
(a, b)  = .({  a l, { a, b 1)
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I) aJo%Yiu~J~a7uu~ndlJsrHi79 (1,2),  { I,2 } w {(I,  2))

2) BJHlfil91QJ  x LLar  y IYI  (2x, y + 3) = (4, 2)

3) w4lfilml  x LbRr  y 61 (2x - y, 3x + y) = (10, 5)
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2.2 WlQOMd@BU  (Cartesian product)

2) B x A’= { (1, a), (1, b), (2, a), (2, b),  (3, a), (3, b) }

3) A x A =’  { (a, ah (a, bh (b, a), (b, b) j

4 ) B x B = { (1, 13,  (1,2),  (1, 3),  (2, l), (2,2),  (2,  3).  (3,  I), (3,2),  (3, 3) }
4

u’ez.a’sann

Tlql&IVl 2.2.1 ilMa"El66l  A Lb%  B h “I  Ptb%l

$1 AZ 0 bbi% B # 0 L&d  A x B = B x A n”ddO  A = B

$$A  c B  hJA =  { 1 ,  2 )  LbiXB  =  { 1 ,  2 ,  3,4)

d4  x C = { (1,  a),  (1,  b),  (2, a), (2, b)}

“‘,”  B x c = { (I, a),  (1,  b),  6% a), (2, b),  (3, a), (3, b), (4, a), (4, b)}

6h%:6=ih’h A  x C C B  x C

MA 104 (s)
.
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nq%J$J”  2 . 2 . 4  &=&6ut&l  A ,  B,  c  ua:  D aa  q dK,h

1 )  Ax(BnC) =  (AxB)n(AxC)

2) A x (B U C)  = (A x B) U (A x C)

3 ) (A x B)  f~  (C x D) = (A f-l C) x /B cl  D)

vTm.hs 2.2.3

1Ji A = {.l, 2 }

B = ( I., 2, 3, 4 }
,

C  =  (2,4,6}

LLA: D = { 3,4,5}

FItA6h

1 . *: B n c = {2,4}

:. A x (B f~ C) = { (1,  2), (1,  4), (2, 2),  (2,  4) 1

LLIJ:: AxB = { (1,  I),  (L2).  (1,  3),  (L4),  (2. 1).  (2,  2),  (2,  3),  (234))

AxC = { (1,  2)> (1,  4)>  (1,  6), (2, 2), (2, 4), (2,  6))

:. (AxB)  f-I  (AxC) = { (1, 2), (1, 4), (2, 2),  (2, 4))

WdUil  A X (B f-l C) = (A X B) n (A’ X C)

2. ‘:BUC  = (1,2,3,4,6}

:. A x (B U C) = i (1,  11,  (1,  2), (1,  3),  (1,  4), (1,  6), (2, l),

(2,  2),  (2,  3),(2,  4), (2, 6))

LLAE AxB = { (1,  l), (1,  2),  (1,  3),  (1,  4), (2, I), (2, 2), ’

(2,  3), ( 2 ,  4))

A x c = { (1,  2)9  (1.  4).  (1,  6),  (2, 2),  (2, 4),  (2, 6) 1

.‘.  (Ax@  U @xc) = { (1,  11,  (1,  2),  (1,  3),  (1; 4), (1, 6), (2, 1),

(29  2)>  (2, 3),  (2. 4),  (2, 6) }

Wiiuil A x (B U C) = (A x B) U (A x C)
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7-

I

,

I

/

,

I - A -

zE/ 2,2.1  a lltlfN A x B

+-AM+
L I

I +--- A*--+
d CJ

JE/  2.2.1 b

LLHRJ  (A x B) n  (C x D) = (A n C) x (B fl D)
.

ilM%Jt&i  A,, A,, A,, . . . . A. !R “1  t4R~~+it%lUW~& A,, A,, . . . .

A. ~~tftJWtX&diau  A, x A, x . . k A. fi0  L~Vl~d~Z?lEtU&fJ  (a,, a,, . . . . a.)

hJnd  a, E A,, al  E A, . . . . a. E A.
2.r

WWI  A, x A, x . . . A. = { (a,, a,, . . . . am)  / ai  E A, b&l  i = 1,2, . . . . n}

.
hIFilSi+  2.2.4 1zA  = { 1, 2 }, B = { 3, 4 } LbB:  C = { 5, 6 ]

~~~~  A x B x C = { (1,  3, 5),  Cl,39  6),  Cl,47  5),  (1,4,6),  (2,3,5),  (i&3,6),

(2,  4,  5),  (2,  4, 6) }

AxAxA = { CT,  T, T), U-9  T, FL CT,  F, T), CT,  F, F), (F, T ,  T),

(F, T, 0 (F, F, T), (F, F, F) }
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4 D u

wool  2.23 mm(a,,  a,, . . . . a.) LW (b,, b,,  . . . . b.) ~~$&A,  x A, x . A.

dltijl

(a,,  al,  . . . . a”) = (br,  bl, . . . . bJ f%lldO  a, = b,,  a2 = bl . . . . a,, = b.

tair4un (a,,al,  . . . . a.) il ordered n-tuple

MA 104 (s) 6 9



1. l)?YA  = { a, 1 }, B = { 1,2,3  }, C = ( 3, b } TtJHl

1.1) A x B

1.2) BxA

1 . 3 )  AxC

1 . 4 )  CxA

1 . 5 )  BxC

3 1 . 6 )  CxB
4

1 . 7 )  AxA

1.8) B x B

1 . 9 )  c x c

1.10) A x (B rl C)

1.11) (A x B) rl (A x C)

1.12) A x (B U C)

1.13) (A x B) U (A x C)

1.14) C x (A tJ B)

1.15) (A U B )  x  C

1.16) (A fl B) x C

1.17) (B x B)  n (C x C) ,

1.18) (A x A) U (C x C)

1.19) (A x C) n (B x B)

1.20) (AkA)xA

1.21) (AxB)xC

1.22) Ax(B,xC)

I 1.23) (A-B)xC

1.24) (A - d) x (B - C)

1.25) (A-A)xB

1.26) (AnC)  x (BUC)

1.27) (AxA)xB

1.28) (C - B)&(AIIB)

1.29) (A fl B) x (A fl C)

1.30) (A - B) x (B - A)

2.1) A x A 2.3) B x  A

2.2) A x B 2.4) B x B .
l
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2.3 fd
*

ikml 23.1 t~mnslos~il~¶J~~  ~“ta’lr%n~~u 7 'h nalvi (graph) MioqetnodlJ

&L-mrl  r%To  tBwiauua~  u x u do u %I  m-mw<U’uw’wi

ihl%J  2.3.2 $1 G L?hl~lVhLA’?  G-’ !hWW&lU

~-1  .= .(  (x, y) : (y, X) E G } ClunaiGh

LLA::  (x, y) E G-1  n”@iotdo  (y. x) E G

&OeilS~  2.3.1 tps”  G = { (1, 2),  (3, 4), (5, 6) } l&J

G-’ = { (2, 11,  (4, 3),  (6, 5)  1

ihol  2.3.3 6’1  G LLB::  H tihlW’htt?J G 0 H &ii7HU61~SIU

G 0 H :=  { (x,  y)  : 3 z [(x, z) E H A (z, y) E G ]} thn5lYbhI

LLR:  (x,  y)  E G o H ~“~FI&PJ  3 z [ (x, z) E H A (z, y) E G ]

ihi?sfhS~ 2.3.2: .

I< G = { (1, a), (2, c), (3, b), (4, a), (2, b) }

LLRr H  = 1 (a, 3),  (b, 2), (a, 4), (c,  l), (b, 4) 1

L&a  G o H = { (a, b), (b, c), (b, b), (a, a), (c,  a), (b, a) ]

C’bPh~  2.3.9; i)Vl~~FJf.i?J  2.3.2 'Jtl'%l

W o G)-’ = { (3, l), (4, 11,  (1, 2), (2, 3),  (4, 3),  (3, 4),

(4, 4)? (2, 2),  (4, 2) 1

H-1 = { (3, a), (2, b), (4, a), (1, c), (4, b) }

G-’  = { (a, 11,  Cc,  21,  (b, 3), (a, 4), tb, 2) }

&d&2? H-’ 0 G-’ = { (3, 1). (3, 4),  (2, 3),  (2, 2), (4, 1). (4,4),  (19  2),

(4, 3),  (4, 2) I

~UttW3Jil (H 0 G)-’  = H-’ 0 G-’
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6h.h~ 6.3.4 !$G  = { (1, a), (2, c), (3, b), (4, a), (2, b) }

&&A DC = { 1,  2,  3, 4 }

LLRt RG = { a, b, c }

?lC+$JTl 2.3.2 61 G ttfi: H L%UlTI%‘k&

1) DG = I+ 2) RG = DG-.

3) DG.H  C DH 4) RGOH  CRG

hdlJi  2.3.6  aM”G  = { (1, a), (2, c), (3, b), (4, a), (2, b), (6, d) }

L&x H = { (a,  3), (b,  2), (a, 4), Cc,  l), (b,  4),  (d, 5) )

&ajar&h  G  0 H = { (a, b), (b, c), (b, b),  (a, a),  (c,  a). (b,  a) 1

G-l  = { (a, l), (c, 2),  (b,  3),  (a, 4),  (b,  2) 1

H-l = { (3, a), (2, b), (4, ah (1,  CL  (4,  b) 1
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wxY.mdirh

1) DC = 1 1, 2,  3, 4 1

RG-’ = { 1, 2,  3,4 I

’ DC. . = RG-,

3 RG = { a, b, c I

Dp = { a, b,  c I

:. RG z DG-,

3) DG.H = { a, b,  c 1

DH = { a, b,  c, d )

’ DG~H C DH.

4) RG.H = ( a, b,  c 1

RG = { a, b, c, d 1

:. RG.H  G RG

MA 104 tS) 7 3



66¶.6¶6%&6  2.3
1; G = 1 (a, b), (b, c),  Cc, c), Cc, d) }

LLR:: H = i (b, a), Cc, b), Cd,  c) }

1 )  G-1 2) H-’

3) GQH 4) HOG

5 )  (G  a H)-’ 6) H-’ 0 G-’

7) (H 0 b)-’ 8) G-’ 0 H-’

9) (G W H)-’ 10)  ( G  fl H)-’

11)  H-’ 0 G 12) G-’ OH

13) H 0 G-’ 14) G 0 I-I-’

15) G 0 (H 0 G) 16) H 0 (G 0 G)

17)  DG~, 18) DH

19) RGOH 20) RG
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2.4 fl’Jl¶J%&dli”  (relation)
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R, = 0 R9 = 1 (1,  b), (2, a)  1

R, = ( (1,  a)  1 R‘O = ( (1, b), (2, b) }

R, = { (1,  b)  ) RI, = { (2, a), (2.  b)‘ 1

R, = { (2, a) I RLZ = { (1,  a),  (1,  bh  (2, a)  1

R,  = { CL  b)  1 RI3 = { (1,  a),  (1,  b), (2, b)  I

R,  { (1,  a),  (1,  b)  1 L = { (1,  a),  CL  a), (2, b)  )

R, { (1,  a),  (2, a) I FL = { (1,  b), (2, a). (2, b)  1

R,  = { (1, a), (2, b) } RI6 = 1 (1,  a),  (1,  b), (2, a),  (2, b)  I

&QdNi  2.4.2 t$R  = { (1, a), (1, b), (2, a), (2,‘b), (3, a), (3, b) } 5I:fdl’I~~~l

1Ra LrJUir^aJ :’ (1, a) E R

1Rb  dUO?9 ‘: (1, b) E R

bR1  LihbP?c$ :’ (b, 1) e R

3 R a  1?ho?9 :’ (3, a) E R

aR3 L%.4bO?cP ‘.’ (a, 3) B R

aRa  18ULh ‘.’ (a, a) e R

3R3  t%U% ‘: (3, 3) 6 R

OR0 dUtt% ‘: (0, 0) g R
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tdoJP',nn7lU~~OJWYUA~ULa01  gJ7.h taloiiltQuwnnu~3iuc~U~~~~ni~

tt~ntt~Jtwi%~n  ($iJm'?otilJnd  2.4.3) &h%;?unlauOnt~oU~u voJauGh+K

ol"aMilJi 2.4.4

$1 24 = { 2, 3, ). B = { 4, 6, 9 }

-LK I;:, = { (x, y) / x E A, y E B LLRE y = x' }

hIol~tQuUl~a.itirU R, = { (x, y) EA x I3 1 y = x1 }

th~ltt'J"U'%nP~~Ei  'R, = { (2, 4),  (3, 9) I

1; R, =  {(x,y)EA  x  Bly  =  3 x }

nit~UU~~Un~l~tt~J~~l~~~~k  R,  = { (2, 6),  (3, 9) )

MA 104 (S) 7 7



lh3dld 2.4.5 l$A  = { 1, 2, 3 }, B = { a,  t?  c }

rl = { (1,  b),(l,  a), (3, b)  I, rl .= { (1, a). (2,  a),  (3,  i)  1

Oitn’ilD,,  = {1,3}

R,, = {a,b} *’

D3 = {1,2,3)

% = ial

u’ohlm

1) hJl41IOS  R Td.hhldQfJVoJ  A

2) %iJlIQ.l  R IdhWihldQfJlID~  B

3) $1 A # 0 ‘&%I  B # 0 k&a  D., x B  = A

LLR::  RAxa =  B

iiUl¶l  2.4.6 hiiaohawtaiuii?~~u~R  BaQuwmu~aiatl  R-’ n”40  naw&diG

hJxmdiau@hk  (y, x) ImfJd$i-lc¶l  (x, y) E R

iit&  R-’  = { (y. x) ( (x, y) E R 1

PhQdlJi 2.4.6 $1 R = ( (1, 2), (3, 4), (5, 6) }

lEb?h  R-’ = { (2, 1), (4, 3),  (6, 5) }

&&Id 2.4.7 61 R = { (x, y) ) x EN, y EN, 2x + y = 10 }

Lb0  N = { 1,2,  3, . . . } dut&m~~iuaurfluuan

d&h R-’  = { (x, y) ( x EN, y E N, x + 2y = 10 ) '

BJQl~tQUUrwuuon,~aJr~~l  R = { (1, 8),  (2, 6), (3, 41,  (4, 2) }

LLQE  R-'  = { (8, I), (6, 2), (4, 3), (2, 4) }

ihl 6.4.6

.
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1. fhw-m~P9’A  = { 1,2,3},  B = (2,3,4}

G, = { (1,2),  (3,4)  } G2 = ( (2>2).  (3,  3) >
. G, = { (1,  2).  (1,  3),  (1,  4 )  > G4 = { (2,  l)>  (3,  lh (4,  1)  )

G, = { (2, 11,  (2,  2),  (2,  3) } G* = { (4,  lh (4,  3) >

G, = { (3, 3).  (4,  3).  (4,  4) } G = { (3,  l), (3,  2)>  (3,  3 )  }

G, = { (4,  2),  (3,  3)s  (2,  4) > G,o = { > = @

W~;,l,,l  G &lHUWb%

1.1) G hh dUWalXJ&Jw"eaa'alfl  A ~~~.I  A

1.2) G hh Lihl~lPJ~SJW'Pad9l?l  A !.¶%.I  B

1.3) G h.h LdUnalXJ&Yk~~ln  B !I%.! A

1.4) G h%h hnalaJ&JY?Ahl  B hkh  B

2. Pin Gi fi.3  G,o b&J  1 1Jp91  G;’ i!J  G;:

3. lx  A = { a, b, c }, B = { b, c, d }

R = { (a, bh  (b,  4,  (a,  4,  Cc, cl }

LLRt  G = { (b,  b), Cc, c), (b,  a),  (b,  c) >

P;r$hLblgu”onal~~o~¶J~  GwdlaJtmOuPSJ  henlaJl@lLOPaLn"P

3.1) aRb 3.9) dRa

3.2) aGb 3.10) dGa

3.3) bGa 3.11) bGc

3.4) bRa 3.12) cGb

3.5) CRC 3.13) R dWl-Jl%J&Jw'u~~lfl  A hifk  B

3.6) CGC 3.14) R &Ml-JWtiJ~Ui9lfl  A hhk  A

3.7) bRb 3.15) R dUW-Jl%J&J~~bCPlll  B hkh  A

3.8) bRd 3.16) R hfl'll&Jw"wi~ln  B h.h?.I B

3.17) G LdU~~lLJ&iJ%.biiWI  A hhh  B

.

MA 104 (S) 7 9



4. Ttlfl  R LtAE  G b4u”O  3 9JHl R-’ LLW::  G-’

6.1) R, i?O “ . . . . . u'otlt7-h  . . . ..‘I

6.2) R,  ;Q “ . . . . . m-rrhiottiin’LI  . . . ..I’

6 .3 )  Ra n”O “ ,.... tn’l?k  . . ...”

8 0 M A  104 tsl



(x, y) E f LLAZ  (x. z)  E f G-J  y = z

&QP.hd  2.5.1
.

naw&Siba’R, = { (1, 3),  (2,4),  (3, l), (4,2)  } lih%k%U

naiuga.iw’eda’R, = { (1, 2), (2, 3),  (1, 4), (3, 1) } bGlUGJn’C%
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QhQdlS~  2 . 5 . 4  &A=  {1,2,3},  B =  {2,3,4,5}

~9fi9’lXUl-h  F  h L~M~d6%U81n  A  hk?,I B

1) F, = ’ { (1,2),  (2>3),  (3, 5)  }

2) F, = { (1,  4),  (2,  4). (3, 3) >

3) F, = { (2,  3)> (2.  4), (1,  51,  (3, 2)  }

4) Fq = { (2,  4)>  (3,  2), (4, 3) >

5) F, = { (1,  3),  (2, 5)s  (3, 6) }

yd 2 . 5 . 1
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k&hl~ld'%~l F, dUr;lJnb'ir9l?l A

2) Fz = { (1, 4),  (2, 4),  (3. 3) }

1 2

3cl+3 2
4

3 5

Jd 2.5.2
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3) F, = { (1,  5). (2,4),  (2,3),  (3,2)  }

&JU~t~U~lW~i  &;d  2.5.3

1 F3 2

o=f3
2 3

4
3 5

vi4aos u1nn-h  i 4-1

85
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8 8

F

o-0

x Y  = F(x)

Jl/ 2.5.4

y = F(x) = 10 - 3x

L7116  F(1) = 7 (dlW’i1  “filllQJ F n”  1 ltilfi~ 7” %I  x = 1 lm’F(x)  = 7)

F(2) = 4

F(3) = 1

$aui4  x “nu 7 -tmni)in  i,2,3 t5.i F b&i?

i?ddlS~  2.5.7 ?lfl&ianu’lJ~  2.5.5 6Ji.i  F = ( (1,7),  (2,4),  (3, 1)  } L’z?~&+l

tWJUllElJ  F = { (1,2,3  )

+%-hlOJ  F T { 7,4,  1 }

hh$ 2.6.8 61 R = ( (1, a), (1, b), (1, c), (2, b) ) ilJMlhJU  URE%U

llQJ  R

iaC%h  hJU  “UQJ  R  =  { 1,2 }

t k%JllQJ  R = ( a, b, c }‘

hlU 2.6.3 1; A LLB:  B LhL&l  f L8UrfJT%Wl  A Id B LLA:  (x, y) E f

un’?-a~rif.mh  y Ch.&UQ6 (image) 2109  x nlUI&  f ira3%hi.knu&u  y = f(x)

trrJ3iufr-h  x LirUWihJ~n’  (pre-image) 2105  y

M A  1 0 4  tS)
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.

1.  h-%d~A={1,2,3},B={2,3,4}

%?-T  F, = i (1~3,  GA% (3,2) } F, = { (1, 3),  (2,4),  (3, 2) }

I F, = { (2,  I), (3,  2),  (4,  3) > Fd  = { (1, 2).  (3, 3).  (2, 3) }

F, = { (1,  2)7  (2,  3),  (3, 4) ) Fs = ( (1,  3),  (2, 3).  (3, 3) }

F, = 1 (3,  3),  (2,  2),  (4, 1)  } Fs  = { (2, 3).  (3, 2),  (4, 2) }

F, = I (3.  2).  (1,  I), x4,  3) } F,, = { (1>‘2),  (3, 2),  (1,  4) }

F,,  = i (2,  2),  (3,  2),  (4,  3). (2, I,> F,, = { (4, 2),  (3, 2),  (2, 2) }

Fn = { (1,  4),  (2, 4),  (3, 4) } Fu = c (4,  I)>  (3,  I), (2, 1)  >

F IS = i (1,  11,  (2, 2),  (3, 3) } FM  = I >=@J

‘W%lXlAl  F hW!wdfhWl~~~~~  F k&~$i

1.1)  dUh%U%lfl  A %.hk  B
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2.1)

2.2)

A F, B

2.3)

2.4)

A F4 B
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2.6)

4. -alnTwiibo  2 04M1iismlJ  F, iiJ  Fs

5. 61 F(x) = x2 - 3x + 4 WMlfi7WJ  F(O), F(l), F(-2),  F(a), F(a  + h)

6. $1 f(x) = x’ - 3  ttRt~@tXJW0J  f &I { -3, -2, - 1,  0,  1, 2 } OJVdi~U

lliJJ  f

7. oi h(x) = x - 2 URE%~I’~I~J  h $0 { -4, -2,O, 2 } QJMl~WJU-IlQ~  h

8.  %A = { 0,2,4,6,8  }, B  = { 1,3,5,7,9  } W+kIlXltlil  F  bWiO~l&iU

~J?%WlTl  A  btf.?J B

.8.1) F , = ( (x, Y) I y = 1 > hJd  x E A, y E B

8.2) F, = 1 (x9  Y) I x > Y 1 l”d  x E A, y E B

8.3) F, = {(x9 Y) I Y = x - 1 1 T~xEA,YEB

8.4) F, = ( CG Y) I Y’ = 2x 1 L~xEA,YEB

8.5) F, = ( (x, Y)  I Y’ = 0 ) hid x  E A ,  y  E B

9. %A t%bt~~VQJi7U?~~UU??-l,  B tifl~~~unJilw~rubn~*l~  ~J&lT0tl

il  F  ~dklJt~W?JT%iWl  A  ‘Idu’  i

9.1) F, = { (x, y) 1 x’ + y* = 1 1 hd x E A, y E B

9.2) F, = { (x, Y)  I x’ + Y’ = 2 f hd x E A, y E B

9.3) F, = { (x, Y)  I XY’ = 4) hnd  x E A, y E B

9.4) F, = { (x9  Y) I 10x9  = 0 1 hd x E A, y E B

1 0 .  IIlnkWlu’u”o  9  PJMlbWJUU~~~~~uOJ  F, bJ F ,
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siisfiisi 2,6.1 9inm

0 awa a

b b

aOa =  a

.aOb =  b

boa =  b

bob =  a

WiObQUULilUL4Vl~~~l

0 = { ((a, a), a),  ((a, b), b),  ((b, a), b), ((b, b), a) }

iifJlU  2.6.2 filh4liklLdQiLTik  "0" BiqfWl%l

(x 0 y) 0 z = x 0 (y 0 2)

fhhp  9 C;iuo;l  X,Y,Z  da ornfhaii  -0  nhmunpni3a'sl~~w v
(Associative law)
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98

XX YY X@YX@Y Y@XY@X

11 11 11 11

11 22 22 22 88
2 ’ .2 ’ . zz11 22 22

22 22 11 11

PI7571PI7571 2.6.52.6.5

M A  1 0 4  (S)



1.1) cOb 1.2) bOc

1.3) cO(bOd) 1.4) (cOb)Od

1.5) ((a. 0 b) 0 c) 0 d 1.6) (a 0 c) 0 ((b 0 d) 0 c)

1.7) ((cl 0 d) 0 ;)  0 d 1.8) (aOd)O(cOb)

I .9) “ ‘0 ~~n~Q~~lungnlarp~~~~~Qru’  LWTltlMqlfl

1.10) -o- n~Q~~isJngnia-~~~~Q~~  ~~TEXH~IFI

2. lg9”s  = ( a, b, c, d, e } ?'hh4l"ahdQ~~T&4  +B $1 EI tTQ&I~~QWl%JflplTtTt%J~

utcqn~a$~~~u~~  wlt%l~GiU1Pr$Qs  (1).  (i), (3),  (4),  (5),  (6), (7),
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