Relational Algebra

Relational Terminologies

tuple

=   row

attribute

=   column

cardinality
=   number of rows in relation

degree

=   number of columns in relation

relation

=   table

domain

=   set of valid values for an attribute

PARTS  -  Example of Relation
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Basic Characteristics of Relational Model

· Data is viewed as a collection of 2-dimensional tables

· These tables can be manipulated by mathematical (logical) operations e.g., Relational Algebra

· It is not a logical model independent of physical considerations (no physical pointers)

Limitations of Pointer-based Systems

· Less physical data independence

· More difficult to restructure

· Association are predefined so ad-hoc query is difficult

The Relational Model

· Based on set theory

Definition of a Relation

Given a collection of sets D1, D2, D3, …….., Dn
(not necessarily distinct), R is a relation on those n sets if it is set of ordered n-tuples 

< t1, t2, t3, …….., tn > such that 

t1 belongs to D1,

t2 belongs to D2,

…….

tn belongs to Dn  and so on.

Sets D1, D2, D3, …….., Dn are the domains of R. The value n is the degree of R.

Note: 
A tuple can be considered as a set of (<attributes, <values>). 

A relation is defined as a set of tuples. 

Order of tuples is not important, however tuples can be duplicates in a relation.

Normalization

All relations in a relational database are required to be normalized (i.e., required to satisfy the following condition).

Every attribute value in each tuple must be atomic (i.e., a single non-decomposed value) N.B. in the following example elements of Tel-nos. are relations defined on Domain STD-code and Tel-no.


Table1





Table2
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Number | Desc | Price |
| T Nut $30.00
| 2 Bat $50.00
| 3 Screw 10.00

4 Hammer $35.00
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(An example of normalization)

Database Schema

· Database schema: a logical design of the database

· Database instance: snapshot of the data in the database at a given instant in time.

· Relation Schema: corresponds to the programming language notion of the type definition.

(Giving name to a relation schema is same as giving name to type definition in programming languages)

Relation schema can be written as 

R = {A1, A2, A3, ……., An}


Where A1, A2, A3, ……., An are known as an attributes of relation R.


Relation r(R) is a finite set of mappings r = {t1, t2, ….., tm}, each ti is called tuple.


Where each tuple ti is a mapping from R to D. Also, D is defined as



D = dom(A1) U dom(A2) U……U dom(An)

Following this notation, we use Account-schema to denote the relation schema for relation account. Thus,


Account-schema = (account-number, branch-number, balance)

We denote the fact that account is a relation on Account-schema by


Account(Account-schema) or


Account(account-number, branch-number, balance)

Similarly,


Branch(branch-name, branch-city, assets)


Customer(customer-name, customer-street, customer-city)

Fig. 
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Attributes


The attributes of an entity set are the defining properties or qualities of the entity type. For the Student entity type, the definition properties might be Student ID, Student Name, Male or Female, Major, and number of credits accumulated.

Selected Attributes will be:

Stu_id

First_name

Last_name

Sex

Major

No_of_credits

NOTE: Naming conventions are important: readable, understandable, not too lengthy, not too short

Each attribute is represented in the E-R diagram by an ellipse with name of attribute inside.

Domains


The set of values permitted for each attribute is called the domain of that attribute.

For example, all possible values or data lies in an attribute like First_name or Stu_id. 

Similarly, attribute Sex can accept only two possible values like Male or Female.

In the following fig. 1, Report_to is an attribute that permits only the names mentioned in the LIST ITEM.
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Fig. 1

Similarly, Number of characters or width and data types (no special characters) are normally defined for an attribute FIRST_NAME and STU_ID can be considered as an alphanumeric.

For instance, data is stored in a certain table (or file) may looks like in Fig. 2:
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Title

1 Davalio  Nancy
2 Fuller Andrew
3 Leverling  Janet

4 Peacock  Margaret
5 Buchanan _ Steven
6 Suyama  Michael
7 King Robert
6 Callahan  Laura

9 Dodsworth | Anne

| Title Of Courtesy |
Sales Representative -
Vice President, Sales
Sales Representative
Sales Representative
Sales Manager

Sales Representative
Sales Representative

M.
Inside Sales Coordinator Ms,

Sales Representative | Ms.




It is possible for several attributes to have same domain. For example, the attribute CUST_NAME, EMP_NAME might have same domain, the set of all person names. The domain of BALANCE and BRANCH_NAME certainly ought to be distinct.

Domain Types is SQL

· Fixed length character string

· Fixed point number

· Integer Type

· Small Integer

· Data Type

For example, if x and y are of type DATE, then x – y is the number of days from date x and date y.

NULL Value


Represents a value for an attribute that is currently unknown or is not applicable for this table. No arithmetic computation can be performed with NULL values. NULL is not same as SPACE, ZERO, or BLANK values.

Programmatically, specific data value or an instance can be placed during execution. For instance, in an Oracle NVL function can be used.

We can use it in ORDER BY clause of SQL query.

	IF A IS
	Condition
	Evaluates to (T/F)

	25
	A IS NULL
	?

	25
	A IS NOT NULL
	?

	NULL
	A IS NULL
	?

	NULL
	A IS NOT NULL
	?

	25
	A = NULL
	?

	25
	A <> NULL
	?

	NULL
	A = NULL
	?

	NULL
	A <> NULL
	?


Entity Integrity


In a base relation (or a table), no attribute of a primary key can be null. CUST_ID is a primary key attribute, no record can be created with CUST_ID as a NULL valued.

Why does rule apply only to primary keys and not other keys?

Why is the rule restricted to base relation (or table)?

Referential Integrity


If a foreign key exists in a relation, either the foreign key value must match a candidate key value of some tuple in its home relation or the foreign key must be wholly null.

Example: An employee is employed in an organization but not yet assigned department number.

Enterprise Constraints


Additional rules specified by the user or database administrator of the database.

Examples: Well-defined data value required for a certain field. Item Case Restriction like UPPER, LOWER or MIXED can be defined at Database Software Application level. Defining Relations at Form level instead of Database Level etc.

Exercise:

There are three different types of Cascading.
PRIMARY KEY
A primary key is a minimal identifier that is used to identify tuples uniquely. This means that no subset of the primary key is sufficient to provide unique identification of tuples. NULL value is not allowed in primary key attribute.
Employee ID is a primary key as shown in above Fig. 2.

CUST_ID, NTN, STU_ID are commonly known as primary keys.

NOTE: Primary key can be a candidate key, but converse may not be true. BOOK_ID is a primary key and candidate key, but BOOK_ID, BOOK_NAME and AUTH_NAME are candidate keys.

FOREIGN KEY

An attribute within one relation that matches the key (Primary/same) in other/ same relation, is called Foreign key.

[image: image5.png]=2 Relationships

D:I =
Loc





Deptno is a PK in DEPT table

Empno is a PK in EMP table

Deptno is a FK in EMP table (it references to an attribute Deptno of DEPT table)

NOTE: Can FK contains NULL values?

Implementation:

WHERE EMP.DEPTNO=DEPT.DEPTNO

Or

WHERE DEPTNO=DNO

RECURSIVE RELATION

An attribute within one relation that matches the key (Primary/same) in the same relation, is called recursive relation.

Exercise: Example required

COMPOSITE KEY

A composite key consists of multiple columns that identify unique tuples in a relation. Alternatively, collection of primary keys is called composite key.
For example,

A tax payer with primary key NTN pays tax every year and tax is assessed in next or later year called ASSTT_YEAR. An assessment or taxpayer status is identified every time with NTN and ASSTT_YEAR.



NTN and ASSTT_YEAR are both primary keys in DETAIL_TAX table, know as composite key of this table. NTN of DETAIL_TAX table is a FK references to NTN of TAXPAYER table.

Exercise: What is different between PK and unique key?
Exercise: How to avoid that a record can be duplicated with all attributes other than PK attribute?

Exercise: Give three more examples from real life where composite keys can be applied

S#	Tel-nos


	STD-Code	Tel-no


---  --------  --------


S1	05		6319


	07		5472


	09		4443


--------------------


--------------------


S2	05		3392


	02		4111


	04		3572


	06		9934








S#	Tel-nos


	STD-Code	Tel-no


---  --------  --------
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S2	05		3392


S2	02		4111


S2	04		3572


S2	06		9934








TAXPAYER


NTN


FNAME


MNAME


LNAME


ADDRESS


CITY


TELNO


……








DETAIL_TAX


NTN       


ASSTT_YEAR


FILING_DATE


AGG_AMOUNT


PNY_AMOUNT


……
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