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COURSE OBJECTIVES:

The aim is to cover the basics of mathematical logic and to work with sets, relations, and functions. It
also involves studying how combinatorial methods are applied in fields like cryptography, coding theory,
and algorithm design, as well as understanding generating functions, recurrence relations, and
fundamental concepts of graphs and trees and their practical uses

UNIT I Mathematical Logic 10 Hrs
Propositional Calculus: Statements and Notations, Connectives, Well-formed formulas, Truth tables,
Tautologies, Equivalence of formulas, Duality Law, Tautological implications, Normal forms, Theory
of Inference for Statement calculus.

Predicate Calculus: Predicates, Predicative logic, Statement functions, Variables and Quantifiers, Free

and Bound variables, Inference theory for Predicate calculus.

UNIT 11 Set Theory 8 Hrs
Sets: Operations on Sets, Principle of Inclusion-Exclusion. Relations-Properties, Operations, Partition
and Covering, Transitive closure, Equivalence, Compatibility and Partial ordering, Hasse diagrams.
Functions- Bijective, Composition, Inverse functions, Lattice and its Properties.

UNIT 111 Elementary Combinatorics 8 Hrs
Basics of Counting, Combinations and Permutations, Enumerating Combinations & Permutations with
repetitions, Enumerating Permutations with constrained repetitions, Binomial coefficients, Binomial

and Multinomial theorems.
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UNIT IV Recurrence Relations 8 Hrs
Generating functions of sequences, calculating coefficients of generating functions, Recurrence
relations - Solving recurrence relations by substitution and generating functions, Method of

characteristic roots for the Solutions of non-homogeneous recurrence relations.

UNIT V Graph Theory 10 Hrs

Definitions, Finite and infinite graphs, Incidence and Degree, Isolated and Pendant vertices, Graph
representations- Adjacency and Incidence matrices, Isomorphism, subgraphs, Walk, Path and Circuit,
Connected and Disconnected graphs, Components, Multi graphs, Bipartite and Planar Graphs, Euler’s
formula, Euler graphs, Hamiltonian paths and circuits, Chromatic number, Trees, Spanning trees: DFS,

BFS, Minimal Spanning trees: Prim’s and Kruskal’s algorithms.

TEXT BOOKS:
1. J.P. Tremblay and R. Manohar. Discrete Mathematical Structures with Applications to Computer Science,
Tata Mc Graw Hill Education, 1 Edition, 2002.

2. D. S. Chandra Sekharaiah. Mathematical Foundations of Computer Science, Prism Books, 3" Edition, 2010.

REFERENCE BOOKS:
1. J.L. Mott, A. Kandel and T. P. Baker. Discrete Mathematics for Computer Scientists and Mathematicians,

PHI, 2" Edition, 2008.
2. C.L. Liu and D.P. Mohapatra, Elements of Discrete Mathematics — A computer-oriented approach, Mc

Graw Hill India, 3" Edition, 2011.

COURSE OUTCOMES:
The Student will be able to

1. Understand the fundamental concepts of propositional and predicate calculus to construct valid
arguments and engage with logical reasoning effectively.

2. Utilize operations and principles related to sets, including the Principle of Inclusion-Exclusion, to
address real-world problems involving set theory

3. Analyze the application of combinatorial mathematics across various fields, such as computer
science, cryptography, and optimization, by exploring its principles and techniques for addressing
complex challenges

4. Solve different types of recurrence relations in computational contexts by applying appropriate
methods to model and address various problems effectively.

5. Apply graph theory concepts in network analysis.
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aw-tammt 1S tatlzd pmdfcate (oqfc, o pan feay B4R o habamak

” L1004 e b - 4N " & I ': 7
M- place. p:e.drmtt - |

A predicate tEthirrng m (Mm>0) hamu oY obdp_r;ts: E .
cadted , M- pleice predicate. 3ms sl " | v np @33

Snclt- A BRT ppoulya 3 atietudentss o oy s w0t T e g A

tieye the predicate 1S & ohe - p[aaa prediicate becatse )"
it ¢ velated to one object & mmqa.ﬂ‘g‘m? |

nlaveen s talley -than sogu

Hove -+the predicate T ts tallex-than N Q 100 - pfar.e
pxedimt'e becaute it t¢ related 10 +wo Objects: paveen &

'j JTCﬁ',') b 5 TeiiTal I?Hi i 0 1':1'* ".*‘ ) ":-I: J P04 448 ¥

A Simple gtatement functon. ,
A cimple statement function of one vmra ble s -

detined an expaessiop consisting ot Q pudrca-t-a_ symbol and
an Individia) veriables such as o staterent: Hunctiop Jbecomes
astaﬂmmt when the variable 18 yeplaced btthe name ot

ﬁn‘d QQ'Q.C'E e con oy A Cﬂ}mmd stertement *{1’4&"0’) .
L L TR Sl et VA




CEX D @UMR)I R i grecteythan y s s o
I+ both x eindy weplaced by the names of objetts, e geta
ftatement- T+ % =3 and y=12 -thep Gi(3,2) 3 is gyeatey'-than 2
Quantifieys: $renn g

catath statements involve wosds That Indicate qi.tc;tni-iff:f <uch

as an;® " .
B all, some”, *none’ ai*one”, Thece wosds help 10 detaimine
e answey +0 “the ouestion . “Howmangff gince these Wovds

rndffﬂ-_tﬁ q*u.cgnti‘ti Yy ! 'Ihet:! cae Q‘?—“"—d ﬂt@lh{_‘}‘rfﬂtﬂ-_
Ex: Some mens ene -tailg Loanbinn e BT M
All Bids have anq5 .

 NO civbalbon is. pertectly yound . . - el

Guantitfey ¢ ave divided into two Wpe_';“"

Fotiniveysa) Qaantifrey. . |
2. gxistential Quantifley. i

- L ‘ o

Univeysal Quantifiey: ) akehse
The: quantiffess ‘ant” inHhe universal guanti+iey: ine chal)

denoted by ¥* (ov) (%) and cue"qef it as " poyan 1", The symbo)

forall x vepiecents ecich of the foltowing Phycises .,Wh‘fff’ hCIV'Q:':H')f:‘

Came meaning ”
1 hrr i\ A

L] L ® ; o ‘ . s 1 . el on -I Lo B .
- FOv ant x5 Foy eveyy x "z Fov etieh X T Foreverly X i Fov every X<
- cuch -hat” ; Fo) every eath X ¢ stchthat” San'x aye suththat
W
'T-‘FOTM(JW' %oy - R 1 A T R -} : Fon -5 % 0 ¢ A y g ot

L

EXY- Fou every yeal numbuifl"-?nﬁ | . | -
symbotic form |
a8ty o , v d T | ey}t 8 ’ L
A ! 3
3 NSRRI BOn 1 (4 binseiss T 5 aritened oo

note!l A univevea qmnﬂ#e’ﬂ;qmnmlfy “ollowed the Cbmqf’l"iﬁ%__ .
W v . .

-h—-:, ' |
.. . Ex%' :ﬁl[ &Rp{'!_&ﬂ'ﬂ_i ifldhah- ‘l.- . | . " - ! a
| N ' . " | _ . 1 P . . . W\ J ;‘-1*:,_}_
lot acty: wicrappler - o AR5 ot e Trn SRR
" QMM ';.'i‘ 1y ] ;_"1. » . W R e AT ce : _ .

3 i Red ani (F+ cuaciiar Trtacae b ve 7

v gymbolicdoym




Foy allx 1 xi¢ a apple then « Isied - 4

Existential quantifiev: e S B, 2 Ee R
the quant—f-ﬁ'u "gome” ic he exfctentfal quantitfes.

7t iS denoted by 3'1- (ﬂnmeﬂsf) The -symbo! there exict

sepyesent ecith of the ollowing phicices which bave the

game mmnrng , .. .

). FOY sOMe X

2. §ome X such that
3 Theye exictS on X such that . o

4. Theye fs oih X suth-that - - iy
5. These iS¢ atleatt gneX suth -that TATTT |
AT FOV Sane fnteqess X X, xt3=0 e
StmeﬂIFCFﬁl’m ‘- I D aboia0ws 1290700 ‘I 'l‘ A0 | j- | -f- |

Faen), :43=0

Note: The existential quﬂnﬂ-ﬁu; qennallg -Fo!bwﬁ.d Eg -the
Mﬂuuant{ ‘;a" N oY ol . ety e adl

4 o T

ex: some pamm.toqmrm ave nqumz_.

pLa)s X s @ parallelogyam
fu: 1i¢ a equave oot

% . . 0
l g P M
L]

31 A Sen)] |
()

Tx px) A LCT)
Negertion of quantitiers [ ol
T(V% F('JL))" FAEW)
'T(&)L FL'I-))’-V—It'TFL*b wirpsibneomap eavtey

Irl--r' g™ -ri 1 r T'|-'

I olo% o 0 y (' .
hiite each o+ -the following . in. sgmbqtlf. -me Ul srmabity 3 &

a- Al mep owe qocd Oites <X AP0

b- NO men cwe good

c. Some men ave ¢ood. .
. Some. men ave not good . .

‘i {,r l[ T,ﬂ.}' "

aisdo ole w;i) * s aman

| 5 BHRNI0 Inzeavir) adl wadr Ssk
qr;m. 3 iS¢ G v ich. 1

g 928aT .a2¢8viow) acll a avey 31 7204

Foran-x 16 x IS c:. man-#%dh'ukt qbbd” F 2l (9)f

Ah; A "rr iY) L PP 'iq94 9 5 Y

T‘l.ll' f '|- i‘ ?- ‘.r_l-.llri .|-' e




torgeme x %X s & meny end wxig q:mal-' ' ‘ 1

31 (mtx) n GIU.)J
FOY some % :cfls a man :and o ig ﬁo*t*qond.. |

Fx (Mmoo 6]
bound vaniables R 3 7 sgend

A vaviable (hich has been bmn&ed bq‘fbﬂ. qm;ifoE'ti ic
called bound vavietble <. ~ e ¥ ere

Fyee Yaviahlec

A variable wihith has notbeen bounded by-be quantifiei
(¢ called free vaviable

Scope of “the quantitiene

The smallect Hoxmula fromediatety -following (Fox atix. o

theve exist %) ¥ w)4x j¢ called scope of quantitiesg
Ex! -V"lf.PU-f".l;!] s

) S

Bound vaviable :x < - - g
Fiee vaxiables:; %,y

scope of -the wvariable P(i;‘;])

. . -
r'.‘-

Inteyence -fhemy ot Preclicate coilcetts L

e have 4 tunclamental yules muq,me,".
I+ Universal gpecitication or pye S

2+ Onivevsal genevalization e Rulle V6
3- Existencicl gpecittcation oy Rule ES

4 - EYistential gpecititection ov RUIL EG
Genevaliz ation

;o

Rule US Ay

It a  stetement fcin -the Hoym, of -V-:IL P(ia. 1'5 assumed 'l‘D

be -tine. Then the UWniversal qumﬁ;{:r‘gi con ,;a'dwl't:gpred"‘tu obtain

P(c) s tiue fov ambitary, element ¢ :1n: the unfv:e'fsf*;r;l-m;sf,:ulﬁ
con be  expressed ot -Yx PL')L;)_ . ) s

- . -
- - ‘*‘-*" I.- ‘ ‘-

EVE'R & B




Rute UG ‘ , .o

AHED | ¢ '
T a statement Pp(e) fs tue for ava'rg etement o+ ¢ Inthe
Lnivexce ~thep ~the wnivercal q’uanﬁ#ﬁ; will be pretixed to

Obtain ¥xpwx) 1S Taue . These wule .con. be exprecsed Q.-
Pce), fov all ¢

.
g B

Rule Eg B _

I+ a ¢tatement is 1n “the Horm ot then (-there exfst %]

Jx P IS attumed to be Tiue. Theye exfste on element
¢ tn the unfverse Suth hat PO istiue, Tece sule
can be expregsed acg Fu P)

PLey fo¥ some ¢

RULE EG

T+ A sfﬂﬂmant pcc) fs rue 4ov snmac_ in the univexse
then Jx P(x) 1 tyue “These ule r;em be expressed ot PLL)

fox some C .}xp(i)

Num:l)Enmmean of- quanﬁﬂau coin be done bg uaﬁwg yules of
gpecification is called as Rule US§ RUILES -

2) To pvetix -the covsett quontifiey we need -the yules of
qe.n:r.mlfmﬂon is colled’ s eule UG 6 RUICEG - 1 b

piwve that the mrfdrfg ot *l'ha ﬁllwﬁﬁg mgumnntt: T
L- Allmenc ove Halictble. - 4 fe)
ﬂ“ klﬂ?i ave men - J g1 .9 ey

s #rr-*kran ane feliable.

et | Sl loEy s
m) xS oo men . ~ faad i T

EoR): 9 s Harable Y R Ty
kta): wnls u.rng

sqmborfc-me ctha qiven arwmmts

(M) S F)]

AP [ k_u) Sm]

s
e

At [rUr] —’!"FL'*]]




{'} | () Az Cn}u)—ar_:m}) . Rule p

OF 2 tmo>ree) . Rute LS o

() 1) (li:t‘i‘ii—b mt)  Rule p ; -
BY W) ke > meo Rule US

§13y (S) KO = E(L) euled t2)(y) Trantitive Rule

P—6 G—>RE P—‘;»R |
L3y (6 -VICFLKT-*FH)J RUlE UGy

v

varity the validity of the —Foubwrng arqummts

It 'ngﬂs ave dcmqamug antmacte gk
L L] y | _-‘..rﬂ.
2 theve enve Tigews ’
S Theve cme dgnggmus_animalg
let
TEx) @ wis & ‘quu
g oiet o A DOR) X TS ou dengevous. anirmet) S T,
ggmhbolic fovm of- given axguments - N (039 € A
¥ [ren) = Be)) ek A S B
A1) .
: : Bt i C i . 1 WL [T, - ¥
. " . wig n . "“l' - ! - ot~ ¥ .“,_? {‘:T{.{
LY ) W (TOO SDe) RGP g
{7 ) T - Rule 08
£3y 3) Fu T pule P
ES (38 |
3y ) e Rute | .
" oute T (32,4 modus ponens,
{13y () DCO) PIP>6=6
Rul.._l}?' '..'_ C Y Cx\rn
&,"3‘!" ce) &KDU-) °ldr 61 _”' ) 1lxia
&iven an ﬂ'?“mmt (hith Wil o.stablrsh 'fha vg:lrrdrtg M“hh#.
2HoveentDEnN Yo Qo 1o} WModmps
follotwing - L ’ .
(- All integeis ove raﬁamlmmbﬂ-ﬁ Ee TR Yt
2. Some fnteqess owe POLVETS ot ‘t'hﬂ:ﬁ 573 x4
L gome yational number qro_ pdwe-té*-'fhfﬂ-

| .""




(et ;

I(x) @ 2 fs a integer

Rtx) M s a Rational ntmbesy

PlA) ; A I¢ @ pPoweyd \

symbolic form  oF qiven argtments
A [ T00—> RV |
1y [100 A PV

$x-(RCOA Pt'f}J

$1Y () Y (IOO-SRW)  pule P

QY ) 1w SRET Rule US D
{3@ (3) '-}1{1{:;1\-!::'&:.)) pulep. . -
{23y () TONPO . pule ESB) .. o oy
45y t5)  Fk(ROOA pr)]  Rule ?
§sy L&) RLO A PLO pule ES (S)
3y () IO sule T(u) Stmpli+ication (aw
| PN &= P
iy W B Rule Tu) Stmplitication law
N3 | enPz &
vy 1) R{C) RuleT t2)(5) modus ponees
gudy  8)  RUONPO  pulet ()1 P62 Me,

g3y (A Fx (RLOAPM)Y  Rule €6

Using ¢p o Othexise obtain he followwing fmplication or all
yx(rP) >gln) , 1) (RE1Y-> 1B = (V(RLX) => TPC2))

Yy W P e SLX) ) Rule p
Oy o) P> 6,(0) Rule US
L3y 13 pOEen) >160)) pulep
{3y ) PCL) =76 (O rule UL
3y () GO>TRE)  pureTlu) P66
contya positive
{13y (6) P(e) =>TRLC) eutle 7 (2LE) AlC

“Taansitive vule
€037 (1) Re)y STPLO Rule T®) contaa pocitiv e

$18y (0 ¥x (RO=>TPOO] Ruleve,




UNITT

SET THEORY
Set! set is o collection of Inell detined objects and it ig
Yepyesented bg { } den{)"f'ﬂ.d bg lettevys A,B .---. SQOD
EX' collection of studentt in Hhe cloes
'S = { ]f 1F-5 r{"l ————— 9
Representation: Theve ave +wo wayt o veprecent the cets -
- ROStey Form

2+ 8¢t buildey Foim

Rostey Fovm: Rpstos Fosm notation s et complete list of all4he
elements of -the get-

EX: find “the 1ict of evennumbess between 2 to40
S=d2,u,6,&----. ok

Set buildey Foym! It fs used to irte Inthe 4oim o+ variables

EY: B- {'x_)a{:lsllb andlg even |

The veyticql bav 1< read ac sueh the ¢

Subset: 14 eveyy element imolcet A f¢ also element of a Set B

Then A i< called  Subset of B. It (S denoted by ACB

NOte: The nulleet i a subset of every set and eveiy set i a
Subget of itsel+

EX: I+ A -':{{;s.rqfrrgfq}

B: {'f’-’!’,g‘;.ly
¢c-¢ 1,8y +hen cch,ccB
Types of sets

[-NUllset: The et wiith no eloments i¢ called an empty set oY pull
Set - Anull get i€ deonpoted by ¢ - the hull cet is A subget

of eveiy get.

2:Univeisal set: Allthe gete awe consideved 10 be Subsets of One
particulay Set. Thic get ¢ called the univeysal get-

The tnivestal get i< denote d b_q £ oy U
EX - e 1,2,3,4,5 67898
p- {2,468




Digjointsets: Two sets cwe gald 4o be disjoint i+ -they have,
common element 1N both gets

EXe TP 2,30, Bad\Y,S,6h -,
1 | APB = i
Cortesian e
| e pioduct: (4)
let ApB ctve two cets ~theget of all midered paty ca,b) Wheve

Qa betmnqt to Apb bermnqg to B £ called coatesian product l
| It i< denoted by AxB Tk ST : |

Ex: let A {4y2,3) B 4,5} then

AXB = ¢ (1,4), (e$), (2,4),02,5) (3 ) cas)y

BXA~ L U), (ty2), (U,3), (&) (52) (93]

L) ) |
OPevYations ot setc

In settheory epesations involve vaalous woys of
- combinding , com pmrrqg and mani pulecting sets

"UNIM_J (:.UJ: The Union o4 two sets Aand B s o get
LEortaining . Al elements thert ave tn efther A, B o1 both
Cwithout duplfcates )

Notation: Aug
EX:- J+A- { L 11'3} fB ={ 3rurs}"ﬁ"lﬂn ALVB - { l, }—,'3;""! g}

2. Intevsection (p): The intessection of tuo sets Aand B is aset
containing only -the etements “that aveinboth Aand B

notation ! ANBR el
X THA- ¢ 1,2,30 ,B:43,U,8) then ANB {3}

# ]

s. Ditfevencet=): The Aiference of gets A and B. 1S the get of
elements -that cwve in A but not in B e
notation: A-B (o) HIB
EX: T4 A- £1,2,3y, B={3,U,S)then A-B {12y S

4. complement ! A, A, AS The complement,0f acet A -:inc{,ude; all
etements iN the univevsal get U that ae not IN F}

notatin: & .

EX: T4-Us &it2,3,4,8 ) and A= LU/
S+ symmetiic pitfevence :(A) The symmetiic diffevence of AandR
icthe cot O+ elementc Hhatme pefther A o1 B but-hot 1h

3}'~fh'en A= quwsh




ex: It A-{1,2,3)and & (3, Sy and then AnB 2 {1,2,4,5)

17} .'I P ;-I.."

pyinciples of Inclusioneind exctucion:

The thetucion e xctusion principles fs cf:;&niilr::g technique
which qgenexalizes the Hfamiliay method ot obtaining he no: o
element s in the union of WO +inite cets. gymboltically

exprescedacs FRE R T
CNIALR) = NEaY+ANR)-NIANRB)
IR SRR RE . Rl " oF 2pnalpdt3h o pndind
[pLB] = IA141B) = [ADBI o Eadial *
Inthe ye o o
ntAYE NU-G etements in A
n(g)- No ot etements inB .
NCALB)= NO of etements 10 both Aand B
NeANB) = NO Of common elements in A andB

Fov ang infte sets A, B,C e have G L7 S R
.ntn)+hta}+r{ct) _ntpnc)-n(pnB) -N( B0E
~+.n(ppBNC). ..
oo 1 . o 44 : b S B e actel o AN a8 ST 1 ap 8 a8
Find “the nd-0f mathematics students eﬁ—agﬂlqu_ia{(;ipgﬁm \
atleast oneof -the folbwing tanquages Tetugu, #indi and english
qiven inthe follorwing data. R PR
D 6s study telugu, o study telqugHindi
i) 45 Study. Hindj . a$ study tetuqech gnqt!&b et 380 EFOT -
iil) 42 study - enqlish; 159 Stucly Hindig englich . .. .

el

") g Study altthree languages rear
NeTy=6s | -
AEHY=yr bonn A 2392 39 93m009iHh  odr v - ta iy eatiig L,
ntg):u’- ) 1 ’ - -. 1 it ner | - ;L, Y 1a ii‘_:”"!.

NCTAH)= 20 a1
NETAE)= 28 )

2 -4 (V9% 1y 4 . >
n (HAE) IS

e nﬁrﬁ-ﬁHﬁE‘Fc e T "'J., Frrocrial e f 17_--

Y N ot ogn 10t () $0% tnseadicet ol cd strterriele
By tnclusion g EXCIULion pinciple

. =NETUHVE ),z NLTYHNCH)ANLE)= hUTNH) ~ DLTNE)- DI NE )+
T S ¢T3 | 21 ()
dbanf 40 sycarotib Oleraricapnz odr (A) avwnen g Tiste

VPt Yo 3 A t9ctYio o s el




Fovmulasg:

poscalption , .
‘ il - Notation
NOT A
e of dg .

T . AUB

EJU'Ihﬂde} ! b LT 1 X H-nB . \
only A butnot8 ' araospotg @ABE s s
th:' () bll't’mtﬂ ANB | o
netthey A Nov B ADB
excctly ppe ot Aand b ANTE () )(ANB)
ptlecist one A,B,£C AUB U '

Al o+ ABL aAnBNC

BB NT

NONne of A B C

only A but notBandC - ANBNT

Foimulae LT AT S CORE

A= |0l -[p]

ANBI = I!TLTB‘
= [ul-1AVB]

IANB] - |pl - 1ANB)

I ol -

TR - L &,
o < |1Ke cinema and 60
A sample o+ 80 peo lo yevealed that &s 175 == 0" -
like Tv progiams .imd 4he No-Of People wholike both cinemQ .
ond” v progiams. 'al-1 31 +1a% = 13UA]
et A be the set of people Wholike cfpema v

B be dhe cetot people ‘iho (ke TvPIOGICMS

vagfﬁif@atﬁm:} syctoct pd 9TV 2605 1o an L .
NEALS) = 80 | *7 A
ACA) = &S .
hta): €0 \3A0] -131% 141 - 1304

NCANR) .
N(ALB) =NIA+NIB)-N(ANB) i

X a0 = &S+ 60 ~D(ANB)
3 31 --

'--‘_, B 4. ‘ |
I'nr ‘n“[ﬂniai — B F:S?..E g q ¥ [ 1."-'! 1\1_ p, ¥ {‘l -, i) }- g+ .| :'1 f _ i'r_J &*i: ' o T
IO v Y ,

e G Vool 00 o pencig (o) A01Fnlsn

The no of people wafiﬁrnjg clnemdand v prog IOmE ave’'§ =
e '



A cortaln computer center employee LD ConnpUtes pyogIMMAS oF
this 47 can piogram jn FORTAN lanquages 35 in. PASAL
and 23 can proqsam fn  both !ﬂnguaql!_S- How Many can

piogsam i neithey & these +wo (anquoges- '
let A be the get ot progquammess In FORTAN = v o 1oy
C be the set of piogrammersin PASCAL: T -

Glven that o

ey e Dun Eraaa il

nesd)= 35, « W T e
n(pnB)=23 | ek , |

P (AnB) = NAUB) ‘
(o] - (AL Bt rd A ine

- Ul- NAYHNBY-N(ANB) '

= Ibo-Uy1435-23 &t - 191 = A
= U 2041 = 1§04l

+y 9

Deteymine -the no-of positive integers < 100 wikith ave dfvisible: by
LYo | .

et A be the setof numbeic divisible by 3 ra
B be the get of humbeis drivisible by 7 |
We know thot | vy VT s
|AVB] = tAl+1BI-tANB] s oo v Mgl
100 - 33 T(r

tal= no -of fnt@.geﬂts-.drmible.-_bq.;_,&, STE odt o4 A Ta8

181> po-of inteqert divisible by, 7» 102, 14
no-o+ inrtegers divisible by botheafon 3 s 00 -

o * 3oF
g 3 )| "1"(‘
- 100 _
: TQT-]‘ “71:
1AUBL= AL+BI - ANR) & (aS
. 3311y -4 37 A YA
= q'a "'irﬁ t. (3 + (AN | L':!'l,;l
( 30aY - 4 + 7¢ -
e PR lled
tet A end B be two gets then o subset of AXB }ig_ et

o Relation (o) ginasy Retartion -somR: A — B symbollically

RE#’G&-} @ﬁds gﬁ:b)_-:&% 1“1?2?-3 ﬁ"“efp‘ﬂgﬁhre"?‘ﬁ' 1400 Yo An AT
pomeiin of the Relation . e B




e ———
—_
—

Tt 1S denoted by pom R =€ BIAER and CAb)ER.

Ranqo.oF Retation. '_
ahe setotall the cecond etements ofdhe ordered paiis Ma

yetation R is called the gange OF Relation :I+is depoted
by gonR - {blbEB and cab)ER

'**gpamt—f‘ms on RelettfoNS

sne e and S

ONION of Relations: The union ot o relatio
ye ineithey

- sets A and B s the delation containing all paivs “hat a
R(ov) &
ceombine +wo relations mithout duplicates)
RUS
EXr R=fcr2)C23)fand 5= { €2,3)€3,U)Y

RLS -~ { c1,2),€2,3)3,U) )

Inteysection of Relations :

The intercettion of Hwo relations Rand S on <ets Aand B ig
is the yelation centaining att pafss that ave jin both ... .

Rand S (common ¢ lements N both selationt)
ex- 74 R-{C1,2)(% 3} and S-{c¢2,3)(3.4)}
qhen RNS- {2, 3}

Diffevence of Relations.

The ditference petween +wo yelatione R and ¢ on

st p and B is  the aelation eontaining all paiss
that ave in R but hot in S

alotation -
ex: T4 R-{ct2), (2,30} and s-{ (2,3), (3}

then R-S o 128

composition of Relations
The compocition of o selation e R on AXB an d(AXS €D

gx fs a yelation en AXC

74 contains pairs (a.C) sach that -theve existe an
alement PEBR  Wheie (o,b) €R and (b.¢) €S




d 6N
BF MR- () ands = { o) (1) -

L

SOR: {U, 42,8} T i 3

1 Tk ii
ompliment of a vetation:
e a7 =AMy Ee ] . n Y " . .
et R " he a aelation fiom A toB “then -the (selection)

compliment of p is denoted by § oy R' and is dedined
us E - (A! 3)"R

-

ﬂ'.[!,{: A % {(Qrb)y - {I,JFS} and 'H";ﬂ_ e lation R-meh
Ato® is given by R:¢ a,1)(a;3)(b2) (b 3)§ hen +ind R

R: (AXB=-R |
» £ (Q,) a2 (er3) (b,1)Ch,2) (i3 -R

.'.'- ‘.‘ . i

:{Cﬂ_fi} f_b:l}&
convexse Retation: | ¢ St

(et R be a welation fiom A OB +hen he converse Of l?- (5
deroted by R is a ielation rom B 10 A and (S defined

oe
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pioperties oF Relations

(-Reflexive Relettion: A yelation R on aget A (¢ said to be
Q!-F!G.IIVE- It(a.f) EGR , V- 0LEA 3vn T
CEXT T ps g1,3y and R € (2,29 €3,8) Ui g
hen R is Retlexive.becaetse (1,1)€2,2) (3,3) are allink

2.Trvedlexive Retation: A redation Rm ;:u: si}h' g éaiid o be
wieflexive. 3¢ (o, )€ R Fovany aef-
EX: T+ A= £1,2,3% and R= §Cu2) (133 2,3) (3,1)
re frvedlexive (Tecd) £11 9y

3 Symmetiic | A velation r on a Qet A.-F Said .ﬁ,_nié aymmenaic
i (@, B)ER then(Ba) ep .

’ . iy ," . '1[:_1

XL TH A {12,830 and R={ t2) (2,00 Z3) ¢ 3,2)¥hen
R iS sqmmeﬂic;‘ because . wherevey 'c@;bjég;c&,u)emm
EX: - (U2)e R Then €2,1)€ER e ST dlksvnen

4 Apti-Symmetyict A veletion R oncLset A is said 1o ba#arri'f-
aymmetric " It a#£b and (arb) ER -thep (b)) &R Fovall ™
ouybep
l"@t}.‘ ._.... s . | YA ;"'-I'

It (0/b) €R 4hen ChadeR . azb
6x: TE A-q¢lL3 T and R=§ (12 C1i3) (23)] FhemR i ga-**“”
symmetiic becouse theve one no paids tarb) and tbya) N R

whese a #b.
I+ R=4 L) €2,2) 3,324 when a=b

CTransi4ive ! A yelation R N acetd is said 1o be ansitive
ca,byer and(bc) €R Hhen Cal) ER ¥ a,biC€R

ex: T4 A>{L23}and R:§ CL2)C2,3) (13D} Thed R is
fancitive because (1,2)ER t2,3) €R then (lr 3) €R

: 4 (12,2) €R.
Representaition of Retations -
[.Relation of Matiix Repiesentaion
2. Di-quaph 9¢ Presentettion
. pelation of mocaixn Reprecentation.
1t Az 0,0s,2y - ~—-On} and Be Lbrbi, b - BNy
T o s andn elemente yepresenting
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n e
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st 3 L40 (IMDJM
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Di- graph

A elation ean be epiesented partially pictorial by dsaeoing
tS Di-gwaph Hfollcws

I-Dsate @ emadl eircle €8) A bullet fox each element oF A and
table the eixcle with the covyes ponding element of A
These civcles ene calied vevtices oy nNedes

2+ braw an anow +yom e vertex a to b ifand only i@ Ber

 these amyew 7¢ called an edqe '

3. I+ paiy (a,Q)eRr then diato e divected edqé,-t‘-romartn
such edge fs called a loop

4+ This plctoricd vepaesen tetion of R is mued m-qmphm

Diverted quaphR
Bx:iae A- § 1,2,3.U, 8 Yy then o selection R en A ts glven by
R> 4 (LD L2, LLUW t3,2) D3 the di-qiaph O+R

WE TR 12, 3,UY and R={ L) CU3) C21) (2,8) AIBD (3 (u) s
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= | | .
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R™. ROR |
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. ¢ 3,
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Pentidion and covering
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I+ and onty if
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Covering ot a set: .
Let ¢ be o given get and A= { a,Q2,33, - --AOn} where each 4;

O"hi=¢ dife a-cubcet of ¢ hen tetA s called a
12]

covexing of sets and -ihe eubsets A, P2, P2 -
o be covercet of 2

Ex: ket S -{ABCY and concides the following collections of

UbsetS A= §eab) ebad B - f@lency ¢={cay, tbic)y

D=
b Labry -4 cay, by, ey F- § o), (ayb), Loyl §among
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Equivalence Relattong

. A Relation R onacet A ¢ eaid to be equivalence e lation
D A~I4 it 18 satistioc detlexlve, symmetric and tiansitive.

let X =€ 42,3, 9y and R= €Cu1) Chy) cer) Cany ez, 2) €23) (32)
cBeck inheather eguivalence fs ¥elortion or not- C3.413

Given
R={ cLncruy cany cuuy e2,2) €2,2) €3/2) (333
Re{lexive yelation | |
If pex 4hen Ca,/CER
we (11)eRrR, (2,2) €R (2,3) ER , (U,W) ER

C. R (S sedlexive
SYmmetyic yelaton

I+ Coyb) €R then (bea) ER

te (lLY)eR —>(y,1)er
(2,3)€ER — (3,2) ER

S, R i€ symmetaiC

niansitive selation P R
| 14 Caub) ER (b0 ER ther Ca.C)ER

se  CUIDER (1,U)ER —> (LMDER
ClU) ER (U, 1 DER —=> CLIDER
(2,2)ER (2,3) ER —>(2,3) ER

3) ¢R €8,2) ER = (22 ER ~

ks _ (3/20€R

C3,3) &R (3,2) ER
s, RS Fransrtive:

. Given Rtlaﬁoh R i¢ equivalence P.n-tqt—fon

2 veriy #he Relation R ={U1) €2,2) €3,3) Cu,u ) €302, Vy0b
theset q-¢,2,3,4% fs equivalence or not

Given ' o
Ra { €113 €2,2) €3, 3) () €31 C2n) Yy

Refiexive yelation

e 14 PeEX then (o,0) ER
ALINAD £9.1) e—a,cs;sJéﬁ,LLb”)&ﬂ

A




SYyrmetic ye (ation:
I (ayb) ER +Hhen tha) er

Tansitve Relottion)

e If (o/b) €ER (by)ER then (a,t)€R

(3,3)eRr (3,') ER — (3,1) &R
e3,)ER (LDER — (3,])eR
(2,0) €& (2/DER = (2,1) &R

e2, YER C1,VDER — (2,1)ER

C2,2)ER ,
g, Ris a twangitive

vy Giiven veleeHon R Y¢ et equivalence Relcttion .

! fgu—-m'?-y ond R =§ cx o= -
Show thoct R 15 equivatence rntaﬁ{on.ﬂj/ 9 fs divisible by3}

et
=4O/ x-yis divisible by 3y in ether words (a,yd €R

tdheseexists aninteger k suchdhat x-4: 3k
Reflexive yelation R |
YL ex , (x-A)=06 s drv#;ibre bty 3
S (X)) ER A ex
Stnce o Js dtvisible by 3 Ine have ¢ x %) ERYXEX
’. RIS Reflexive

Tl ! .
- K 40

Sqnﬁeﬂk wla-'l-?pn § reemr . e e el
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Tyansitive veletion.
tet (2xY) €R and (Y,z) ER theh (X/2) €R
e know hat x-4 i< divisible by 3 -
y-2 i¢ divisible bg3 . . .. -
xof +4f -2 fs divistble by 3
x-2 IS divisible bg 3
(x-2) &R
R is tyansitive.
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Trancitive closuse . )

let X be a finite get canfcnngng_n el:mnﬂ-md R be ot yelation

ONX Then -the -tvansitive closure Retation of ax i< denoted by RY
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compatability and pential Oyder-
comp ata bility welatfong:

A vetotion R onh o gcet A 1S Sald o be compatahility
selation H it satisfies vefiexive property and symmetiicpropersty

A compatetbility elaHon i represented by 7

et A= f1,2.3% and (et the welation R=§ C4I13 (2,2)(3,3)
Cl;2) C2,3)02,1)C22)C1,3)C3 )% define the A check
Wheathey thic selation (< compateability yelaHoON Oy NOC?

at F’"‘[Iﬁrs}

R- § LL12,2) (3,3) CL2) (2,2)¢2,0)€3,2) 331D}

i) Reflexive propevty:
T4+ REAH ‘theh (Q,a0)eR

{ent) €2,2)(3,3)ER

R i Reflexive
R ccrtfedfes Rreflexfve paopesty

i) symmetyit popevty ) R Y et A

L}

T+ coub) &R then (hre) ER
’ . [ '-'_ - W 'r- y*
(1) eR -then ¢ eR

(2,3) eR -theb t32) erR
c13ER Hhen C3A) _&R

. p sotisties sqmme.-l-ffc pioparty E—

In this qtvm"rz " éa%aﬂu ‘Redlexive ond :sg.nmnﬂ'&. PmP%Wr
becctite R i¢ compertehility RIBHODY ( 1. 3% a3 cdun) ¥

+ partfal oydeylhg Relation. sen a9k Jcd den 3

A wlatien R onc set P is said to be pential C¥desing

yelation. 7+ and only i 1f R iS ved lexive , antf symmetiic: and
fansttiveiolrn) is oatisb e B o

_ ' | . oMol +*;"1.’.- i
pantial ovdesing gelation i sepresented by < 5

Partial ovdeved et (0v) POSET =i ™

H# partial evdeying aelation is A paitial ovdeying on &
(SEEP: Then -the ovdeved pals (P, ) 1s lﬁ{:_;t}l_@(h . fn tfal owdered
ES %leq&l)-‘?g&s.{_} ( “141) r'_~.~I'.|,_ - |
_Totally ovdesed gelaton. ¥

let Lp?&)ifparﬁa!lg oideved set . B oy every Hwo elements
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B .
I+ P- {1,2,3,4F then (p8) 1s totally ovdere d <et .

Py

Show ~fhat the yelation ™ gecte v-han ovégunl to' is ‘a partially
orde.nng yelation on a get of :mtaqet

-h "
Na

2ef- e 23,-2,-1,0, 42,8~ —-

A ¥elotion qreacte: “thon o1 equal to (g apmﬁal!g erdeving s¢lation
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di) > IS Anti-symmetric | | v

() > is Tansitive

Reflexive
For evexy inteqey A ,ae 2 -then co,a)eER

i

":!-J'

e 121,222 ,823,6R
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given glation i< partial mdmng Eg]atfbn 01. nat“
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s R Satisfies Retlexive piopeity-

Anti- symmetiiC
T+ carb) €r @nd (bl gRr then o#b

Y10 5

ill (h?ﬁ) ER = Cﬁlud.g Mo 14t
Ly ER = (1) ER
CLUeER => (W) ER
CLb)ER = (6/DER
C12)ER =D cra)ER

R satistles anti ~sgmmetyiC pioperty

 hansitive | | -
J€ (o b)eR (b )ER +hen rac ). eR "

| +.u,1)&3..(‘_t,1_}e-ﬂ-_thm U,?.‘)E-P\ Tl i
. (y2) ER (_1;2-) &R then ('f,z)-&?- B Reaot & aL

(3,3) ER then (1,3) ER i

C LW ER (o) &R thed cLu) ER o iy

6) €f -theh cu®) ER
AR (7.8 3D s v a

tnfﬁ}E'P- (6¢ El.fu! 0
. p catisties Tsansitive propeity _
”g catisties peflexive, Antisyrmmetric and Tiansitive
U paoperty
0 RIES

Hassie Diagyam: 3 -
A partial ordesing se lation on a set p can be YEP¥ES

by means of cdigiam '« Khown O Hassie Dlagiam:
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