Ex1

List the ordered pairs in the relation R from
A={0,1,2,3,4} to B ={0, 1, 2, 3}, where (a,b) € R
if and only if

a) a =>b. b) a+b =4

c) a>b. d) a|b.

e) ged(a,b) =1. f) lem(a, b) =2.

Ex 2

a) List all the ordered pairs in the relation
R = {(a, b) | a divides b} on the set {1, 2, 3,4, 5, 6}.

b) Display this relation graphically, as was done in
Example 4.

¢) Display this relation in tabular form, as was done in
Example 4.

Ex 3

Determine whether the relation R on the set of all integers
is reflexive, symmetric, antisymmetric, and/or transitive,
where (x, y) € R if and only if

a) x #y. b) xy > 1.

¢c) x=y+lorx=y—1.

d) x =y (mod 7). e) x is a multiple of y.
f) x and y are both negative or both nonnegative.
g x=y. h) x > y2.

Ex 4

[ Let R be a relation from a set A to a set B. The inverse rela-
tion from B to A, denoted by R~ is the set of ordered pairs
{(b,a) | (a,b) € R}. The complementary relation R is the
set of ordered pairs {(a, b) | (a, b) ¢ R}.

Let R be the relation R = {(a, b) | a < b} on the set of
integers. Find
a) R7L. b) R.

Ex 5

Ri = {(a, b) € R? | a > b}, the “greater than” relation,

Ry = {(a, b) € R? | a > b}, the “greater than or equal to”
relation,

R; = {(a,b) € R? | a < b}, the “less than” relation,

Rs = {(a, b) € R% | a < b}, the “less than or equal to”
relation,

Rs ={(a,b) € R? | a = b}, the “equal to” relation,
Re={(a,b) eR? | a # b}, the “unequal to” relation.



Find

a) Ry U Rs. b) R{ URs.
¢) RN Ry. d) R3 N Rs.
e) Rl—Rz. f) Rz—Rl.
g R @ Rs. h) Ry & Ry.
Find

a) Ri o Ry. b) R o R;.
¢) Rj|oRs. d) R o Ry.
e) Ri o Rs. f) Ry o Rg.
g) Ry o R3. h) Rz o Rs3.

Ex 6

Let Ry and R, be the “divides” and “is a multiple of”
relations on the set of all positive integers, respectively.
Thatis, Ry = {(a, b) | a divides b} and Ry = {(a, b) | a
is a multiple of b}. Find

a) RiUR;. b) R N R,.
¢) R — R, d) R, — R;.
e) Ry R,

Ex 7

Let R be the relation on the set {1, 2, 3, 4, 5} containing
the ordered pairs (1, 1), (1, 2), (1, 3), (2, 3),(2,4),(3, 1),
3,4, 3,5, 4,2), 4,5), (5,1), (5,2), and (5,4).
Find

a) R%. b) R ¢) R*. d) R

Ex 8

Let R be the relation represented by the matrix

Mg =

—_—— O

1
0
1

O = -

Find the matrix representing
a) R°L. b) R. c) RZ.

Ex9

Let Ry and R; be relations on a set A represented by the
matrices

010 010
Mg, =1|1 1 1 and Mg, =0 1 1
1 00 1 1 1

Find the matrices that represent

a) Ry UR;. b) Ri N Ry. ¢) RyoR;.
d) R|oR;. e) Ri ®R,.



Ex 10

Let R be the relation represented by the matrix

010
Mrp=|0 0 1
110
Find the matrices that represent
a) R%. b) R3. ¢ R%.
Ex 11

Consider the equivalence relation from Example 2,

namely, R = {(x, y) | x — y is an integer}.

a) What is the equivalence class of 1 for this equivalence
relation?

b) What is the equivalence class of 1/2 for this equiva-
lence relation?



Solution 1

(a) B = {(0,0),(1,1),(2.2),(3.3)}

(b) B = {(1,3).(2,2),(3.1). (4,0)}

(c) R = {(1,0).(2.0).(3,0).(4,0).(2,1), (3.1),(4.1). (3.2).(4,2).(4.3)}
(d) R = {(1,0),(2,0),(3,0), (4,0),(1,1),(1,2),(2,3),(1,3),(3,3)}

(e) R={(1,0),(0,1),(1,1),(1,2). (1,3),(2,1).(3,1),(4,1).(2.3), (3.2).(4,3)}
(f) R ={(1,2).(2.1),(2,2)}

Given:

A=1{0,1,2,3,1}
B=1{0,1,23)

()
R ={(a,b)la=1b}

We note that the elements common by A and B are 0, 1,2 and 3.

R then contains the points with a = b =0, a=5b=1.a =5b = 2 and
a=h=23

R = {(0,0).(1,1),(2,2),(3.3)}

(b)
R={{ab)la+b=4)

We note that the sum of the element of 4 and the element of B needs to be
equal to 4:

R then contains the points:

R={(1,3).(2.2).(3,1),(4,0))



()
R ={(a,b)|a > b}

We note that the element of 4 needs to be larger than the element of B:

a=1b=10
a=2b=10
a=23b=10
a=4,b=10
a=2b=1
a=23b=1
a=4b=1
a=23b=2
a=4b=2
a=4b=3

R then contains the points:

R={(1,0),(2,0).(3.0).(4.0).(2.1).(3,1),(4,1).(3.2).(4.2). (4.3)}



(d)
R = {(a,b)]alb}

We note that the element of A needs to be a divisor of the element of B.

All nonnegative integers are divisors of 0 (as 0 divided by any nonnegative
integer is 0

a=156=10

a=2b=10

a=3b=10

a=4b=10
The only divisor of 1 is 1 itself.

a=10b=1
The divisors of 2 are 1 and 2.

a=1>5b=2

a=2h=2
The divisors of 3 are 1 and 3

a=15b=3

a=3b=3

R then contains the points:

R = {(1,0), (2.0),(3,0).(4,0).(1,1),(1,2). (2,2).(1.3).(3,3)}



(c)
R = {(a.b)lged(a,b) = 1}

We note that the greatest common divisor of the element of A and the
element of B needs to be equal to 1. In other words, 1 can be the only
common divisor of the two elements.

since 0 is divisible by any nonnegative integer and since 1 is only divisible
by 1, the greatest common divisor of 00 and 1 is (.

a=10=10

a=0h=1

Since 1 is only divisible by 1, the greatest common divisor between 1 and
any positive integer is always 1.

a=10b=1
a=10b0=2
a=10b0=3
a=2b=1
a=43b=1
a=4b=1

The greatest common divisor of 2 and 3 is 1.
a=20=3

a=23b=2

The greatest common divisor of 2 and 4 is 2.
The greatest common divisor of 3 and 4 is 1.

a=4b=3

R then contains the points:

R = {(1,0),(0,1), (1,1),(1,2),(1,3),(2,1).(3.1), (4.1).(2,3).(3.2). (4.3)}



(1)
R = {(a.b)llem(a, b) = 2

We note that the least common multiple of the element of A and the element
of B needs to be equal to 2.

Since the least common multiple is 2, neither element can be larger than 2.

Since any multiple of 00 is always 0 itself, the least common multiple of 0
and any other integer does not exist.

If both elements are 1, then the least common multiple is 1.

The only remaining possibility is then that at least one of the two elements
152 a 2 and the other element 153 a 1 or 2. In each of these cases, the least
common multiple is 2.

a=1b=2
a=2b=1
a=25b=2

R then contains the points:

R={(1,2).(2.1),(2.2)}

Solution 2

A.R={(1,2), (1,2), (2,3), (1,4), (3,5), (2.6),
(2/2)), (2,4), (2,6),

(3:3), (3,6),

(4,4),

(5,5,
(6,6)}



2 2
3 3
4* a4
5 5
g* 7]
R 1 2 3 4 5 5]
1 X ¥ ¥ X ¥ X
2 ¥ ¥ ¥
3 ¥ ¥
a4 X
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Solution 3
DEFINITIONS

A relation i on a set 4 Is reflexive If (a,a) £ R for every element a £ A.
A relation i on a set A4 s symmtric if (b, a) € R whenever (a.b) e R

A relation R on a set 4 is antisymmtric if (b,a) £ R and {a, b} € R implies
a=~"h

A relation R on a set A is transitive if (a,b) € R and (b,c) € K implies
la,c) e R



SOLUTION

A = Set of all integers
(a)
R={(z,y)|lz # v}

The relation R is not reflexive, because r # r i1s never true.
The relation i is symmetric, because if x # gy, then y # x.

The relation R is not antisymmetric, because 1 # 2 and 2 & 1, while 1
and 2 are not the same.

The relation K is not transitive, because 1 # 2 and 2 # 1, while 1 = 1.

(b)
R ={(z.y)lry = 1}

The relation R is not reflexive. because when # = 0: xr =22 =0 < 1 and
thus (0,0} ¢ R,

The relation R is symmetric, because if zy = 1, then yor = 2y = 1
{commmitative property of multiplication).

The relation R is not antisymmetric, because 1-2 = 1 and 2-1 = 1, while

1#2.

The relation K is transitive, because if zy = 1 and if y= = 1, then = and y
are nonzero integers of the same sign, and y and = are nonzero integers of
the same sign. Then r and 2 are nonzero integers of the same sign and thus
xrz = 1.



(c)
R={{zry)lr=y+lorz=y—1}

The relation i 15 not reflexive, because v # r+ 1 and © # x — 1 for any
integer .

The relation R is symmetrie, because if x = y + 1, then y = # — 1 and if
r=y—1,theny =z + 1.

The relation R is not antisymmetric, because if + = 1 and y = 2, then

{r.y) e Rand (yx) € R, while x £y

The relation i is not transitive, because if x =1, y = 2 and = = 3, then
(z,y) € R and (y, z) € R, while (z,z) & R.
(d)

B={{z.y)lr=y{mod 7)}

The relation R is reflexive, because @ = x (mod 7) is true for any integer
I.

The relation R is symmetric, because if x = y{mod 7), then y = x(mod 7)

The relation R is not antisymmetrie, because if # = 0 and y = 7, then
r=y(mod 7)and y = x (mod 7), while = # 4.

The relation R s transitive, because if » = y(mod 7} and x = = (mod 7),
then = = = (mod 7).

(e)
R ={{z,y})|z is a multiple of y}

The relation R is reflexive, because x is always a multiple of itself.

The relation F is not symmetric, because 2 15 a multiple of 1, while 1 is
not a multiple of 2.

The relation K is not antisymmetric, because —1 i1s a multiple of 1 and 1
is a multiple of —1, while 1 # —1.

The relation R is transitive, because if r s a multiple of y and if y 15 a
multiple of 2, then x also has to be a multiple of =.



(g) _
R ={(z.y)lx =y}

The relation R is not reflexive, because (for example) (2,2} is not in R

(since 2 # 2% = 4).

The relation R is not symmetric, because if r = 4 and y = 2, then 4 = 22

and 2 # 42

The relation R is antisymmetric. because if =+ = y® and y = 2%, then
r=y= {1‘2}2 = r*, which implies r =y=0o0rz=y = 1.

The relation K is not transitive, because if # = 16, y =4 and = = 2, then
r =y and y = =%, while = # =2
(1) |
R={(z.,y)lz = v}
The relation R is not reflexive. because {for example) (2,2} is not in R

(since 2 < 27%).

The relation R is not symmetric, because if = 2 and y = 1, then 2 > 12
and 1 < 22,

The relation R is antisymmetric, because if @ = y'z and if y = %, then
=yt ll":r:"?}'E =ztandr = rlisonly true f r =0orz = 1. When = = 0,
then y =0 also. When x = 1, then 1 = y? = 1, thus v = 1 and thus also
y=1(asy = z?).

The relation R is transitive, because if © = y? and if y = 22, thenz = ¢ =
i = =2,

Solution 4

DEFINITIONS

The inverse relation R~ is the set {(b,a)|(a.b) e R}
The complementary relation R is the set {(a,b)|(a.b) € R}



SOLUTION

R = {{a,b)la < b}

{a) Use the definition of the inverse relation:

R = {(b,a)l(ab) R}
— {(b.a)la < b}
= {{a,b}|b < a} Interchange a and b
= {(a,b)[a > b}

{b) Use the definition of the complementary relation:

R = {(a.b)|(a.b) ¢ R}
= {(a.b)[a # b}
= {(a,b)[a = b)

Solution 5

DEFINITIONS

Union 4 U B: All elements that are either in 4 OR in B

Intersection 4 M B: All elements that are both in A AND in B.
Difference A — B: All elements in 4 that are NOT in B (complement of
B with respect to A4).

Symmetric difference A ¢ B: All elements in A or in B, but not in both.



SOLUTION

Ri={(a,b) £ R%ja > b}
Ry = {(a,b) £ R*ja = b}
R3 = {(a.h) € R*|a < b}
Ri={(a,b) e R*|a < b)
Ry = {(a,b) € R%ja = b}
Rg = {(a.b) € R?|a # b}

{a) The union of two relations contains all ordered pairs that are in either
relation.

Ri URs = {(a,b) € R*a > bora < b}
— {(a,b) € R¥a # b}
=HE_

Because when a < b or b > a, then we know that a and b cannot be the
same (although we do not know anything more).

(b} The union of two relations contains all ordered pairs that are in either
relation.

Ry URs = {(a,b) € R*a > bor a=b)}
= {(a,b) € R%|a = b}

= R'E
{¢) The intersection of two relations contains all ordered pairs that are in
both relations.

RanRy={{a.b) e R*la = banda < b}
= {{a.,b) € R?|a = b}



{d) The intersection of two relations contains all ordered pairs that are in
both relations.

RN Rs={(a,b) e R*|la < b and a = b}
=

Since a << b and @ = b can never be true at the same time, F3 M Ay cannot
contain any ordered pairs.

(e} By — Ry contains all ordered pairs that are in the relation Ry that do
not occur in the relation Ha.

Ry — Ry={{a.b) e R%|a > b and a # b}
Z{{ﬂ-.b}EHEM} band a < b}
=

Since a > b and a << b can never be true at the same time, By — A3 cannot
contain any ordered pairs.

(f} Ra — Ry contains all ordered pairs that are in the relation Rs that do
not occur in the relation H,.

Ry — Ry={(a.b)c R*|la = band a # b}
= {{a.b) e R*la=>bhanda < b)
= {(a,b) € R*|a = b}
= R



(g) [y &[5 contains all ordered pairs that are in the relation Ry or are in
the relation R4, but not in both.

Ri& Ry ={(a,b)e R*(a >bora<b)and not (a > band a < b))}
= {(a.b) € R%a # b and not F}
= {(a.b) € R*a # b and —F}

= {{a.b) € R*a # b and T} -F=T
= {(a.b) € R%a # b} pAT=p
= Rg

Note that the statement a > b and a < b is always false F for all pairs of
real numbers.

(h} Ry & Ry contains all ordered pairs that are in the relation f5 or are in
the relation R4, but not in both.

Rad Ry ={(a,b)e R*|(a =bora<bh)and not (a > band a < b))}
= {{a.b) € RYT and not (a = b)}
= {{a.b) € R*T and —(a = b)}
= {({a.b) e R*T and a # b}
= {(a.b) € R’a # b} prT=p
= Hy

Note that the statement @ > b ora < b is always true T for all pairs of real
numbers.

DEFINITIONS

The composite S o R consists of all ordered pairs {a,c) for which there
exists an element b such that (a,b) e R and (b,c) € §



SOLUTION

Ry={{ab)cR%a=>b)
Ry = {{a.b) € R%|a = b}
R3={(a.b) € R*|a < b}
Ry={(a,b) € R*|a < b}
Ry = {(a,b) € R*la = b}
Rg = {{a.b) e R%|a # b}

(a) For every pair (a.b) € R and (b, ¢) € 8, the corresponding element {a,c)
belongs to the composition.

RioRy={(a,c)e R} cR: (a,b) € Ry and (b,c) € Ry}
={(a,e)e R¥IBcR:a>band b> ¢}
={(a,c)e R*}F cR:a> ¢}

= {{a,c) € R%a > ¢} a > ¢ is independent of b
= {(a,b) € R%a > b} Let us rename ¢ as b
= Hl

(b} For every pair (a,b) € R and (b,c) € S, the corresponding element (a,c)
belongs to the composition.

RioRs={{a.c)e RYFb e R: (a.h) € R2 and (b,c) € Ry}
= {(a.c)eR*FcR:a>band b> ¢}
={(a,c)e RIBcR:a>c)

={(a,c)e R'2|a >} a > ¢ is independent of b
= {(a,b) € R%a > b} Let us rename ¢ as b
- R,

{c) For every pair {a,b) € R and (b,c) € S, the corresponding element (a,c)
belongs to the composition.

RioRs={{a.c)e R 3 e R: (a.b) € Ry and (b.c) € Ry}
={{a.c)e R*F cR:a<band b> ¢}
= {{a,c) = R*T} dbe R:a < band b> ¢ is always true
= {(a,c) e R?}
=R?
G e R :a < bandb = ¢ is always true, because we can always chose
b= max(a,c)+ 1.



(d) For every pair (a,b) € R and (b,c) € 5, the corresponding element (a,c)
belongs to the composition.

RioRy={(a.c)e R*F e R: (a.b) € Ry and (b.c) e Ry}

={{a.c)eR*FcR:a<band b> ¢}
= {(a.c) € R*IT}
= {(a,c) € R?}

—R?

dhe R:a < band b= e is always true

dh e R:a < bandb > ¢ is always true, because we can always chose
b= max(a,e)+ 1.

(e} For every pair {a,b) € R and (b,c) € 5, the corresponding element (a,c)
belongs to the composition.

RieoRs={(a,
= {(a,
~{(a
= {(a,
~{(a

=R,

c)e RU3 eR: (a,b) € Ry and (b,e) e Ry}

cleRYFBeR:a=band b> ¢}
cle R eR:a>¢)

c)e R¥a = ¢}

bh)e R¥a = b}

a > ¢ 18 independent of b

Let us rename ¢ as b

(f} For every pair (a.b) € R and (b,c) € 5. the corresponding element {a, ¢}
belongs to the composition.

RyoRg={({a.c)e R23b e R: (a.b) € Rg and (b.c) € Ry}

={{a.c)eR* B eR:a#band b>c)
= {(a.c) € R*IT}
= {(a,c) € R?}

= R?

dbe R:a #band b= e s always true

dhe B:a # band b > ¢ is always true, because we can chose b = e+ 1
whene+1#Zaand b=¢+2 when ¢+ 1 = a.

(g) For every pair (a.b) € R and (b, c) € 5, the corresponding element (a,c)
belongs to the composition.

RooRs3={{a,c)e R*}Fb e R: (a.b) € B3 and (b.c) & Ra)

={{a.c)eR*FBcR:a<band b= ¢}
= {(a.c) € R*IT}
= {(a,c) € R?}

=R?

dhe R:a < band b= e is always true

dh e R :a < bandb = e is always true, because we can chose b =

max{a, )+ 1.



(h} For every pair (a,b) € R and (b,c) € S, the corresponding element (a,c)
belongs to the composition.

RyoRs={{a.c)e R*3b e R: (a.h) € Ry and (b,c) € Ry}
—{(a,e)eR¥YF cR:a<band b< c}
={{a,c)eR¥ B ecR:a<c)

= {(a,c) € R%a < ¢} a < ¢ is independent of b
= {(a,b) € R*a < b} Let us rename ¢ as b
— Ry

Solution 6

SOLUTION

Ry = {{a.b) € R?|a divides b}
Ry = {(a.b) € R%a is a multiple of b}

{a) The union of two relations contains all ordered pairs that are in either
relation.

RyU Ry = {(a,b) € R*|a divides b or a is a multiple of b}
= {(a,b) € R?|a divides b or b divides a}
Note: a is a multiple of b if and only if b divides a.

(b} The intersection of two relations contains all ordered pairs that are in
both relations.

RinR2 = {{a,b) e R*a divides b and a is a multiple of b}
= {{a,b) € R*a divides b and b divides a}
= {{a,b) e R*la = £band a # 0}

Note: You cannot divide by 0.



{c) By — B3 contains all ordered pairs that are in the relation Ry that do
not occur in the relation Ha.

Ry — Rs = {{a,h) € R?|a divides b and a is not a multiple of b}
= {(a.b) € R*|a divides b and b does not divide a}
= {(a,b) € R*|a divides b and a # +b}

(d) By — Ry contains all ordered pairs that are in the relation Rs that do
not occur in the relation Hy.

Rz — Ri={(a,b) € R*|a is a multiple of b and a does not divide b}
= {(a,b) R’ b divides @ and a does not divide b}
= {(a.b) € R*|b divides a and a # +£b}

(e} By & R contains all ordered pairs that are in the relation iy or s, but
not in both.

Ry & Ra = {(a.b) € R%a divides b or b is a multiple of a, but not both}
= {{a.b) € R*|(a divides b or b divides a) and a # +b)

Solution 7

DEFINITIONS

A relation R on a set A is reflexive if (a,a) € R for every element a € A.
A relation R on a set A is transitive if (a.b) € R and (b,¢) £ R implies
(o, e} e R

The composite S o i consists of all ordered pairs {a.c) for which there
exists an element b such that (a,b) e Rand (b,c) e 5



R = (1,201,301, 4) (1,101,502, 1(2,4)(2,5)(2,2(3,2)(3,3)(3.4)(3.5)(3, 1 }{4,3)(4.4)(4,2){4, 1){5,1)(5,2)(5,3){5,4){5,5)

R = (1,2)(1,3)(1,4)(1,1)(1,5)(2,2)(2,3)(2,4)(2,5)(2.1)(3,2)(3,3)(3,4)(3,1)(3,5)(4,1)(4,4)(4,5)(4,2)(4,3)(5.2)(5,3)(5,4)(5,1)(5,5)
R = (1,1)(1,2)(1,3)(1,4)(1,5)(2,1)(2,2)(2,3)(2,4)(2.5)(3,2)(3,3)(3,4)(3,5)(3,1){4,3)(4,4)(4,2)(4,1){4,5)(5,1)(5,2)(5,3)(5,4)(5.,5)
R = (1,2)(1,1)(1,3)(1,5)(1,4)(2,1)(2,2)(2,3)(2,4)(2.5)(3,2)(3,3)(3,4)(3,5)(3,1)(4,3)(4,4)(4,2)(4,1){4,5)(5,1)(5,2)(5,3)(5,4)(5,5)

Solution 8

DEFINITIONS

The inverse relation B! is the set {(b,a)|(a,b) s R}

The complementary relation F is the set {{a,b)|(a.b) &€ R}

The composite S o R consists of all ordered pairs {a,c) for which there
exists an element b such that (a,b) e R and (b,c) € §

A relation R can be represented by the matrix Mg = [my;]

L _ 1 if(aib)eR
90 if (ai,b;) € R
SOLUTION

Ma |11 0
i o 1

(a) The matrix corresponding to the inverse relation R~! is the transposed
of the matrix representing f:

o1 117
Mpi=[1 10
10 1]
01 1]
— (110
10 1
— Mg

(b} The matrix corresponding to the complementary relation H changes
every zero to a 1 and changes every one to a 0 in the matrix
representing RH:



{c) The matrix corresponding to the composite of two matrices is the Boolean
product of two matrices.

Mp = Mgo Mg

0 1 1 011
10 1] |10 1

(0A0) W (IAT V(TAT) (OAT)V(IAT)V(1AD) (OAT)V(LAD) Y (1A1)
— [(1a0)v{lal)v(Dal) (IA1)v(1AL)v{DAD) (1A1)v(LAO)V (0AT)
(1A v (0AT)v(TAl) (TATIV(0AT)v(1AD} (1AT1)v(0A0) v (1A1)
[Owv1iwvl Owlwvd Oviwl
=[0vivD 1w1lwD IVDU{I]
Owowl 1wOwD 1Twiwl

:1 11
=111 1
1 1 1
Solution 9
SOLUTION
0 1 0]
MR1= 1 11
_1 I fl_
1 0]
Mp, = |0 1 1
11 1

{a}) The matrix corresponding to the union of two relations is the join of
the matrices representing each of the relations:

MH1UR‘: = MHI W MR*_P

w0 1wl 0w
=|1v0 1wl 1wl
(1wl 0wl 0wl

0 1 0
=11 11

111




(b} The matrix corresponding to the intersection of two relations is the meet
of the matrices representing each of the relations:

Mﬂlrlﬂj - MR]_ M MH:r

[(0A0 141 0A0
=10 1A1 141
141 0al1 0OA1

010
=011
100

{c¢) The matrix corresponding to the composite of two matrices is the Boolean
product of two matrices.

MR-NR1 = MH1 (= MR._,

0 1 0 010
=111L”J'|]11
100 111

(0A0)V(IAD) Y (DALY (0A1)Y (IATIV(0AT) (0AD)Y (1A1)V(0AT)
= [(1A0)V(1AD)V (1AL) (TALW(LATIV(IAT) (1AD)v (1AL} w{(1AT)
(1A0)V0AD) Y (DALY 1ALV (0ATIV(0AT) (1AD)Y(0AL1)V(0AT)
DwvOovD O0wlivo O0vIvO
= |0v0Ovl 1wlwl Dvlvl]
v OwvD TwovD OvOwvo

0 11
=1 11

010

(d) The matrix corresponding to the composite of two matrices is the Boolean
product of two matrices.

MR10R1 = MH1 O] MFh

0 1 0 01 0
:1110111
100 |1o0o0

(DA (IAL) Y (DALY (DALY (TAT)V(0AD) (0A0)W (1A 1)W{0AQ)
= [(1A0)w(lal)v(lal) (TADY{(IALw{1A0) (LAD)V (1AL} (1AD)
(1AW {0AL v (DALY (TAL)V (DAL V(0AD) (1A0)w (0AT)w({0AD)
v 1ivD 0wlv0o OvivO
=[0viwl 1w1wD Ewlw]]
0vOvD TwvovD 0vOwvo

1 1 1
=111

0 10




{e) The matrix corresponding to the union of two relations is the join of
the matrices representing each of the relations:

Mg, zr, = Mg, & Mg,

00 1&1 0&0
— (10 1@l 1@l
131 0@l 0l

0 0 0

= (1 0 0O

_EI 1 1
Solution 10
SOLUTION

o

11 0f

{a) The matrix corresponding to the composite of two relations is the Boolean
product of two corresponding matrices.

Mpe =M Mg
0 1 0 o1 0
=10 0 1—‘@% 0 1-|
11 uJ h 1 uJ
[(0A0) v (LADIV(DAT) (0AT)V(TADIV{DAT) {uau}v{lm}u{umﬂ
= 10A0)V(DADIV(TAT) (DATIV(DAD)Y(LAT) (0AD) V(DAL}V (LAD)
(1A} {LADIV(DAT) (TAL)V(LADIV{DAT) {IAD}U{IAI}U{DAD}J
[0wvOwvD 0wiwvD Dvlwﬂ
= 0viv1l OwOwvl OwiDwi
(0vOvD 1vovD EIUIW]J
[0 0 1-‘
=11 1 0
0 1 1J




{b) The matrix corresponding to the composite of two relations is the Boolean
product of two corresponding matrices.

Mp =Mp o Mg

[0 0 1 o1 0

01 1 110
[(0A0) v (0AD)V(TAT) (DAT)V(0AD) V(IATL) (0A0)V(DAT)Y(1AD)
— (1A v (LA v{DAL) (TAT)V(LAO)V{DAT) (1A0)vV(LAT)V(0A0)
[(0A0)v (1AD)v(TAT) (DAT)V(LAD V(IAT) (0AO0)V(1AT)}v(1AD)
[O0wvOwl OwvOwvl OvOwo
= |0v0OvwD 1TwOwi ﬂvlvﬂ]
[(0vOv1 OvOvl Ov1lwvl

[1 1 0
=011

111

{c} The matrix corresponding to the composite of two relations is the Boolean
product of two corresponding matrices.

Mp = Mp 0 Mg
[1 1 0 o1 0
111 110
[(1A0)v (1AD)V(0AT) (1AT)V(LAD V(DALY (1A0)V(1AT)v(0AD)
= [0AD) v {LAD V{IAT) (OAT)V(IADIV{IAT) (1A0)V(LAT)V(LAD)
[(1A0)v (1AD)v(TAT) (TAT)v(LAD)Vv(1AT) (1A0)V(1AT)}v(1AD)
[0wvOwD 1TwOowvD Ov1wvo
= [0viv1l 0Owviwvl Dvlvﬂ]
[(0vOv1 ITwvOvl Owv1lwvl

[0 1 1
=11 11

111

Solution 11

a) R={(r,y):xr—yeZl=llg={y:(Lyle R} ={y:1-yeZ} =L
b) R={{z.y):z-yeZ}=[1/2g={y:(Jy)eR}={y: -y} =
{(2n+1)/2:ne Z}.






