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1 BIf%: Relations
FEl N LEoOBfRRES%Z
R={(m,n) | m=2n} (1.1)
S ={(m,n)| m=n+ 3} (1.2)

Y352 E RoS. R’ R ZXRDIRX W,
Consider the relations R and S on N defined by Egs. (1.1) and (1.2). Find Ro S,
R? and R,
FRER
e RoS={(x,y) | Iz,2Sz A zRy} &
RoS ={(z,y) | 3z,252z A zRy} is equivalent to

RoS=A{(z,y)|3z,z =2+ 3N 2z=2y}

Thb, TNIHLUFERS,

This implies
RoS={(m,n) | m=2n+ 3}

o R?={(z,y)|32,2Rz A zRy} &
R? = {(z,y) | 32,2Rz A 2Ry} is equivalent to

R*={(2,9) | 3z,2 = 22 A z = 2y}

Thb, TNIHLUFERS,

This implies
RoR={(m,n) | m=4n}
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R7'={(m,n)|2m=n}

FE2 X ={ab,c,d} LOBEBKREEZ S,
Consider the relation on ¥ = {a, b, c,d}.

R = {(a7 a)> (a7 b)> <b7 d)> (Cv d)? (da b)}

R' =R 225D i+ j OfERD K, £72. R* KD X,

Find the smallest pair of i # j such that R* = R7. Also, find R*.

fREGl R 2RD 5,

First we obtain R2.

aRa A aRa = aR’a
aRa A aRb = aR?b
aRb AbRd = aR?d
bRd A dRb = bR?*b
cRd A dRb = cR%b
dRb AbRd = dR?*d

FfkiC R® £ R 2k %,

Similarly, we obtain R® and R*.

aR%a A aRa = aR%a
aR%a A aRb = aRb
aR*b AbRd = aR3d
bR?b AbRd = bR3d
cR?’b AbRd = cR3d
dR?d A dRb = dRb

(1.3)



aR3a A aRa = aR*a
aR%a A aRb = aR'b
aR*b AbRd = aR*d
aR3d A dRb = aR'
bR3*d A dRb = bR
cR3d AdRb = cR*
dR*b AbRd = dR*d

Plbme R? =R 218%, ftoC. " =R URUR?>UR3 7%, L2L. R DEH
W ROVURUR? IZEENTWS 7D, R* =R URUR* THHTH 5,

Thus, we have R?> = R*. Therefore, R* = ROU RU R?U R3. However, the elements
of R? are included in R° U RU R?, so R* = R° U RU R? is sufficient.

R* = {(a,a), (b,b), (¢,¢), (d,d)} U {(a,a), (a,b), (b,d), (c,d), (d, b)}
U {(a,a), (a,b), (a,d), (b, b), (¢, b), (d,d)}
= {(a,a), (b,b), (¢, ¢), (d,d), (a,b), (a,d), (b,d), (¢, b), (¢,d), (d, b) }
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COMEITHIET 23— Fid, LT D Github 2253 TE £,
The code corresponding to this exercise can be obtained from the following Github.

https://github.com/discrete-math-saga/RelationsAndOrder/

B3 RLEODUTOEEBRS #EZ 5%, ZOBMRIFEMEREBRTH S Z 2R,
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Consider the relation S on R defined as follows. Show that this relation is an

equivalence relation.
S =A{(z,y) | sin(x) = sin(y), z,y € R} (1.4)

FREG S RS, FME, HERBREZRZ T 2 8 2R

We show that S satisfies the reflexive, symmetric, and transitive properties.

o JXHIEE @ sin(z) =sin(x) &D. (z,2) € S TH 5,
Reflexive: Since sin(z) = sin(z), (z,z) € S.

o NFREE : sin(z) = sin(y) 2 513, sin(y) = sin(x) TH 3, 2FH 2Sy & ySx T
5%,
Symmetric: If sin(z) = sin(y), then sin(y) = sin(z). That is, Sy < ySz.

o HERBME [ sin(z) = sin(y) Asin(y) = sin(z) 513, sin(z) =sin(z) TH 2, O F
D xSy ANySz = xSz TH 5,
Transitive: If sin(z) = sin(y) A sin(y) = sin(z), then sin(z) = sin(z). That is,
xSy ANySz = xSz.

MEED, S EFAMEREFRTDH %,

Therefore, S is an equivalence relation.

2 JIEFE: Orders

FE4 BREEU EZ S, ZOHAEE ACU NI HHRC I FIEFTH-
TRIEFTHRNZ & 2R,

Consider the whole set U. Show that the relation C on the subset A C U is a
partial order but not a total order.
BRZEH 3T DIT. AR, HEREL ROMFMEZRL. FIEFTH S Z 2R,

First, we show the reflexive, transitive, and antisymmetric properties to demon-

strate that it is a partial order.

o RHHME: HBES AWCOVT, AC AZHLD
Reflexive: For any set A, A C A is obvious.
s HBH . CCBABCARBIE CCATH?,



Transitive: If C C BA B C A, then C C A.
o FOWMFME . BCANACBLRBIE, A=BTdh5?,
Antisymmetric: If BC AN A C B, then A = B.

Rz, ZOO0ERBEACUBCU%REZX%, ANBBAZRIEIBEEFELLRVEY
&, At BORICIERER CIUERD LR, 2% D, BfR C I32lEF TRV,

Next, consider two sets A C U and B C U. If AN B is not equal to A or B, the
relation C does not hold between A and B. That is, the relation C is not a total

order.



