw=:ﬂ - .x....

2. (Rye}is _me_m._.nzm_ e ,lasb)sc=as(be .m.H., _r,".
2 l Y
3. «qu cﬁmnnﬁ_on « is distributive over +. :

Tm

,,,rm for muwa.o ceR
p ..@._:3:?.&u,._._”n-.%vo_.?,;u.nu@.

uﬂ.hﬂ_.m._ a_._.n_&: A ring is called M“ Enmm,mwb. domain if :
&wxw_w f;w_._..

ii. It hasunit element ,
iii. It is without zero divisors A2

Field : A ring R with at least two elements is called afield if it has ?:ETE_.
properties . :
i K iscommutative

H has unity

E is such that each non-zero element possesses multiplicative inverse,

a)+(cuq)

L Itis ncaﬁﬁmﬂem

i.
1ii.

Forexample, the rings of real numbers and complex numbers are also fields.

mna 4.37. | Consider a ring (R, +,+) defined bya s a = a, determine

PRI T

whether the ring is commutative or not.

Discrete Structures & Theory of ogie

=

Y

.M.gg%ﬁggﬂigﬂiﬂxﬁ::: W —

FAnswe

J SR A -

Let a,beR(a+b=(a+p)

-..uw..w 1s an -u:.m,..m_ .__aﬂ__-d Isa n_a_...— ?
wbﬂu.ﬂmu

i AP

Since (Z,, +q

4-27F (CSTT-Bem.3)

(@+b){a+b)=(a+b)
fa+bla+(a+bdlb=(a+b)
(a® + ba) + (ab + b%) = (g + b)
(a+bal+(ab+b)=(g+b)
(a+b)+(ba+ab)=(ag+b)+Q
ba+ab=0

a+h=0=a+b= n+n?¢5hm<¢d.&m5¢=ﬂﬂ.
b=a

ab = ba
R is commutative ring.

Explain,

anl !

..In{\.t‘

._, ) satisfies the wacmﬂ.nﬁ ﬂw.u&wﬁpmm

OFmEd axiom : All the ent
et ries 5 both the tables belong to Z,. Hence,

Commutative: In both the tables all th

E e entri
are same Ltherefore commutativityis mmﬂﬁm__.r% S i e
Associative law : The as
are algo satisfied.

Here 0 is the additive identit
Property is satisfied,

Inverse exists in both the tables. The additive inverse of 0, 1 are 1, 0

”wﬁmn:ﬂmq and the multiplicative inverse of non-zero element of Z,

sociative law for addition and multiplication

¥ and 1is the multiplicative identity. Identity



SlgE e UL ey

r1.5em3)
428 5 jbutive
iplication BASTE

vi. »{H tvnmhﬂ——._hh_hﬁ_.

iti
i %w_m“ag therefore
an inte

overaddition.
11 as field. Since, we know that every field j5

s also an integral domain.

t the set Qﬂu.ﬁ.lm.ﬂ.gl.m.l {0,1,2,3,4) modulg 5ig
a
d multiplication of residue classes mody),

| AKTU 2022-23, Z@

3 1-—0¢m th
et dition 80
an . mn_—n—»

5. f.ou (B +y Xo) 158
g i
ples for addition and multiplication modulo 5 are showp,

i 0

Hma..no_uv%m:u:_..n ot
below : A s )

&
=]
g
©
L)
.

E I

b e e L |
Lol - I 7 I A = ]

From composition E_u_ma...ﬂ.m see that Fis closed w.r.t. _E; mmn._#_cu and
multiplication modulo 5. Fis associative by the Edu.m_.nw nm::..enmum under

both additicn and multiplication medulo 5.
0 € Fand 1 € Fare the additive and E::..__u:nn_.im im:ﬂa.. elements,

0,1,2,3, 4 are respectively 0,4, 3, 2, 1,

The EE::A_ inverse of
The EEnG:n..mﬂﬂmEcwamnm of 1,2,3, mmam.nmmﬂmﬂ_amq 1,3,2, 4.

From the symmetry of the E_u_mm it follows that F'is commutative.
The distributive laws held by n_.,m E.ovmiw of integers. Hence, Fis a field,

G

Que 4.40. | If the permutation of .,_._E elements of (1, 2, 3, 4, 5} are

givenbya=(123) (45),b=(1)(2) 3) 4 5),c=(1524) (3). Find the value
of , if ar = b. And also prove that the set Z = (0, 1, 2, 3) is a comnmutative
ring with respect to the binary modulo operation +, and *,

Answer. |
ar=b = (123)(45) x=(1){(2)(3)(4, 5)
1 23 4 5

ﬁuwmnpduw..wﬁ.“.wl
= 1235 4

231450123754

Discrete Structures & Theory of Logic

We m_..:.._ ?E: ﬁ?mam __.mzmm 3

L

il

4-29F (CSIT-Sem-3)

TmuaJ 123
2 315 4*%

.E._ the entries in both the S.Emm rﬁo SN mﬂ_._
. ce, Z 1
..i to &2&. operations. :m.. m.\ : ot Soact it

{L.‘.-\ o
Commutative law : The marﬂﬁye_.. H: 20437, 4% rows are identical

with the corresponding elements of the 19, 27, 3ed 4t oolmng

respectively in both the tables. Imbcm Z
both uperations. 4 1S commutative with respect to

Associative law : : The associative | iti
aw for addition and iplicati
a+, b+ cl=(q +yb)+,c forallq, b, e €Z, Piplicatin

ax,(bx c)=(ax B xge foralla, b, ceZ,

can easily be verified.

Existence of identity: 0; omw . -
identity for z, ¥:0is the additive identity and 1is multiplicative

Existence of inverse
Tespectively,

* The additive inverses of 0,1,238re0,3,2,1




— - . r=lgy

Hnw.uﬂ-mﬂuﬂ-nﬁ.w
i nverse of non-zero a_cEru_. 1,2,38rel,2,3 nmmﬂmnﬂg_u.
vel }

. Multiplication is distributive over addition i.e.
aw *

4-30F
._._._..n_-muwun__n._

1

tive

vi. Distribas H
a *y
(b +€ %4

s)=axbraxge
g=bna+cxa
_nnx@+3m¢ur+pn|v+q_..9un£

b 4y

PRLEVS

axg

= least positive remainder when a x (4 4 '
divided by 4 is

= least positive remainder irﬂ_un& +ac is divig
by 4 4 |

= hn& +hhnﬁ..

=a _x.pm.‘. +,8 %,

For,

7 axb=axbimodd)
or
(Z, %4 Vis pmcuﬂm_dcu and the o
- )is &n abelian group, (£, %4 Peration
M.“”—.-ﬁ..”ﬂ»““f-ﬂﬂmﬂn_ﬁ—cp The ﬂN.._ +.— . » u-._u 8 Eﬂw Now AN.nf = un.m ﬁﬂgﬂgﬂﬂw”

with respect 10 > Therefore, it __...tw ..cEEunmE.__m ring.

What is n:m.wu..-“..ru. H.mnm ? Give mnn.ﬂﬂ_mmﬁam _uo.r

mn_b.n mmmma Q: .nhm ﬁmmm 4-96F, Unit-4.
mumEEm of nuﬂ#..ﬁ?ﬁ;& ring : Refer Q. 4.37, wmmm mawmm, Unit-4,
commuliative ring : ooﬁm&mﬂ ﬁ.:.» set Rof2 x 2 Tmatriy

i

mgw_n of E”E-
QEEE mHmEmﬂ.hbnh B, Ce w

CFAT(B+C) = A2 B +.E
also, E, +B)*C=(A ...jmw_..fﬁh * 9
* [ distributive over +. xmﬁ.h.....u

. (R, + *)isaring.

We know that AB = BA,

Hence (R, +, *) is non-commutative ring.

,ﬂﬁw .au.ns. What is ring ? Define elementary properties of ring
[AKTU 2019-20, Marks 10|

with example.

[ \;I.-mrl—ls\rujh— [N

Enn.mm?ub 4.36, Page 4-26F, Unit-4,

Discrelc Structures & Theory of Logic

431 F (CR1IT-Sem.3)

Elementary properties of a riny ,
Let a, band c belengs to aring i, Theg

1. ab=0a=40

2. al-b=(-alb=-(ab)

3, {(-al{-B)=ab

4 alb-ec)=ab-ac m_._.m;&lnu_.nnm..nlnn

Forexample:Ifa, b € B thep (a4 b)t= 42

We have Ap+&1ran+3ﬂn+3 +ab + ba 4 2

"

Hnn+p3+6n+wv fos
Jbsr A
=a®+gb+pg 4 B, AR, ﬂmﬂwmwwnw-.aﬁﬂﬂm law)

,‘.,s e

a A S,
@@@@ 3

afa+b £
+b)+b(a sy ?ﬁﬁrﬂnm@«v&é law]

e
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Graph anqg Combinatorics

4

L HIS
Braph G5,

1 i u.w..xi?.n.n e gy z
_ i .J....:..e_.f;sl.».... ....Lﬁ....
—
4 CONTENTS =
Oozemzew A1 | consists of two sets as follows _M:nﬁzﬂ...., Consisting of Gioa
g - Agraph

Y

of distisict edyen of .

1. Set Vofnodeser paint gr vertices of
2. Set E of ordered or unardered pairg

Part-1 : Graphs : Definition and ........ P e L s :
Terminology, Representation | We denote such a graph by (v g, . sdg

£ of Graphs edges as E(G). ) .:Hm set of vertices ag VIC) and
For example : L o set af

Multigraphs, Biparite Graphs, ...............
Planar Graph, Isomorphism and
Homomorphism of Graphs,

Euler and Hamiltonian Paths _

Part-2

= Graph _...uw?..mum "4 SRR P R A .

nuE_uEEul.n..m "w.unwucmcnﬂo? veemrnreeens B=1TF _.o..ml..wen_ : callod ardBrof 2%
: Fr ity dorderof G.'.. = v

" Counting Techniques - . { \ . The nuniborofe
e T PO S i Size : The number of edges denated b o
t-5 : Pigeonhole Principle ....i..itvoriiivnnir.n.. 5-19F to 5-24F \ size of G. noted by | E(G)|

; B IR ; ; Tl T e i Direeted m.n_.nm_r :Agraph Gt
each edge e e E is associate
below : .
Undi ot
; e ”.MMMM% graph : A graph G(V, E) is said to be undirected if each edge

s associated with an unordered pair of vertices as shown below :
a b
5-1F (CHIT-Sem-3)

FRers. .

oo ot e




Discrete Structures & Theory of Logic = Aom..—.u..ma.ﬁ.&

L] EQ
degree vertices is even™. - .
Justify that “The maximum number of edges in a simple Erapy,

_ AKTU 2021-22 .z#uunh T

]

1.

isn(n-1)/27,

£ By ey =

Let G = (V, E) a undirected graph, o
Let J denote the set of even degree vertices in G and W denote th

£ set

of odd degree vertices. ; i
Then, .. : 4
M deg.(v) = M n—mﬁm (v)+ M ﬁ—mﬂi. r
neV s L7 :_n..”'..\.aw
2e- 3y deg;lv,)= deg, (u;) U
.,Mc - M T AP ~A5.2.
Now, 2 deggs) is also even as the m.ﬁup..om degrees of even dop)

we W T
vertices is always even. Therefore, from eq. (5.2.1),

M deg (v) is even <z
ey 3 o”
vie aﬂ..m?..._ ) ST B
. Since for each v, € s.,w .n_ﬁwn (v, )is odd, ﬂ_._ﬁ._..wc::uow... of add Yertices i
G must be aven. iy, 3 LY i

i ww.rﬁmmﬁﬁrmi_%aa. Sdw)=2e "

R ]

{ Where e m.m the number of edges with n f.m.ﬂ.ﬁmm..u..“m: m.mmv_._ G.
Ddp) +dlo* .. +dlv) =2 L T
“—-We know that, £ o B
Maximum number degree of each vertices in the graph can be (n -~ 1),

A5.2.9)

Therefore, eq. (5.2.2) becomes - }
(n-1)+(n~1)+ ... ton terms = 2¢
nin-1)=2 e
nin-1)
g= ——

2

Que 53." | Discuss representation of graph.

Graph can be represented in following two ways -
1. Matrix representation :

Matrices are commonly used to represent graphs for computer
processing. Advantages of representing the graph in matrix lies in the

sA4F(

Bl AL T

H‘

=

b Incidence

L.

CSAT-Sem-3)

parallel edges ig
given by

if there is an edge betwean ;th

=0, if there is no edge betweer, them

Representation of directed graph :

The adjacency matrix of a ¢
matrix

ertices ang
no
whose elementg are
@, = 1,
and *h verticag

igraph D

A=lay) . in which
8; = lifarc (¢, v)isin D
Dotherwise . %
For example : o

L}

matrix: - °

h_uﬁavﬂmmnunm:a# of BH&E»& graph :

Consider an c:&n,.am,nmm mwmn_.._,. G =(V,E)which hasn vertices
and m edges all labelled. The incidence matrix {(G) = _oq._. is

then n x m matrix, where
.m_u =1 when edge e; is incident with o
=0 otherwise
Representation of directed graph:

The incidence matrix I(D) = [b.) of digraph D with n vertices
) i . X
and m edges is the n x m matrix in which.

b 1ifarcjis directed away from a vertexu,
—1if arcis directed towards vertex v,

0 otherwise.

i

!}




i 5-6F (CS/TT- _
ures & Theory of Logic ]whﬂwam _

orete Struct
= Find the incidence matrix to represent the graph showy, in |
Ne. 5.3.2.
Fig n o vy |
X Yo
G4 & ¥ _
| o) V2
Yo . 02 Vs L5 FOR
The incidenco matrix of the digraph of Fig. 5.3.2 is | . ﬂoﬂﬂﬂg graph : A simp)e E.m_u_u. . s
3 S w [ W . i , inwhi o
1 0 0 -1l 1% 8 Mm? H.:Mmhv each pair of distinet, ye s.?k._u..w” .13 exactly ong
-1 1 0.0 50 2 | mﬂmu_r.mmm FHBEQS graph of  ye 8 o alled a complete
= et 2 grap 1 8 Are Bhown helgy, iFig 54 ted by K_ The
0 -1 4 0 -1 | wE
o \rfﬂvm HS 5 H ;mm.w.... W F D . . | . a.fvr.-t.
2 Linked representation : In this‘Tepresentation, m{rmn of verticey | . . VGA
adjacent to each vertex is Empugmn_ This ﬂet_..mmm.unmo_cd isalso calleq K, K B
adjacency structure representation. In case of a directed graph, a car, | - K, K,
has to be taken, according to the direction of an edge, while placing , _ o A
vertex in the m&mnmmﬁ structure representation of another vertex, _ K has munmn:m.\.. S ﬂww; C, edges ﬁﬁ.}
U W . . & Sy )
. |I..||ll | e ﬁhn.uubm\m-.mitx%.mumﬂnuww graph) : If memﬁ.ﬁwﬁn L._..mm. i
PART-2 _ _ muuu#%mmm cﬁ%_ﬁ _.,ﬂs thenit is na_mmmgﬁﬁmw._i% simple
; ; . ; e L edft] .Qn .Emm ea vort X wlar graph .
Multigraphs, Biparite Graphs, Planar Graph, Isomorphismand | e o187 then thegra sl gl
Homomorphism of Graphs, Euler ma.& Hamiltonian Paths. 4 | N - > Wv.
= A fre s i i o | ; e # .
F & £ ¥ 0). i ) :
‘Que 54. |'Write short noteson: .. <% S B
; G P05 AR e b _ X

p b

FigibAAs
| The graphs shown in Emﬁ%ﬁm,mﬂm 2-regular graphs.
The graph shown in Fig. 5.4.5is 3-regular graph.

a. Simple and multigraph ~ . "
b. Complete graph and .,.mnEE“ m.-.mwr _
¢ Bipartite graph 3

d Planar graph |

{Answer |
a. Simple and multigraph : |
i Simple graph : A graph in which there is only one edge between

{Fig-5.45.]

a pair of vertices is called a simple graph. | c. Bipartite graph :
— o G i.  Bipartite graph : A graph G = (V, E) is bipartite if the vertex set
v, Vv, Kt Vcan be partitioned into two subsets (disjoint) V, and V, such that
Fig, 5.4.1, _ every edge in E connects a vertex in V, and a vertex V, (so that no




. _.pete Structurcs & Lhedly L S8 ....:._
piser in (G connects either two vertices in V, or two vertices ip ﬁ&
v bipartition of G.

(v, Vylis calleda

. X X3 X3 Xy
x 3
3 2 which
X4 redrawn
&s:
! ; . ¥z ¥a
¥y ¥z 3 1 )

Fig. 5.4.6. Some bipartite graphs.’
: The complete U.:u.m._.:_.m gTaph o

Complete bipartite graph b

ii-

and n vertices, denoted K, ,isthe graph, whose vertex gqy is

partitioned :.:o set
which there 1s an €
where v, isin V,and v,
K, K5 K5 and K, ¢

s V, with m vertices Eun V,withn Vertices .
dge between each pair of vertices v, anq y
isin V,. The complete _uhm.u@u.ﬁﬂm graphs mﬂu.mu

o > ‘.......m..
K; 5 y Kog 77> o g
'Fig. 5.4.7. Some complete bipartite graphs. ©
d. Planargraph: B .

A graph G is said to be planar if i..n..nm _%Mmmn.m\.”.mcﬂm geometri,

‘ Tepresentation of G which can be uhme.._._ﬁ_ﬁﬁ._m.ﬁ.—,m.b.m such that no twg of

‘its edges intersect except only at the comnion vertex.

1" Agraph'is said a planar graph, if it cannot be drawn on a plane
without a crossover between its edges crossing.

I The graphs shown ix: Fig. 5.4.8(a) and (b) are planar graphs.

. . . &\ M
(a) ®)

o ‘Fig.5:4.8. Soiue planar graph,|
wuoum&m.m. Define the mﬁ:@ﬂiﬂﬂ with one example :
i. Bipartite graph
ii. Complete graph
iii. How many edges in K, and K; ¢
iv. Planar graph

O Te Pt A o e

TAnswer .
M....h!mmmuuhl.mnm graph: Refer g 5.4(c) p,
: complete graph: Refer m.q.?w M.mm -
7 Number of edgein K_ . Since, & ' Fage 5-6F, Cae.w
. *hn 8 com .

Number of edge in K, = E Txg Plete &raph witp R vert

2 = . ices,
Number of edge in K, . 2 =2
gince, K, , 15 a complete biparg;
Number of edge in mnm.m =3xgs 18

Planar graph : Refer Q. 5 4(q) p
' Age 5 5p

Both have same number of gapt: .o 4

i Degree sequence of voﬁ_..m mamwwwsmu

Homomorphism of graph : .H.#mm».mw _u_m} 4.
graph can be obtained from the oth mn..mw_u.nm.m mwm..wﬂwo be homomorphic if gne
= o .HH

by insertion of vertices of mmmuwmvwﬁmu.\a ol of edges in serjeg (ie
: by the merger of edges in serivg.
".“ muEmmnmu.

2. SIS

-Fig.582.(

2k
L e

.mﬂm"m( - | Prove that K, and K, are planar graphs. Prove thatK_ is
non-planar, )

e

The complete K, graph has 3 edges and 3 vertices.
For a graph to be planar 3v—e =6
3v—-e=23 x3-3=9-3=626
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Disc
K, is planar graph

Similurly complete K,
gy—e=3xd4-06= 12-6=62z6

graph has 4 vertices and 6 edges.

I, is planar graph
The complete K graph containg

wiv—e=3x5-10=16-10=526
e K. is non planar since for a graph to be planar 3v —e = §,

5 vertices and 10 edges.

Hence
Define U—u-h-m-.- ﬂ.ﬂhh.w... Prove that for any ncﬂﬂmﬂgn

planar mu.mu? v-e+r=2wheren,e, w..mm then
edges, and regions of the graph H&uﬂmﬁn-cn-wﬂ b

umber of verti
[ARTU 2018-20, Marks 15
: — ;

n@u.

OR £ Eh »
If a connected planar graph G has ahﬂﬁlm es, e.edges and r region,
ﬁ.mw.mﬂfﬁ : _ wﬁec_nancuﬁ__ Marks 1o

PR

n.—u.mn_.:lm.?ﬂnﬂ.

a

ity

Planar graph : oot P

A graph G is said to be planar if .&o__...m exists some geometric _.a?.n_wmm,mzan

of G which can be drawn on & plane such that no two of its edges intersec
g & R o P .ln..

except only at the nm_mu%uomﬂmﬁnmu. e £y ot

i  Agraphis said a planar graph, if it cannot be drawn on  plafie without

a crossover between its edges crossing. oG, RS
ii. %H‘mm.mﬂmﬁrm mrcﬂpd_b Fig. 5.8.1(a) and (b) maham_b:m_. ,..mﬂuﬁrm.
=) .

(@) -y )

Fig: 5817 80me planar graph.
Proof : We will use induction to prove this theorem.
Step I : Inductive base :
Assume that e = 1 Then we have two cases given in figure below :

ot

(@ (b
Fig.582. _
..—.E.m.mm.m..m.w_‘..u.ui.ﬂw.—_we‘mc“.wm.ﬂ_w__.ﬂﬂuc.fﬂlmHM+H1H“M
Hﬂmmﬂ.m.m.mﬁ&uﬁmg<mcuu.m.b.m.ﬁHmUc.T-.I.huH.vwl._.nN
Hence verified

siep LI : Inductive Fﬁ.._a.._ummmm .
Let us assume that givey th,,.
ie., forkedges

Step I11: Inductive step .
We have to show that the _

Letgraph G has k + 1 mmm““_fs Struefor g, Ledges
Case 1: We suppose that £ Conta; :
and find a path starting at ., Sin n
an edge we have a new veygey
degree one as shown in Fig. 5.8,

€0rem

mmﬂgm __..Dﬁnﬂb

i nwﬁﬁﬂmﬂm N

€€ 2 has ng cirenss - ake 2

o3 N0 cireut g, wheney ¥ertex
east we will re 'r we fing

. ach a Vertex with

. Bgssas o

ow remeve vertex x and edge inejg, oy,

Then we will left with m._..n._E._wwm ..,;Wmﬂ.mamﬁw»w\.
> BTvemas &

LS

W oraence Balor s S50 . Fig.5R4 e
erefore Euler’s formula holds for graphs in 7: [
edges [By inductive hypothesig| HEphIn T, 584 pince ww_ms k
Since G has one more edge than G* and gpe (i o e W

L 00& MoTe vertices i
Se,letv=p,+1 ande = e, + 1 where G* s L G
il C+~....L¢HEH+H+H.INHI..—_....r...,...p. Sa

=(v ey} ol
SU tr-g =2

. Hence Euler’s formula holds true, .«

e

L ..mu.,...w ..f.|.|.
uitand eis edge in circuit, Let G

.W;_nmu. EE._E. ive hypothesis]

..w...”,nm.mm 11 : We assume that G has a cire
be given in Fig. 5.8.5, %m. =5
o b

= a8
el gls H.wm part of boundary for 2 region so after removing edge we
¢ left with graph G* as shown in Fig. 5.8.6.

Y1 ¥y

d.u dh
[Fig.5.86. i
_H.Aoi number of edges in G* are k so by inductive hypothesis, Euler
Ormula holds for G*,

skﬁﬁgfr
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. . G has coe more edges and region than G* with same Vericps
Hm,.__.uﬂ.ﬂﬂnm .._+_.|¢u:+:+_.lmpm.wuuc.vj_lnpnw
» H.H_n. -
Euler’s formula also holds for . i
MM”M” by Principle of mathematical induction Euler’s Theorem holgg

true.

Que 5.9. _ What are Euler and Hamiltonian graph 7
o OR
i i le:
lain the following terms with examp
_.Mu.uhounoﬂowtwmma and Isomorphism graph
ii. Euler graph and Hamiltonian graph
#i. Planar and Complete bipartite graph KO

;, Homomorphism and Hmaﬂaﬂvrmu.u.. graph : Refer Q. -
Page 5-8F, Unit-5. a o

ii. Eulerian path : A path of mnm.ﬁr _.Q_i._q,.:nﬁ. includes each edge of G
exactly once is called Eulerian path. = =0

Eulerian eircuit : A circuit of graph G which include each edge of G exacyy

W—.H_mm.ﬂwmn graph : A graph containing an Eulerian circuit is called Euler; il

ph. . b . &
M.H.. example : Graphs given below are Eulerian graphs. i

afvﬂMA x Hmfm 4
W &ineVs vy c

Fig.59.1.. B
Hamiltonian m.-.”mu__u : A Hamiltonian cireuit in a graph G is a closed path
that visit every vertex in G exactly once except the end vertices. Agraph Gis
called Hamiltonian graph if it contains a EE:EB circuit.
For example : Consider graphs m_,mmn.,vmr.uﬁ :

D C P ¢ g

- .
A B A B

(@) . ®
Fig.5.93.
. i : . : . a4 i tains &

: inh given is Fig. 5.9.2(a) is a Hamiltonian graph since 1t con

- . Wonian circuit A - B — C — D — A while graph in Fig 5.15.2(b)1s not a

“zir 1, tonian greph.
ifrmiltonian path : The path obtained by removing any one m,nwm _.E_M_uw
Hamitonian circuit i3 called Hamiltonian path, Hamiltonian pathis gubgr
of Hemiitonian cireuit, But converse is not true.

every vertex of G is of ey,
b. Wwhich of the ?:n_:.&uu sim

; ple
or, if not a Hamiltonian pagy, &
8 b a b
&%, B
g & 0
Gl G2, g

e, G3
P Fig. mwﬂ.r

‘Answer 7
S ® LS

i i
* i ik ol

1. Firstof all we shall prove that if - 4

o ! i

_ Eulerian then it has no vertices owon%% ﬁﬂmwmnouumi .w_.ﬂww is
2 "Let G be Eulerian. L .....ar..u.x.
i Trwe kvl aotgthe o e e s
,&.\..5 two edges, one in and one ¢%“_ mmnwp_.dbw Ferita v You
5, .H._”E.« 15 also :.Ew for ﬁ_mw.mmmﬂ”mﬁ:&w vmmm:m.m we also end there.
6. mﬂwwmqu:%.ﬂﬂmﬁmh ﬁwmﬂ.dmmm mdmww edge once, the degree of each

e M. amultiple a.m _.dma and hence there are no vertices of

Zas.ﬂ_mmrm: i
vertices of nn&ﬂ. MM_M_HWWM mﬂ Wa%%“ﬂhw.nonbmﬁmm ——
Let every vertex of G have even degree.

We will now use a proof by
number of edges of (.
Basis of induction :

Let |E(G)] =
Inductive st
1.

J o

T

8.

9.
mathematical induction on | E(G) |, the

0, then G is the graph K, and G is Eulerian.
ep :

_.Mm_,. Pln} be the statement that all connected graphs on n edges of
ven degree are Eulerian.

E .
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Ihscre

2 Assume Fin
Since each vertex

}is true for all < | E(G .

has degree at least two, G contains a cycle o

Delete the edges of the cycle C from G.

The resulting graph, G' say, may not be connected.

However, each of its components will be connected, and wil| rm<m

fewer than |E(G)] edges.

Also, all vertices of each component will be of even degree, ranm:u

the ...mEEG_ of the cycle either leaves the depree of g ,..E.._.m”

unchanged, o reduces it by two.

8. By the induction assumption, each nnEﬂcnmﬂm%ﬁn_ is :.53-.......3
Eulerian. AR

o e

&

Pl osz.r.ﬂ Ll
To show that G hasan Eulerian trail, we En\mﬂwrn trailata Vertey

of the cycle C and traverse the eyele until e meet s
&o?a.e?rmnoagan:amcm G st X,

e

u say,
c, say, e iy

10. We then traverse that component's Eulerian trail, finally retury;
to the cycle C at the samevertex, &y, 1+ Urnjng

11. We then continue along tho nv.m_a C,traversing each component o
G ' s it meets the cycle )

12. Eventually, this process traverses all the edges of G and arriy,
back at &, thus producing an Fulerian trail for G. e s

13. Thus, Gis m:ﬂmlmu.-._uw.. Ew,;mlu&m;m of Ewﬂrnamznw_.mumﬁww,np
E 5 R B

b G1:Thegraph GI shown in Fig. 5.10.1 contains Hamiltonian cirexit,
v [ e, '

a—b—c—d-¢-aand also a Hamiltonian path, i.e..abede, b
s, T g

G2 : The graph G2 shown in Fig. 5.10.1 does not contain Hamiltoniay,

civenit sinee every cycle containing every vertex must contain the edge
/e twice. But the graph does have a iE.E._.Ea..EH patha -b—c—-d.
G3:The m._.mwrmm shown in Fig. 5. ;H..%mm\nvmﬂ have Hamiltonian cirenit

nor have Hamiltonian path because any traversal does not cover allthe
vertices. ¥ By i,

W R e

Que 5.11.| Prove that a simple graph with n vertices and k

m-k)n-k+1)
2

components can have at most edges.

Answer
Let the number of vertices in each of the k-components of a graph Gben,,
Mgy cueny nrw:m: we get

ny+n,+ .. +n =nwheren 21li=12,.., k)

&

!
Now, Mﬁu_lﬂ_u M.:..IM_._.H_:Ir

i=l i=1 i=l

g-14F (CSIT-Sem-3)

' ._\ L ] 1
FMF - L ncs

sl

] . &
{n,—1%+2
or .Mu.m n + mm?__..wx:

i iw) +_*N-IM.-_—_M
or M_n_:.. -1 4 2{non-
i=1

+a»:ﬁ._._r
or o _...:h!Hv
m:. 1P ¢ g2 - 20n~ 130
L] i » uﬂf
o TS o N

or >n

or

L : h = ~kin- k+1
We know that the Hm.mmmwrbu S M-k, 1 +\mr
! number of edges

.\.,w...:.u,..,,rw“_ 3 5 .—-?m iy = ..b...a.“.,
0= }ﬁ-uﬂﬁ.."__s.,.. 3 Wf\uu - h._m_. .uEH.I\ nﬂ%ﬂa of
Therefore, the maximum number of edgesing
e ...n... " L Ll mh.

N o 4 ¥
1 1 B
m“.._. 3 NM.-\_.-T#. Mv = I‘MA&\M?M.«.W”M? *

..\...‘.ﬁﬁw m.u,_r,%‘ R,
40 S slshm -k
¥ 2

Euler circuit and Euler grap i

conditi . p o .
ons for Euler circuits m.ﬂ.m.u—.u.w.p_._wu. ry and sufficient

e =8l
cpresentation of graph : Refer Q. 5.3, Page 5-3F, Unit-5.

Euler circuj
cuit and Eulep graph : Refer Q. 5.9, Page §-11F, Unit-5.

Necess .
ary and sufficient condition for Euler circuits and paths:

L. A
graph hay . s P
] __wqm:.t as an Euler circuit if and only if the degree of every vertex is
- A Eraph has
i an Euler path i ; ;
with odd degree. path if and only if there are at most two vertices
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Que 5.13. [ Define and explain any two the following : _

L BFSand DFSin trees
2 Euler graph
3. Adjacency matrix of a graph

L Breadth First Search (BFS) : Breadth First Search (BFS) ig an
algorithm for traversing or searching tree or graph data structyreg. 1t

i In a walk, there can be repeateq d TSE will
starts at the tree root and explores the neighbour nodes first, before _ 7, e edges ang e
moving to the next level neighbours. T 5 The number of edges which is covered n & d~s :
Algorjthmic bteps.: & g _ of the walk. In a graph, there can be mer, ;m:mw-_,%s: 2 the lengqy
Step 1 : Push the root node in the queue. i 4 Fora ..,_.m_uw_ the following two points are Eggrivsa.w
Step 2 : Loop until the queue is empty. S i as follows : R icare deibiag
Step 3 : Remove the node from the queue, i . Edgescan be repeated
Step 4 : If the removed node has vavisited child nodes, mark them a4 p Vertex can be repeated 5
visited and insert the unvisited children in the queue. Path: &
Depth First Search (DFS) ; i =

1. A pathis a type of open sﬁ:m p“m@_.mm_.

Depth First Scarch (DFS) is an wlgorithm for traversing or searching allowed to repeat, “

_ ther edges npr vertices arg
tree or graph data structures. One starts at the root (selecting some _

e ; th, the following two pojate arn:

arbitrary node as the root in the case of a graph) and explores as far [ 1 Fordpp : et cg_....ucm :q.o points are unportant, whieh aga .
Fried X : B8 as follows i - aredeseribeq

possible along mmnr.vqmbnr v.&.ﬁ.m backtracking. : S . : 50 3 ki

Algorithmic steps: . % " 7 a Edges cannot be repeated -

Step 1: Pushthe ..u.ao*....n._vn_m in the stack. ¢ ; g _.” _ b. Vertex cannot Un_.mm_u.mm.w.mn
Step 2 : Loop until stack is empty. 3 & “ 24 .,
Step 3 : Pick the node of the stack. AR, 6, e w..mm,. Units.

{ Step 4 : If the node has unvisited child nedes, get the unvisited child e ———— — > e—. :
‘node, mark it as traversed and push it on stack. _ Bl i E
Step & : If the node does not have any unvisited child nodes, pop the | A e B b o : —_Iw
node from the stack. e AL T et . Graph Colaring.

2. Euler graph : Refer Q. 5.9, Page 5-11F, Unit-5. =

3 Adjacency matrix of a graph': w‘m?n Q. 5.3, Page 5-3F, Unit-5,

iv

i ._.,mw:_,_e.nﬁ graph : Refer Q. 5.4(c), Pag

3 ot o
LS St e

~

| Write a short note on um.:.r coloring,

wn...“‘_o 6.14. | Express the following : 7
i. Euler graph and Hamiltonian graph

= Chromatic number of a graph wwMumm_MMrMmﬁ% WiElina P withng Pokiple gyt g

iii. Walk and path _ 2 Agraph G mm.zw..“HmE of na._aE.m. o . .

iv. Bipartite graph *;ﬂd mauu.mm,.uunnruﬁ 3 colours, ourable if there exists a colouritigef it et m
aower o e verticssuh vy st v s i

i MHMM graph and Hamiltonian graph : Refer Q. 5.9(ii), Page 5-1 IF, man._dvﬁ S_csﬁﬂm.—m called proper colouring otherwise it Is ca

_,,_Hf_.mﬁmmm.ﬁ__.._ o
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Discrete Struc

ﬁﬂo mm_rm: Explain the following terms with example :
i Graph coloring and chromatic number.
in K; and K,;.

ii. How many edges
iii. Isomorphic graph Eun— Hamiltonian graph.

iv. Bipartite graph.
Handshaking theorem.

[AKTU 2021:22, Marks 15

¥-

Refer Q. 5.14(ii), Page mTHum. C_u; 5.

Bucatiaidsh L

i. nvu..m_w_mzn number:

Graph coloring : : Refer Q. 5.15, Page 5-16F, CE_L mf iy -

ii. Z_E.._uu_. of edge in Ky: mEnm:m.E SEEEE mamﬁw .z;ra__..m ﬁsam
T-1)_Tx8, R
Number of edge in Mﬂq = ¢ 2 2 H.N,U_... ey

Number of edge in Ky 4: < .7 .
Since, K,  is8 complete EE_Z;Q m-._wE._ i:&.: eViandm e v,

Number of edge in K 5 Hm =3 n_. 9 *..,(.
umo.undu_,_:n nﬂ-—u_.. mm_.ﬂ. n_._ m m; age 5—8F, Unit-5,

i u_um;:mnnnnr manm_.a 5.4(c), mwmmmum cE»- ._ .

L.
v. mnrwm._nw. ._.rna..mE_ : .,;m :
1 mm:mm__m_nbw theorem states that the mﬁn cm mum._.maw of the vertices of

1 nm:_vr is twice the number nwmmﬂmm-
2 :d u,:w E) be a graph with' E nmmmm.

mntnmmn..S 2E.
The .,o:E._.Em nc_unr._m_uﬂn_En!.._wm_.n_.miu from the Handshaking

i

Theorem :

In any graph,
The sum of degree of all the vertices is always even.
i, The sum of degree of all the vertices with odd degree is always even.

The number of vertices with odd degree is always even.

: " [ParT-a] ned
ncu._&hanhoﬁnm hﬂB&:ﬁEF _Qana&nh u..mn.maﬂﬁm.

.?. SRR

o 1.Sem-3) Graph and Combinatorics
pefine va_._ﬁ:nﬂ:aﬂ and combinatjgn Also i
. » writ

_._na._un?qm,mu them. -

jon refers to different ways of arranging a set of ghject ;
ject in a

m_._n.um
2 mm_”“wq_mw HW_HH.HMM ﬂmnww_“w ””__:%H Muc_. " &Hmﬂm:ﬂ things taken r (¢ n)at a
Combination refer
* of abiec binations of n diff _._E B Ny
3
1 g%mﬂu“ﬂﬂ.%%ﬂ&lﬂﬂ: c. Gt n nﬁwm.wz r(<n)at atime
The selectiot of two letters from three _m_..rmnm  be E_M ab be ¢a and thus,
the number of combinations of 3 letters ﬂmmmuwmﬁwn ‘atimeis ((3,2)=3

fference between a m_._nn.nn:ﬁwﬂon ‘and combination :

7" Permutation _
finih gt

O:._u.. selection is Emm_mﬁ.ﬂ

L Fﬁwmn_mn_._anmﬂ Eﬂgn
g iy nc.f k..:. +.
_. ey
_D_.ﬁ_m..:ﬁ of the mm_ong;/%_umﬂ. is

not mmmmﬂ?m.— n

Mﬁnﬂwﬂ% _%%Mﬂnﬂﬂﬂ._”“ﬂw“mu be Mﬂﬁ%ﬁ“ﬁ”—” 18 mmﬂtm from
o, |ap Fnk . Qaﬁm._.w., T
il m_.h.”rmu.l ! ﬂu? Q?. )
d e L .m =
Que 5.18. | Suppose that a cookie m_u_c_u Cotior diitteiiog i i e

ﬁx
cookies, Eas. many different ways can six cookies be chosen ?

As the or i
Emmnmmﬂqﬁaﬂwwnw each cookie is chosen does not matter and each kind of
can be chosen jg ﬂrwﬂwﬂﬂombwmmm 6 times, the number of ways these cookies
; T
2set with 4 distingt m_ma_mzﬂmo combination with repetition allowed from

r of
_ ways lo ﬁw._.ccm.ﬁ m_.H cookies in —.W—_m _Um.r.mnu st —
of 6 combj H:H_"_.oﬂ.n ofa set with mn..F._. elements.
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Since
Therefore, there are 84 different w

i

Que5.19: | A

519F anum_u.ﬂ.mas-u_
—3)

Ci4 + 6-1.6) = C(9.8)
Cle6) =0 = g8.7/123=54
ays to choose the six cookies.

collection of 10 electric bulbs contain 3 defective ones

In how many ways can a sample of four bulbs be selecteq 2

In how many ways can a sample _wﬁa bulbs be selected whigy,
contain Z good bulbs and 2 defective ones i

In bow many Ways can a sample of 4 bulbs be selected g4 thay
either the sample contain 3 good ones and 1 defectives opey or

| good and 3 defectives ones ? [ 2019-20, Marks 75

" Four bulbs can be selected out of E._ung.ww.mm_,. b

1€, = 10! £10%9xBxT"

416! .ammx.w %1

= 210 ways

o bulbs can bé selected oit o 7 good bulbs in"C, Ways and 2 defectiye
bulbs can be selected E._n.m._... 3 defective bulbs in *C, ways:Thus, the
pumber of ways in which a sample of 4 bulbs containing 2 good byly,
and 2 defective bulbs ....m.__.._rn selected as o S
LA m  Txedy LN
R TIT T T ,&_.. =8 e

e ...&...,. i, 1 AN ;
..H._.u.u....urm good bulbs can bo selected from 7 good bulbs'in "C, ways and |
| defective bulb can be selected out of 3 defective ones in ’C, ways.

‘Similarly, one good bulb can be m.m_nﬁwnnww.o:m T good bulb in .:.....Hﬂmmm
and 3 defective ones in SCyways. oo
So, the number of ways of _mmimw_.bm. m..wmmi_m of 4 bulbs containing 3
good ones and 1 defective or 1 good and 3 defective ones are

P

noo8’ a8
L4 + o

ar4t 112! el 30!

1, %3¢, + 7C, x3C,

Tx6=5

«3+7=35x3+7=112
Ix2

L]
TAnswer Principle
_..JWmE._,rn._n principle :
The pigeonhole Principle is sometipy,
; ul
i E . d to : 18 oy
fn m:m_.man._n Are Em_mﬂa m pize t
_,._uou.“hwﬂw two OT MOTe Plgeons (m Amnu_._.:._._uo__nm. ar.mu m“b__m uu.mﬂ_u.n.mh
y Bast ong o
proof® ™ Pigeonhgl,
j Jatm pigeonholes be numbereq With the
2 Beginning s#.r the pigeon 1, bach o ucsﬁm_ .m#.uo
Emnou_&_cm with the same humber Pigeon _“mnmuwﬁ N wﬂu m,

3 Siocem <1 i, the mumber of pigegne o o
pigeons, -t PIEEONS are left withgy, mmm_wm,_.m._ﬁw than y,
. i ey o
4 Thus,at least one pigeonhole will pe oot jﬂmﬁsg h u_.ma.“.mﬂ.”.. of
e,
5. We note that the pigeonhole ﬁ,l i wanmr_pmbaﬂm

locate the pigeonhaole that cont pw.ﬁﬂw wozm ug Dothing akio
Ty N IOTe pigeq
ns,

g Itonly asserts the existence of a bigeon b

Pigeon,
Ut how to

=

7. Toapply the principle ons has to dec; g

: - s ﬂ—ﬂmﬂ_._._.m . L ..

of pigeon and . which objects wil) ch objectg i &
c R D, Play the rolg or oo will play

A 0~ e

. N

Number of integers between 1 ad 250 thas are divisit] b

) v - S1kie :
Quo ast numbe v
tient of last nu r=2- mﬂnnimmbmw.:.mn number + 2

(250 +2 ) (1 +9) =

. . 125-0=
umber of integers between 1 and 250 that are divisible by 3 ®
e by
(250 + 3) -
- . (1+3)=83-0=83
rofintegers between 1 and 250 that are divisible by 5
Fimbar s (250 + 5) - (1+5)=50-0=50
integers between 1 and 250 that are divisible by 7

(250 + T ~(1+T}=35-0=5
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Total number of integers divisible by only 2, 3, 5, 7, individually -

125 + B3 + 50 +35=203
Number of integers divisible by (Zand 3) = 41

Discrete 5

Number of integers divisible by {2 and 5} = 25
Number of integers divisible by (2 and T}= 17
Number of integers divisible by {3 and B)= 16
Number of integers divisible by (3and 7} = 11
Number of integers divisible by (5and T) =7 ”

Number of integers divisible by (2, 3 and 5) =

ot

Mumber of integers divisible by (2, 3, and T¥=5 .

Number of integers divisible by (2, 5, w

S 7
w“.w ,ﬂ..:.,r\...q u.umwm
o

Number of integers divisible by {

i

2]

= — .
Number of integers Eﬂiammw.“.—.._mhn.mghﬁnﬂ are divisible by any of gy,
integer (2,3, 5and T) = 203 - Emmw..vmm.

i, o
g m.%mf.
P i S,

‘Oue .| Find the; umbers between the 100 to 1000; ha
Que 5.22. | Find the/m S, ﬁg/@rmﬁn a4 are
divisible by 3or S or 7. .Nww,w VAKTU 2020-21, Marka 19
— B nr A Ngg )
Answer |75, 27 N
Let A’ B, and.C be the sets of integer, between(100 and 1000 (inclusive
ﬂE.m..m are n.:_.ww.ﬂf_.bm by 3,5and 7 ﬂmmﬁmnﬁquv.ﬂﬂm_»ﬂw_@m_wmnm = 1000 - 100 4
SR BT £ T, :
TAUBUC| i n B
il ﬂ,w 1}%
= |A|+|Bl+|CI-|ANB|-|BNCI=ICNA]+]A NBNC|
1
a) = 2 _300B|= 2L =180 C|= 2 =128
3 5 7
901 901 901 .
ANB| = =—==60|BNC|==-=25|C Al==F=42
|ANE| 16 gojencl 35 e 21
901
ANBNC| = —=8
_ NCl = {56

522

Gr
o |AUBUC| =300+ aph apq L
Sa, | BO +128 g _ OoEwEnSanu

Jience, the number betweer, th

e pmr.ﬁfm
ar 718 489, 10g tol =48y

rm._,...r B, s be
are divisible by 2, 3,5, and 7, vann_.?o_.w..”qﬂu t qﬁ.w.. ing
z_u_-.o €w .F...— ol . .m_.ﬂ.u.._-..du !_—.F.._nv

_ECWCQCEU_M_}_+ﬁw_+ i
W MM

Dl +|BACAD| - | A g ANE)

We have h .%. _,.mw _,_. nD| 4
REE
| 2
=71

ABn C| u_.

¥, 07k

WaBie| - |52 |
i an

AnC _ | 500 &
|[AnC~D| ?qc =7 |BACAD

"
—
L =
cfo
eh | =
—_—

[

'

l[ARBNCAD| = 'ymmu._lm
210] ~

Hence, the numb
- * m
7is 500 - 385 = :m._uﬁsga 110 500 that are not divisible by 2 or 3or 5.

Que 5.24,

| Bt Using Pige .
M of integers geonhole principle find the minimum number

TS 1o be selected from S =1{1,2, 3,4, 5, 6, 7,8, 9) so that

ST r—— <

e ——
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i thesum of two of the integers is even | S0 FnR| =1
iji. thedifference of two of the n integers 18 5
[AKTU 202223, Marka 15 ISAFAR| =7

™

Aneees f two odd integers is Co _
" The sum of two even integers 0T of two sis even. Consig _
i _.rManMm»h (1,3, 5,7, 9 and (2, 4, 6, B} of § as pigeonholes, Emunmﬂ_.

n=23 ,

il i 3,8],14.9}, (5)of S as pi
ch.mnn_hugmmqmmcgmnmﬁ.mr _m.ﬂ;. 3 16} ¢ pigeonha

e Then, n =6 will guarantee that two integers i_:" v@mwmﬁ to one c:ﬂw
subsets and their difference will be 5. M

», ¥ 7y 19 . N
_ .Nm. How many different rooms ,mﬂ_m....u,nnm_w.ﬁ.na assign g _

classes, if there are 45 different time ﬁﬂﬂcmnmﬂﬂum inthe universit, f

time table that are available ? A AR ¥

-u.l % m.l.n ”\n R B M.IF#-V_)_

S 5 R}
il - e e AT |R| =114 A..«,.@. A,m.wma,.. il
Using pigeonhole princip M P _ mw m__MMw% R| = 209
2. 7 ~1 -1 Fat i .h.. A
Here n =500,m = 45 = i ‘_+H = ﬁmaa .Huﬁ V- i .%,,\...f :
P W m #m Lo . ,f... 4
£S Sy . Qoe
At least 12 rooms are uon%m..w_,u..u - & e ¥ 5o ¥
Ao @ s ) . £ £ f

I.Dﬂu 5.26. _ A fotal of 1232 student have taken a course in Spanish, (%% "
e f = [ i =,
879 have taken a course in French, and 114 have taken a course ig ST v
Russian. Further 103 have taken courses in both Spanish angd ¥ 4 g e
French, 23 have taken courses in both Spanish and Russian, and 14 1
have taken courses in both French and Russian. If 2092 students e

have »uknuumnhﬂ one of mﬂn@muu.,. Mna.r,mw..nwn Russian, how many e

students have taken a course inall three languages ? = ; —
Tr= iy %:.@
it s ) :
Let S be the set of students who have taken a course in Spanish, F be the set _f....&o
of students who have taken a course in French, and R be the set of students
who have taken a course in Russian. Then, we have

|S| = 1232, |F| = 879, |R| = 114, |S A F| = 103, [Sn R| =33,
|[SAR|=14,and |[SUFUR]| =23.

Uging the equation

ISUFUR| = |S|+ |F|+ |R| - |SAF| - |SnR| - |SnR|+|8v
FuUR|,

2092 = 1232 + 879 + 114-103-23-14 +|SnFnR|,

il

e \"5
e

3
.

Y




ate Structures & Theory of Logic SQ-1F AO@HH.WQE
-3)

Discre

Sets, Relations, @Omwﬂ,
and Latticeg

AN Em_H.Hhm @ﬁmm&mouﬂmv
—

gy
P 1N

1.1. What do you understand by partition of a set's.
Asis: A partition of a set A is a collection of non-emptysypg
Agy A, called blocks, such that m.wn.w..m,_.m.nmm:e@wb isig MMMMMW

one of the blocks, Le., .

A is the union of all subsets

.\_.p Cu»u»__r.w:. T.b.a =A,
The subsets are pairwise disjoint, 4, " A = O for i = j,

Ty

Define transitive closure ..i__‘r ..mE:..-.E.n example,

The relation obtained by adding the least number of ord )

to ensure transitivity.is mm.:nm ...m.w.ﬂ_.mbm,.ﬂmcc closure cwﬂrmnﬁm_ﬂw_a

The transitive closure of R is denoted by R*. F o S
F S [

.
7 - nv.Haw._
4%y BHS

12,

1.3. Let R be a.relation on the set of natural numberg
R =1((x,5) :x,y € N,3x +y = 19}. Find the domain and range of
R. Verify whether R is reflexive. B 1
By definition of relation, AP,
7 R =1(1,186),(2,13), (3, 10), (4, 7), (5, 4);(6,.1)) 3
Domain = {1, 2, 3, 4, 5, 6] o S
. Range=1{16,13,10,7,4,1) | .
“_Ris not reflexive since (I,1YeR.% - p
Show that the relation R on the set Z of integers given by
R ={(a, b):3 divides a - b}, is an equivalence relation.

Reflexive :a - a = 0is divisible by 3

o (@a)leRvaeZ

- Hisreflexive.

Symmetric:Let{a,b)eR = a — 4 is divisible by 3
= ~—(a-—b}isdivisibleby3d

= b-—aisdivisible by 3

= ibalek

- Rissymmetric.

Transitive : Let (o, b) e Rand (b,c) e B

a— b is divisible by 3 and b —c is divisible by 3
Thena-b + b —¢ isdivisible by 3

a—rig divizible by 3

s ol eyeR

sq-2F

1.5

17.
Fsd
A

=

...ra.,_ ‘exists

iy &

18.
AR

19.

L1g,

iv. Ax BN Q n..mw.x.mu NAxO)

(CS/IT-Sem-3)

. fistrangitive,
Hence, R is equivale
o relatiog,

H\u&kﬂ I#H-Nu"wah-mum_.—vﬂﬂ_uﬂﬂﬂn
(2,6 (3,2) 3,3) (3, 6) (4, 4 .usp._%i: g
s Aw ! -mu
12) (8, 3, ﬁﬁ._y 2,3
bethe

relation defined on set 4 5, 1)

Find equivalence classes
uﬂ-nnﬂ.ﬂa b
YR,

Given:A=1{1,2345
R=(0,1)(1L5 G503 mum:
(6, 2) (6, 3) (6, 6)) » 613

Now, finding equivalence oo, T O,
(11 = {1, 5 asiizy .m.,.v_».ﬁ,_n_,,.f /,.v». .
(2] =12, 3, 6] b B

(3] =13, 2. 6 = (2, 3, 6] .%w,,fﬂ 4

4] = {4) B Ao :

(5 = (5, 1) = (1, 5} & &.wqmuuwﬁ

(61 =16,2, 3} =12, 3,6} . mme s
mpn«.w%

8,
Ay R,

Mention some properties of’ .
For the four mmnuﬁ.?.m.,.@,wnn_ M.w Cartesian Product, =
S}Exajhﬂwﬁxﬁu:@ug Vo
(A-B)x CrA xC) B xC) el

= B

-..}CWV.R ..U.H&x..gcﬂ.wxg & il

59 o) R 4N N
5 B TR
5 B

Ummﬂﬂ.wu gﬂ.—unﬂvum and gﬂﬂﬂn—#ﬁvd.‘ﬂumﬁn jﬁn
A set eﬂw ich,.is a:&mw empty, m.E:._.manmWo.%Fﬂm P
countable otherwise uncountabls. Thius, As ¥ infinite is called
t8 8 one-to-one function F froni N o i countable if there
e BLAYOME A,
oot Sl
”r..:ﬁ a short note on. E.m.on.nmaﬂ of relation.
e composite of, say R and § de )
consisting of ordered pairs () when o LA sud 5 ¢ 5, ik o
ic ere exists an '
(b, c) eS. element b € B such that (@, b) € R and

i

H .
; OW many symmetric and reflexive relations are possible
rom a set A containing %’ elements ?

[AETU 2019-20, Marks 02|

ww.mum are 2"+ D2 gymmetric binary relations and 2%+ !'reflexive
ary relations are possible on a set S with cardinality.

wroﬂ. that if set A has 3 elements, then we can have 2°
Ymmetric relations on A.
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A ber of elements in set = 3. .
ﬂﬂﬂ.rnu of symmetric relations if number of elemeng, w
5

n= gnin + 1¥2
Here, n=3 . '
- Number of symmetric relations
B = 9Nl + 1v2
= M,\n.—vﬂ
.

Hence proved.

1.11. Define cardinality.

ang Cardinality of asetis
finite sct. g

M2in g,

Let R be a relation on set A with cardinality n. Write down

-

the number of reflexive and symmetricrelation on se¢ 4

%

i & ._HHH.G 2020-21, Marks g3
ans: Total number of reflexive relations = 2"~ 1 |

1.12.

Total number of muﬂ:dn.nma.wﬂﬁmam = onin—1¥2
e, . R sy
1.13. Let A =(2,4,5,7,8) = B, aRb if and only if @ + b <=127Fing

relation matrix. /& .

anE R =12, 4), (2/5), (2,7),(2,8)(4,2).(4, 5,0, 7, @, 85, (5.4,

(5, 7). (7, 2), (7,4), (7.5), (8, 2), (8,4).(2,2), (4, 4).(5, 5}/
ST, R e 24 5 17 B "n.._ ”.‘._.”.a.,., ‘......:.
. ,_ S g VA 1A, VT
a1 1 1A e
X m, =51 451 150 A
70101 10 0457
8 Hp_nmw_:.u...._nw&t@ +0
.?..-ﬁ.“..q.o\

1.14. Explain maximal and Emﬂm.ﬂm—- element.

ABEZ Marximal element : An element ‘a’in the poset is called a maximal
element of Pif a <x for no ‘c"in P, that is, if no element of P stretly

succeeds 'a’. o
Minimal element : An element ‘b in Pis called a minimal element
of Pifx <b for no‘x'in P. i

1.15. What do you mean by sublattice 7 )

AfE A pon-empty subset L' of a lattice L is called a sublattice n.T.q..m
a,b el sothatavb,anb el ie., thealgebra (L', v, M) 8
sublattice of (L, A, v)iff L' is closed under both operations A andv.

.ﬂ.um. i LT M’Hm.ﬂ
Lattice homomormy; "Phisy, ks
nﬂ A Ebﬂﬁnﬂw gL ..Hﬂ.-.w‘um—“-”.um\aﬂah: i Mﬂ.n— —h.ﬂ.—.m.ﬂﬁ ] fmwﬂuag
Jattice (L, *, B to (8~ 2ded g or Pand (g Womopyy.
gla*b) n_m.m\,u. VD if for g 1% ham ixha_“:.a.
™. = Ba) 4 gip) Ya, by morphi, " o attice
Lattios Jeommoiid) it Lo,
R s A i e, O Sy,
gis called an Ec:._n.d_u.muﬂ(u is _u_cgw_,__.“qwmfuﬂ ry hm..ﬁ.__”. 3
: _.an?g.abi of tyeg
,17. Show that the relation > j, ©0nto, they,
integers, Z. Partjy) orde
. i rin
ani Since: £ on g,
L. azaforeverya, >isreflexive € Hef of
3 a =pandb2aimplya = b, wu.m.m.n_._
3, azbandbzcimplyaze, »igy, 18
It follows that 2 is a partia] awHM.ﬁ
(Z, 2}is a poset. J. X
@F
118. ConsiderA={xeR: 1<y %) o
Find . .rw.” i,y ith Sasth
0l L € partigy)
All the upper and _mﬂmw boiix, ds order,

of A,

» dleast uppe, bound amba

H i . g .....mn h_ Y
i Every realpumber 22 is an upper bound ﬁwvﬁuw.www

number, <1'i8 a lower bound of 4 @ of A i
fom s : N : ] : wnm RVErY reg)
it wwwrw» wer bound and 2 is the 144y ﬁ,ﬁtw

£33t upperbound of 4,

A o, :
1,19. Determine ~
i, All maximal and minimal elemas

- i F] e
Wwfﬁﬂmﬂmm.mﬂﬁhﬂn— least element MHWT
jiLsUpperand lower bounds of ‘4" £

L+ fmres

R,

"

A6 iFig. 1.193]

L Maxj
& o _thﬂm” elements = ¢, d, Minimal element = a
iU St and least elements do not exist. _
cwwﬂ. _H"”:bm fora,baree,f,c,d.
L Per bound for ¢, d are does not exist.

wer bound for a. b :
» b are does not exist.
Lower bound forc,daref, e, a,b.
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1.20. Let (4, <) be a distributive lattice. Show thatifa .y

Hﬂn_n<h|h<una-.m=5.wﬂn—5ﬂhuu_. an,

x HH(._“H.:D“.HH(G_)Du (.
= (xvyalxval
={xvylalyval
=yvixna)

x =xviyaad

x=Y

Given congiiyp,

(3 Dmh.—.-._n.wu...—ﬂ.:-m ﬂﬂaﬂ_el_.
¥}

L21. 1f L be a lattice, then for every @ and b in L praye ¢,
- - = Y
[AETU 2020:21; Mari; 5,

AmE Leta~b=a.Sinceanbsb,we have a <b, Goﬂm&nmﬂx

.w}muunm.—.m.ﬂﬁnﬂ—m ifash.

since @ <@, a isalower bound of ¢ and b and so, m%__w#@mwmwﬂwwv ang
greatest lower bound, we havea = m”.wq"& W 10m of
Since a A bis lower Uogn.n_}&.@mm .

Hence anb=a @

122. Show that the “greater, than or, equal” relation (»-

partial ordering cn%vnﬁmm@»- integers.
Az Reflexive: o S

umﬂ.ﬂ

o 4M|.T
aza va e Ziset c:hemﬂou..wm

a-
4.”

(ag,a)e A & 7

P

R is reflexive. o oo
ricsLet(a,b) < R and (b, a) &R,
\\MV.:.#Q.N& s _m. U.W a e .

ol

IR
U
=]

i
o

Y LB L ' ..x,ﬁ._.... ."..r

b R me;ww\%bum tric. ) 0 m CF

“UTransitive : Let (a,b) ¢R and b, €) e B
~ obbandbze UL

i
- azc=la,cleR ...nm.”

- Ristransitive.
Hence, R is partial order relation.

1.23. Distinguish between bounded lattice and complemented
lattice.

axg Bounded lattice : A lattice which has both elements 0 and 1is
called a bounded lattice.
Complemented lattice : Alattice L is called complemented lattice
if it is bounded and if every element in L has complement.

124. Differentiate complemented lattice and distributed lattice.
[AKTU 202122, Marks O

(CSAT-5em-3)

Complemented lagy; 1
glement 1 and least m_MM__”..waﬂh be g
comploment ofais, o O-Letg tideq,
’ e
L e landg , . E_._Smuw_migﬁa
Alattice Lis called ¢ omple =g emeni5y Mn.m.m..
in I has a complemen¢_ Menteq ifi bo g is
Em“ﬂﬂﬂwﬂd _MEM_W A lattice Medang Tever,
any a, 0 an i 3 ele,
£ GvibAg)= Anmﬂ%ﬁ Followipe "2 to b o e
T an(bv Mavg - PTOPer Listril iy
1. cl= mn_.)..wu =1 . il for
T . <ﬁn>3 Batinfiag .
otherwise L is bcn-n—mpicsp?m o :
a f..nm-

1.25. Draw the Hasse diagrap, ofD
oy 0

P

&

20 12

. 95 Maximal elements = {20, 12

4 Maximal elements = {2, 5}

iFig. 1262,

T g e

e



Discreate Structures & Theory of Logic

SQ-7F (CIT-S ey

127. LetA= {1, 2,3,4, 6, n.—w 8, HN- 18, 24} be oaﬂg.—u
‘a divides &'. Find the Hasse diagram. ¥the relatig,,

A A=11,2,34,6,8,9,12, 18, 24)
Find poset for the divisibility
A=1(1,2), (1,3),(1,4), (1, 6),(1,8), (1,9, 1, iz), (4 18), (1
(2,4),(2, 6),(2, 8).(2,12), (2, 18), (2, 24), (3, 6), (3. 9) 3,12}, (3 wmw

Marks 0

(3,24), (4, 8), (4, 12), (4, 24), (8, 12), (6, 18) (6

,24),
(12, 24)) (8,24}, (g, 18),
S
D
£ .57 P
128. Draw the Hasse's diagram of the POSET (L&) Where !
L={8, 8838484 S5 Se Sq)s where the sets dre given b,
Sy=la,b,c, d e, f} Sy,

i
S5, = nﬂw@- C, &,
S;=la,b,c, e}
S,=la,/b, e}
Sy=la,bl
Se=la, ¢}

5, = lal

+8{=la, bicydye)

ADE
la,b,c.d, e, ]

7N\

fa, b, ¢ d,el *.F c, e fl
/ {a, b, e, el
/1N
{a.b]l la,b, <} fa,cl
|
o

©00

jous types of functions - B
Mwmﬁ-cumﬁ:naoﬁ :E.mnﬁcm _.cbnﬁmuc,. z...\.vfuo
Onto function Amcamnﬂ,im omm.u_mﬁodrﬂ? .ﬂﬁ%
One-to-one onto function (Bijective gga
pany one w:c.nnuc:. - Asm
Identity function. b
Inverse function Eﬂqm.m_.w_u_m functjon),

22 Ifthe function f: R = R defined by fix)
Pt 2, & 5V
4y =1{x'e Rif(x) =4}

= xeR:
.%.v

L e

2Nl =lxeR:
L=l eR:
=lxeR;

[¥1,v¥x,yeR, where[x] is g

ceiling function. FEPEEL_E&EE
ak [x+yl={x1+[y], vx,yeR,
Let consider x= 4.5,y = 5.5
therefore  [x]=5=[y]=6
[x+y]=T10]=10 .
[x1+[yl=5+6=11
So, ﬁ.H+u._._ﬁ4|H..*+ﬁuﬂ_

24. If f: A - B is one-to-one onto Emﬂumun.. then prove that
': B - A will be one-to-one onto mapping.
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gmanm—s Stru

anic Proof: Here £: A — Bisone-to-one and onto,
a,, a; ceAandby, by € B so that
b, = fla), by =flay) anda, = \f.__.ﬁv—u. ay= b,
As fis one-to-one 2
fla,) = fla,) = a,=a,
b, = ..un_ﬂ... \r»..._vuvn.\..:&nu
b)) = fUby) = by =Dy

2.,
Flis one-to-one function.

As fis pnto.
Every element of B is associated with a unique element of 4 ;
for any a € A is pre-image of someb € B Ermﬂnb...,nm%nv = __?____m..
je. for b € B, there exists flimageacA. = gy (d)

Hence, ! is onto. 4

“
i L

Check whether the function fix) = 2* — L is injective or not
<[ AETU 2020-21, Marks g3

T

forf:R—+R.
flr) =x%-1 P
Assume fla) = fib) for all a, b, n@.,..\.o A
This follows that a®— 1= b2l =>a® = b*
! g
(\.\.Inw - @a.w,av, R
+ ﬂ.m,,u.n.w % .u
However, this momw. not:show thata=basa=+b
Therefore fiz) is not an injective function:,

2.6. Eun.r—-.m..wnon.ma.wm.em mapping gof if =~

\_p._uw.hmrm.u......w.v...mw is/given by flz) = ¢” and g : mwij is given by

| gx)=sinx [AKTU 2022-23, Marks 0]
A& 5 L flx) = &, glx) ='sinx L @ ¢
W)™ gof = g(x)) = glel)=sin g5t
§ - Iy

uwnhgzom-....i_:r reapect of growth of
%" [AKTU 2022-23, Marks 02|

27. Define what is Big-O

functions 7

We need to approximate the numbe- f steps required to execute
any algorithm because of the diffic..:i, involved in expression or
difficulty in evaluating an expression. We compare one function
with another function to know their rate of growths.

2. If fand g are two functions we can give the statements like ‘f has

same growth rate as g’ or ‘f has higher growth rate than g’
3. Growth rate of function can be defined through notation.

28. Define injective, surjective and bijective function.

sl

o o et e S el 5%%33 b, e

m-w-..—n—u. ,l. é

o-one function (Injective g . ;

‘- . -
“%.\ one” y thenf13 called one-to-opa m._bnr...-oa orj

&@ﬂnmn-ﬂ-w : Lot

CEiT distinct image i onif
of X the™ aredisinctunageinYie, £ isq T distinet elements
flx;) = fix) implies x oy, o ¢ tO-one ify u
A 5 2 Vox, X eXx
f
el
(Figi 280 Oictoongy oml G
e N .m.._...... .Hr

function (Surjection or surfentis

nto . :

2 __m x —» ¥ then fis called onto function E_wo..._ﬁww.nnzoﬂ : Let
there is &0 element x € X with flz) <3/, £ m,,.m,.w..ugﬂ_.amsmﬂu. €Yy
% P 1 wﬂ:mm N=v1.

oY B

E A

B N )
oo mw.,aeww J
..e\ 3

r@ ..\ .,:. e
&, Fig.2.82.0nts;
- E e AR S e Sl m...r_..m 5

s

o= > e éfu.ﬂu._vuu
= function (Bijecti N . L
5. One-to-one onto ifective funbtidin 1.4 .
TA Ebnmﬂcowa. which is both one-to-one ang mmmmmfmﬂ“mﬁbmﬁsuv :
g one-to-gne

!/ onto function or bijective function. 427 wawa.
R <

/Fig.'2.8.3; One-to-onie oaté

S e 1
ettt

29. Solve Ackermann function A (2, 1),
[AKTU 2021-22, Marks 02

AR Given:A(2, 1)
Here m=2andn=1
A2, 1) = A1, A2, 0))
= A(1, A1, 1))
= A(1, A0, A(1, 0))
= A(1, A(0, A0, 1))
= A(1, A(0, 2))



.ma..mmE.E

(C
. ___mm.
s Ty toge | SO P GO e 1 T o
Sl gt pplying Eenertl 10T O Do Margany o, 20 & + 2,
= A0, Al1, 2)) \“ :u.«i @ +x¥' N =y + (2" 4 gyry A 0, we gat,
= A0, A(0, AL, 1Y) HH.+u.:+Nn.+~u~f ' 2 _”m._.....n.._.u.:
- A(D. A(D, ALO, A1, 0))) Naluiak ol NG
= }AG. ALOD, A(D, AlQ, Hvuuw Pp .@J.H_.WH .—.hmw = Ml Y=y +u«.. +z
= A(0, AtO, A0, 20} . Tty o
= Af0, ALO, 30 ..—Umm_.n-m.. the terms : DNF and CNF. X +y]
= 0, =5 M.,W DisjumCoE O rnat KE) : Alogicy)
i 1 ot if g 3 ex .
' go be B ZEEL L it ig ¢ Pression ig wa:
210. Write the following in DNF (x +3) (<" + ko roduct, £-€:1010 o?mﬁaﬂs product. . SUm of .m;hmwwm =
HH._H. Given : (x +y) (x +" ] A M_aa::nouwn zq.unﬂﬂa orm (CNF) ; 5 _oﬁnmm. =N Ty
RIS s e ) S it Norm o S i
i * Lot i 3 A%m.n q
Hence, f'z,y)=('+x+y)  Fh 5 mﬁ&m%>a. Pva)al-pve) p,

e,y = [ + ) e+ 00,

e z;.m......w..._ P N@H@l X + .
2.11. Define B_ﬂem-”n: and m.pﬁnmm..ﬂu. g To be @ boolean Emm"..vu.m\ﬁ.m.wm., e o sc...u_-e.—._nuan
Ang Minterm : A minterm of ‘n*yariables is a product of 'n’ literg), ; ABF should be of the forma 27. Since the Dumbe ements ip the latt;
which each variablé appears exactly once in eitheragrye ,_up - not of the form 2™. S0, it is 10t a bao] rofelements i 5 Ermno
complemented form, but not-both. £ ] is N olean algehr, < ich
Maxterm : A maxterm of ‘n’ variables is a sum £ iterals « [ aorcar’s 1 oy . B
which each variable appears exactly once Wﬂxﬁwpm,mu .u._.m._._w a_us g17. State de i....m T * and mrtuon.u_n_‘c.,,ﬂ law SR O
complemented forma, but not both. = LV S 5 L O%% - ARTU Me_n.h_w MM
A=k _f“..." - e, i .,...\ Y _w,...w il L v
— = e e e - = "y ’
P NI | L G sde Morgan’s law : De Morgan’s la T —
2.12.¢ -.J-cmd nrﬂn_fr? B {A+C)=A+BC y: L hi,w.q of the union of two sets is the munoﬂmwm.mmm‘mm Mﬂﬁ».._mwﬂ complerment
J —A+ MO +BA + mnhm 4 (v AA o _their complements. 5 m.w D4 ,,_Mw E€t8 is the union of
2 Ll e @y =1 _“Absorption law : In algebra, the 4 g F
= + ‘+ BC.~ e ADSOLET : algebra, the ab :
A(l+O) +m} K éwh ¥ D W& absorption law or absorption

.mmmmﬁ._..&_. is an identity lin apair of binary operati
: i ) ons,

=A+ %rm.., Wﬁ (- 1+C=1 7 apa
=A(1+BY+BC=A + BC (- 1+B=] s 4
= RH.S. ;.m.ﬁ.mn.nk_..,.... @@I@kﬁ
2.13. For a given function, F = 2y + x¥ , find complement of F, =
A F=ay+xy
F=xy (A+A=4A
Take the complement of both sides,
F=xy
Using de Morgan’s first law, we get
.mlm.. = X+ W
F=Z+y¥

B L S VH— e LT
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LT

3.1. What is compound proposition 7~ fegp. T
A proposition obtained from the combinations:of twq
w4 proposition obta L Fingcal oporators o Connecyincy e
or more propositions ofdy negating m.,:bm.—. ngle proposition i Tefe by
to as composite or compound uncﬂ@mwﬂo : 57 Treg

m&:mpﬁﬂnnmﬂm the trug,

3.2, Show the implications ﬂ,wmwﬂ.m:
table (P — @) —» @ = PV @ Y

Ak P> @2 Q=P v Q: S

Take L.H.S 7. -
PoQ > Q=(=Ev@— R

. S=d-Pv Q) v @
A&, =(PV-@)v& 3

BN ..z..”,zwn,._ﬁmu{@u v i(~@ v @)
N LTV AT=P VR

s
- ¥

\ Itis mﬂE¢E ent. -
- nm__._... Q) is —ONHGE.—% equivalent toP o g,

£, § =
33.  Prove that (Pv Q)
ABE (PVQ) > (PAQ=PaQ _=

P [ @ [PVQ [ PrQ | PVR S PAQ[FSY]
T | T T TS T T |
T F T F F F
F T T F F F
F F F F T T
3.4. Show that the propogitionsp -2 g and — p A g are logically
equivalent. [ AKTU 2019-20, Marks (2|

2
Marks Questiong

e

&
No both are not .w.uE,qm_a:ﬂ..

L

The converse of a statement is’: If g g40q) , . .
"then it has been Eah.mﬁm—. w‘e.uu.#m the _....cﬂp-..wmm“ of nr:_._ rotched,
The gtatement onﬂwﬁm_uo.m@.p:m to the given co m.mrpmmﬂm..__r
A dis stretched, thenit has been heated”. N, averse is \Ifa steel
Ltatement is “If a'steel rod is not stretcheq M__“Mwmh..uunﬂmﬂﬁg
e £ B4 : i

%

heated (¥ "Lk, L rmm,\ﬂ.annfmmu

e .%.....mw | ey L 7
mm%nmﬂm.pﬂ-ﬁr table for converse, contrang ies.
i » contray Ositive and inverse,

“ The truth table of the four propositions 5
hmwh The trud p _ucm_._.ﬁwmmwmvmm follows -

— ﬂﬂﬂﬂﬁmni&mmo.uh%w ,n_.uﬂ..“udan.mw.. r
pile |l [asp ..
7 7 =
_\ﬂ‘ F F T
._||m T T F
| F|F T T

37, Show that contra iti
posit i i
3 S syt gl 1ve are logically equivalent; that is
The truth table of
e . =4 =~ pand p = g are sh
hﬂ..n& mﬁEdm_mnnm is ampm&:mrm% by nﬂm _mm,..” h_ﬁuaww__ﬂqubw nw.w
e, which are identical i



——

39. Verify that the vnmu_umr
o

-

oy

F
F
T

CRCRERLEY i

F

T

..__.)—!..HE table for NOR
— T ..\ .“F q

La-

T

F

F

F

SICRELE

T

F

F

T

P

gition

A (g

.
R

A =p) i8 a contr F
..mmmnnueﬁ.

r'd

4
-

ey

.......h..mwr =

gpt”

i

» 4

o ol

e

—+ (g A r} is tautology o

TRy
- b
& !

pva) = F)A (P mﬁw@@a@b

episaan

T

TS

2 Marks Questions

with using Truth table,

gy whether (P Aaq) > (pyvag)ig
n—hﬂ—.mbh— ' oS

. i il | N
ARy amn i
t column ist i AETresaian i
rows inJast co rue. So the given expression is
N 94 £ 7

#

s
t are the cf
312 What/ Jitional statement : “The home tea ins wh
the ﬂmm..\u Wins whenever

£Ts & ;

O, W, 6 as

iy sitive, co Yand the i,

the contrapo * 5dmﬂw.,.w-mm..m_.h the inverse of

Given:/The home team wins wheneyer it is raining.
othesis) : Itis rafming. -
then it is not rainin w”.. R 4
Converse:q = p is if the hometeam wins then it is raining”.

uwymﬂna clusion) : The rcmw._n %mﬂj; vins, . -
.mw.u apogitive : ~ q:i :aﬁummg the'home team -
Inverse:~p —~qgis“ifitis not raining then the home team does
not win”.

3. Translate the conditional statement “If it rains, then I will

:. R
stay at home” into contrapositive, converse and inverse

[AKTU 2021-22; Marks 02 |

statement.
MK Let,

p:Itrains

) g : I will stay at home
Symbolic form of given statement js
p1q ‘o=

Converse:q — p

ie,

» I Twill stay at home, then it rains.
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Discrea

Inverse:~p =+ ~4¢ .‘
i.e., Ifit does not rain, then I will not sfay at home,

Contrapositive: ~¢ =~ D
i.e., If I will not stay at .?:.:F

then it does not rain,
3.14. Writethe contrapositive of the implication: “if jg 4
thenitisa holiday”:
s Consider the statements :
p:ltis Sunday -
g:ltisa holiday
.. Contrapositive:

-g = =P

315, Show that - (p v @ and =~ = 9 SeSloKalY cquivaygy
ang To E.o.___mucu.l..ﬁ =p.qg Ao, :
To prove the theorem we 5.: mwmi that
(prq)+p @ =1 ¢ i

Consider (p+q)+p' 4" = :b._.._“,

Mn_‘ _ﬁm—ﬂﬂ? + ﬂ_u +.nm._..._

r = S .uw,. 1 F i
=g p)+pLlp+q) +q) utiy
~h, W by Commuta;
=g + p+pNip+g+gq) - wuu.d law
by Assaciabie
S+ Dp+1) by Comple m.,wwm
= i UM.UEEBE._ ance |ay
. TG

f,

€ lay

“ "
v

_+Also consider... R %
g Gy Prards pgp+q ¢ by Commutativelay
| =p'q' p+p'q-q:- - » by Distributivelaw

2 = pdp'q) +p'{a’q). by Commutative law

=(p.p).q t%..ﬂwﬁ: by Associative law

=0.44p0 by Complement law
0+p' Q! by Commutative law

+m_= . \%m% by Dominance law

s (3.1521

From (3.15.1) and (3.15.2), we get
p'q' is complement of (p +g) L., (p+gr=p'gq.

3.16. Find the contrapositive of “If he has courage, then he will

win".
ang If he will not win then he does not have courage.
3.17. State Universal Modus Ponens and Universal Modus q_q__ﬁ_.h
AETU 2021-22, Marks 02

laws.

F nhm.ﬂﬂ. -Sem-3)

set?
Eumﬂa..mh_ Ecn—-.._m pon .
‘_—H avery X and Pc)is true _m”nm.cmw th
Q(c) is true. me

—'d__. HV huﬁuﬂ”_ =5 B__HH”.

ite the negation of g A %

418, Write t of the folloy 2 !
ke lv i POWINg gias

w]f] wake up early in »_Nm EE.H,.,EHN Statemeny

k-

ABE Given : If I wake up earlyin the ni .-
Let p : | wake up E%.Eﬁ.. Ew Worning,
¢: I will be healthy * £ e ing
Negation: p-rg :
“po@=(pig =
[ wake up mmm_.c in the mornj

IAI-Uw}IQHUPL".

210, ”.m.uwwmmn. u._uw Mn...:aacmnm statement iy,
“All nn.._amﬂw are beautifyl ” .
Flx): H..mw a flower
Bix):xi

ng an : .
41 ¥illnot be healyyy o

»then | willl,

]
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1o Structures & Theory of Logic

Algebraic Structureg
(2 Marks @ﬂmmﬁob&

- s - e Y
5 %kf =2 g
41. List the properties of cosets. Na i
A Let H be a subgroup of G and ‘e’ and .&..._um.ﬂnmm ..c.m Then,
i aeal A LR
i gH=HiflacH "
i, aH =5 b I
iwv. aHH=bHiffa*beH WL
LA =i
-
42, List types of ﬁmﬂucpw.ﬁﬁm;uﬂnﬁu.

X#E Types of permutation group are :
i. Identity permutation "o 7
ii. Inverse permutation:
iii. Cyelic permutation:
iv. Even and odd permutation

3

13/ Definie group, [ AKTU 2020-21, Mark 02
.an.w;. nua_.__fw..".._.ﬁ (G, *) be an m_mmr_.mmm,&.mmaw.ﬁmhaﬂ_._mﬂm * is binary
" operation then (G, *) is called a group if _,&w_oﬂmum properties are
U satisfed A8y
L a*b &GV a,b e Glclosure propertyl
9 a*(b*c)=(a*bi*e Va.b ceG lassociative propertyl
3. There cxist an element e € G suchthat for anya e G
G*e=c*a=¢ [existence of identity]
4. Foreverya e G,3elementa € G
suchtlate*al=g'*a=e¢
For cwample : (Z, 4), (R, +), and (@, +) are all groups.

¥
1

"

44. If a unil b are any two elements of group G then prov
(a*byrla(h-irgly,
7% Consider(a*b)*(b-1%g- 1)
. uq...n‘_...._m_n—“_an.n‘_.
Hn.*mﬁ.q.—l.—
Hn.i...ul_.un
.?—!u..._w_u_—lﬁl_.”_iAn*@._"m__u—._ﬁn_.lHin“_*&
=b-1*e*p

SQ-20 F (CS/NT-Sem,.3)

_.H_—u_m.u..mﬁﬂﬂm Hnﬂ &... “u_&u..!& a......

1
for an
45, H&m... do you mean v, mtegry) g
ABE A M:n (R, + iscalleq . dom;
i COImMmUutatjye, a EFNE it
i Ithas multj ucEE._._ ,:,

Plicative jgar,:
- laentit
tzero diviggpg ° °\¢Ment,

46. Let Z be the )
defined bya lﬂﬁ““ﬂ M—. uu-,;m

element of the Broup (g
A% Since Z is closed for addition v
n+&mN?..m_ .#m!mwmdmm,

i Itis withoy

Berg iﬁnu 1
for all a, b —m_d.lq QH—ﬂu.m.anH_. '

"%

1
B a+b-2egz n..wmmﬁw_,.. :
mwu_d.. gn—h&m“w .%.r ...aw. .W‘..w.
18 a binp, L b 8 B
Again,  gag crationonz

AT

= &ﬂ_ M n-.y,_m-..u.__._- n._.uau.ﬁ_._.nbﬁ

Heate *is communativgs. 000 €2

gain, {a * b) *o sy | aon?
R T

and g *(pe, mﬁ&ém?n

n..i

s
e L B L
m?.f.ﬂrmﬁ a2 b)sc=gs g uﬁml e
ence, * is assnciat

it Now, ifeis faons

: . :.—M .:mah..p;m. mHmEm_._.p mh_. NM
it ﬂ_ E=g=sgq € - N i
.WMM N_w m..m ﬂ.rm identity m_mu.u..wum,_.‘, ?w ¥
e inte [
g rw_.:. @ havelits invers

= Bo, the inverse of 4 is (3 ~ g)"

Define ring ang field,

OR

its Properti
OR perties,

With example.

[AETU 2031-32, Marks 02

D .

Stata ﬁmﬂh and Fielg

Defing Eing, OR

[AKTU 202031, Marka 02
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Ame Ring:A non-empty set Risa ring if it is equipped with twe by
operations called addition and multiplication and denoteg inary
and .’ respectively ie., for alle,be Rwehavea +b e Rang by 'y

and it satisfies the following properties : abep
L Additionis associative, i.e.,
Hn+3+nnn+5+nu{n.w.nmm
. Addition is commutative, L.e.,
a+b=b+tavabeR

There exists an element 0 € B such that

iil.

o+a=a=a+0, vaeR
iv. Toeachelementa in R there exists an element - a%E R
a+(—a)=0 Y A such thay
v. Multiplication is assaciative, i.e., 5 ;
albc)=lable,vabecel e 4
vi. Multiplication is distributive with respect to addition :
g, b,ce R, T ks ; ¥ ., for all
Example of ring with zero divisors : R = la set of 2 x 9
O] %

s

matrices}.

Field : Aring E:r.m....._m:m_... nic elements is called a field if it hag

following properties: <%, E ity .

i Ris commutative

ii. R hasunity RS S 5

iii. R is such that ..mnnw..w_o_b.ﬂmao element _u.“._mmmmmmw. mﬂ._.u:.wmmmmmx
. £ e i

i

5

Eh

inverse.t. oo S, eI
_For example : The rings of real numbers and complex numbers
4 arealso fields.~ e,

w.m. .m.-.ccm _...r.n._.. m.nnun,._._uaﬂﬁ..lmi Prm:um E_.,..m_m.Bn:ﬂ nnwn-.a:u.

AnT Let a be'an element of agroup G such that o’ =a.
Toprove thata =e. B i
 og= aa-g={ca)al=aa
= alaa N =e 4
—ge=e=ase

-1

{-agal=e
(- ae=al

49. Define normal subgroup.

Ang Normal subgroup : A subgroup H
subgroup of G if Ha caH v ac Gie.the right coset an

of G is said to be normal
d left coset

of H is ( generated by a are the same. : ol

i Clearly, every subgroup H of an abelian Eroup G is a nor
b fG.F ra € Gand h e H,ah=ha i g
subgroup 0 [§] o cyclic grovp s

i, Since a cyclic group is abelian, every subgroup

normal.

2 Marks Questions

.Som-3}
(ST
sa?f

. bgroup of ¢ such th
Hn.hm—mm_m-.— i ﬁn.ﬂumm
410 _uﬂce.m that H is a normal subgroup of —.Dau.ﬂadﬂnQH € 7, then

L heH ghPeH
mannnmmmb_ igh)s € Hand g2
ABF gince H 18 2 subgroup, Al g2 e H & d M%«. _—

that ghgh A7l g2 e Hoie., ghg 'e2 ¢ H. This

jves
M_Hﬂ.ouﬂ of G- e H w.mm:nm, Hisa normal
cate and justify “Every cyclic
PRInE Eroup is an abelian arough

AKTU 2021-22, Maris 03

Abelian group: ABTOUP (G, *)is called abelj _

.ﬂﬂ.ﬁ if binary Ouumﬂm—.—oﬁ *is commutative ”mM.._ ﬁmoﬂgaacﬁmﬂﬁdc

LetGbea cyclic group and let a be a mngﬂ.w_mwm om%_m ﬂ a,be(s.
; . 50 that

G=<ar=la":1neZ} &5
f g, and &, are any twe elements of G, ﬂrm.wm.,oﬁmm integer d
a b srand s

such that g, =a’ andg, =a*. Then . o
g18,=a a*=at"= s — S
So, G is abelian. b s a’ =g

Prove thatifa, b e R m? e
412, Fro €51 QQ.AM.+~.uuﬂnu+n-.&_+g+m.u.

mam We have My S
fa+bi=(a+blla+b) _
C el blah) by right distributivolaw
~a? ) Iby left distributive
T rabibas bt & B Dwye law]
=R T 5 [ .”..\. . . e }
413"In an integral domain D, sh v N T
j then #..n e, show n—.:..n_. if .u.m.._,.l.. ac with a = 0

ABE Since

. ab=ac wehave 7
_4..ab-ac=0and 8o 7N Ry
Since @ # 0, we must have &...Iu,.n M_.T £1=0, 7

b

ce b= 0,:si
Hence b = ¢. Y Singe D has no zero divisors,

414 Prove that left i AR
F eft inverse of
- an
e, mﬁ—.*numlﬁhlnhdn.?@“nm

HZ ._
osn in..a-:u_hnL...nu*nl; .,.
=e* g1 Associativity)

ment is also its right inverse

=al=*,
a *ﬁr_v“nlu oo
Thus, the . = ®
U3, the left iny
nverse.

Thus, g1

arse i
of an element in a group is also its right

.E.m. Umm.-.__ﬂ

1,
mr.wn...ww

HLHEWO'@ &Tga—ﬂ.—. Wh

nge’s the
Mment : J—J.:ﬁwuu.-wa -4

atistheuse ofthe theorem ?

divig order of -
°r ofthe order n??%h”%h_w subgroup of a finite group is a
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Use of theorem
It can be used to find the subgroup of any order for the symmeyy;,

group. ,
1t tells that the number of subgroups ef the cyclic group of order B
when p is primo then there is only ene subgroup and that jg 4). !

Show that every cyclic group is abelian.
AKTU 2019-20, Marks 53]

AR t (G be n cyclic group and leta be a generator .._m. G so that
Le ¥ G=<a»={a":ncZ mﬂnﬁ.?
ments of G, there exist | ers

5. Then N ummw “ends

T = g8t = .n__-._

4.16

Ifg, and g, are any two ele
such that g, =a’ and g, =@
£182= 9 at =g

So, G is abelian.

.u. WUy ol
priored x
R e

L e e pe——TL I

2 Marks Questions

Graphs and
Combinatorics
(2 Marks Questions)

\\\\HM graph. Explain with mlﬂﬂ.h_am m.w.gﬂﬁmmm.

m Qum.nh aphs G(V, E) consists of a mmﬂ.mm«wnmmﬁﬂﬂmzm a set of
o .ﬂa_.__ﬂhmm.:nv that cdge set E may contain multiple edges and self
edges B v

loops-

Example : ; B
d multigraph=z
& C._u.a_.mﬂnh.nm oy e

Y1

32 Define complete and -,_mmEE. graph.
| AKTU 2020-21, Marks 02]

AN Mwﬂﬂmg graph : A simple graph, in which there is exactly one
58} ween each pair of distinct vertices is called a complete
Regul
ﬁuﬂﬂﬁa graph (n-regular graph) : If every vertex of a simple

asequal edges then it is called regular graph.

5. Let :
Gbe a graph with ten vertices. If four vertices has degree

four ang g .
of edges w.._muazas has degree five, then find the number




S5Q-25 F nOm:.H.m&E 5
~d)
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ang We know that

3 deg(v)=2e
g
4+4d+4+4+5+5+5+0+5+b6=2¢
. 16 + 30 =2¢
27 = 46
e =23

54. Find the minimum number of students in a clayg to
that five of them are born in same month, - shay,

aBz Using pigeonhole principle : ] X
Five of them are born in same month, so n.=?, m ='19.»

5= ﬁﬂ - Hg.f 1 & f“ #

-

n-1
4=z W2
48=n-1 ot
n=49 == End
49 students are there to show that at least 5 of them are hor iy

same month. .
. ¥

5.5. Explain edge culoring and k-egde coloring, &'
.Emo.cm._.;.

a L=
An& Edge coloring: An edge coloring of a graph Q.E also be
of as equivalent to a'vertex coloring of the line graph LG, thy
1s a vertex for every edge of G and an edge for every

graph that h: :

‘ pair of adjacent edges in (. AT G
k-edge coloring : A proper edge coloring with % different colors s
called a (proper) k-edge coloring. i

mm. ‘State and prove pigeonhole principle. .
aAxx Pigeonhole principle : If n pigeons are assigned to m pigeonholes
then at least one pigeon hole non_..mﬁ.ﬂm two or more pigeons (m <n),
Proof: g

d with the numbers 1 through m.

. Let m pigeonholes be numbere ; ) .
Beginning with the pigeon 1, each pigeon s assigned in order to the

ireonholes with the same number. .
Mmmnm m < n i.e., the number of pigeonhole is less than the nﬁ.ﬁ_ﬁ,q
having assigned a pigeon

B

4.
. of pigeons, n — m pigeons are left without
hole. )
4. Thus, at least one pigeonhole will be assigned to a more than one
pigeon.
57. Draw the digraph G corresponding to adjacency matri-

I

I L o e L ek b e ki e

2 Marks Questions

Ll — I |
(=B

0
0
1
1

[— I -

1

ince the given matrix is square o

= mﬁ. 4 vertices ¥, Uy, Uyand v, cawwahuammaﬂ four, the aph g
= 1. The required &, graph is g . “CRelrom pogg )

% vi o hownin Fig, 571 * 'ty Where

1

5 A connected plane graph has'10 yept;

m Inte how many regions, do ertices each of degree 3
planar graph split the plane 2
Here n = 10 and degree of each .

f v T deg (b) = 8.x 10 = um vertex is 3.
But Mmmmainuﬁﬂmcnwmﬂvmnv.—m
By Mc_Mﬂ.m formula; we have n — ¢ ., rey
J0-154r=2=r=71,

o= P
§s. How many | t :

., How many permutations » i
© BANANAT. Mmﬂwa _,m..“.,.“m..n of the word
aag /Thereare 6 letters mbﬁ_n_.mﬂmoﬁn_ mrﬁﬁrz ‘of whi

,.._a?um.ﬁnn._ (3 “.w.mr two are alike. £ 8ee0, nw Hhﬁﬁmﬁ_ﬂ%m are alike
one letter is different. m 5) and the rest

Hence, the required number, of t%.E:ﬂmEoum = 8
T g
3121

6.10. How many 4 digit numb i

digits 2, 4,6, 8 iﬂ‘nn -.mn.m%hﬂ.”ﬂbm MM_““HWMM Tyt
RAZ When repetition is allowed : stk

qum thousands place can be filled by 4 ways

ﬂrn hundreds place can be filled by 4 imwm.,

.;m r..._.,_m place can be filled by 4 ways.

H1€ units place can be filled by 4 ways.

Total number of 4 digit number = 4 x 4 x4 x 4 = 256

Sl j T
_u_.ﬂ.ﬂ many bit strings of length eight either start with & ‘1’
rend with the two bit 00" 7
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8Q-27F now_...ﬂ.m. S
M3y

piscreat? Struc
1. Number of bit strings of length eight that stary
27 = 128. With .
9. Number of bit strings of length eight that end with L big
3. Number of bit strings of length eight 25=32tha bits gg. 54
and end with bits 00 25=32 Start iy <64,
Hence, the npumber is 128 + 64 — 32 = 160. Al
5.12. Define Eulerian path, circuit and graph
ani Eulerian path A path of graph G which includ
exactly once 18 called Eulerian path. .J.q.,m/mmnr tdg
Eulerian circuit: A circuit of graph G which %_.ﬁmf e afg
G exactly once. ., W.;&Mmﬁcm&n@a# m
Eulerain graph: A graph containing g&mEm HM g dge o
Eulerian graph. . - m._..,u..m:.nﬁﬂmna
T e o
. a S, .__a
5.13. Define chromatic number w:m..mwc.nﬂm.u.ﬁ.—dn
AT Chromatic H:Erm.u. : The %z&ﬁ:?gq omm...wvr.
for the proper colouring of 2 graph so that no twg colours .y
have the same colour, 18 called ChEe s _.E.vaé acent ye __ua
Isomorphic graph.: H.m._u,..__c praphs are EchHE“.. of g m_.mv_.rag
then : S, s phic to eath o,
i Both have same number of vertices and ed £ o T
. P (A ges. . ol
ii Degree mmamﬂwnm m.ﬁ both graphs are same Ecmqmm_._mma. il
sequence ol wm.-._nmm..ow the vertices of a'graph arra; Uence i
; R arranged in oy,

<
S, R

‘
4 |

ipcreasing order).”

m.T_.. ummnm.#u_w...:

ang: InagraphG,a
iy e Y2 ez

“cedge’ in: sequenc

—~ .

finite alternating m.mmpmmn_m..o. erti

. E o : X2 ic
m_.m:._.uu..m mm& ending w_..mg w‘mnmw.«mm w:wﬂm%.wmmm
e is incident _i.wﬁﬂ_.\prmm_dmuﬂnmw following and

—

preceding, it is called walk..« 0 s
2 m
5.15. Define non-planar graph..
ams; Agraph Gis said to be non-planar graph if it cannot be drawnin
a plane so that no edges cross.
5.16. Explain Euler’s formula. Detern:; ;¢ aumber of regions ifa
planar graph has 30 vertices of degree 3 each.
AKTI _”EE.“E,...EE_E
Afg Euler’s formula :
F+V=E+2
where, F = Number uf faces

V = Number of vertices
¢ = Number of edges

e,
P T

m?nu“ﬂuwo.num

A.cm.mhn—“.m.uw
F=le+2-v|

= |5-30] =95

Define Pigeonhole principle

Em_wﬂ..n_ro_m principle :
.ﬂ.rm pigeonhole principle is sometj
If n pigeons are assigned "
. ﬂn- 1 y
Mnmonr_o_m m.o:ME,:m two cmBnnﬁw%wmrémr&mw then at |
gample : Find the minimun igeons (r; Sgat
sure that three of e number 6f fudent N
g EE. of them are born jn th, Students in g ¢las
jon : Here n = Hu Eaherlm.wwm.orm mm.Es month =10 be
And kel=3E @ Pigeonholes

ey
e

f.ory

o —.H_. in hcﬂ.ﬂn_ﬂw Bmﬁu.
=.

W

trix for th g
e followidp gract
£ g graph. .+
e Ph;¢

S, by

518. Draw an w&mnnﬂn%..mr

0
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hnery ol Laggu
h

(o Hipnelurien .

[scrin
- ¢ il oxprons Kaloe's Furi :
u Iy ﬁ—

ARTU 202%- Q..ﬂa.l!_.
L]

' aph1 A cuph (f |n kel ter bevpllinny |

An hh.ﬂ....ﬂﬁ. n....._*_:.i:_,m_.::::._3... which _E_,__ b _:.:__...____b.:_”"_:__._a_._:n L
s bwvis ol 1 intlppont Intarrnact pxcopl only ol U .__.._:_:____ Wiy gy _:._

A graph fot widel i planir praphi, (0L connol by dlp iy i) Vortyy ,

r Iwrlweon o welgon cronalng, fy ______r_

wiLlliput a crossovo
i, The grnplus nhowi o g, 010 1) and (b) sro planne ny
[E{T

e

rlbo planar gripl

o1y [owc
plunur gl

Ay

&

) fea)
¥ig. 6.19.1. Bome planar graph,

Euler's formula _
FaVal+2 \ S
J* = Number of faces

whert,
V = Numbser of verticen
i, m Number of edgoen
Numerical: . i (e
Given s Ve 80, eai 1 4 £, “N.h_
ToFind:F=7. & 5
- 4 F= __.+Ntv._ o
: Y a|6-30] =257 /4

£

520, Bhow that the « \
reapectively,

re does not exlst a graph with 6 vertices

“ withdegrees 1,3, 4,2,3

L [ARTU 2019-20, Marks (2]

o,  According o
vertices is even. But in the given degree pegquence
H+w+a+m+muuu
grees of all vertices i 12 which in an

yraph exizts with the given degree pequenct.

Hum of de
Hence, no ruch

QOO

hand shaking theorem, sum of degree of all the

odd number.

ot prructuron & Thaory o iy
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pISCRETE 81 :ccﬁﬂw m: i Fxc:ncxw
OF Logy™ & THEoy

o1 Hours

Note ! 1, Attempt oll Hoelgy,
I.:.._d._..s_.}
§, Anawer # IV quentions in brjyy
4 Deflno virloun typos ::.“_,.F: :
G . ] v :
And Josfeer €3 2.1, oo :C..x._m. :::.uﬁﬂ.:.. E b’ Fhasg;
r AW
b How muny aymmetric ung r - CQuicntfoy,
from n wet A contalning 4 aﬂ?u?: L
kizn by

?wu... £l —.c_. b ] i
au (ol7 1.0, Puio BQ2E, Univ 11, py
o Let Z e tho group of fpiage ek Cuentiony,
" wiiy

defincd by a* bhmg 4§y 29
- - }
cloment of the group “\\ .m._?n il \___-____.._.J_.\_ "PeTatinn -
cf I <+ ¥in &_T_B E-.__._.
o dentlty

o fer 040,085 8208, Ui 1,3
& » LWy h_h-nm_&ﬁ o P
L]

VLR
\

4’ Bhow that every ¢

: yelle groy ;

aak, fslier Q. A.16, Puge 5Q-23F, Unier Mu___ﬂ___n_; -
(% aarky chxﬂ__::

citions,

& Prove that o luttice with g
) »

“algehra.

x5 Mefor Q. 2,16, Pago
i ma—_t.“_nm._. .ﬁn_?m.. ‘_._..E.: Mark 4]

Al iy K Ent—_m&,_._h,

lementy |
» @.EEW.: % not 4 hoolean

_
L Write the contr 4
E:_x:_cm:_. hé im
then It fn a r-.__:n__:.fi- w | .“-:cﬂﬂ..:r.:_n_:um tda
un
Y

E _—1ﬁn~-—_u » :..— Y &I
[y ﬂ~ ._n. _“ un__.-“a. mﬁ H “m 0 H\:.:u\..*_. _—v.u_.—_u gn—__.—nk ﬂ~ Allona
ueation .

¥ Bhow that the
oty * propositions p — & and = p 4 g are logi all
1 ogic y

Axi; F.ﬁ% _.._A_ H - w ]
MY ‘ L.A. % - :
A ipre S() 145, C__:.__..m. Tvio Marks Cuentinns

h. 8how
thut the
WIth ety ﬂn doen not exiut ,
ME [y, nhﬂ.m”..x 1,8,4,2,8 .._‘.:_En:qr“wnéi_ AL & o e
} ey L P ¥ —
F] I it mﬁ.mlsmmﬁ—q. c._.__mﬂnﬁ-ﬁ._....r..__& ?—EHKH ﬁ~=._..,¥:¢ac




Solved Py
Per (3g 1
B
20)

§P-2 F (CSAT-Sem-3)
i, Obtain the generating funetion for the sequence S

"hd g
¥ 1 ‘.-

4,4.
Ang This question is out of syllabus from session (2023.94)

j. Define Pigeonhole principle.
s Refer Q. 5.17, Page SQ-28F, Unit-5, Two Marks Quest;
_._U:..w.

Section-B
2 Answor any three of the following : P
+x 1g
uhua<n_.._n~+u+.._.+ 1 Jn i
. I in —_— Ty g— e srrsrrerasas F —=
A J2 3 Jn o fornag,
|4

principle of mathematical induction,
Ans. This question is out of syllabus from session (2023-24)

b. What do you mean by cosets of a subgroup ? Capg;
group Z of integers under addition and the sy, Sider g,
H={u.,—12,-6,0,6, 12, ....]) considering of Ec_mwuﬂ

sofg

i. Find the cosets of H in Z,
ii. What is the index of #/ in'Z,

Ans: Refer Q. 4.28, Page 4-21F, Unit-4.
¢. Show that the following are equivalent in a Bool
i . ; €an

algebra,
g<beoa*bz=0absasadb=1

Ang: Refer ). 2.12, Page 2-13F, Unit-2.

d. Show that ((Pv .ﬂ_u A I_AIHC_ v RN v (-Pv Q) A (P A-R)is
tautology by using equivalences.

aAnz Refer Q. 3.13, Page 3-14F, Unit-3.

e. Define planar graph. Prove that for any connccted planar
graph,v-e +r =2 where v, e, ris the number of vertices,
edges, and regions of the graph respectively.

Amge Refer Q. 5.8, Page 5-9F, Unit-5.
Section-C
3. Answer any one part of the following : (1x10= 10)
a. Find the number between 1 to 500 that are not divisible by
any of the integers 2 or 3 or 5 or 7.

iz Refer Q. 5.23, Page 5-22F, Unit-5.

—

|
|
_m
|

t
..q_..ﬁnm

ABE
&
8

Auk
b

i

" what !

& Refer Q. 3.9, Page 3-9F, Unit-3, o]

suctures & Theory of Loyie

the “divides” relationy va ¢
he yet

1s the .
b itive ? What

:.u-ra._ .H.m,o: 7 PPR reflexj,, of no .

the rel? . ® Aang a.‘.d.__._cw:.?a i

g=lt@bra>blonthe gy 0 m Ategory

Refer Q- 1.11, Page 1-9F, Unit_ g Posit

gwer any one part of |he
AP is ring 7 Define ¢ follg

mhm_.u.—-u_n. "
Refer @ 4.42, Page 4-30F, Unit.q

Answer any one part of the -,DZGS_.. ..... o X

Let (L, A, va St be adistribuge _hm__.m th 8 -

yeandasb=ancthen mras.ﬂrﬂ.”wbmn.&mh un,;m::
-, =g, - aa =q

Refer @. 1.31, Page 1-20F, Unit.)

Obtain the principle disjunctiq.
forms of the formula (p -, Evﬂ>—mﬂ and Conjunctiye oo
Refer Q. 3.20, Page 3-18F, Unit.g — 7" o ormal

Answer any one v.mun of the followipy - F-
Explain various rules of mu?ﬂmnaﬂm.ma._:
T Proposit;

Prove the validity of the followin . . = i

. ; . win g
are _._:ai. so'the casinos are aoaraw H...N%M__ﬁnsn....» the races
_.j: decline. If ﬁ.—.m no=1we.n1mnn_ mnm-._w_mwn the tourist {rage
will be happy. The police force is peyar 1 o8 the police
theraces are not fixed,” er happy, Therefore.
Refer Q. 3.16, Page 3-15F, Unit.g. '

Answer any one part of the followsi

. x f owing :
Solve the following recurrence equation using g (Tx1=7)
cnerating

function
G -TGK-1) +10G(K-2)=8K+¢

This question is out of syllabus from session (2023-24)

A i .

__zu_“un_.__”nhu._”: of 10 electric bulbs contain 3 defective ones

Tnhies EMM. .ﬂwu.m can a sample of four bulbs be ma_mﬂn.m ?

vilickiont Y ways can a sample of 4 bulbs be selected
ain 2 good bulbs and 2 defective ones ?

st e

. =




Som-3) 20 _.m_ru.uu

sp—4F (CSAT-
y ways can o sample of 4 bulbsg be napoan
iii. In how E”.M_..n sample contain 3 goodones ang dego
e ﬂwﬂaﬂﬂ& and 3 defectives ones 7
5 . iy
.Mﬂl,wu-, Q. 5.19, Page 5-19F, Unit-5.
AR .

SIS

St
ot? B.Tech,
 IID ODD mmgmw.ﬁmuw THR
SEM EXAMINATION, 2020.21 ORE

ISCRETE mﬂ.mncoeﬂwm AND
D ITHEORY oF LOGIC

Attempt all Sections. If require any Smma.ﬂn data; then clioosa

sote’ mﬁmnmcnv..
!

SECTION A
pt all questionsin brief, i L
hether the function 9 =22 iginje

& rfi R TR .
H?H Q. 2.5, Page mmlm.m.. H..._.uuu.n..m. ..mm{c ?.T:._ﬁm ﬁucmmnmnﬂ_m.
ama® :

i . ¥ i g
¢ R bea relation on set A with cardinality n. Write down

b. ,H.Mm aumber of reflexive m.n:u S¥Ymmetric relation on set A,
Refer @. 1.12. Page SQ=3F, Unit-1, Ty, Marks Questions..

41

_..N X :._' - N...—u
ctive gp not

Eu § S
fine group- + ! = f _
e De ¢ Q. 4.3, Page SQ-19F, Unit-4, ?Q.E@HWM Questions,

S

GE Refe 5 )
(Define ring. . Cen:
H_wm. Refer Q. 4.7, Page SQ-20F, Unit-4, Two wm.mu.rm Questions,

| i i o

. LetA={1,2,3,4,6,8,9,12, 18,24) be ordered by the relatio
nh.aw divides . Find the Hasse diagram, §
uﬂxﬂmwﬂ.c, 1.27, Page SQ-TF, Unit-1, Two Marks Questions.

£ If L be a lattice, then n.wn. every a and b in L prove that
gab=aifandonly ifg <&
ag Refer Q. 1.21, Page SQ-5F, Unit-1, Two Marks Questions.

¢ Write the negation of the following statement :
“If I wake up carly in the morning, then I will be healthy,”
H .mbm.mﬂ @ uw Hm_ ._U-DN-U m@|HMHﬂ_ dﬁnmﬁ..“wu ?.U ?Hm.u..._.ﬂm. @Emm—_.mouuw.

h. Express the following statement in symbolic form :
“All flowers are beautiful.” _
ML Refer Q. 3.19, Page SQ-18F, Unit-3, Two Marks Questions.

i Define complete and regular graph.

TR,



SpP-6F A-Um\._.n...mcauﬂv Solved Paper (2020 2
-21)
Ans Refer Q. 5.2, Page SQ-24F, Unit-5, Two Marks Questiong -

jJ. Prove that the maximum number of vertices in L
a _v..ﬂm. .
Ty

tree of height A is 2hel_ 1 R2z0.
An« This question is out of syllabus from session (2023-24)
SECTION B

2 Attempt any three of the following : (3x1]
a Iff:R R g:R>Randh:R— Rdefined by crucu

fix) =3x%+ 2, gix) = 7Tx -5 and hix) = Vr.
Compute the following composition functions
i. (fogol)(x) ii. (gog)ix)
iii, (goh)(x) iv. (hogaofiix)
Ans; This question is out of syllabus from session (2023.24)

b. State and prove Lagrange theorem for group.
Ang Refer Q. 4.22, Page 4- 17F, Unit-4.
¢. Prove that in any lattice the following distribug;
1vg

inequalities hold
i aatbve)zlaad)lviansce)

ii. avbae)slavbalave)
Ani Refer Q. 1.34, Page 1-22F, Unit-1.
d. Prove the validity of the following argument

“If I get the job and work hard, then I will get promoted. 11
I get promoted, then I will be happy. 1 will not be ruw_m..f

Therefore, cither I will not get the job, or I will not work

hard.”
Ars. Refer Q. 3.17, Page 3-16F, Unit-3.

e If n connected planar graph G has n vertices, e edges andr

region, thenn-e+r= 2.
Ang: Refer Q. 5.8, Page 5-9F, Unit-b.

SECTION C
3. Attempt any one part of the following : (1 x10=10)
a. Prove by mathematical induction for all positive integers
that 3.520+ 1 + 23+ Lis divisible by 17.
abus from session (2023-24).

Ang: This question is out of syll
tween the 100 to 1000 that are divisible

b. Findthe numbers be
by3orb5orT.
Ang: Refer Q. 5.22, Page 5-21F, Unit-5.

¢ any one part of the [ N

aﬁqd:_... H of a grou n:.m_ﬁ_um“

P oasubE e e H A PGisang, (1x1

o Alpitelhe sHfor every b ¢ g, B sup 0=10)
0 Q. 431, Page 4-24F, Unit.4 and g ¢

*) prove H.—Umnﬂ
1) i (ab)-1_ 4
Q. 4.12, Page 4= 10F, Unit4. =57lam

:QXH!.._H:

vu”. #:,.QEE any one part of the wczc#._..:w‘
5 Gimplify the boolean function
o g4, B,CDI=200,1,2,3,4,5 ¢ 5o
Also draw __.._u.m. logic cireuit of ﬂu...%:.ﬂh.._w.n:
. This question is out of syllabus frop, se3sig 7S
Mwm. . ﬂaMQMW.w,:.
mmﬁnﬂ:@. the following boolean eXpressjong yai
Using SQG_.....F-._—

b nnhncﬁu .
, rz+¥z . C(B

..__. u\.“.u.._.._...mwn\_r._‘.mwv._.nﬁ_..k.—..._.h& m..1. ..5-++%N_..m._.w+w+9

ii- £ fer Q. 2.20, Page 2-17F, Unit-2, *AYZQY 4 2)

AR
mpt any one part of the following .
: pefine tautology, contradiction and
. ﬁ_..muhn—.:“.h. n,~G_ v %.—._u A _“_;r P v ._:_U —_— mh- ”Qﬂﬂ?mﬂﬂﬂﬂﬂu..wo_—r.—ma—h
contradiction or contingency. r)isa tautology,
3.18, Page 3—17F, Unit-3.

& Atte

AnE Refer Q.
b Translate the following statements i .
; The sum c.ﬁ. two positive integers jg N_“M‘EUG__W .naq.ﬂ.-
i Everyone 1s loved by someone, ¥8 positive.
it Some people arc not admired by everyone
iv. 1f a person is femule and is a parent, then this

Person is

someonc's mother.
aax Refer Q. 3.26, Page 3-23F, Unit-3,

7. Attempt any one part of the following :

a. Construct :u.c binary tree whose inorder : M;x 1=10)
traversal is given below. Also, find the e prcordar
of the tree. Posterder traversal
Inorder:d, g, b,e,i, h,j, a,c,f

.F..aa_dmn.u ab,d,g,e, h,i,j, of
A This question is out of syllabus from session (2023-24)

b. nmch..ﬁ. the following recurrence relation
i Hm%aa-_ ..vmnu.ﬁ:| =0wherea;=-3,a,=-10
question i1s out of syllabus from session (2023-24).

QOO




gpP-8F(

CSAT-Sem-3) Solved Pape
T ...uawyrmw.

B. Tech.
(SEM. 1II) ODD SEMESTER THEORY
EXAMINATION, 2021-22
DISCRETE STRUCTURES AND

THEORY OF LOGIC
Y 4t

Max, .?—m.—.rw" 10g

Time : 3 Hours

Nolie:

1. Attempt all sections. If require any missing data; then o},
suitably. e V0se
Section-A

Attempt all questions in brief. TN 2x10= 20)

1.

a. LetA=(1,2 3,4,5, 6] be the set and R =1{(1,1) (1, 5) 2,2) 2.9
o 6) (3,2) (3, 3) (3, 6) (4, 4) (6, 1) (5,5) (6,2) (6,3) (6,6} be -
relation defined on sct A, :

rind equivalence classes induced by R.
Ang; Refer @ 1.5, Page sQ-2F, Unit-1, Two Marks Questions.
b. Selve Ackcrmann function 4 (2, 1).
Ang; Refer Q. 2.9, Page 3Q-10F, Unit-2, Two Marks Questions.
c. State and justify “Every cyclic group is an u_u_m.ﬁmu group”.
Ans: - Rofer Q. 4.11, Page SQ-22F, Unit-4 Twg Marks Questions.
{'d. State Ring and Field with example. ,
h.bm” Refer Q. 4.7, Page 5Q-20F, Cs:.-.r Two Marks Questions.
e .H__:wn-d::m_pm complemented lattice and &mﬂlw:__..a& lattice.
#HR. Refer Q. 1.24, Page 5Q-5F, Unit-1, Two Marks Questions,
f. State De Morgan’s law and Absorption law: L
An& Refer Q. 217, Page SQ-12F, Unit-2, Two Marks Ques -
i i 1 will
Translate the conditional statement “If it -.uumuwhwmwﬁuﬁ
& stay at home” into contrapositive, convers
statement. : . D:mmﬂanm.
iTH - Unit-3, Two Marks
Anis: Refer Q. .13, Page SQ 16F, Un . T s
h. State Universal Modus Ponens and Universa
arks Question®

AT

_E_qm. .
Refer Q. 3.17, Page 5Q-17F, Unit-3, Two E

piscrete Structures & Theory of Logic

-

i-uF.:

ii.
AR

B

spP-9 F (C&IT-Sem-3)

Explain Euler’s formula. Determine number of regions if a
planar graph has 30 vertices of degrce 3 each.
Refer Q. 5.16, Page SQ-27F, Unit-5, Two Marks Questions,

Explain pigeonhole principle with example.
Refer Q. 5.17, Page SQ-28F, Unit-5, Two Marks Questions.

Section-B

ree of the following : (10 x3=30)

Attempt any th
A, B, and C:

Justify that for any sets
(A-(AnBN=A-B
A-(BACH=A-B)uiA-C)
Refer Q. 2.9, Page 2-11F, Unit-2.

H be a subgroup of a finite group

Explain cyclic group. Let
. Justify the statement “the order of H is a divisor of the

order of G",

Refer Q. 4.24, Page 4-19F, Unit-4.

Solve E(x, ¥, 2, ) = £(0, 2, 6, 8,10, 12, 14, 15) using K-map.
Refer . 2.17, Page 2-15F, Unit-2.

Construct the truth table for the following statements :

P Q)P
Po (P @)
Refer Q. 3.6, Page 36F, Unit-3.

Solve the recurrence relation using generating function :
a,.-ba,  +6a =2 withg,=3anda, =7,

cndd tLo
This question is out of syllabus from session (2023-24).
5 0 A b »%. 4

Section-C*,

Attempt any one part of the following: 10x1=10
State principle of duality. Let A denote the set of real
.U:M._uﬂ.ﬂz E.“n_ w_-.n_ﬂ.nrmz R is defined on A such that {a, bR
¢, d) if and only if a? + &% = 2 + % Justi ?
equivalence relation., USERp AR
Refer Q. 1.13, Page 1-10F, Unit-1.

Let R = [(1, 2) (2, 3) (3, 1)) defined on A = {1, 2, 3]. Find the

M..u:..!:ca closure of R using Warshall's algorithm.

D”h_m_._n.v. that “If f: A » B and g : B - C be one-to-one onto
netions, then gof is also one to one onto and (gof)~!

ﬂ.ﬁ....—-uh_lu:.

——



SP-10 F {(CS/AT-5cm-3)

Solved Paper hmcma.umu_

Ans

[
_:: =4

Refer Q. 2.5, Page 2-6F, Unit-2.

Attempt any one part of the following :
“.unw.mnm—”rﬁ binary cﬁ.u.ub:cﬂ *onZbhyx*y=x4

» ngs to set of integers. Verily that (Z ..u..+ L for 4)
group ? Discuss the properties of abelian )’ m._.un:rb
Refer Q. 4.7, Page 4-5F, Unit-4. Sk

a..___..-x-l:.;

Justify that “The intersection of any two subg
Toy

group (G, *) is again a subgrou
] p of (G, *)™, b otx
Justify pr._.“n__. “If a, b arc the arbitrary elements of
then (ab)? = aZb? if and only if G is abelian, 258 Broup g
Refer Q. 4.13, Page 4-10F, Unit-4. 0.
Attempt any one part of the following : (10

. x1=1m

Define modular lattice,. Justify i

> . y that'if ‘o’ .
elements in a bounded distributive —m:_..n“_wia” e the
complement a', then . 1f “a’ hag
avia abl=avb
anlavbh=anrh
Refer Q. 1.29, Page 1-19F, Unit-1.

Justify that (Dgg\) is lattice. i
Let L, be the lattice defined as D and L, be the lattice (P(S)
1]

), where P(5) be the power sct defined on set S = la, bl

Justify that the two lattices are isomorphic.
Refer Q. 1.39, Page 1-26F, Unit-1.

Attempt any one part of the following : (10x1=10)
Use rules of inference to justify that the three hypotheses
“If it does not rain orif it is not foggy, then the sailing race
will be held and the lifesaving demonstration will go on.”
uIf the sailing race is held, then the trophy willbe awarded.”
“The trophy was not awarded.” imply the conclusion

“Jt rained.”

Refer @. 3.11, Page q_12F, Unit-3.

Justify that the following premises are inconsistent : he
If Nirmala misses many classes through jIlness then 8
fails high school.
If Nirmala fails high school, then she is une
If Nirmala reads 8 lot of books then she is no
Nirmala misses many classes through illness

lot of books.

n—nnaeﬁ_.
t uneducated

and ﬂﬁmﬁ_m a

an:u_.n

La%@mmfmﬁ@?

ctures & Theory of Logic

Stru

pefer Q 322 page 3-19F, Unit-3.

Attempt any one part of the ?:QJEN ; . (10x1= wE
Explain the following terms 4.:# example :

Graph coloring and chromatic number.

How many edges in K, and Kgy-

Isomorphic graph and Hamiltonlan graph.

Bipartite graph.

Handshaking theorem-

Refer (. 5.16, Page 5-17F, Unit-3.

Justify that “Ina undirected graph the total number of odd

degree vertices is even”.
Justify that “The maximum num

graph isnin - nien. o
Refer Q. 5.2, Page 5-3F, Unit-5. .

©O0

ber of edges in a simple

S

|
p i
SET

&



SpP-12

Aol Solved Paper (2029.54,

B.Tech,

(SEM. III) ODD SEMESTER THEORY
EXAMINATION, 2022-23
DISCRETE STRUCTURES AND
THEORY OF LOGIC

— .

Time : 3 Hours Max. Marky . 100

Note :

1. Answer all sections. If require any missing dat.
suitably. S8Ing data, then chagsg
Section-A
Attempt all questions in brief: . (2x 10=2q)
Identify whether[x+yl=[x1+[%],Vx,y €R,, where 2] isq
ceiling function. ;
Refer Q. 2.3, Page SQ-8F, Unit-2, Two Marks Questions.

Find the Maximal elements and minimal elements from
the following Hasse's diagram. BT
20 17 e

25

5 2
. Fig. 1. g
Refer Q. 1.26, Page SQ-6F, Unit-1, Two Marks Questions.

Define what is Big-O notation with respect of growih of

functions. _
Refer Q. 2.7, Page SQ-9F, Unit-2, Two Marks Questions.

Find the composite mapping gof if

f: R — R isgiven by fix) = e and ¥ :
glx)=sinx

Refer Q. 2.6, Page S

Draw an adjacency mat

R— Z is given by

Q-9F, Unit-2, Two Marks Questions.
rix for the following graph.

E o E-uEFr E

i
i

Fig. 3.
8, Page SQ-28F, Unit-5, Two M
where P(A) is a power

arks _ﬂwﬂmmamodm.

Refer Q. 5.1
Let A= (&, b), then nm__nﬁpmnmbCﬁo.:.

et of A. E
1 tion is out of syllabus from session (2022-

This ques S
s di he POSET (L ¢) where

Draw the Hasse's diagram 4: oy .

L (S,, S,» Sp Sy S Sgp Sgr 5y where the sets are gIven by

.w.n__l_ﬂ.m_wﬂ.l_.ﬂ.b Lx e :

M.—H“Quh_. n-ﬁm_.ﬁu : o

m.nu __n_-ﬁ.u. Cy m-h . i ‘ n“.,.

-m.mu la, b,c, e} : i

8,=layb, el #y, .

§;=1a,b) 5T R Bt

23).

Sg=laye) oL o

.m.q = TH_ reh) & = : =

Refer Q. 1.28, Page SQ-TF, Unit-1, Two Marks Questions,
; v o8t ki

=

...U.manu.mvw —.meu graph and express Mﬂm.m,....m formula for

planar graph, B ¢
Refer Q.5.19, Page SQ-29F, Unit-5, Two Marks Questions.

‘Define normal mcrﬂarﬁ..

Refer Q. 4.9, Page moiwﬁ..._ Unit-4, _.?““a Marks Questions.

Identify whether (p A «
contradiction with :inﬂﬂ.ﬁwﬁuﬂwaﬁwﬂmﬁ is tautology or

Refer Q. 3.11, Page 5Q-16F, Unit-3, Two Marks Questions
Section-B
Attempt any three of the following -

Identify whether
th
on the setXa{l 2 eeach of the

(10x 3 =30)
following relat;

v . Erelations defin

} are reflexive, SYmmetric, S.pumm__m”m

mnEcw sszmeEn:.mn ?
_..l:._.__u.v _.._.uNHu AM
_Wul:“_; H.”.” : n:

(1,
Mw- .n..—... ﬁr _..N- —u- nM- M.._- Am-_ _u_.__ Tﬁu .—u“ Tﬂ. h“___
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(CS/IT-Sem-3) Selved Paper (2022.93,

ii.
iii.
iv,

R, =[{2,1),(3, 1), (3, 2), (4, 1), (4, 2), (4, 3)}
wwﬁmﬂ Q. 1.6, Page 1-6F, Unit-1.

H i i :R-{3}>R-{1) M.Aﬂuﬂa..ﬂru_..__

y t ﬁ-a.—&?:n&m&ﬁ.h.ﬂ : , )
Frpﬂvﬁﬂﬂmbncmraﬁ that f is a bijective function angq alsqg
Mﬂﬂ...“_u_:_.ﬂ the inverse of f. Where R is a set of real Numberg,

Refer Q. 2.4, Page 2-5F, Unit-2.

Express Converse, Inverse and Contrapositive of the
“Ifx =8 then x=3"
ing statement *Ifx + 5
Wﬂwﬂiwﬂwn the statements P < Q und (P A §) <L PAIQ) are
cquivalent

Refer Q. 3.5, Page 3—6F, Unit-3.

the following :
m”ﬂ.—wﬂﬂ.mmvﬂ and Hamiltonian graph
Chromatic number of a graph
Waulk and ﬂu.rr
Bipartite grap Gl
Refer Q. 5.14, Page ml.Hmm_. Unit-5.

Sol the following rccurrence Hm_mpm_wu hy E::m
e : F h
nh:_.-:.u:bm function. a, +5a,_, + 6a, ,=42.4", where mo

da, =-2 _ P : S
Mﬂ? e”amaoh is out of syllabus from session (2023-24).

Section-C .
ok
ing : (10x 1 =10)
* pi the following : ) .
Cot O mﬂw :Wr—u,mwnwﬁ_.# with ithe operation ﬂ.qnwh”.m_haﬂnn_u“
FAH_.%EM?:MHE c__n_ n.u be a algebraic structure, w
D. ; i lian.
ine whether G is abe P =
Wn“”wm:u the order of each o.__mnumﬂﬁ :.Hm-wu o e grou
o ine whether G is a cyclic group, 1 .:rm Croun G,
Urﬁﬂw.: H_M..B.E_m the Nn:mqnncq...mmﬂm_.hm»nﬂm o
then dete ;
Determine a subgroup a-..ﬂ—._.m group
Refer Q. 4.9, Page 4-7F, Unit-4. e
3 let ¢ an =
7 ups and G e
*) and G°,*) be any two gro -
_,..MMHAM.:”& identities. I f is a homomorphi
the prove that
fle)=¢'
flrh=[fix, VaxeG
Refer Q. 4.35, Page 4-25F, Unit-4.

Attempt any one part of the following :

Diserete Structures & Theory of Logic

SP-15F CE/IT-Sem-3)

a. Use generating funetign to find the number of ways Rs. 23

can be paid by using 4 coins of Rg, 5, 6 coins of Rs. 2 and 4
coins of Ks, 1,

Ang  This question is gut of syllabus from session (2023-24),
b. Using Pigeonhole principle find the minimuy
integers to be selected from § = (1,2,3,4,5, 8
i. the sum of two of the integers is even
ii. the difference of two ofthe n integers ju 5
Ans. Refer ), 5.24, Page 5-22F, Unit-5.

m number n of
" .H. m. nwu B0} ...W_n—n

5. Attempt any one part of Lthe following : S (10x1=10)
a. Define complemented lattice and then show that in a
distributive lattice, if an tlement has a complement then
this complement is unique,
AR Refer Q. 1.32, Page 1-20F, Unit-].

b. Solve the following Boolean functions using K-map:

i FA,B,C,D)=x g, ), m,, B Mg M, mg, mg, Mygr Ty, 1)

ii. WA R C.D) =£{0,2,5,7,8,10,13, 15)
Ans. ReferQ 2.19, Page 2-16F, Unit.2.

6. Attempt any une part of the following :

ia. Prove the validity of the Tollowing nrgument;
If Mary runs for office, she will be clected, If Mary attonds
the meeting, she will run for office. Either Mary will attend

nrm.ﬂaopmﬂwaﬂmrmﬂm: noﬁc-..::m. But Mary cannot go to
Indin, 2

“Thus Mary will be clected™. y
Ans. Refer Q. 1.15, Page 3-15F, Unit-3,

(10x1=10)

b. Convert the following two statemen
expressions of predicate logic

i. For every number there is g number greater than that
number, }

ii. Sum of every iwo integer is an integer,
iii. Not Every man ig perfect,

iv. There is no student in the class whe knows Spanish and
German

Ans. Refer Q. 3.30, Page 3-25F, Unit-3.

ts in quantified

7. Altempt any one part of the following : (10x1=10)
8. Prove that the set of residues F =10, 1, 2, 3,4} moduloSisa
field w.r.t. addition and multiplication of residue classes
modulo 5. i.e., (F, + 5 ;) is afield.

4 Refer Q.4.39, Page 4-28F Unit-4.



