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Matrices

Definition
A matrix is a rectangular array of numbers. A matrix with m rows and n
columns is called an m x n matrix.

ail a2 - Ay

a1 az - a2,
A= [ai]’] =

aml Am2 - amp
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Matrices

Definition

Let A, «r and By, be two matrices.

defined by

ai1
a21

where
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Cij = @ilblj + aigbgj +---+ aikbkj.

b11
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br1
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The product AB is the matrix mxn
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Matrices

Definition
Let A = [a;;] be a m X n matrix. The transpose of A, denoted by A, is
the n x m matrix obtained by interchanging the rows and columns of A.
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Matrices

Boolean operations

1
b1 A by =
e

1
b1V by =
1 2{0
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ifblzbgzl;

otherwise,

ifblzlorb2:1;

otherwise.
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Matrices

Definition

Let A and B be m x n Booleans matrices. The join (unién)/meet (inter-
seccion) of A and B, denoted AV B/A A B, is the Boolean matrix with
(i,j)—th entry a;; V bij/aij A bij.
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Matrices

Definition

Let A and B be m x n Booleans matrices. The join (unién)/meet (inter-
seccion) of A and B, denoted AV B/A A B, is the Boolean matrix with
(i,j)—th entry a;; V bij/aij A bij.

Example

1v0o Ov1l 1vO0

AVEB = lovl 1v1l 0VO

11
“ 111 o
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Matrices

Definition

Let A and B be m x n Booleans matrices. The join (unién)/meet (inter-
seccion) of A and B, denoted AV B/A A B, is the Boolean matrix with

(i,j)—th entry a;; V bij/aij A bij.

Example
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A=y
1vO0
AVB_[O\/l
1IN0
AAB_[OAl
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Matrices

Definition
Let A,,xx and By, be two Boolean matrices. The Boolean product
of A and B, denoted A ® B, is the Boolean matrix m x n with (i, j)-th

entry
cij = (apn Abij) V (a2 Abaj) V-V (ai A bgj).
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Matrices

Example (product of Boolean matrices)

10
a=lo 1), B:[“O],
10
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Matrices

Example (product of Boolean matrices)

A=

— O
—= O
Il

L—|
[—
[a—
o

—_

(IAD)V(OAD) (IAL)V(OAL) (1A0)V(0ATL)
AOGB=[(0A1)V(1IA0) (OAL)V(IAL) (OAO)V (LA
(IAD)V(OAD) (IAL)V(OAL) (1A0)V(0ATL)
[1v0 1v0 0VoO
=|0ov0o OVl 0V1
1V0 1Vv0 0VO

1 1 0
=10
1

11
10
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Representing Relations Using Boolean Matrices

Representing of relations using Boolean matrices
Let R be a relation from a A to B. The relation R can be represented by
the Boolean matrix Mp = [m;;], where

1, if (ai,bj) € R;
’I’)’Lij = .
0, otherwise.
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Representing Relations Using Boolean Matrices

Representing of relations using Boolean matrices
Let R be a relation from a A to B. The relation R can be represented by
the Boolean matrix Mp = [m;;], where

1, if (ai,bj) € R;

’I’)’Lij = .
0, otherwise.

Example
Whiteboard.
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Representing Relations Using Boolean Matrices

Properties of relations from their Boolean matrix representation
See slides § 8.3 for the 6th ed. of Rosen's textbook.
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Representing Relations Using Boolean Matrices

Boolean matrix representing of the combination of relations
MR1UR2 = ]\4}31 Vv MR2,

MR1ﬂR2 = MR1 A MR27
MSoR = MR ® Ms.
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Representing Relations Using Boolean Matrices

Example

1 2 3 4 0 12
SRR
Mp = 0 01 0f, Msg= ,
100 1 310 1 1
4\0 1 0

0o 1 2

1 (1 1 0

Mgop=MprpoOMg=2 |0 1 1

3\1 1 0
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Representing Relations Using Digraphs

Definition
A digraph (or directed graph) consists of a set V' of vertices together with
a set E of ordered pairs of elements of V' called edges.
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Representing Relations Using Digraphs

Definition
A digraph (or directed graph) consists of a set V' of vertices together with
a set E of ordered pairs of elements of V' called edges.

Representing relations using digraphs
The relation R on a set A is represented by a digraph where V = A and
(a,b) is an edge if (a,b) € R.

19/22
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Representing Relations Using Digraphs!

Example

TFigure source: (Rosen 2012, § 9.3, Figs. 4 and 5).
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Representing Relations Using Digraphs!

Properties of relations

TFigure source: (Rosen 2012, § 9.3, Fig. 6).
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