Numerical methods for bio-informatics

CARTESIAN PRODUCT OF SETS

The Cartesian product of the sets A and B, is written an A X B, is the set of all

ordered pairs in which the first elements are in A and the second elements are in
B.

i.e. AXB = {{x,y)|x € Aand x € B}

For example
LetA = {1,2},3 = {a;b; C}; C = {(I,ﬁ}

Now

AX B ={(1,a),(1,b),(1,c)2,a),(2,b),(3,c)}
AXC={1,a),(1,5)(2,a),(2,8)}

AX B = {{a,a),{a, b),{a,c)(B,a),(B,b),(B,c)}
It is clear from the definition

AXB+#BXA and {{(a,b),c)E(AXB)XC, is an ordered triple then
(a,b)EAXBandc € C.

Now,AX (BX () ={{a,{b,c))|la € Aand (b,c) € (B,C)}
Note that {a, (b, c))is not an ordered triple.
This fact show that (A XB) X C # AX (B X C)

1.e. Cartesian product is not associative.

Now

AXA=A?={{x,y),Vx,y € A}and A" = A" * X A.

Note that if A has n elements and B has m elements A X B has nm elements.
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PROBLEMS
1.1fA={1,2,3}, B={a,b}.Find AXB,BX Aand A X Aand A*> X B

Solution :

AX B ={(1,a),(1,b),(2,a),{2,b),(3,a),{3,b)}
B XA ={a1l)/a,z2){a?3)(b1)(b,2),(b3)}
A*=AXxA=1{(11),(1,2),(1,3),(2,1),(2,2),{2,3),(3,1),(3,2),(3,3)}

A*X B ={{(1,1,a),(1,1,b),(1,2,a),(1,2,b),(1,3,a),(1,3,b),(2,1,a),{2,1,b),
(2,2,a),(2,2,b),(2,3,a),(2,3,b),(3,1,a),{(3,1,b),(3,2,a),(3,2,b),(3,3,a),(3,3,b)}

2.Showthat AX (BNC)=(AXB)N(AXO0).
Solution: For any (x, y),

(x,y) X(BNC)=x€AandyeBnC

o x€Aand{y e Bandy € C}

= {x€Aandy €B}and{y EBandy € C}
o {{x,y) EAXB}and {{x,y) € AXC}

o {{(x, ) AXB)N(AX ()}
AX(BNC)=(AXB)N(AXC)

3.Showthat (ANB)X (CND)=(AXC)Nn (B XD).
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Solution: For any {x, y),
(x, ) X(ANnB)X(CnD)=xe(AnNB)andye (CnD)

o {(x€EAandx €EB}land{y € Candy € D}

e {x€Aandy €ECland{x EB andy € D}

< {{(x,y) EAXC}and {{x,y) € B XD}

& {(xy)(AX C) n (B X D)}.

I S

ASSIGNMENT PROBLEMS
Part A

Define Cartesian product of sets? Given an example?

IfA= {0,1},find A%

IfA= {1,2,3}and B = {a,b},find A X B,B X A, A%

True or False
I. If A= {1,3,5,7,9}, the {Vx € A, x + 2 is a prime number}
o IfA= {1,2345)the ODx€A,x+3 =10}

. IfAX B = {(1,2),(1,3),(2,2),(2,3),{4,2),(4,3),(5,2),(5,3)}

Part B

If A,B and C are sets, prove that A X (BUC) = (AX B)U (A X 0).
Provethat (A XC)—(BXC)=(A—B)XC.
IfA= {a,b}and B = {1,2},and C = {2,3}, find
I. AX(BUCO)
II. (AXB)uAXO0)
. AX((Bn0)
IV. (AXB)N(AXO)
Show that the Cartesian product is not commutative? It is commutative

only for equality of sets?
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RELATIONS
Binary relation
Any set of ordered pairs defines a binary relation.

If x and y are binary related, under the relation R, the we write {x,y) € R or
xRy. If not the case we write {x, y) € R.

1. Example F = {{x,y) |x is the father of y}
= {{x,y) |x and y are real number and x < y}

Then F, L are binary relations.

2.Example Let A and B be any two sets, then any non empty subset R of
A X B is called a binary relation.

Now
A= {1,2,3}
B = {a,b} then

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

Let

R, = {{(1,a),(2,b),(3,a),(3,b)}

R, = {{(1,b),(3,a)}

R; = {(2,a)}

Then R4, R, and R are binary relations A to B.

Let S be any binary relation. The domain of S is the set of all elements x such
that for some y, (x,y) € S.

D(S) ={x|{x,y) €S, for somey}

Similarly, the range of S is the set of all elements y such that, for some
x{x,y)ES

i.e. R(S) ={y {x,y) €S, for somex}
Let
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S = {(1,a),(1,b),(2,b),(3,a)}

D(S) = {1,2,3}

R(S) = {a, b}

IfS € X X Y, then clearly D(S) € X and R(S) € V.

In case of X = Y, then the relation defined on X X X is called an universal

relation in X.

If X = @, then a relation on X X X is called void relation in X.

Since relations are sets, then we can have their union and intersection and so on.
RUS = {{x,y) |xRy or xSy }

RnS ={{x,y) |xRy and xSy}

R —5={{x,y) |xRy and (x,y) € S}

R+ S ={{x,y) |{x,y) is either in R or in S but not in both }

Properties of Binary relations
1. Reflexive
Let R be a binary relation defined on X.

Then R is reflexive if, for every x € X, (x,v) € R.

Example:
Let

X ={123)

R ={(1,1),(1,2),(2,2),(3,3),(2,3)} and

S={(1,1),(1,2),(2,1),{(3,3)} are defined on X.
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Then R is reflexive, but S is not reflexive. Since {(2,2) & S and 2 € X.

2. Symmetric

A relation R from X to Y is symmetric if every x € X and y € Y, whenever
(x,v) € R, then (y, x) € R.

That 1s, if xRy = yRx, then R is symmetric

Example:

Let

X ={1,2}

R ={(1,1),(1,2),(2,1),(2,3),(3,2)} and

S ={(1,2),(2,2),{1,3),{3,1)} are defined on X.

Then R is symmetric, but S is not symmetric. Since {1,2) € Sbut(1,2) & S.

3. Transitive

A relation R is transitive if, whenever {(x, y) € R and (y,z) € R, then (x, z) € R.
That is, if xRy A yRz, then R is transitive.

Example:

Let
R ={(1,1),(1,2),(2,2),(1,3),(2,3),{2,1)} and
S = {(1,2),(2,3),(1,3),(3,3),{2,1)}

Then R is transitive, but S is not transitive. Since (2,1) € S and (1,2) € S but
(2,2) € S.

4. Irreflexive

A relation R in a set X is irreflexive if, for every x € X, {x, x) & R.
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Example:

Let

A={123]}

R ={(2,1),(1,2),(2,2),(3,2),(2,3),{(1,3)} and

§ = {{1,1),(2,3),(2,2),(1,3)}

Then R is irreflexive, but S is not reflexive. Since (3,3) € Sand (1,1) € S.

S. Antisymmetric

A relation R in a set X is antisymmetric if, whenever (x,y) € R and

(y,z) ER, thenx =y.

That is, if xRy A yRx = x = y, then R is antisymmetric.
Example:

Let

X be the set of all subsets of E.

R be the inclusion relation (<) defined on X.
ASBABSA=A=B8B

Therefore R is antisymmetric in X.

6. Relation matrix

Let X = {xy,%5, ...}, Y = {¥1,V,, ...V} are ordered sets, R be a relation
defined from X to Y, then the relation matrix of R, 1s defined as

M, = (rij)hl -m,j:1-n
Example 1:

LetX = {1,2,3}Y = {a, b}
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1 1
R ={(1,a),(1,b),(2,a),{3,b)} be arelation from X to Y. Then Mp = Il 0‘
0 1

Example 2: Let

R ={(1,1),(1,2),(2,1),(1,3),(2,2),43,1),(3,2)} be a relation on X = {1,2,3}.
1 1 1

ThenMp, =11 1 0
1 1 0

7. Composition of Binary Relations

The concept of composition of relation is different from union and intersection
of two relations.

Definition:

Let R be a relation from X to Y and S be a relation from Y to Z. Then the
composite R o § is a relation from X to Z defined by

The operation o in R o S is called “ composition of relations”.
Example.

Let

R ={(1,2),(2,3),(3,4),(2,2)}
S=1{(2,3),(4,1),(4,3),(2,1)} . Then
RoS§={(1,3),(1,1),(3,1),(3,3),(2,3),(2,1)}
SoR={(2,4),(4,2),(4/4),(2,2)}

Note that

RoR =R?

RoRoR=R?*°R=R?

R™1oR = R"etc,,

pg. 8



Numerical methods for bio-informatics

Definition:

The relation matrix for R o S is given by M. = Mz(OM; where () is defined
as follows.

Mp,OM; = (m,;) where m,;({i,j)th element) is | if and only if row i of M,

and column j of M have a | in the same relative position 4, for some £.

Example:
Let
R = {(1,2),(1,5),(2,2),(3,4),(5,1),(5,5)}

S ={(1,3),(2,5),(3,1),{(4,2),{(4,4),(5,2),{5,3)} . Then

0 0 1
0 00 0
Mp = 0

0490 00 0

9 @ 1 0 0

0 0 0 0 1

Ms = 3ig ©' 0 0
0

1

[ 0 1
Mp.s = Mp® Ms
[0 1. 'O O

0 0

00 1 0O

= 00 10" 1
00 0 0 G 1.0 F @

1L 3 9 9

0 1. 1 0
08 O 1

O 0 0 0
01 & 0

COO M =mOOOm

and
Mp2 = Mp® Mp
0O 0 1
1 00

-
=
-
o=
O -
-
=
—

1 1 0 0~ 80 13

_.
e
=)
cCo000 0ORO
o

L% 8. B
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R? = {(1,1),(1,2),(1,5),(2,2),(5,1),(5,2),{5,5)}

Definition

Let R be a relation from X to Y. The converse of R, is written as R, is a relation

from Y to X such thatxRy < xRy.

Example:
If R ={(1,a),(2,b),(2,a),(b,3)
R = {(a,1),(b,2),{a,2),(b,3)

Also it 1s clear that

Result: The relation matrix M is the transpose of the relation M.

i.e.Mpz = transpose of My
Example:
Let
R = {{(1,1),(2,1),(2,2),(2,3),(3,1),(3,3)

R = f1.1):(2.1),{2,2),{3.2),{1.3).(3.3)

We have
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EQUIVALENCE RELATION
Definition:

A relation R on a set X is called an equivalence relation if it is reflexive,
symmetric, and transitive.

Example 1:
Let

X = {1,2,3,4} and

R ={(1,1),(1,4),(4,1),(4,4),(2,2),(2,3),(3,2),(3,3)]} is an equivalence relation
on X.

Example 2:

Equality of subsets on a universal set is an equivance relation.
Example 3:

Let

X={123,.7}

R = {{x,y) |x — y is divisible by 3}

Now, Vx €X,x —x = 0 1s divisible by 3.

Therefore V x € X, (x, x) € R (reflexive)

Forany x,y € X

Let {(x,x) ER = x — y is divisible by 3 we have —(x —y) =y —x is also
divisible by 3.

(v,x) € R (symmetric)
Let{(x,y) ERA (y,z) €ER
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= x — y is divisible by 3 and y — z is divisible by 3.

= (x — y)*+ (y — 2) is divisible by 3.

= X — z 1s divisible by 3.

Therefore (x, y) € R (Transitive)

Therefore R is an equivalence relation on X.
EQUIVALENCE CLASSES

Definition:

Let R be an equivalence relation on a set X. For any x € X, the set [x]; € X
given by

[x]r = {y [xRy fory € X}
is called an R-equivalence class generated by x € X.

Therefore, an equivalence class [x], of x € X is the set of all elements which

are related to x by an equivalence relation R on X.

Example:

Let Z be the set of all integers and R be the relation called “congruence modulo
47 defined by

R = {{x,y) |(x —y) is divisible by 4, for x and y € Z} (or x = y(mod 4))

Now, we determine the equivalence classes generated by R.
[0]g ={..-—8,—4,048...}

1]z ={..-—7,-3,1,59...}

2] ={..—6,—2,2,6,10 ...}

[Blg ={..—5,-1,3,711 ...}

Note that
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[O]R = [4]RJ[1]R = [5]R:---etc-

Therefore % = {[0]g, [1]z,[2]&, [3]R]

In a similar manner, we get the equivalence classed generated by the relation
“congruence modulo m” for any integer m.

Therefore, an equivalence relation R on X, will divide the set X into an
equivalence classes, and they are called portion of X.

PARTIAL ORDERED RELATION

A relation R on a set X is said to be a partial ordered relation, if R satisfies
reflexive, antisymmetric, and transitive.

Example:

Let p(A) be the power set of a set A.
Define a subset relation (£) on p (4), then € is a partial ordered relation.

Usually we denote the partial ordered relations as ' < ' is said to be partially
ordered set (or) poset, which is denoted by (X, <). We will study more about
posets in the subsequent sections.

1. Closures of a relation

Let R be a relation on the set X.

2. Reflexive closure

We have the relation R is reflexive if and only if the relation.
R = {{x,y) | V x € X} is contained in R.

1.e. Risreflexive & [ C R.

Definition:
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Let R be a relation on X, then the smallest reflexive relation on X, containing R,
1s called reflexive closure of R.

Therefore R, = R U is the reflexive closure of R.

3. Symmetric closure

We have, the relation R is symmetric if {(x,y) € R © {(y,x) ER

i.e.R = {{y,x)|{x,¥) ER}
Definition:

Let R be a relation X, then smallest symmetric relation on X, containing R, is
called the symmetric closure of R.

Therefore R U R is the symmetric of R.

4. Transitive closure

We have, the relation R is transitive, if (x,y) € R and (y,z) € R then
{x,z) €ER.

Definition:

A relation R™ is said to be the transitive closure of the relation R on X if R* is
the s™alest transitive relation on X, containing R,

i.e R¥ is the transitive closure of R, if

I. R ER"
II. RTistransitive on X

III. There is no transitive relation R, on X, such that R € R, € R™

Remarks:

1. The transitive closure of R can be obtained by
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R+=RUR2UR3U...=UR‘
i=1

2. We know that {x,z) € R? if and only if there is an element y such that
(x,y) € Rand (y,z) €ER.

Therefore {a, b) € R™ if and only if we can find a sequence x,,X,,.... X,,_4

in X such that {a, x,),{(x,,%5), ...{x,,_,,b) are all in R.

The sequence a,x4,X,,.... X,,_1, b 1s said to be a chain of length n from a to
b in R. Here x,,x,,....x,,_; are called interval vertices of the chain in R.
Note that the interval vertices need not be distinct.

PROBLEMS
1.If P = {(1,2),(2,4),(3,4)}, Q = {{(1,3),(2,4),{4,2)}

Find G)) PUQ,P N Q,P,P U Q (ii) domains of P, P U Q, P N Q and (iii) ranges
of Q,PUQ,PNQ.

Solution:
PuQ = {(1,2),(1,3),(2,4),(3,4),(4,2)}
PnQ={(24)}

P = {(2,1),(4,2),(4,3)}

PuQ = {(1,3),(24),(4,2),(2,1),(4,3)}
Domain of P = {1,2,3)

Domain of (PUQ)=D(PU Q) = {1,23,4)
Domain of (PN Q)= D(PN Q)= {2}

Range of Q = R(Q) = {2,3,4}
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Range of (PUQ)=R(PUQ) = {234}

Range of (PN Q) =R(P N Q)= {4)

It is clear that

D(P U Q) =D(P) U D(Q) and

R(PNQ) S R(P)NR(Q)

In general D(P) = R(P) and R(P) = D(P).

2.LetX ={1,23,4}and R = {{x,y) | x, ¥ € X and (x — y) is anintegeral
non zeromultiple of 2} S = {{x,¥) | x,y € X and (x — y) is an integeral
non zeromultiple of 3} . Find RUS and RN S ?

Solution:

Given that R = {(1,3),(3,1),(2,4),(4,2)} and

S = {(1,4),{(4,1)JRUS = {(1,3),(1,4),(2,4),(3,1),{4,1),(4,2)}

RNnS=0

Remarks:

D(R) = {1,2,3,4}

R(R) = {1,2,3,4}

D(S) = {14

R(S) ={1.4}

3.LetS = {{x,x?) | x € N} and T = {{x, 2x) | x € N}, where = {0,1,2,....} . Find
the rangeof Sand T, find SUT and SN T ?

Solution:
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S ={{x,x*) | x € N}

= {{0,0),(1,1),(2,4),(3,9),{4,16), .. ... } and

T = {{x,2x) | x € N}

= {{(0,0),(1,2),(2,4),(3,6),(4,8), ... ... }

R(S) = {x* | x € N}

= {0,1,4,9,16,25 ... ... }

R(T) ={2x| x €N}

= {0,2,4,6,8,10,...... }

SUT ={{x,x?) | x € N} U {{x,2x) | x € N}

= {{x,y) | x,y € N, such that y = x* (or)2x}

= {(0,0),(1,1) ,(1,2),(2,4),(3,6),(3,9), ... ... }

SNT ={x,y)|x,y € N,such that y = 2x and y = x*}
MNowy =2xandy=x? = 2x=x*i.e.x=00rx=2
x=0y=0andx=2 =>y=4)

SNT ={{0,0),(2,4)}

4. Given an example which is neither reflexive nor irreflexive?
Solution:

Let X = {1,2,3,4} and

R ={(1,1),(1,2),(2,3),(3,3) ,{(4,1),(4.4)}

Then R is not reflexive, since (2,2) € R, for 2 € X and R is not irreflexive, since
1 €X,and(1,1) €ER.
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5. Test whether the following relations are transitive or not on
X ={123]}

R ={(1,1),(2,2)}

S ={11),(1,2) ,(2,2) ,(2,2),(2,3)}

T ={(1,1),{1,2),(1,3),(2,1) ,(2,2),(2,3)} .

Solution: The relation R and T are transitive.

Since, in R, we have (1,1) € R, then check any other pair starting with {1,z) € R,
then we must have 1R1 A 1Rz = 1Rz i.e., (1,z) € R, but there is no pair staring
with 1. So, pass on to next pair (2,2) then we check any other pair starting with 2,

and so on.

In T, we have (1,1) € T, then there are two pairs {(1,2) and (1,3) must be the
transitive of {(1,1) € T, then we must have (1,2) and (1,3) in T. Then pass to
(1,2) € T the transitive pairs are {(2,1),{(2,2) and (2,3) then we must have the pairs
(1,1),(1,2),(1,3)in T.

Then pass to {1,3) € T, find the transitive pairs of {(1,3) and so on, for all pairs in

T. Hence T is a transitive relation.

The relation S is not transitive, since for (1,2) € S, the transitive pairs are {2,2) and
(2,3) then we must {(1,2) and (1,3) in S but {1,3) &€ S.

6. Let R denotes a relation on the set of pairs of positive N X N integers such that

{(x, )R (u,v) if and only if xv = yu. Show that R is an equivalence relations.

Solution:

Let

P = {{x,y) | x and y are positive integer}
Now R is a relation defined on P as
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(x, )R (u,v) & xv = yu for{x,y),{u,v) €P.
Let {x, y), {(u,v) and {m,n) € P.

I. Risreflexive:
We have
{(x,y)R{x,y) © xy = yx (RHS) is true.

II. R is symmetric:
Let{x,y)R(u,v) © xv =1yu
S yu=xv
SO Uy=vx

< (u, V)R (x,y)

III. R is transitive:
Let {x, y)R {u, v) and {u, v)R (m,n)
< (xv = yu) and (un = vm)
< (xv =yu)and (u = ?)
= w =y
S xn=ym

< (u,v)R (m,n)

Therefore R is reflexive, symmetric , and transitive.
Hence R is an equivalence relation.

7. Let R and S are equivalence relations on X, show that R N S also equivalent?

Whether R U S is also an equivalent relation. If not given an example.
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Solution:
Given let R and S are equivalence relations on X.

Letx,yandz € X.

(i) We have {(x,x) ERand (x,x) €S = (x,x)ERNS, Vx €X.
Therefore R N S is reflexive.

(i)Let{x,y) ERNS=(x,y) ERand{x,y) ES
=(y,x) ERand(y,x) €S
=(y,x)ERNS
Therefore R N S is symmetric.

(i) Let{x,y)ERNSand(y,z) ERNS
= ({(x,y) ER and{x,y) € S) and ({y,z) €E R and(y,z) €S)
= ({x,¥) ER and(y,z) € S)and ({x,y) ER and (y,z) €S5)
=(x,y) € Rand (x,z) € S
=(x,z) ERNS

Therefore R N S is transitive.

Hence R N S is equivalence.

8. Prove that the relation “congruence modulo m” over the set of positive integers
is an equivalence relation?

Show also that if x; = y,and x, = y, then (x; + x;) = (3; +¥,).
Solution:

Let N be the set of all positive integers we have “congruence modulo m” relation
onNas x = y(mod m) & m|x— y,forx,y € N.

Letx,y,z€EN

pg. 20



Numerical methods for bio-informatics

(1) We have
x—x=0=0m
Therefore x = x (mod m) for x € N.
“Congruence modulo m” is reflexive.
(ii)Let
x = y(mod m)
2> mlx—y
= x — y = km, for some integer k € Z
= y — x = (—k)m, for some integer —k € Z
= y = x (mod m)
“congruence modulo m” is symmetric on N.
(iii) Let
x = y(modm) and y = z (mod m)
= x —y =k,m,and y — x = k,m for some integer k,,k, € Z
=2>x—-y)+(y—2) =k, +k,)m
= x — z = (ky + k,)m for some integer k, + k,
= x =z (mod m)

“Congruence modulo m” is transitive on N.
Hence “congruence modulo m” is an equivalence relation.
Let x; = y, (mod m) and x, = y,(mod m).
Thenm| x, —y, andm| x, — y,
i.e, X, —y, =kymandx, —y, = k,m
Now

(X, =)+ (x— ) =km+k,m
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(x, +x,) — Oy +3,) = (ky +k,)m
=m|(x; +x;) = (1 +,)

(x; +x,) = (y; +y,)(mod m)

9. Let

X={123,4} and

R = {(1,2),(2,3),(3,3),(3,4),(4,2)} be a relation defined on A. Find the transitive
closure of R?

Solution:

The matrix of the relation R is given by

01 00
0010
Mg = 0011
U 1i90]
Mp = Mp® Mp
[0 & 0 67 0 0 0
B 001o0f_|0010
- g B 1 11l o &
@ 108)] 0100
[ B 1B
0011
= 0111
& B 1)
and
Mps = Mp® Mg
rTY B 187 0 0 0
B 0011 _|0OO0OT1O0
— 111212l e 1 1
EREE | 0100
fg B 18
B 0110
- 0111
KoY
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Mp: = Mp© Mp

[0 0 1 0]
- 0110
o 01 11
[ 00 1 1]
[0 0 1 1]
B 0011
- 01 11
[0 1 1 1
As |A| =4, we get
Mpy = MV Mp2V Mps V Mpa
[0 1 0 0] 00
B 0010 y 00
0011 0 1
|01 0 0 00
[0 1 1 17
B 0111
- 01 11
[0 1 1 1|

Hence

010
001
001
010

b b i b

—
=
—
p—

= = =
[ T

P b b b

—— 0 D

—_— O

(S S

bt

R* ={(1,2),(1,3),(1,4),(2,2),(2,3),(2,4),(3,2),(3,3),(3,4),(4,2),(4,3),{4,4)}

ASSIGNMENT PROBLEMS

Part -A

1. If R={(1,1),(1,2),(2,1),(3,1),(3,2),(2,2)} and

S =1{(1,2),(2,3),(3,1),(1,3),(3,3)]} be any relations on X = {1,2,3}. Find

RUS,RNS,R,R(R),R(5),D(RUS),R(RNS).

2. Give an example for reflexive, symmetric, transitive and irreflexive

relations.

3. Give an example of a relation which is neither reflexive nor irreflexive.

4. Give an example of a relation which is neither symmetric not

antisymmetric?

5. Find the graph of the relation
R = {(1,2),(1,3),(2,1),(2,2),(3,1),{3,2),(3,3)}
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6. Find the relation matrix of
R ={(1,1),(1,2),(2,1),(2,2),(2,3),3,1),(3,3)}

7. If R={(1,1),(1,2),(2,1),(2,2),(2,3),{3,1),(3,3)} and
= {(1,1),(1,3),(2,1),{2,2),(2,3),(3,2)} . Find RoS,SoR,RoR,S o §,
RoRoSandSoS08?

8. Define equivalence relation and equivalence classes?

9. Define Poset?

10. Define reflexive closure?

11. Define transitive closure of the relation R?

12. Let R = {(1,2),(3,5),(6,1),(6,3),(6,4)} be a relation A = {1,2,3,4,5,6}.
Identify the root of the tree of R.

13. Determine whether the relation R is a partial ordered on the set Z, where Z
1s set of positive integer, and aRb if and only if a=2b.

14. The following relations are on {1,3,5}. Let R be a relation, xRy if and only

if y = x + 2, and let S be a relation, xSy ifand only if x < y.FindR o §
and S o R?
15. True or False: The relation << on Z™ is not a partial order since it is not

reflexive.

Part B

1. Show that the intersection of equivalence relations is an equivalence
relation.
2. Determine whether the relations represented by the following zero-one

matrices are equivalence relations.
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101(:1] {111(1]
0101 b) 1 110
1 010 1 110
(:101‘ [n 0 01‘

. If R and S are symmetric, show that R U S and R U S are symmetric.

. Let L be set of all straight lines in the Euclidean plane and R be the relation

in L defined by xRy < x is perpendicular to y. Is R is Reflexive?

Symmetric? Antisymmetric? Transive?

. Consider the subsets A = {1,7,8}, B = {1,6,9,10} and C = {1,9,10} where

E ={1,23....10}1is an universal set. List the non empty minsets generated

by A,B and C . Do they form a partition on E?

. LetX ={1,23,.....20}and R = {{x, y) |x — y is divisible by 5} be a

relation on X. Show that R is an equivalent relation and find the partition of

X induced by R.

. If R is an equivalence relation on an arbitrary set A. Prove that the set of all

equivalence classes constitute a partition on A.

. Given the relation matrix M, and M. Explain how to find M., M;.zand

MRZ?

. Let A be s set of books. Let R be a relation on A such that {a, b) € R if ¢

book a” with cost more and contains fever pages then ‘ book b’. In general,

1s R reflexive? Symmetric? Antisymmetric? Transitive?

10. Let R be a binary relation on the set of all positive integers such that

R = {{a,b) |a = b*}.Is R reflexive? Symmetric? Antisymmetric?

Transitive? An equivalence relation?

pg. 25





