Section 9.2 n-ary relations

Why do we need to study relations?

Relations are used to solve problems involving
communications networks,
project scheduling, and

identifying elements in sets with common properties.




Section 9.2 n-ary relations

The theory of relational databases rest on n-ary relations

[Def] LetA , A, ..., A be sets. An n-ary relation on these

sets IS a subset ofAleZx Lo XA

The sets are called the domains of the relation, and
n is called its degree.
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The theory of relational databases rest on n-ary relations

[Def] LetA , A, ..., A be sets. An n-ary relation on these

sets IS a subset ofAleZx Lo XA

The sets are called the domains of the relation, and
n is called its degree.

Example: Let R be arelation on Z x Z x Z x Z consisting
of 4-tuples that form arithmetic progression (sequence)
Thatis (a,b,c,d) € R if and only if (iff) 3k € Z such that b =
atk, ¢ = at2k, d = 2+3k.

Which of the following tuples belong to the relation R?
(1,0,2,3) (2,1,0,-1) (3,7,9,11) (1,3,9,27)




Section 9.2 n-ary relations

The theory of relational databases rest on n-ary relations

[Def] LetA , A, ..., A be sets. An n-ary relation on these

sets IS a subset ofAleZx Lo XA

The sets are called the domains of the relation, and
n is called its degree.

Example: Let R be arelation on Z x Z x Z x Z consisting
of 4-tuples that form arithmetic progression (sequence)
That is (a,b,c,d) € R if and only if (iff) 3k € Z such that b =
atk, c = a+2k, d = 2+3k.

Which of the following tuples belong to the relation R?
(1,023) (21,0:1) (3}9,/1?) (159,)237)




Section 9.2 n-ary relations
Databases and relations

Time Is money!

The time required to manipulate information in a database
depends on how this information is stored.

The operations of:

- adding/deleting/updating records,

- searching for records,

- combining records from overlapping databases
are performed million of times each day Is a large database.

Various methods for representing databases have been
developed. We will discuss one of them: relational data
model.

5




Section 9.2 n-ary relations

relational Model  Relational data model:

Activity | Activity

5 - all data Is represented
ode Name ]

23 | Patching In terms of tuples,

24| Overlay grouped into relations

25 Crack Sealing Key = 24

Activity

Code Date |Route No.
24 01/12/01(1-95

24 02/08/01 |I-66

Activit : -
S e . - a database organized in terms

01/12/01 24 o oflth_e rellagonalljl model Is a
01/15/01 23 e relational database

02/08/01 24 1-66
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Relation variable

{Ta';'/m""e / \

R

Relational data model:
Attribute (Column) {unordered?}

A

=

record

Heading

/

w\\

Relatlan
{Ta ble)

Tuple (Row) {unordered?}

Database consists of records, which are n-tuples, made
up of fields.
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Relation variable

{Ta';'/e“""""e / \

R

Relational data model:

Attribute (Column) {unordered?}

A

=

record

Relations used to represent databases are also called
tables, because they are often displayed as tables.

Heading

/ ))

N

|
(\ Relation
¢ (Table)

Body Q

Tuple (Row) {unordered?}
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Relation variable

{Ta';'/m""e / \

R

Relational data model:
Attribute (Column) {unordered?}

A

=

record

Heading

/

w\\

Relatlan
{Ta ble)

Tuple (Row) {unordered?}

Each column corresponds to an attribute of the database.
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Section 9.2 n-ary relations
Relational data model:

Levell Level? Level3 Leveld

Region Country |Product [ID

Europe Russia  |Barley 1
Asia India Dry Bean 2
Europe Turkey |Apricot 3
Morthern America |USA Almond 4
Asia IndonesialCinnamon 2
Central america |Mexico |Avacado i]
Asia India Millet 7
Europe Turkey [Fig 3
Asia India Lemaon 9
Morthern America |USA Soybean 10

A domain is a primary key when no two tuples have the same
value from this domain.

Tran=saction Table

D

Price

23

13

34

33

34

43

36

77

o oo |~ | [ [ | [ pa | =

80

10

83
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Relational data model:

Records are often added to or deleted from databases.

A primary key should be chosen that remains one wheneve
the database Is changed.

The current collection of n-tuples in a relation is called the
extension of the relation.

The more permanent part of the database, including the
name and attributes of the database, is called its intension.

When selecting a primary key: choose the one that can ser
as a primary key for all possible extensions of the database.

11




Section 9.2 n-ary relations
Relational data model:

Students

Name Major

Alex Smith CS

Jack Frost ART

Alex Smith MATH

!

ID is a primary key
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n-ary relations

Relational data model:

Students

Name

ID

Major

Course

Alex Smith

19284

CS

CSl 32

Jack Frost

14665

ART

ENG 12

Alex Smith

19284

CS

CSI 35

Alex Smith

19284

CS

CHM 12

John Gold

87543

MATH

MTH 32

John Gold

87543

MATH

CSI 35

T

ID can no longer serve as a primary key
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n-ary relations

Relational data model:

Students

Name

ID

Major

Course

Alex Smith

CS

CSl 32

Jack Frost

ART

ENG 12

Alex Smith

CS

CSI 35

Alex Smith

CS

CHM 12

John Gold

MTH 32

John Gold

CSI 35

Combinations of domains can also uniquely identify n-tuples
In an n-ary relation: composite key
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n-ary relations

Relational data model:

Students

Name

ID

Major

Course

Alex Smith

CS

CSl 32

Jack Frost

ART

ENG 12

Alex Smith

CS

CSI 35

Alex Smith

CS

CHM 12

John Gold

MTH 32

John Gold

CSI 35

\/’

ID x Course make up composite key
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Operations on n-ary relations: =




Section 9.2 n-ary relations
Operations on n-ary relations:

Students
Name ID

_ Alex
selection operator s_, Smith

Let R be a relation of
degree n

where C Is a condition Jack Frost
that elements (tuples) of

R must satisfy, maps the Ale>_<
relation R to the relation | SMIth
of the same degree each Maria
tuples of which satisfy DeSoto
the condition C. Clarissa

Marc




Section 9.2 n-ary relations

Operations on n-ary relations:
Students
Example:

Students is a relation of Name ID  Major
degree 4 Alex CS

e : Smith
Let C, be Major =CS TREe
Then s_,, will produce the

afi Alex
relation S

Maria
DeSoto

Clarissa
Marc




Section 9.2 n-ary relations

Operations on n-ary relations: =~

Students
Example:

Students is a relation of Name ID  Major
degree 4 Alex CS

_ Smith
Let C, be "Major = CS"  ~151issa CS
Then s_,,

will produce the pMarc
relation




Section 9.2 n-ary relations
Operations on n-ary relations: =~

Students
Name ID

i Alex
projection operator P Smith

Let R be a relation of
degree n

produces a new relation

of degree m, m < n by |
deleting the same fields A E)'(h
In every record of the Smit

relation R. Maria
DeSoto

Clarissa
Marc

Jack Frost




Section 9.2 n-ary relations

Operations on n-ary relations:

Students
Example:

Students is a relation of Name ID  Major
degree 4 Alex CS

| Smith
Find P, ,and P, . Jack Frost

Alex
Smith

Maria
DeSoto

Clarissa
Marc
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Operations on n-ary relations: =

Students
Name GPA

Example:
Students 1s a relation of

degree 4 Alex Smith 3.96

P 1,4 Jack Frost 3.99

Alex Smith 3.89

Maria DeSoto 3.99

Clarissa Marc 3.97
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Operations on n-ary relations:
Students
Example:

Students is a relation of Name ID  Major
degree 4 Alex CS

Smith
# 1.2.3 Jack Frost

Alex
Smith

Maria
DeSoto

Clarissa
Marc




Section 9.2 n-ary relations

Operations on n-ary relations: =

Let R be a relation of degree n, let S be a relation of
degree m.

The join operation allows to combine two relations

(tables) into one when these tables share some identical
fields.

J(R,S)
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Operations on n-ary relations: =~

R

Name ID status Major GPA
Alex Smith FR CS 3.96

Jack Frost SO ART 3.99

Alex Smith SO MATH 3.89

Maria FR NUR 3.99
DeSoto

Clarissa SO CS 3.97

FINng Jl. Status, Students
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Operations on n-ary relations:

Status

Students

Name

ID

status

Name

ID

Alex
Smith

FR

Alex
Smith

Jack
Frost

SO

Jack
Frost

Alex
Smith

SO

Alex
Smith

Maria
DeSoto

FR

Maria
DeSoto

Clariss
a Mar

Jl.

SO

Clarissa
Mar

Status, Students
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Operations on n-ary relations:

Status

Students

Name

ID

status

Name

ID

Alex
Smith

FR

Alex
Smith

Jack
Frost

SO

Jack
Frost

Alex
Smith

SO

Alex
Smith

Maria
DeSoto

FR

Maria
DeSoto

Clariss
a Marc

Jl.

SO

Clarissa
Marc

Status, Students




Section 9.3 Representing relations

Matrices SR

[Def] A matrix Is a rectangular array of numbers. A matrix
with m rows and n columns is called m x n matrix.

plural form: matrices

denotaion: A

X N

matrix with m = n is called square matrix

Two matrices are equal is they have the same number of
rows and the same number of columns and the

corresponding entries in every position are equal.
28




Section 9.3 Representing relations
r Matrices

a — element of matrix in row / and column

1St 2nd 3rd 4th
10 1St

7
5 2 2nd
3 11 | 3

A has 3 rows, 4 columns
a,,=5 2" row, 3" column

a,=10 1% row, 4" column




Section 9.3 Representing relations
Matrices

a — element of matrix in row / and column
J

In computer programs matrices can be used to
represent the relations.




Section 9.3 Representing relations

Representing relations using matrices

Zero-one matrices can be used to represent relations.

Assume relation R : A — B, where A={a a,...,a }and

B =1{b, b, ...b} then R can be represented by the
matrix M, = [m, ], where

m, =1 If (ai,bj) e R,
0 if(a,b) ¢ R.




Section 9.3 Representing relations

Representing relations using matrices

Example: Let A={1,2,3,4} and B = {1,2,3}, and let
R={(@b)|aeA beB, and a < b} . Give the matrix
representing relation R.




Section 9.3 Representing relations

Representing relations using matrices

Example: Let A={1,2,3,4} and B = {1,2,3}, and let
R={(@b)|aeA beB, and a < b} . Give the matrix
representing relation R.

Solution: R ={(1,2), (1,3), (2,3)}

R 2. 5




Section 9.3 Representing relations

Representing relations using matrices

Example 2: Let A = {1,2,3} and B = {a,b,c,d,e}. Which
ordered pairs are in the relation R represented by the
matrix?




Section 9.3 Representing relations
Representing relations using matrices

Example 2: Let A = {1,2,3} and B = {a,b,c,d,e}. Which
ordered pairs are in the relation R represented by the
matrix?

Answer: R = {(1,b), (1,c), (1,d), (2,a), (2,d), (3,b), (3,e)}




Section 9.3 Representing relations

Representing relations using matrices

Matrix of a relation on a set is a square matrix.

the relation is reflexive iff its matrix has all 1's on diagonal

Lokl




Section 9.3 Representing relations
Representing relations using matrices

Matrix of a relation on a set is a square matrix.

the relation is symmetric iff its matrix is symmetric.
The matrix is symmetric when it is equal to its transpose.




Section 9.3 Representing relations

Transpose of a matrix Eer

[Def] LetA  =[a |. The transpose of Ais the n xm

matrix obtained by interchanging the rows and the
columns of A.

denotation: At

Example:

Let A =

Find AL,
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Transpose of a matrix Eer

[Def] LetA  =[a |. The transpose of Ais the n xm

matrix obtained by interchanging the rows and the
columns of A.

denotation: At

Example: Solution:

Al =
Let A =

Find AL,
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Transpose of a matrix Eer

[Def] LetA  =[a |. The transpose of Ais the n xm

matrix obtained by interchanging the rows and the
columns of A.

denotation: At

Example: Solution:

Al =
Let A =

Find AL,
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Transpose of a matrix Eer

[Def] LetA  =[a |. The transpose of Ais the n xm

matrix obtained by interchanging the rows and the
columns of A.

denotation: At

Example: Solution:

Al =
Let A =

Find AL,




Section 9.3 Representing relations

Representing relations using matrices

Example: For relations R and S on set A={1,2,3,4} that
are represented by their corresponding matrices. Check
whether the relations are reflexive and/or symmetric.
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Representing relations using matrices

Example: For relations R and S on set A={1,2,3,4} that
are represented by their corresponding matrices. Check
whether the relations are reflexive and/or symmetric.

symmetric reflexive




Section 9.3 Representing relations

Representing relations using matrices
Matrix of a relation on a set is a square matrix.

the relation is symmetric iff its matrix is symmetric.
the relation is antisymmetric if either m;,=0orm =0 for

= .

symmetric antisymmetric e
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Representing relations using matrices

Example: For relations R and S on set A={1,2,3,4} that
are represented by their corresponding matrices. Check
whether the relations are symmetric and/or antisymmetric.




Section 9.3 Representing relations
Representing relations using matrices

Example: For relations R and S on set A={1,2,3,4} that
are represented by their corresponding matrices. Check
whether the relations are symmetric and/or antisymmetric.

symmetric antisymmetric
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Representing relations using matrices

We can also find union v and intersection N of two
relations on the set.

Example: Let R, and R, be two relations on the set A,
and they are represented by the matrices:
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Representing relations using matrices

Example: Let R, and R, be two relations on the set A,
and they are represented by the matrices:

M., = M, =

R1 R2

cCOoOR PP

P RPrROPR
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Representing relations using matrices

Example: Let R, and R, be two relations on the set A,
and they are represented by the matrices:

M., = M, =

R1 R2

cCOoOR PP

P RPrROPR
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Representing relations using matrices

We can find composition R - S of relations on the set as
well.

Example: Let R and S be two relations on the set A, and
they are represented by the matrices:

M =

S

Boolean product of matrices




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.

The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®

column of B, I.e.
C=AB,wthc=ab, +ab,+ab, +..+a,Db

27 137 3j Ik Kj

Example: Multiply matrices

] 1 -1
0 3 2. 3 =
_1 -1_ 2x2
3x2




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.

The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®
column of B, i.e.

C=AB,wthc=ab, +ab,+ab,+..+a.b,
Example: Multiply matrices

i 2 1 ) e ez2
0 3 2 3|=

_1 _1_ 2x2
3x2




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.

The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®
column of B, i.e.

C=AB,wthc=ab, +ab,+ab,+..+a.b,
Example: Multiply matrices

i 2 1 1] [1cn+22 o
0 3 2 3|=

_1 _1_ 2x2
3x2




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.

The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®
column of B, i.e.

C = A-B, with cij:ailb1j + aizsz + aigb3j + ...+ aikbkj
Example: Multiply matrices

1 2 {-1 -1} 1(1)+22 1 (UL
0 3 2 &= O ER) e

_1 _1_ 2%x2 e
3x2




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.

The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®
column of B, i.e.

C = A-B, with cij:ailb1j + aizsz + aigb3j + ...+ aikbkj
Example: Multiply matrices

1 2 {-1 -1} 1(1)+22 1 (UL
0 3 2 3[=10-(-1) +3-2 0-(-1) + 3:3

_1 _1_ 2%x2 e
3x2




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.

The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®
column of B, i.e.

C = A-B, with cij:ailb1j + aizsz + aigb3j + ...+ aikbkj
Example: Multiply matrices

1 2 {-1 -1} 1(1)+22 1 (UL
0 3 2 &= O ER) e 0-(-1) + 3-3

1-1 ox2  [1:(-1) +(-1)-2
3x2




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.
The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®
column of B, i.e.

C=AB,wthc=ab, +ab,+ab, +..+a,Db

27 137 3j Ik Kj

Example: Multiply matrices

1 2 {-1 -1} 1(1)+22 1 (UL
0 3 2 3|=0(1)+32 OLIEEE

e oy 1D+ (1)2 11 EnE
3x2




Section 9.3 Representing relations
product of matrices

[Def] Let A be ml k matrix and B kil n matrix.

The product of A and B, A.-B is the mxn matrix with its
(i,))" element/entry equal to the sum of the products of the
corresponding elements from the /™ row of A by the j®
column of B, i.e.

C=AB,wthc=ab, +ab,+ab,+..+a.b,
Example: Multiply matrices

i o {-1 -1} e ish
0 3 2=
2x2

1 -1
e




Section 9.3 Representing relations

Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

:
ol @
1_

1
0
il
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Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

_(1/\1 v OAl v 1AD)

O,
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Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

41 (1Al v OAO vIAL)

O,
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Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

1 1 (IA1vOAOvVv1AL)

O,
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Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

1 1 1

:
ol @
1_

1
0
il
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Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

1 1 1 1
o| @ 0
1—

1
0
il
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Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

1 1 1 1
o| @ 000
1—

1
0
il
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Boolean product of matrices Eii

Similar to the product of matrices, but all operations are
modulo 2

Example: Find Boolean product:

:
ol @
1_

1
0
il
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