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@ —ER1%: Binary relations

© RIfRMIEHE: Operations of relations
© FfERIf%: Equivalence relations

Q IE: Order
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ZIBR%: Binary relations

—JEREA{%: Binary relations

e 2DDE/ ZHEUDITZHRF
o EBE ALY BDEEA X BDHBHEER
o AD'S BADZIIEMER (ADS BADER)
e R:A— B
o (a,b) ER: a & b3 R DEARICHS: aRD
o R(a)={b|aRb}: a & R DEBRICH B LK
o R: A— A ADEADER
o BffR. BB L DEL
o AD—DODEXRNDS B DEMDERADERDEL
o B BRIIEROFHLBGS
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ZIBR%: Binary relations

BROEEE. (&

R:X—>Y (1.1)
o E&EIY (domain): X

o B! (range): V'
o HHDIBELREL
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ZIBR%: Binary relations

1L RH1%: Inverse relations

aRb DEREFR
e Bh'H ANDER

R™'={(b,a) |a€ Abec B,aRb} (1.2)
e be BYaRb DEARICH B a DEIF
R7'(b)={a€ A|aRb} (1.3)
o WAL DEWIIE
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ZIBR%: Binary relations

1.1 EECFERE

e A = {Bob,Ken, Mary}: £TEDES
e B = {Math, Science, Social}: BIHD&EH

Bob @
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ZIER8f%: Binary relations

e R:A— B
o EfEac AlE. BB c BHEETHS
e RF1:B—> A

o MBLc BZRELERIZac ATHS

prCIE eIy 7/36



o X ={a,b,c} LOZIEMAR
Rk ={(a,a),(a,b),(a;c),(b,a),(c,a)} (1.4)

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

R(b) = R(c) = {a}
R™'(a) = {a,b,c}
R (b) =R (c) = {a}
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ZIBR%: Binary relations

#l 1.3: 2R

o EE X DHRESLDEEEFRC={(A,B) | ACBC X}
e C'(B)=28:BONEESE
o B DEREEEIK
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X = {a,b} (1.
2% = {0,{a},{b},{a,b}} (1.6)
0Co 0 C {a} pc{b} 0C{ab}

{a} € {a} {a} € {a,b}
{b} C {b} {b} C {a,b}
{a,b} C {a,b}
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{a,b} €71 {0, {a},{b},{a,b}}
{a} €71 {0, {a}}
{b} <7 {0, {b}}
O ct {0}
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ZIBR%: Binary relations

B4% & B9%%: Relations and Functions

o ARR: X - Y HUTZREETELE, BHEER
o Vz e X ICHLTI|R(z)|=1. 2ED 2 ICHLT—D2DyeY
NEXS
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BA{RMIEHE: Operations of relations

BERD#ER: Compositions

e EAX. Y. ZICWTBHEBRR: X Y RUS:Y -7

OO0
o BRDFER

SoR:X = 7 (2.1)
SoR={(z,2) e X xZ|3JyeY, xRy ANySz} (2.2)

PA
° f&E

R3 O <R2 e} Rl) == (R3 (¢] RQ) O Rl (23)
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BA{RMIEHE: Operations of relation

il 2.1: FIEE — FiTes — HhRtt

o R:A— J BEEacAlFjcJ DREMEXICHE T HARL
e S:J— P Bk jcJixpe P WS HARMEDHRRL T
W3,
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BA{RMIEHE: Operations of relations

R =1(a:Ja): (2, Jc), (b: 7o), (b, b)), (b, 5e),
(¢, db), (¢, Ja)s (d, jb), (ds ja) }
S = {(ja;pl); (jb,p2), (jca])l)} .
SoR={(a,p1), (b, p1), (b, p2), (c,p1), (¢, p2), (d, p1), (d, p2)} (2.6)
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BA{RMIEHE: Operations of relations

5 2.2:

ololle

o A={a,b,c} & X ={a, B} IXHLT

R={(a,a),(a,8),(b,5).(c;7)} (2.7)

S = {(av a) ) (Oé, b) ) (ﬁa b) ) (77 a)} (28)
SoR={(r,2) e Ax A|3Jy e X, xRy NyS=z}

= {(aa a) ) (av b) ) (bv b) ) (C7 a)} (29)
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BA{RMIEHE: Operations of relations

)
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BA{RMIEHE: Operations of relations

EEFRER. BARONEE:

|dentity and exponentiation

o R:A— A
o RO=A4={(a,a) | ac A}: 1EZERER: identity
o R"1 = Ro R™: NZ3: exponentiation
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BA{RMIEHE: Operations of relations

BA{RDIM. TLBEBST: union, intersection

o ERFLMEEHILED_DODOBFRR,S: A~ B
o # (union): RUS
o HiBEBSY (intersection): RN S

o RETRYHEFZEAE: reflexive transitive closures

- R (2.10)
n=0
o HEFBEAEL: transitive closures
_r (2.11)
n=1
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BA{RMIEHE: Operations of relations

R ={(ab), (b,c),(c,b)} (2.12)

@—@__©

o R?
aRb AbRc — aR’c
bRc A cRb — bR?b
cRb AbRc — cR%*c
o I3

aRb AbR%b — aR?b
bRc A cR%c — bR3c

cRb A bR%b — cR3b
20/36
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BA{RMIEHE: Operations of relations

e R=R*%18%

R* = R°URU R?
= {(37 a)? (a’ b)’ (a,C), (b7 b)’ (b,C), (C’ b)’ <C7 C)}
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BA{RMIEHE: Operations of relations

LA At .

%

B - A— hT Y 22/36



BA{RMIEHE: Operations of relations

N EOZIEEEZENRm ©n=m+1

nR'm & n=m
nR'm e n=m+1
nR*m < n=m+2
nRfmen=m+k

nR'm < 3k > 0, nR*m < n>m
nRtm < 3k >0, nR*m < n>m
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[F{ERIfR: Equivalence relations

[EMiERS{%: Equivalence relations

e R:A—= A

o UTD=2DMEZ=2 T IR FERF

o R5J1E (reflexive): Va € AICX LT aRa
o XFF[E (symmetric): Va,b € AICR LT aRb < bRa
o MHEFBE (transitive): Va,b,c € AICN LT aRbAbRc < aRe

B - A— hT Y 24/36



[F{ERIfR: Equivalence relations

WJ 3.1: m’é&ic‘.’.?%‘“ﬂ

e r,yc NU{0}Zme N TRRLERDHELWL

R={(z,y) | x =y (mod m)} (3.1)

o REIE: »Rx IXEFH
o X¥NE: 2Ry — yRx HEMA
o R 2Ry ANyRz — xRz
o k{cZDEFEEL. 2—y=kmbDDy—2="Im

r—z=@—-y)+y—2) =Fk+)m (3.2)
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[F{ERIfR: Equivalence relations

[FE%E: equivalence classes

o SR ALDFMEER RICE>T. G AZRITS

e ac AICHLT
la], = {be A| aRb} (3.3)

o RIZES>TEFD a LEERDDDLIE
o a ZRTITEWS

o EEIFEL
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[EBRS#%: Equivalence relations

ﬂmnwﬁé

o &8 A LDOFNERER R

o Va,b,ce A

® a ¢ lay

° b,celaly

° aRb & [a], :H
o [aly = [V & lalx N D] = 0 DVWTND—HTEFDEFTEED
D

° UaGA [CL]R =A
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[F{ERIfR: Equivalence relations

m 2B Y BEIRE

o R={(z,y) | v =y(mod m)}
o m=23DPE (k € NU{0})

0] = {n | n = 3k}
1] ={n|n=3k+1}
2] ={n|n=3k+2}
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[F{ERIfR: Equivalence relations

BPRIE: Finite fields

o EMp THRLIERDNSHZES

o MEICDWT modp TEHLTHED., 0 2H it LT, £2TD
BRICETHH S,

o FEICDWT modp THLTHDO, 1 ZEBfI;ce LT, 0UH
DEZRDFETHH B,

o modp TR, #HFFA. FERIDEDIID,

o Fermat D/NEIE: p EEWMZERa e F, ICRLT

a’ ' =1modp

o HESIEFROER
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[F{ERIfR: Equivalence relations

Fermat UDIJ\LEEE i&%ﬁ'ﬂ?ﬁ"ﬁﬁzﬁk & S EEER

@ a” = a mod p ZTEERA
e 1”7 =1 mod p IFEAS H
o al¥LTa? =amodp ZRE

P — L p kqp—Fk
(a+1) :Z<k>a1 mod P

k=0

p—1
(ap + Z <§> ak1r=k 4 lp) mod p
k=1

al +
a—+1

) mod p

1
) mod p (3.5)
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[F{ERIfR: Equivalence relations

° (Z)EOmodpforkE[l,p—l]

p p!
(k) = W — ) (3:6)
BFIE p DEH. —FHRICBEF pESEHL

@ a’ ' =1modp

a’? —a=0mod p
=a (ap_l — 1) mod p (3.7)
a*'=1modp (3.8)
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[F{ERIfR: Equivalence relations

il 3.2: F5 = {0,1,2,3,4}

1+4=0mod>5
2x3=1mod5

a=2 a’> =4 mod5
a=3 a’> =4 mod 5
a=4 a’>=1mod5

B - A — PRy

24+3=0mod5
4x4=1mod5H

a® =3 mod 5 a*=1mod5

a®> =2mod 5 a* =1 mod 5
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B Order

o R¥IHFfE: anti-symmetric
o Va,bc AICNLTaRbAbRa —a="b
o BIRMRGTR. HRE. RUMEEZF/-ILE. FIEF
(partial-order) £7=IZIBFF & VS
o K/NEIR < IFHIERF
o ¥IEFNERENI-EEZFIBFERTLWVS
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JBRF: Order

2IEJF: total order

o RlEF: FIBFICMZAT. FED-DDEZRICDWTLEAEE
THhdEZ
o RIEFES: RlEFEERINI-ES
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A 4.1:

o EIFAMN. B, FIEM. KM ITIKRNER < IZL2IER
o EEDER%Z A/ERFR < TLEAIEE

o £ DTZEMR C IFFIERF
o FRDESORICTZEFRITH D ILT=7RL
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5 4.2:

n,m € NMNTBIER n|m: nidmZEIDYS] ITFIEF
o REHE: n | n|3EHA
o BB n|mAmMI|l—on|lL

(n|m-—m=an, m|{—{=>bm)
— { =bm = abn (4.1)

o [N

nlmAm|n—m=anAn=>bm
—“a=b=1—>n=m (4.2)

o n & mMBEWIEDIGEICIE. BEMAEDIIRV D, £
JBFF TiEAR L
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