




-XE  AnCAy E BnD

(J(x,~)E  (AnC)x  (BnD)

:. V C&Y) Kx.Y) E (Ax B)  n (C x D) 0 (x.Y)  E (A n C) x (B n D)l

II I ! c x D
“ A - ’

@3.1.6  a

LLFI’RJ  Ax B

i &AnCd

-A*
-cc

?d 3.1.6 h

LLAW  (A x B) n (C x D) = (A n C) x (B n D)
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1) %<LWl  A= (a,b,c,d),~Wl B = (1,2,3},  LTWl  C = (x,y,z]

P9HlLWl  A x  B,Bx  A,Cx ( B x  A),(AuB)x  C,(Ax C)u(BxC),

(A u B)  x (B u C)

2 )  9Jfit$l  A x  (B-D)=(Ax  B ) - ( A x  D )

3) Wfi~dl  (Ax B)n  (Cx D)=(Ax  D)n  (Cx B)

4) 61 A,B LLRZ:  C LihLT@l  Wfi~~pi~O~~if

( A x  A ) n ( B x  C ) = ( A n  B)x ( A n  C )
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Vlql$Nl  3.2.1 171  G, H LbR” J L%4fIdPlfl Z k/f% W  LLOti)lTl  Y  b?.I  2  LbR”9ln  X

lplfh Y mxh%flbbGa

I) (G0H)o.I  = &(HoJ)

2 )  (G-l)-’  =  G

3 )  (GoH)-’  = H-‘oG-’

w9Lpod” I) i-h?lJ@&l  (x, w) a@l  “I  au xx w

(x. w) E (GoH)oJ  tl  3y E Yl(x, y) E J A (y, w) E GoHI

e 3y E Yl(x, y)  E JAIL  E Zj(y,  z) E H A(Z,  w)  E Gil

o 3yE  Y3zEZ((x,  y)E JA(Y,  z)E  HA(z,  w)EGI

ts  3z E ZI 3y E Y 1 (x, y)  E J A (y, z) E H 1 A (z, w)  E G 1

MA 201 6 3



w %z  E Z[(x, z) E HoJ A (z, w) E G]

ti  (x, w) E C+(HoJ)

’ V(x,  w)l(x,  w) E (GoH)o!  e (x, w) E Go(HoJ)].

(GoH)oJ  = Go(HoJ).

(z,  w) E (G-l)-’  - (w, z) E G-’

v(z, w)l(z, w )  E (G-l)-’  e ( z ,  w) E G]. .

:. (G-l)-’  = G

3) ilM?~EJ%~U~U  (w, y) bl  “1  al4 w xu

(w, y) E (GoH)-’  e (y,  w) E GoH

Q 32 E Z[(y, z) E H A (z, w) E G]

t)  3z E Z[(z,  w) E G A (y, z) E H]

e 3z E z[(w, z) E G-’  A (z,  y)  E H-‘1

e (w, y) E H-‘oG-’

.  v(w,  y)((w,  y )  E (@H)-’  - (~9  Y) E H-‘“G-‘l. .

. (GoH)“  zz H-‘oG-’
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ihlol  3.2.3

Dc = lx : 3y E Y[(x,  y) E G])

LLRt~k?Ll  (range) llO9  G b5lWJlfJi79b%@I

RG  = {y  : 3x E X1(x,  y) E Cl]

x E D, w 3y E Y[(x,  y) E G]

b161Z  y E RG  ti 3x E X1(x,  y) E G]

WqM$lYl  3.2.2 61  G bbflJr H  bThr27d  9in Y bJ& z bbtcain  x “ad.&  Y aa

1) D, = R,.I 2) RG  = D,.,

3) Do+,  c DH 4) R,o,  c RG

- y E R,-I

’ Vyl y E D,  o y E RG-,]. .

Dc = KG-,.
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2) iieshwi?in  z Ia  q It4  z
z E Rc,  H 3y  E Yl(y,  z) E G] e 3y  E Y((z,  y) E G-‘1 ti  z E D,~,

VzEZlzER,  ozED,~,].

:. R,  = D,.,

3) thv7?mwi?in  x Ia  7 1~ x

x E %, w 3z E Zl(x,  z) E GoH]

- 3z E Zl3y  E Y((x,  y)  E H A  (y,  z)  E G]]

+ 3z  E Z( 3y  E Yl(x, y)  E H] A 3zl(y,  z) E G]]

~~z~Z~Y~YI(X,Y)EH]A(X,Y)~YEYI(Y,Z)EGI

- 3~  E Y I@> Y)  E HI A (x, YDY  E YI(Y, z) E G1

* 3~ E Yl(x,  Y) E H

wxxED,

vx  E X~X&D,~,  =a  x E DH]. .

. D,+,  c D,.

4) i3wYuwu?Qn  z Ia  7 1% z

= E %a, o 3.x E X1(x,  z) E GoH]

- ~~~X~~Y~Y((~,~)EHA(Y,~)EGI]

* 3x E XIY  E Ylk Y) E H] A jY[(y, z) E Cl]

w ~xEX~YEY[(X,~)EH~A~XEX~~EY[(~,Z)EG]]

6 6

- 3~ E YI(Y,  z)  E ‘31
e zER,

. ~zlzER,~,eq  zER,]

. R,+,  C RG. .
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1) x E D,  e 3y  E Yj(x,  y)  E H]

2) LNi  R,,  c DC,

mn$ki 1) b47vl  y E R,,

Y E R,,  =) Y E DC;

3x  E X1(x,  y) E H] - 3z  E Zl(y, z) E GI.

8in 1)  bbnt  2)  %K

~yEY(~zEZ(~yEYl(x,y)EHjr\(y,z)EGj].

. 3z  E Zl(x, z) E GoH]. .

.‘. x E D,,,

vxlxE  D,=, xEDCsH].

DH  C D,o,. .
&A

UWl10  D,-, = DH

MA 201 67



1. a<G  = {(a,  b), (b, c), (c, c), (c, d)l  bb8’.  H = {(b,  a), (c, b), (d, c)[

QW1 G-‘,  H-‘,  GoH,  HOG, (@H)-‘, ( G  U  H)-‘,  H-‘0G

2 .  t’h G ,  H  LbGlf  J  L?hTl=il~  ?&$hWJm’o?ti~

2.1 (H U J)oG = (HOG)  U (JOG)

2 . 2  (GoH)-’  =  C-‘OH-’
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3.3 naiolh%db”  (Relation)
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:. (x,y)  E G n G-’ =a (x,y)  E I,

:. (x,y)  E G A (x,y)  E G-’ a x = y

:. {x,y) E G A (y,x)  E G =a  x = y

:. G d~t?UUl@l~

pr’uti~  G L@UJl~7  B;OldO  G A G-’  C_  I, lpilh

3) fW?dl G filUYlflfI

i=hfiJ~~uKu  (x,z)h  “1

:. 3 y [(x,y)  E G A (y,z)  E Gl  =a  Cw) E G

:. (x,z)  E GoG  3 (x,z)  E G

;. GoGL G

~unldiJ~in~~8il  GoGCG

Fh~lJ~o’u&  (x,z)h  “I

:. (x,z)  E GoG  a (x,z)  E G

:. 3 y [(x,y) E G A (y,z)  E Gl  =+  (~2 E G

:. (x,y) E G A (y,z)  E G =a  (X,Z)E  G

:. G fiiunon

Iii&  G t-ilUllOcl  CiOlih  GoG  C_  G 1Yidi

MA 201 7 1



afJ1ol  3.3.6

Vx [ x E A 3 (x,x) e G ]

G ?ldl?~lQt%J8Jl~T  (asymmetric) fh

by)  E G =a (Y,x)  c G

, G fldlThbkhJtlQ~ (intransitive) 61

(~4  E G A (y,z) E G =a (x,z) SE  G
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1 .  G=( (x,y):x+y<3 I

2. G = { (x,y) : x HI-3 y Wh  )

3. G = ( (x,y:l  : x  LLGlt  y Lfh relatively prime)

4. G = ( (x,y:,  : x+y L&h4%Jfj  ]

5 .  G = (  (x,y‘):x=y  ‘14% x = - y }

6. G = ( (x,y) : x  + y LdUF&iE  x ~UG?XJ’MJO.J y )

7. G = ( (x,y) : y =x + 1 )

MA 201 73
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X
I

f(x)

a P

b 9

c P

d

w7979  3.4.1

HA 201 7 5



44 0arm Whdl A = (1,2,3  . . . . ...)

B = (1,2,3  . . . . . ..I
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1 . 3 xtyl=  1 1 . 8 2x t 5y = 1

1 . 4 x2  + y2  = 5 1 . 9 5xy=o

MA 201 77



nq9&ln  3.4.1

1) vx t (X,Y,)  E f A (X,Y,)  E f * y,= Y,l

2 )  D,CAlLR::

3) R,CB  lvil&b

:. D,c A

1.3 fh5mui%n Y 1~ 3

Y E R, 0 3X[(X,Y)E  fl

a (x.y)  E A x B

:. R,C  B

2. auufti1  f iic\tunaJLiii1

1)  VX[(X,Y,)E  fh(X.Y*)E  f*y,=y,]

2) DfC-  A 1LAt
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3 )  R,CB

=a (x.y) E Ax B

;. fC_  A x B (f dUfl-d)

2 . 2 ilsR~UbvBJl~fl xbl  “1 'TIT  Df C_  AtJ!ti  x E D,* x E A

1161:  x E D, =a 3 Y [(X.Y)  E f I

=+  3yLy~Bl

11nr  vx [ (x.y,)  E f /\ (x.y,)  E f =3 y, = y2

du6oa1fl2.1)  11ar  2.2) %mhWh  f ~iTlpbp”Tsf%uein  Alder”9  B

MA 201 7 9



%Jl%l 3.4.3 f&.&&;sri&Qln  Ald,u  B (k%@-M6il  f : A -+ B th83’sn’Th)

!.alni=hil  I . vx [y,  = f(x) h y2 = f(x) * y,=  y,]  LLnt

2. Vx[x~A~3y[y=f(x)ll I
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/

f&)

Af,
X, = x* f, Kx,)

MT-~ f(x,)  = f(x,)  &o7mctdm-uFhlw.hm  4ia 1) -h

lVx,  =: x2 =a  f(x,)  = f(xJ’  ‘VI% “f(x,) # f(x,)  * x, # x*”

:. Vx  [x E D,  a f(x) = g(x)]

2) WJ&J?dl  Vx [x E D,  ti f(x) = g(x) I

&.li  y E B&3  y=f(x)=g(x)

$iJzu  (x,y) E f a y = f(x)

- y = g(x)

:. f=g

MA 201 8 1



xI
\

f\ f(x,) = f(x,)
f/

x*/
kh x, = x,l3nd,-I;“&13Mi3~1

1 - 1 : “f(x,) = f(x,)  =3 x, = x2”  M%l  ” x, #x2*  f(x,)  # f(x,)”

8 2 MA 201,



aa1al 3.5.1

Vy[y~  B=,~x[xE  Ar\y=f(x)]I

A B

x f

f 19 (tnaps)Idm  y

y KhumwlJ x

-$J  3.5.1

A BxI f .YI

x2 .y2wx3 .Y3
.y4

;d 3.5.2

A B

XI. f .YI

x2.
.y2

x5. .YS

x3.  , ’ .y3

ZlJ 3.5.3

MA 201
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A BXl.Xl. f .y,f .y,

X2.X2. .yz.yz

FrFrX3X3 .y3.y3

X4.X4.

~J?%U f '3lll  AYE)5  B M~J@~QM~JLHJ¶J

M”aoJ  (bijective),

a,d  3.5.6

8 4 MA 201
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vx [x E B q E,(x) = x]

3.5.1.4 &l?%khWtXl~VYl~  (Characteristic function) %‘ll.t%?%%.4UU  A rdfi

tvUl%l  2 fil fWJ%hlh (0,l)  t-h  BTZ  A, &U%.b&n’WbWtlQ~ltY09  Blt.4

A 60 gJ?%ii C,:A+  (0,lJ

I

O:XEB

C,(x)=
l:x~A-B

M% c, = ( (x.0) : x E B 1 LJ  ( (x,1) : x E A - B]

v x [x E c =a frcl  (x) = f(x)]

w%mwxii~~i

frcl=  I (x,Y):(x,y)E fAXE  C)

1518J~sijl frci=- f

nqu+n  3.5.1

8 6 XA 201



33806 W.JBJ~I-~  f : B u C -+ A L~o18J6%UpIN  B u Clfl$  A

f
PI

= { (x.y) : (x,y) E f A  x E B)

f ICI = ( (x,y) : (X,Y)E  f A x E C)

I) tiles%  (x,y) E fiB,  u fit,  - ky)  E f A  (x E B v x E C)

=a (x,y) E f A x E B u C

=3 C&Y)  E f

:. frB,  u f,,,  c f

2) ilH% (x,y) E f =3 (x,y) E fiS,  v (x,y) E f,c,  ;

LW-Xdl f : B u C --f  A F&Uh%WU  B u C

bkk  A

:. (X.Y)  E fp,  ” f,c,

fc_ f,B,  u f,c,

‘ a
uuno f  =  fiB,  uf,(-,

a ) (x,y) E f A x E B a (x.Y)  E f,

MA 201 8 7



b) (x,y)  E f/t  x E C e (x,y)  E f2 fiQU

i) 67 (x,y)  E f,LLt%  x E B 1W~lYh D,, = B
/

1lAr (x,y)  E f 1wx-h f = f,u  f*

RQ  (x,y)  E f,=,  (x,y)  E E f r\ x E B

ii) (x,y)  E f A x E B j (x,y)  E f,v (x,y)  E f2

11&h  (x,y)  E f2 U&-J x E C lWilri1 Dfi  = C

1Ni (x.y)  E f ,Y x E B 3 (x,y)  E f2 lfhlfi~l~~lYh  B n C = 0

:. (x,y)  E f A x E B d (x,y)  E f,

Df,  uf2= Df,u  Dfi=  BuC

unr Rf, u f2 = Rf,‘LA

:. f:BuC+ALhhiTi+ii¶JU  BuC!!deJ”  A

!Fkhkpi~l  f Lihhh7i4

WUiJ%h  (x,y,)  E f LLA::  (x,y,)  E f&&b  x E B v x E C

a) 61 x E B l~l%~%l (x,y,)  E f, /\  (x,y,)  E f, =G- y, = y2

b) 6-1 x E C ~~l%?kh  (x,y,)  E fi R (x,y,)  E f2 3 y,  = y2

4Ga (x,y,)  E f h (x,y,)  E f 2 y, = y,

‘hkb  f:BuC+A

8 8 MA 201



2)
ia

(x,y)  E f, e (X,Y)  (5 fLB,  IJaw-lQ f,=  fiBl
k&4LLRJ=  (x,y)  E fi a (&Y)  E frcl ‘tdum  f*=  frc,

3) LalwLlil

[y = f(x) A x E Bl  w y = f,(x)

[y = f(x) A x E Bl  ca y = f2(x)

ii%%  t-h x E B LLtb  f(x) = f,(x)

LLAr  x E c LG-2  f(x) = f,(x)
.

1) M%lPlil  D,,F  D,LIA LLRZ  Rgori  R,‘= C

2) nuGYi1 (x, 2,)  E gof h (x,z,)  E gof 4JYlnJil

3 Y, I(X,Y,)  E f A (Y,,  z,) E gl A 3 Y,KX.Y,)  E f A (Y,,  ZJ E gl

aln f ~0ebh%.bsm  Ab.kh  B ?i.Jwil

(x,y,)  E f /,  (x.y,)  E f 3 y, = y2 LLAD  g dhdh%UIlIl BIdei;  C

%mld&h

MA 201 8 9



p13.6.1

dl2~6’h  f Ol?l  A ~Lk.h  B Lhfhl%U!hl6%flf-$~6  (invertible function)

--------f’-----

f’ - - - - -

9 0

f(x,) = Yy f’(Y,) = x,

MA 201
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tf  I 0 f-l (x) = f’(f(X))

.
= f’(Y)

= x = IA(X)

:. f’of = I,

2) i1H-k y E  Bbl  “I  ?&?h

61 f’(y) = x LkG f(x) = y

u P,
wuu

fOf’(Y) = W’(Y))

= f(x)

= Y = Is(Y)

:. f o f ’ = I,

MA  2 0 1 9 3



f(x,) = f(xJ =a g(f(x,))  = g(f(x,))

=a rg 0 f-l (x,)) = k 0 4 (x2)

=a 1,(x,) = I, (x2)

.
=+  xI =

X2

f : A -+ B L&.h%Mv\~JdaM~~

Y = I,(Y)

= [f 0 81  (Y)

= f MY))
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gof(x) = g(f(x))

= P(Y)

= f’(Y)

= X

VX[XE A =+ k 0 f-l (x) = f,(x)1

h.4
UpIflQ  gof = I,

MA 201 9 5



A B

zd3.6.3



VZ[ZEC  3 3y[y~ BAZ = &T(Y)  1 I NE
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