n-ary Relations and Their
Applications

Rosen 8.2



n-ary relations

We can have relation between more than just 2 sets

A binary relation involves 2 sets and can be described by a set of pairs
A ternary relation involves 3 sets and can be described by a set of triples

An n-ary relation involves n sets and can be described by a set of n-fuples

Relations are used to represent computer databases

Also used to represent constraints!



n-ary relations n-ary Relations

Let 4 4,0 , A, besets
An n—ary relation is a subset of the cartesian product 4, x 4, xl x A,

The sets 4,, A,,l0 , A are the domains of the relation

The degree of the relation is 7




n-ary relations An example n-ary Relations

Let R be the relation on N x N x N consisting of triples
(a,b,c)such thata<b<c

Note: N is the set of natural numbers {0,1,2,3,...}

R=1{(0,1,2),(0,1,3),8 ,(0,2,3),(0,2,4),8 ,(1,2,3),0

(2,4,3) & R The relation has degree 3

The domains of the relation are the set of natural numbers

Note: R could be considered as an extensional representation of the
ternary relation a<b<c, assuming domains are finite and really quite small



n-ary relations

An example

n-ary Relations

Let R be the relation on N x Z x N x Z consisting of 4 - tuples
(a,b,c,d)suchthat(a+b#c+d)A(a+b+c+d=0)

Note: N is the set of natural numbers {0,1,2,3,...}
Z is the set of integers {..,-2,-1,0,12,..}

(0,~1,1,0) e R
(5-1133)e R
(6,6,3,9) ¢ R

The relation has degree 4

Note: R could be considered as an extensional representation of the
ternary relation a<b<c, assuming domains are finite and really quite small




Relational databases

Database is made up of records.
Typical operations on a database are

» find records that satisfy a given criteria

- delete records
- add records
- update records

Some everyday databases
- student records

* health records

* tax information

* telephone directories

* banking records

Databases may be represented
using the relational model




Relational database pedia e pe ppedia 0S0 Brne nlore BEB
ar

File Edit WYiew Favorites Tools Help

Back ~ - ; : ,\ @, Search \,T'I\‘ Favorites , 3' : : ;ﬁ’] - | J e
0| /- W O R = -

@ http:ffen.wikipedia.org/wikifRelational_database V| Go Links >
2 Sign in / create account A

Address

article 1 discussion 7' jV edit this pagei} ;H-hriéiory j

Your confinued donafions keep Wikipedia mnning!

Relational database o

| From Wikipedia, the free encyclopedia
l

WIKIPEDIA

The Free Encyclopedia A relational database is a database that conforms to the relational model. The term refers to the data, and the structure of that data. The
navigation software used to create a relational database is called the Relational Database Management System (RDBMS), but sometimes that
= Main Page software is mistakenly called the relational database.
= Community ?onal The term was originally defined and coined by = F “odd." Codd's definition is now not the only usage of the term, as many modern
= Featured atticles DBEMS manufacturers have adopted a more relaxed usage of the term.
= Current events :
= Recentchanges Contents [hide]
X Ealndom article 1 Definitions
" elp |
| 2 Contents
Contact Wikipedia '
& ; HIRRE 2.1 Relations or Tahles
= Daonations
2.2 Constraints
~search 2.2.1 Data Domain
’ ‘ 2.2.2 Keys
2.2.3 Foreign Keys
P
2.2.4 Transition Constraints
toolbox 2.2.5 Other constraints
= What links here 2.3 Relvars
= Related changes 2.4 Stored Procedures
= Upload file 2.5 Indices
= Special pages | 3 Relational operations
= Printable version | 4 Normalization
3 Eirr?:.nen:rh?k ?5 References
] |
bkl Sl |6 External links
in nthar lannnanac | :
&) ® Internet 2

I—

‘4 Start ce€ 0T < wE %8 naryRelations 7} Algorithmic Fo... Jational da L@ ML 12:27



a5 o 16192 i e e eyl a1 i oot st =5 et i v CEX
File Edit View Favorites Tools Help ;g',l'

@Back v e) L] m Search S \(Favontes €3 L)v :f\; g]] v ‘_'J ﬂ 3
Address I.@ http:/fen.wikipedia.orgfwikifE.F._Codd Vl Go Links >N
2 Sign in / create account ~

article discussion 7 ";erilvi't'ihis page Jlsmiwj e

Your confinued donafions keep Wikipediz munning!

Edgar F. Codd
From Wikipedia, the free encyclopedia

WIKIPED IA (Redirected from EF. Codd)

The Free Encyclopedia
dnstion Edgar Frank "Ted"” Codd (August 23, 1923 — April 18, 2003) was a British computer scientist ’
h?am F;ge who made seminal contributions to the theory of relational databases. While working for IBM, he ‘

created the relational model for database management. He made other valuable contributions to

= Community Portal j . . )
computer science, but the relational model, a very influential general theory of data management,

= Featured atticles

= Current events remains his most memorable achievement. e
= Recentchanges . [edit]

= Random article Blography

s Help -

= Contact Wikipedia Edgar Frank Codd was born at Portland, Dorset, in England. He studied mathematics and

= Donations chemistry at Exeter College, Oxford, before serving as a pilot in the Royal Air Force during the

Second Waorld War. In 19438, he moved to New York to work for IBM as a mathematical
programmetr. In 1953, angered by Senator Joseph McCarthy, Codd moved to Ottawa, Canada. A
{ ‘ decade later he returned to the USA and received his doctorate in computer science from the

University of Michigan in Ann Arbor. Two years later he moved to San Jose, California to work at

IBM's Almaden Research Center.

search

toalbox.

& Whatlivis hare In the 1960s and 1970s he worked out his theories of data arrangement, issuing his paper "A

Edgar 'Ted' Codd &

Relational Model of Data for Large Shared Data Banks" in 1970, after an internal IBM paper one
= Related changes 9 pap
= Upload file year earlier. To his disappointment, IBM proved slow to exploit his suggestions until commercial
= Special pages rivals started implementing them.

= Printahle version
= Permanentlink
= (Cite this aricle

Initially, IBM refused to implement the relational model in order to preserve revenue from IMS/DE. Codd then showed IBM customers the
potential of the implementation of its model, and they in turn pressured IBM. Then IBM included in its Future System project a System R
subproject — but put in charge of it developers who were not thoroughly familiar with Codd's ideas, and isolated the team from Codd. As a

in nthar lanmianac L cm AT AN zmiicand ah 2nm am A im e i LY i o immn N D L B m o e i A . mm mimm zom e o e D A B i Pt mimm s e A R A= LT D e 5 i m A —-

&l ® Internet A -

o€ €7 - wE 8 naryRelations 3 algorithmic Fa... 7} Edgar F. Cod... % mySlides



Relational databases The relational data model

Database made up of records, they are n-tuples, made up of fields

Student record might look as follows

(name metricNo,faculty,gpa) gpa is an attribute

/

(Jones,200401986,Arts,4.9)
(Lee,200408972,Science,3.6)
(Kuhns,200501728 ,Humanities,5.0)
(Moore,200308327,Science,5.b)

relations (in relDB) also called tables



Relational databases The relational data model

Name metricNo | Dept GPA
Ackermann | 231455 | Computer Science | 3.88
Adams 888323 | Physics 3.45
Chou 102147 | Computer Science | 3.49
Goodfriend | 453876 | Mathematics 3.49
Rao 678543 | Mathematics 3.90
Stevens 786576 | Psychology 2.99

Attributes: name, metric No, Dept and GPA

Example from the book



Relational databases The relational data model

Name metricNo | Dept GPA
Ackermann | 231455 | Computer Science | 3.88
Adams 888323 | Physics 3.45
Chou 102147 | Computer Science | 3.49
Goodfriend | 453876 | Mathematics 3.49
Rao 678543 | Mathematics 3.90
Stevens 786576 | Psychology 2.99
primary key:

An attribute/domain/column is a primary key when
the value of this attribute uniquely defines tuples
i.e. no two tuples have the same value for that attribute

Name cannot be a primary key, neither can Dept or GPS
metricNo is a primary key




Relational databases The relational data model

Name metricNo | Dept GPA
Ackermann | 231455 | Computer Science | 3.88
Adams 888323 | Physics 3.45
Chou 102147 | Computer Science | 3.49
Goodfriend | 453876 | Mathematics 3.49
Rao 678543 | Mathematics 3.90
Stevens 786576 | Psychology 2.99

The current collection of n-tuples (records) in the relation (table)
is called the extension of the relation

The permanent aspects of the relation (table) such as the attribute names
is called the intention of the relation




Relational databases The relational data model

Name metricNo | Dept GPA
Ackermann | 231455 | Computer Science | 3.88
Adams 888323 | Physics 3.45
Chou 102147 | Computer Science | 3.49
Goodfriend | 453876 | Mathematics 3.49
Rao 678543 | Mathematics 3.90
Stevens 786576 | Psychology 2.99

A composite key is a combination of attributes
That uniquely define tuples




Relational databases Selection Operations on n-ary relations

Name metricNo | Dept GPA
Ackermann | 231455 | Computer Science | 3.88
Adams 888323 | Physics 3.45
Chou 102147 | Computer Science | 3.49
Goodfriend | 453876 | Mathematics 3.49
Rao 678543 | Mathematics 3.90
Stevens 786576 | Psychology 2.99

Let R be an n—ary relation and C a condition that elements in R must satisfy.
The selection operator S, maps R to the new n — ary relation of all

n—tuples from R that satisfy the condition C



Relational databases Selection Operations on n-ary relations

Name metricNo | Dept GPA
Ackermann | 231455 | Computer Science | 3.88
Let R be an n— ary relation and C a condition that elements in R must satisfy. Adams 888323 Physics 345
The selection operator S, maps R to the new 7 — ary relation of all Chou 102147 | Computer Science | 3.49
71~ tuples from R that satisfy the condition ¢ Goodfriend | 453876 | Mathematics 3.49
Rao 678543 | Mathematics 3.90
/ Stevens 786576 | Psychology 2.99
Apply theselection operator S,
where C 1s the condition GPA > 3.45
Name metricNo | Dept GPA

Ackermann | 231455 | Computer Science | 3.88

Chou 102147 | Computer Science | 3.49
Goodfriend | 453876 Mathematics 3.49
Rao 678543 Mathematics 3.90




Relational databases Projection Operations on n-ary relations

Name metricNo | Dept GPA
Ackermann | 231455 | Computer Science | 3.88
Adams 888323 | Physics 3.45
Chou 102147 | Computer Science | 3.49
Goodfriend | 453876 | Mathematics 3.49
Rao 678543 | Mathematics 3.90
Stevens 786576 | Psychology 2.99

\/

The projection F,, ; , where i <i, <l <i,
maps the n —tuple (a,,a,,l! ,a )tothe m—tuple

\/
(a,,a, .0 ,a, )wherem<n

It strips out specific columns



Relational databases Projection Operations on n-ary relations

Name metricNo | Dept GPA
The projection F, ,, where i <i, <Wl <i, Ackermann | 231455 | Computer Science | 3.88
maps the n—tuple (a,,a,,N ,a,)to the m—tuple | Adams 888323 | Physics 3.45
( a,.a, o, a, ) where m < n Chou 102147 Computer Science | 3.49
Goodfriend | 453876 | Mathematics 3.49
Rao 678543 Mathematic s 3.90
/ Stevens 786576 | Psychology 2.99
Apply the projection £ , pT— T
Ackermann 3.88
Adams 3.45
Chou 3.49
Goodfriend 3.49
Rao 3.90
Stevens 2.99




Relational databases Join Operations on n-ary relations

Lecturer | Dept Course Dept Course | Room | Time

Cruz Zoology 335 Computer Science | 518 N521 | 14.00
Cruz Zoology 412 Mathematic s 575 N502 | 15.00
Faber Psychology 501 Mathematic s 611 N521 | 16.00
Faber Psychology 617 Physics 544 B505 |16.00
Grammer | Physics 544 Psychology 501 A100 |15.00
Grammer | Physics 551 Psychology 617 A110 | 11.00
Rosen Computer Science | 518 Zoology 335 A100 | 09.00
Rosen Mathematics 575 Zoology 412 A100 | 08.00

The join operator J, (R, S) where R and S are m —ary and n —ary relations

respectively and p < m and p < n delivers a new relation of degree m+n—p
such that the first m — p attributes come R and the last » — p attributes come
from S where the overlapping p attributes match (see Rosen p.534 Defn 4)

Joins two tables/relations together, matching up on specific attributes



Relational databases Join Operations on n-ary relations

Lecturer | Dept Course Dept Course | Room | Time

Cruz Zoology 335 Computer Science | 518 N521 | 14.00
Cruz Zoology 412 Mathematics 575 N502 | 15.00
Faber Psychology 501 Mathematics 611 N521 | 16.00
Faber Psychology 617 Physics 544 B505 |16.00
Grammer | Physics 544 Psychology 501 A100 | 15.00
Grammer | Physics 551 Psychology 617 A110 | 11.00
Rosen Computer Science | 518 Zoology 335 A100 | 09.00
Rosen Mathematics 575 Zoology 412 A100 | 08.00

Relation R \ / Relation S

JZ (RaS)
|

Lecturer | Dept Course | Room | Time

Cruz Zoology 335 A100 | 09.00
Cruz Zoology 412 A100 | 08.00
Faber Psychology 501 A100 | 15.00
Faber Psychology 617 A110 | 11.00
Grammer | Physics 544 B505 | 16.00
Rosen Computer Science | 518 N521 | 14.00
Rosen Mathematics 575 N502 | 15.00




Explain the previous slide

Explain how what we do differs from what will
be presented in IM2




