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el Td held

(RELATIONS AND FUNCTIONS)

( A

1.1 YT (Introduction)
1.2 &g I (Ordered Pair)

1.3a 'Fl'ﬂ%l'aﬁ EJRCAGIE] U (Cartesian Product of Two Sets)
1.4 W27 (Relation)
1.5 9T ahT Wid 9°T IRET (Domain and Range of a Relation)
1.6 Ufdei® @=L (Inverse Relation)
1.7 98T & W (Types of Relations)
1.8 e Wl (Reflexive Relation)
1.9 |OfHd A&+er (Symmetric Relation)
1.10 GehTHeh W=l (Transitive Relation)
1.11 JeIdr W= (Equivalence Relation)
1.12 dq¥Heh @I (Identity Relation)
.13 = WY (Trivial Relation)
.14 el & TR (Types of Functions)
.15 Thh! Wet (One-One Function or Injective Function)
.16 ag—qa?r TheT1 (Many-One Function)
.17 3r=&fut weT (Into Function)
.18 Whah! 3rA&idt Tet (One-One Into Function)
1.19 ag—qafr LU |werT (Many-One Into Function)
1.20 3A=BTEh el (Onto or Surjective Function)
1.21 Qﬁ?ﬂﬁ 3T=8Tgch Wl (One-One Onto Function or Bijection)
1.22 HE—QT*:T AT=Eh |l (Many-One Onto Function)
1.23 dc@H% el (Identity Function)
1.24 3= Tl (Constant Function)
L 1.25 Tl T WIS qer W’Uﬁ'q el (Composition of Functions and Invertible Function)

[ 1.1 )( yfrer (INTRODUCTION)) ki ﬁﬁ;ﬁ:ﬁaﬁﬁ?ﬁl é@f%{rl 2) =2
1} afer Tz EEpE hH &l
Wﬁﬁ@wﬁmw (ordered set)

e e = N =Y

% e X1 H TH 9g=E, SU9Ywd, g UH, T,
TN 9 TEWIN, 9 o IRE, e, el S W,

AT T R R @ o 5w F wed T | 3H YR 4fc <1 STl 9 9= {a, b} H
SeT™ H hen X1 ol STRIeR qRHTST ol WA TERRoT o a 1 TEN TATT T b i TE e Fuifed s fem s
=T el el % WeRRY o1 faER @ stemE S | @ 7 Gg= HAT I (Ordered Pair) Feam §
9T 38 W (a, b) 5N =T T <1 2 | T2 (a, b) =

(1.2 )( =fia T (ORDERED PAIR) | (b, a) TR @ T § Fr

% A WY % ofeEEl % wH H ufed e W @b)=(,da=cimb=d



‘JTFU'R-[ YHT-1 (ﬁ?ﬂ'{—‘]2)|

% dRfFA Foagem dmaai R g@mn A A @ WX

T & AT n — A (Ordered n—tuple) 7T
W%ngﬁ(a R a)ﬁ@?ﬁmﬁ%ﬁ
a@r—ﬁgﬁﬂhﬁ%w@ v) e T v (),
7) ¥ oY 1 He © |

(1.3 |[a‘r T T HAE U (CARTESIAN]

Phe

Phe

Phe

PRODUCT OF TWO SETS)

T wg=El A SR B W ®E UM SA ki g

(a, b) 1 g=A BT 8 TSR gen 3199 a, G

A T 3T Bl TUT IR TG b, GH<Id B H1 TS

B 39 TUF 1 Thd A x B GRI =<6 Tohan S © o
AxB=1{(@b)|]ae A be B}

AN F T TR AXB#B x A o f& A

3R B R 7 7 |

wr IEEUT—AR A = {p, q, r} AN B = {x, y} T @

A x B = {(p, x), (p, »), (@, %), (@, y), (r, x), (r, Y}

B x A= {(xp),» p), & q, O q, 1), n}

femforart—

(i) TRA=¢ATMB=¢, T AxB=¢ T ¢
T ag==a 2|

(i) ICA=¢dMB=¢, WAXxB=9¢

(iii) Afc Tg=a A H sTgal &t §@ m T T
BH eogai fl §@MT n & @ AXxBH mxn
3Toe B STd: THH ST STTTTaA] i G
2mn _ | AT

(iv) afc A 9en B 31 Tg=4 & a1 90 9 UH
e THI IR ¥g= 8 @ A x B H oTaai
T HEAT S B AT A x B o ww ufifia
T BT |

v) AxBANC)=(AxB)n (AxC)

(vi) AxBUC)=(AxB)uU(AxCQ)

(vii) Ax (B -C)= (A xB) - (A x C)

(vii) AcB=>AxCcBxC

ix) AcB,CcD=AxC)cBxD)

(1.4 )( == (RELATION) )

Phe

Tg=E A 9 9= B # uRteifom dwr R, it o
A x B 1 HiE STEH=E TA1 T | AT R < A x B |
T T = TR 9 ferad §—
= {(x, y) | xRy, xeA, yeB}
a 3R b WY R 5N Tt § O 59 a9 1 f=
YehR 9 fora TR E—
a Rb3a(ab) e R

a 3 b gy R gR grfed T8 § o a1 = fe
YRR ¥ forg T §—
aRb A (a, b) ¢ R
w IQRI0T 1. A A ={3,5,7,9,}), B=
10} 91 P(x,y) = x, y § B 7, o
R= {A B, P y)}
AT BH TH Gy B TH Gy F SAid 3R4,
3R6, 3R8, 3R10, 5R6, 5R8, 5R10, 7R8, 7R10,
9R10, @if®s 5.R4, 7TR4, TR6, 9R4, 9K6,
9RS,
Y T 39 THR U ot I TR §—
(3,4) €R, (3,6) €R, (3,8) R, (3,10) R, (5,6)
€R, (5,8) €R, (5,10) eR, (7.8) R, (7,10) eR,
(9,10) eR, W= (5.4) ¢R, (7.4) ¢R, (7,6) ¢R,
(9,4) ¢R, (9,6) ¢R, (9,8) ¢R 3| 7 R = {(3,
4), (3, 6), (3, 8), (3, 10), (5, 6), (3, 8), (5, 10), (7,
8), (7, 10), (9, 10)}
w IQEI0T 2, A€ A = {2, 3, 4}, B =
P(x,y) = x,y 1 9 T, q&
= {A, B, P(xy)}
A9 B THh WY B 3E WY % 3T 2R6,
2R8, 3R3, 3R6, 4R8 W= 2R3, 3.KR8, 4.K3,
4R 6, 31919 (2, 6) €R, (2, 8) €R, (3, 3) R, (3, 6)
€R, (4, 8) eR, W (2, 3) ¢R, (3, 8) ¢R, (4, 3)
¢R, (4, 6) ¢R T |
v IQEIT 3, 9 A = {1,2,3,5,7}, B=1{1, 4, 6,
9} T P(x,y) : x BT y T T R = {A, B, P(x, )}
AW B U ww 9wy § fge st=ia 2R4, 3R6 AAfew
1.R 4,3 R9 3N | 38 39 38 TR +ff =<6 o Tord 6—
(2, 4) R, (3, 6) eR, W1 (1, 4 ¢R, (3, 9) ¢R
TR
feouft—swiw semwl @ we ? fF
(i) 9% Tavas Tl § % A & Td® T9ad 1wy
B % fordt 7 forelt stome @ @1 stuiq A § W@
T B Gohd © S B o TRl oteme § gt
=& Bl
(i) A & Todl sTo9a 1 9=y B & T a1 Afew
TIFal 9 B Fohdl 7 |
(iii) A o T T 31fereR 7ol o1 T B & T ST99T
¥ g Tl ¢ |
(iv) A & Tt of ofo9a =1 9oy B & fwel of
T 9 gl oft 81 Hewar T
(v) A % 9} sTogal o1 T B % 9t oagel 9§l
Hehell © |
AE—afe A den B § ofarga] ! EI1 A m 99T n ®
WA x B H 303G i & m x n BN | SHH 3TH

{4’ 6’ 87

{3, 6, 8} q=



IUaE! St T 2mn | B | S7efq A 9 B H uftifi
T et ST Tl ot Hea off 2mn ] g |

|1.s | TR ST A deT IRE@ ( DOMAIN AND
RANGE OF A RELATION )

% A R, 994 A ¥ ¥g==@ B # uRwfyq &g awry

g, @ R % hiGd gl & FU9 sToEd & Fg=ad hl
Treg R &1 91 (Domain) a1 Tt eTe@el o wg==a
! Gy R 1 9RER (Range) %8d ¥ | 37d:
R =1 911 = {a(a,b)eR}
R &1 9R&R = {b|(a,b)eR}
Iu® § W ¢ % R %1 9 A 1 SUEg=a 991 R
1 IRER B 1 SUSH=Id E1T |
w= 3G 1. I A = {2, 4, 6, 8}, B={3, 5, 9} q=r
A9 B ¥ T gy R 39 ¥R 9iiiia § f6 Ry <
x,y@@%, LEl

R = {4, 3), (6, 3), (6,5), (8, 3), (8 5)}

ISTE FEry o
R =1 910 = {4, 6, 8}
R =1 9RER = {3, 5}

w IMEIOT 2. AfS A = {1, 2, 3, 4, 5} q=n
B = {2, 4, 6, 8, 10}
oM R = {(a,b)| acA, beB, ab T 9ISF B}
A ¥ B Y TH gy B e
R = {(1, 2), (1, 4), (1, 6), (1, 8), (1, 10), (2, 2),
(2, 4), (2, 6), (2, 8), (2, 10), (3, 6), (4, 4), (4, 8),
(5, 10)}
s R® e = {1, 2,3,4,5) = A
R &1 IR = {2, 4, 6, 8, 10} =B
= IQMEN0T 3. Z H RN Tk Ty
R= {(xy|xy € Z, x* +y2< 4}
q& R &1 9 = {-2, -1, 0, 1, 2}
qar R &1 9@ = {2, -1, 0, 1, 2}
w IERUT 4. AT NTWRR = {(x, y) : x+ 2y =8} T&
TRy ], a1 R o aiER fafau |
TA—@ xRy x+2y=28

&Sy = 85x,xeN, yeN
SE x=2,y=82;2=3eN
x=4,y=¥=2eN
x=6,y=¥=leN
x=8,y=82;8 = 0¢N

aa: R &1 9@ = {1, 2, 3} S

1.6 )| wheim wwrer (INVERSE RELATION) |

% AWM R, 9= A ¥ 9= B ¥ 1Rwifta & ey

7199 R 1 9faed ¥ R-1, 99=09 B ¥ 9= A
# f7=1 yeopr uftenfya foman smam e—

R = {(b, a) €B x A : (a, b)eR}
319 (a, b)eR < (b, a)eR-!
Bl aRb < bR-la
TR | T § foF R-1 o1 W=t = R A1 9fER qem R
1 9RER = R &1 91
v IGENUT 1. A A = (1, 2, 3}, 3R B = {0, 4} 7
T R, 9= A ¥ 9= B # 39 yoR ufenfya §
D

R = {(1, 0), (2, 0), (3, 0)}
T9 R 1 Haeid T gm—

R-1 = {(0, 1), (0, 2), (0, 3)}
Su® ¥ T § TR
R-1%1 9T = {0} = R &1 9&R
R-! &1 o = {1, 2, 3} = R &1 911
e IGTEA0T 2. Afc N # e 'y, y @ St 8 51
gfefd & @ R = {(x,y)|x,yeN,x<y} o 51 ¥faam
T R = {(xy)xyeNx >y} st “xy @ = "
R it ¥

(

1.7

) (=it % W (TYPES OF RELATIONS )

Hrar 1 Wehl o 1 §—

(i) =g wY (Reflexive Relation)
(i) AT =9 (Symmetric Relation)
(iii) HsrHe Ty (Transitive Relation)
(iv) g 9= (Trivial Relation)

e

1.8

}(W T ( REFLEXIVE RELATION )}

afs Ty R et a9==a A # 39 TR gRaifya 8
for 9% oT=aTid A Rl Yodoh oT99d d 9 grel-d g,
A w=rY R Wl WY e § | o R e
Ty § Afe 8t heet 9f€ aRa V acA
QWRWW‘H% < (a, a)eR, V aeA

S ofea @ T ¥ R A H ufenfie @ R
Toed WY g T Afg A H H ¥ hH Th 99 a
U 2, S T @ T T 8 S (a, a)gR
ot == A H IR Sqed 9 R a9 Geamsh
e [, aRamel § v g ¢ fE I, R
SUgg= (Subset) Il ¥, i I,cR

ara: forelt w=e A o1 dcEHE T 1, STevas
w1 W AW UF Eed o w3, W A W




TR T Toged G- ST aodHeh BT SATETYaH
Tl 7
femuit —wagea T o T (a, a)eR g $9hT o7
IE G ¢ TR oTomE a w1 Ry a % ST TR
3TeEE W A B | 21l a 1 Y WE W 3H F WY A
% S SAaFal W A} 81 Wehdl B | STel(oh qeeHeh T o
a T Y a TUT hael a ¥ TT ¥ | oT: W= ¥
YIoh A T Wged Y ¥ TR T TR
ToHF T el e B |
WA FRFY hi IRN & ww wE F foaw e
IqTe fed = @ ¥—
v ITEYUT 1. AfS N Wighd Gemsil 1 gg==d ¢ 3R N
o Tk gy R 39 R giwifig § fw

xRy < x, y <Al ST ©, W, yeN
T R T @I0T T B0, Hh T Whd e
@ T AT B |
v ITEX0T 2, ToRelt Tvaat o feu et Yamsil & 9=
A T T 999 R 3 39 waRR 9Renfia 71 fF Ry <
x,y % FARN § 9 R U Tqed WY gET, @i
e 1@ W % GHRR B 7
v IGRA0T 3. A Pyl o ¥ B § & @94 R
TH WRR ¥ ietya © T
xRy < x,y & FaT@9 (congruent ) g R T& &g
TRy g, Fife o BIYS wE % gatem
(congruent) TIdT 7
v IEN0T 4, Y= & Tg== S H Wk ¥y R f=
YR aidifig © fF ARB < A, B &1 S98g=4 ¢ @1
R U& W@Ied WY 3T Fifh IS o @ 6
SYGH=IE BT © |
wr ICEY0T 5. WIhd Hesll & g<=a N # afs s
Ty R 39 YR gfenfa foman s ff xRy < x>
q R T @G T § Hifeh xeN = x = x T
Ifg R 39 YR 9Rwifig 81 fF xRy < x > y 7@ a8
Y TEged el B iR N % fRet ot eema &
fFfo>xW:l%5f%\l
1= 3qgY0l 6, AMI A = {a, b, ¢, d} qAT
R = {(a, a), (a, d), (b, a), (b, b), (c, d), (¢, ©), (d, d)}
A T uRefia g TRy § A R T ged 9y § i
(a, a)eR, (b, b)eR, (c, c)eR T4 (d, d)eR Tg g
AH FE Ty R, 79 TR § IR0 o1 R
R, = {(a, a), (a, d), (b, ©), (b, d), (c, ©), (c, d), (d, b)}
T R, We Tl ¢ HifH beA WY (b, b)eR, SH
THER deA W (d, d) R,

‘JTFU'R-[ YHT-1 (ﬁ?ﬂ'{—‘]2)|

[1.9

)( wwfir wwFer (SYMMETRIC RELATION))

Phe

afg grry R frdt 9= A # 39 TR ¥ afenfad &
6 59 o 1 b W T B A b R g ¥ LT T T,
q Fwre R AHMHT W& e € | 3Td: R TAfE
Ty B0, A T Hew 9f€ aRb = bRa, Va, beA
31U (a, b)eR = (b, a)eR, Va, beA

SW® ¥ We ¥ T ugea A # ufenfiw wwry R
TAfEd &l T afs ggoea A B 9 9 HH < 3T a,
b U@ @i f&

aR bdgbKa
e —gAfad T R 1 Tiaeid 9w f T & SRR

@i & v, [R=R

THHT Ty ot Ui R T A % foe e semm
R wwi—

AT 1. T FAT H Teord WRer Waneti & gy A
T T R 39 YR aR9a § fF xRy @ x, y &
A ¢ A R Tk a2 it afe et
x, X1 y % e 8 1 @ y | W@ x % e, e |
IEAT 2. TS & vy A ® Vwatrem (2)" W
Ty TG € R A = A, = A = A,

IEAT 3. AfS YTRa Heed & ag=ad N H T 9y
R 39 YR 9 qftwfya © fF

xRy & x, y % SR (Equal) ¥, @ R TH Gl
T BT, Fifor foR=gl < Wihd WemsTi x a1 y h
forg, afe x, y o TR B Ay, x % IER BT B |
3G 4, f fFE THaer & fera et Wil & ag==a
Aﬁ@WﬂRQﬁWW&ﬂT&!ﬁ%%ny@x,y
% THRR ¥ W R T AT TR 3 i At i/,
@ 1, % TR 8 A @ L, @ | 6 SRR g
ISEAUT 5. af wg== A = {1, 2, 3, 4} W T Gy
R, e R, 1 wer wfnfir fomat T fom

R, ={(,3),d,4), G, 1), 2,2, 4 1), 4 4} T
R, = {(, 1), 2, 2), 3, 3), (1, 3)}

R, TF 9HfHd &Y ¥, W R, TG T8 € FifH
(1, 3)eR, ™ (3, 1)¢R,

(1.10 )( ¥ w=FE ( TRANSITIVE RELATION )

Phe

fs Ty R foret wg=aa A ® 39 y&R 9 gfRrfya 8
fF ashl b ¥ G 3R b o1 ¢ 4 Y &1 T a T
T ¢ 9 81, A gy R HehiHeh TR e © |
37d: R GohTHer 9 g, afs 8Tk Shaet 4fg

aRb SR bRc = aRc Va, b, ¢ €A
3197 (a, b) €R 3R (b, ¢) €R = (a, ¢) eR IT® ¥



e ¥ T A o uftnfig &1E gy R s Trry
2 T, afe A § 0 Q@ w8 9 8799 a, b, ¢ W T
o =
aRb 3R bRc g aRc
TohTHS T i TR &l o= & & fou f=
IqTe fed = @ ¥—
ww  3IQEY0T 1. TR Tvae H feom e Tansti & wg==a
AH 'y, y & TARR B T HoRTE e 8 W /)
Ly Ly eAT L || Laen L || =1, || I
wr ICRIOT 2. 9= A = {1,2,3,4}
R ={(1,2), (1,3), (1, 4), (2, 4), (2, 3)} T HhEh
ey § Hifn
(1, 2) R, (2, R = (1, 4) eR
(1, 2) R, (2, 3)eR = (1, 3) eR
v 3IQEYT 3. AR Uikl & wg== [ § U ¥y R 39
TR § qffad § fw
ny@x,y@E@»T%
R ek HohTHe G4 B, e for=l i qomieRl x,
yﬁmz%m'ﬂﬁi&yﬁw%ﬁmyzﬁw%?ﬁ&
z ¥ TS B ST x>y T y>z = x>2
r>  IQTENUT 4, WTohd WemsTi o dg=ua N H afs T awry
R%Wwﬁmﬁﬁmﬁﬁﬁnyaxﬁmyﬁ
foom & @t R T Wb TRy § I x, ), z €N
T‘MTnyQEfsz:x,yT‘MTy,zﬂﬂﬁﬁqﬂ%aﬂﬁx,
z el fomm § ema: xRz
e —afz fordt Tg= A R 9fenfi wwr R % oT=wid
A H TF 1999 g, b F ¢ 39 YFHR 781 el foh Seprerar
w1 fieror fopam < Wk, 9@ off R 1 HohTHe 9w &1

(i) = TAF W @ ® G SR, S7ei
x| x V xeA
(x, x) €eR, V xeA
37d: R Wqed e T |
(i) =fg W@ x, {1y & GHRR T @ W@y off @i x
% FATRR I | 79,
afc xly = yllx, V x, yeA
S y) eR=(y, x) eR, V x, yeA
a1 R gHfaa Ty 2 |
(iii) - x|ly 991 yljz = x|z
oo Aafg (v, y)eR T3 (y, 2)€R, = (v, z) €R,
Y x, y, zeA
a1d: R WoRTHS Y ¢ |
ICEAUT 2, TF 9Aaa § feod s o vg==a T ¥ &
Ty R T yopm wftufia © o
xRy < x, y & FEiTEd ¥ | 99 R Th goddl 9wy T,
FifH
() e Ty e % waiTed g § o
AeT = A = A = ARA 31¥iq (A, A) €R,
VAeT
37d: R W@iged T |
(i) afc A, A, eTad (A, A) €R
(A, A) eER=> A 2A, = A =2A =
(A, A) €R
ard: R 9HfHa 7
(iil) A& A, A, Ay €T T (A, A) €RTAT (A, A)
€R T (A, A) eRTAA (A, A)) ER = A, = A,
dAMA, =A, = A =2A, = (A, A) €eR
. R Honmam 7
37d: R Tk qoadl Ty § |

A W T | S—foRdt TR % fenfeR % wgea H
R = {x, y): x, y &1 9fd ¥} TH GrHE T 7 |

(1.17) (e T ( EQUIVALENCE RELATION) |

% et ag= A § ufewnfod 1 w99 R ©&H qoadl
Y HECE § A
(i) R Tgea § &19fq (a, a) eR V acA
(ii) R ¥@f¥a ® =19iq (a, b) €R = (b, a) €R, V a,
b, €A
(iii) R HshT™F & =797 (a, b) eR T (b, ¢) R =
(a, c) €R, V a, b, ceA
T T oht TRHTHT 3R] T Y o T F1e 3gmeeo
A= E—

v IQENUT 1. A foRet Tmae B feud et Wt % ag=a
A ¥ TF 9y R 79 YRR W aiiia § iR ARy < x,
y % AR ¥ A4 x|ly O R T oo = ghm,
Fifer wrae § feora fordi 9 st x, y, z & o

[1.12}[ qeHE TS ( IDENTITY RELATION )]

X Tod ggea A ® qcHe TRy a9 TRy 7 fees

S A 1 TAH 99 @WE W SR hed @E 9

THEI4E 31 5H WA 1, 5N = R S weh @ ST
I, = {(a, a)|V acA}

T8V w1 Fos ‘v & fern WA foRen ST R

= IQET AT A = {1,2,3,4,5) 8@

I, = {1, 1), 2,2), 3, 3), 4 4,5, 5}
THAE re 1 IR ¥ 98 @ fag @ © fw
TCIHE T4 h1 Faod e ff W acqqsh 9w
BT T |
ari

= {(a, ) |V acA} =1,
I, A= = 13! =1 9=
I, o1 9RER = 1! w1 9RER
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