40 OO

4.1 0OU

Ay,--,A,000000000A;%x---x4,000000 4;,---,A4,00 nO00 (relation)
000000O00ORO Ay,---,4,00 n0000O0000DO

RCA x---xA,

oooooooooA =---=4,00000004,00,00000000000n=200
O00A, 000000 (binary relation) 000000000000 0O0O0OOOOOOOOOOO

054 A={a,b}, B={1,2,330000R; = {{a,1),(h,2)} O Ry = {{a,1),(a,2), (a,3)} OO
ooooooo

ROUOOOOOOOO(z,y) e ROOUDO 2Ry 000O0. O00O0O0OaR10 aR,3000
oon

055 A={1,2,3} 0000000 Rs,R, 0 ADODOOOUOOOOO

Ry = {(1,1),(2,1),(2,2),(3,1),(3,2),(3,3)}
Ry, = {<1a 1>’ <27 2>a <373>}

R;0 > (00)000000000R,0 =(000)000000000

4.2 0O0O0O0OOOO

ROOD ADODOOOOOOOOODOOOORCAXxADODOO
o000 RODOOODODODOOODODOODOOODOODOOOO

e ROOOD (reflexive): Vz(xRzx)

e ROOODO (symmetric): VaVy(zRy = yRx)

e RODODOD (transitive): YaVyVz((xRy AyRz) = zRz)

e ROUOUDOO (antisymmetric): VaVy((zRy A yRx) = © = y)

056 000000 MNOOOODOOOOO, =<,<,# R SO000000000R,SO0000
00000000000

rRy<2x0 y0O 7000000000

xSy ez —y| <1
gbooobooboobobooobooobobooooboobog
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gd |00O0 |0bb (o000 (bogo
= o o o o
< ¢} X ¢} ¢}
< X X o o
#+ x o X x
R o o o X
S o o X X

O0ooo0o0O0 ROODODODODOODOOODODOOOODOOO0OOOzRyOO0 yRzO0O00OOO
O000(@—y)mod7=000 (y—2)mod 7=0000000000 (z—2)mod7=0000
O00zRz000000

OOoO0oo0o sSoopoooooooosSiod 1s2000000520000

4.3 OO

00 AQDUJ0UO0O0O00OO0O00OO0U0O000O0O0000OU0O0O0O0OO0DAOOOO (order)d
0000000000000 0D00000000000000o00Uooo0OO0O0n (partial order)
oboooooogo

0 57 NOOOODOOOD >0 <0 =0000000000
000ONDOODOODOO <00000000000000000

058 A000000000240 ADDDODODOOOOOODOOO24000000000
O cOddodddcOOooooooooooBccCcooCccpo Bcpoooooo
gbooooon

gbooboaobooaoodan

OO0 A0000 ROOOOOOOOOOOOOOOOOOOODOOODO2zRyOOOOOOO
Oz0 ROODOODyOOOOODODOOOODODOOODOODOODOOODOOOODDOOOO
ooo

e 000 (maximum element) « 00 Vo € A(zRa) D000 ADDDOOOOOO
e 000 (minimum element) b00 Vz € AbRz) 0000 ADDDODODOOODO
e 000 (maximal element) c00 Vz € A(cRx=c=2)0000 ADDOOOOOOOO
e 000 (minimal element) d 00 Ve € A(xRd=2=d) 0000 AODOOODOOODOO

gooboobobOooobooooooboboobooooobobo 100b0o0oo0oo0oooooon
0loooOoooobooboobooobooobobooooooboboooolooooonoon

059 NOOODOD <00000000000D0O00000O0ODOO0O0OO0O0OO0 o0DO0OO0OO

060 A={1,2,3}0000240000000000000000000000000000
0ooo
000000000000 ¢0000(A000000 SO00000 ¢CcSO00000000)
000000000000 AOODO(A000000 $00000 §cADO0000
ooo)
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061 A={1,2,3}000024—{4}000000000000000000000000000
0000ADO0OO0ODOOO0DO0O0O00D00000000(RA000000 SO00000 ScT
00000000 7T0000000)00000{1,2},{2,3},{3,1} 030000

goo

00 AOOO0O ROOUDOOOOOOOOOOOOO (total order) 0000
Vo € AVy € A (zRy V yRx)

00000000 2000000RO0000000 (00000000)0000ROOO0O
D0D00000DOO0OANDD >0 <0000000002Y 000000 cODOOO0DO
00000{1,2}0 {2,3}00cO00000000000

0ooooooo ()

R,,R, 0000000 4,,A,00000000000000000 A4xA,00D0D0OOO
000 20000000000

e JOOO P:

(r1,91) P (12,92) & (x1R172 A y1 Royo)

e JOOODO L:

(@1,y1) L (x2,y2) © ((x1 # x2 ANx1R122) V (21 = 22 A y1 Ray2))

R, R, 0000000000000 OO0OOOOOCOOOOODOO0O0OD0OO0OR,R,O00000
gooooobooooooboooboobooboobobbOoooooobOoobDOoooo
0000000000000 00 (0000000000000 O0O0OD)000D0DUOoDoOO0O0

4.4 0000

00 AD0D0DO0O0O000O0O0,000,000000000 ADOOOOO (equivalence
relation) 00 0. 00000, 000000000000000000O0O0O0DOOOOOO.

062000000 ANOODOOODODOOODODOOOOOOOO
{{n,n) | neN}
d000OROOOOOODOOOODOOOOOOO
{{a,b) |a,be R OO |a] = |b[}

O00OANDD >0 <0000000000

000000000000 0000000 Ve, 000000000000000 OVa1VaaVyiVy: 0000000
ooooo
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000 ()

ROUDD ADODUODOOODO.2€A00 20000020000 [z)D000C0O0O0OO
oooooo

[z] ={y| y€ A N zRy}

obob0 rROODOOOO0ODODODOOOO0OODOOROOOOODOOO zcOO00OO0OO
goooooooooo

000 (1)
00 AODO0OUOOO0O ROOOUODODOO A/ROOUOODOOUOOOOUODODOUOOOO
A/R = {[z] | x € A}
063000000000 ROODODODODODOO.
a Rb < (amod 5 =bmod 5)

gobooaboooboaoboobod.

[0] = {0,5,10,15,...}
[1] = {1,6,11,16,...}
2] = {2,7,12,17,.. .}
3] = {3,8,13,18,...}
[4] = {4,5,14,19,.. .}

N/RO,00000000.
N/R = {[0], 1], [2], [3], [4]}

4.5 0OO0OO0O0OO0

R,SO0O000 A, BOOOOOOORB,CO000O000DOOOOOOUOORC AxB,SC BxC
000.ROSOOO00O00O0 RoSOOOODODODOOOO?O

z(RoS)y < 3z € B(xRz A zSy)
064 0000DO0ODODOODO R, SOODO.

R = {mrt1)|ze)
S = {{(z,22) |z e N}

0000,00000,RoR,RoS,SoROIDOODOOOODOO.

RoR = {{z,2+2)|zeN}
RoS = {{(z,2(x+1))|zeN}
SoR = {(z,2x+1)|zeN}
200000000000000000 RO SOO0000000000000000DOODOO000000000

0000 400000000000 00o00000b000000O0b00b000000D0O00OOo0oOooDoOonOn
gooooooo
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065 ROODOOOO >0 <0O0OO0OO
(Q)o(>)=R xR

ubooobo,0ob z,yud0d,dd z00000,z<200 z>y000000 2000
000000000 (z=x+y+10000000)

0000o0oooooooUo (Doo)ooooo.
Ro(SoT)=(RoS)oT

00 2 RO AODODODOOOO nOOOOUOO, 0RO (ODODUOO)RODODOODOOO RO
ooooooooooo®o

R = {{a,a) | a € A}
R = R'oR=RoR"
0 66 R={{(a,b),(b,c),{c,d)}
R a b c d
P

R? a b c d
\/
/—\
R a b c d

4.6 00 (closure) ()

gbooooboooboooboooboobobobboobooboodpbbooboonoo
Ooo000.00 RO pOO0DOOO0OO0OO0OORDOO,p00000D000000OC0O0O00O0O0DODO
(000U0pOO00000O0O0O0O0OOCOUUODUOOOOOUOOOOON)
pUO0O0O0O0O0O0OO0O0MmMOODODOOOmMObDOOLOOoOoOoOooDOOoOoobOooooDODbDOD

e ROOUODO r+(R)OU RODOUDUODOUDODOOOUUOUDODO
e ROODUDO s(R)0O0U RUOUDODDOOUOODDODDDOOD

e ROODUUODO KR OUODROUDDOOUOOUODDOUDOOOO

00000000000 00000oOU00UOoO0OO00O0D0OOOO0OOoOODODOoOO (OO
00o00Uo0ooOoU0oooO)oDoooooooo

0 67 A={a,b,c}, R={{a,a),{a,b),(b,a),(b,c)} DO OO

3000000000000000000000000000 n00000000000000000000000
oooooooooooo0oooooo0ooo0oo0oooooooooooooo
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r(R) = {{a,a),(a,b),({b,a), (b c),(b,b),(c,c)}

s(R) = {(a,a),{a,b), (b,a),(b,c),(c,b)}

t(R) = {{a,a),(a,b),(ba),(b,c),{a,c),(b,b)}
000 S={(a,b),{bc){c,d}00000

gooooo
RO AODODODDODODOOOOOOODOOOOUODOODOOOOOOOUODOOODOUOODOOO
(a) r(R)=RUR®°

(b) s(R)=RUR®
000 RFOODRUODOODDODOOOODODOD ROOODDODODODOOO

R ={(z,y) | (y,7) € R}

(g A0 n00000D0O00OODOOD
t(R)=RUR?U---UR"

(d) ADODOODOODDODOROOOOO#R 000000000000 OODODODO (0O)
oooooooa
t(R)=RUR?*UR3U---

O 68 A={a,b,c,d,e}
R = {(a,b>,<b,c>,(b,d),(d,e)}

O00O00R*=RS=¢0000

069 R={(z,z+1)|zeN}O0D0DODO0O

R = {(z,z+1)|zeN}
R*> = {{z,z+2)|zeN}

RF = {(z,z+k)|zeN}
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OO0D0O0#R) 000 < (0000000, “less-than”) 0000

070 NOOODODO less-than (00000 ), not-equal (00000 )0000000O0ODO
gbobooooboobgo

r(less-than) = {(x,y) |z <y}

s(less-than) = {(z,y) | z # y} (= not-equal)
t(less-than) = {(z,y) |z <y} (= less-than)
r(not-equal) = N xN

s(not-equal) = {(z,y) |z #y} (= not-equal)
t(not-equal) = N xN

071 00000000 Webpage OOODOOO WODOOODODOOOODO ROODODODO
oboooooogo

eRb & a00 bOOOOO0O 1000000

ROOOODODOO »(R)D0DO00000O(e,b) er(R)00a0000000000 bOODODO
00000000000
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