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Relational Algebra

+ Relational algebra is the basic set of
operations for the relational model

* These operations enable a user to
specify basic retrieval requests (or
queries)

Relational Algebra Overview

+ Relational Algebra consists of several
groups of operations

- Unary Relational Operations
+ SELECT (symbol: o (sigma))
*PROJECT (symbol: 7 (pi))
* RENAME (symbol: p (rho))
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Relational Algebra Overvie

- Binary Relational Operations

- JOIN (several variations of
JOIN exist)

- DIVISION

- Additional Relational Operations
* OUTER JOINS, OUTER UNION
* AGGREGATE FUNCTIONS
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Relational Algebra Overview

- Relational Algebra Operations
From Set Theory

+UNION (u),

- INTERSECTION (),

- DIFFERENCE (or MINUS, -)
- CARTESIAN PRODUCT ( x )
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Unary Relational Operatio

+ SELECT (symbol: o (sigma))

- PROJECT (symbol: = (pi))
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- RENAME (symbol: p (rho))




Database State for COMPA

+ All examples discussed below refer
to the COMPANY database shown
here.

<L
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FIgure 5.7

Referential integrity constraints displayed on the COMPANY relational database schema.
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SELECT

* The SELECT operation (denoted by ¢
(sigma)) is used to select a subset of th
tuples from a relation based on a
selection condition
- The selection condition acts as a filter
- Keeps only those tuples that satisfy

the qualifying condition

- Tuples satisfying the condition are

selected whereas the other tuples are
discarded (fi/tered ouf)

SELECT

-In general, the select operation is denot

by o <selection condiTion>(R) wher'e
* the symbol o (sigma) is used to denote the se/ect,
operator

* the selection condition is a Boolean (conditional)
expression specified on the attributes of relatio

* tuples that make the condition true are select
+ tuples that make the condition false are filtere

<

SELECT

+ Examples:

- Select the EMPLOYEE tuples whose
department number is 4:

G oo - 4 (EMPLOYEE)

- Select the employee tuples whose salary
is greater than K30,000:

G saLary > 30,000 (EMPLOYEE)

SELECT

* The Boolean expression specified in
<selection condition> is made up of a hum
of clauses of the form:

<attribute hame> <comparison op> <constant value>
or

<attribute name> <comparison op> <attribute
name>

Where <attribute name> is the name of an attribute
of R, <comparison op> is normally one of the
operations {= = <<= =}

Clauses can be arbitrarily connected by the Boolean
operators and, or and not
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SELECT

+ For example, to select the tuples for
all employees who either work in
department 4 and make over K25,000
per year, or work in department 5
and make over K30,000, the select
operation should be:

O (DNO=4 AND Salary>25000 ) OR (DNO=5 AND

salary>30000) (EMPLOYEE)

PROJECT

* PROJECT Operation is denoted by =
(p)

- If we are interested in only certain
attributes of relation, we use
PROJECT

* This operation keeps certain columns
(attributes) from a relation and
discards the other columns.
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PROJECT

+ Example: To list each employee’s
first and last name and salary, the
following is used:

T NAME, FNAME sALARY(EMPLOYEE)

<L
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SELECT
+ SELECT Operation Properties

- SELECT o is commutative:
6<(condi'rion1>(6 < tﬁ\%‘rionb (R)) = O <condition2>

< conditionl>

- A cascade of SELECT operations ma
be replaced by a single selection wit
a conjunction of all the conditions:

G<cond1>(c< cond2> (czissndb(R)) = O <cond1> AND <

@b AND < cond3>

PROJECT

= PROJECT creates a vertical
partitioning

*» The list of specified columns
(attributes) is kept in each tuple

* The other attributes in each tuple are

discarded

Duplicate elimination

= If the attribute list includes only
non-key attributes, duplicate tuples
are likely to occur

= The PROJECT operation removes any
duplicate tuples
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5ingle expression versus
sequence of relational
operations

+ We may want to apply several
relational algebra operations one
after the ofher

- Either we can write the operations
as a single relational algebra
expression by nesting the
operations, or
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Single expression versus
sequence of relational
operations
* To retfrieve the first name, last name,

and salary of all employees who work in
department number 5.

+ We can write a single relational algebra
expression as follows:

TEENAME, LNAME, saLary(C
ono-5(EMPLOYEE))

Relational Algebra Operatio
from Set Theory

« Union
+ Intersection
+ Minus

+ Cartesian Product

<L
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Single expression versus
sequence of relational

operations

- We can apply one operation at a
time and create intermediate
result relations.

In the latter case, we must give
names to the relations that hold
the intermediate results.
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Single expression versus
sequence of relational
operations

+ OR We can explicitly show the
sequence of operations, giving a name
to each intermediate relation:

= DEP5_EMPS <— O DNO:5(EMPLOYEE)

- RESULT <« & pname, LNAME, sALARY
(DEP5_EMPS)

<L

UNION

+ It is a Binary operation, denoted by U

- The result of R U S, is a relation
that includes all tuples that are
either inRor in Sor inbothR and S

- Duplicate tuples are eliminated

<L
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UNION UNION
- The two operand relations R and S + Example:
must be “type compatible” (or - To retrieve the social security
UNION compatible) numbers of all employees who
*R and S must have same number either work in department 5
of attributes (RESULT! below) or directly
- Each pair of corresponding supervise an employee who works in
attributes must be type department 5 (RESULT2 below)
compatible (have same or
compatible domains)

The Tollowing query results
refer to this database

UNION

DEP5_EMPS < Gupo.5 (EMPLOYEE)

RESULTI < 1t 5o (DEP5_EMPS)

RESULT2 « mtg perssn(DEP5_EMPS)

RESULT « RESULT!1 U RESULT2

* The union operation produces the tuples
that are in either RESULTI or RESULT2
or both
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Example of the result of a INTERSECTION
UNION operation . INTERSECTION is denoted by n
.- UNION Example * The result of the operationR N S, isa
. mp relation that includes all tuples that
powees RESULT1 RESULT2 RESULT are in both R and S
UNION operetion il il il - The attribute names in the result will
RESULT « RESULT" 123456789 833445555 12345678 be the same as the attribute names
v RESULT2 333448655 888665555 333445555 inR
ses8ba4dd ktanna: + The two operand relations R and S
495455458 222222‘:;3 must be "fype compatible”




SET DIFFERENCE

- SET DIFFERENCE (also called MINUS or
EXCEPT) is denoted by -

* The result of R - S, is a relation that
includes all tuples that are in R but
not in S
- The attribute names in the result

will be the same as the attribute
names in R

* The two operand relations R and S

must be “type compatible”
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Some properties of
UNION, INTERSECT, and
DIFFERENCE

* Notice that both union and

intersection are commutative
operations; that is

-RuS=SuUR,andR"nS=5nR
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CARTESIAN PRODUCT
- CARTESIAN PRODUCT Operation
- This operation is used to combine
tuples from two relations in a
combinatorial fashion.
- Denoted by R(Al, A2, .. ., An) x
S(B1,B2,..., Bm)
- Result is a relation Q with degree n
+ m attributes:
*Q(Al1,A2,... An,B1,B2,.. .,
Bm), in that order.
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Example to illustrate the result of
UNION, INTERSECT, and
DIFFERENCE

(@) STUDENT INSTRUCTOR
Fn Ln Fname Lname () Fn Ln

Susan Yao John Smith Susan Yao
Ramesh | Shah Ricardo | Browne Ramesh | Shah
Johnny | Kohler Susan Yao Johnny | Kohler
Barbara | Jones Francis Johnson Barbara | Jones
Amy Ford Ramesi h | Shah Amy Ford
Jimmy Wang Jimmy Wang
Ernest Gilbert Ernest Gilbert

© Fn

Susan

Ln
Yao
Shah

@ Fn Ln © [ Fname Lname
Johnny Kohler John Smith
Barbara | Jones Ricardo | Browne

Ramesh

Amy Ford Francis | Johnson
Jimmy Wang
Ernest Gilbert

Figure 6.4

\The set operations UNION, INTERSECTION, and MINUS. (a) Two union-compatible relations.

(b) STUDENT W INSTRUCTOR. (c) STUDENT M INSTRUCTOR. (d) STUDENT — INSTRUCTOR.
() INSTRUCTOR — STUDENT.

Some properties of
UNION, INTERSECT, and
DIFFERENCE

* Both union and intersection are
associative operations; that is

~-RuU(BUT=RuUS)UT
-RNS)NT=RN(SNT)

* The minus operation is not
commutative; that is, in general
-R-S5#S-R
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CARTESIAN PRODUCT

- The resulting relation state has
one tuple for each combination of
tuples—one from R and one from S.

- Hence, if R has n, tuples (denoted
as [R| = ny ), and S has ng tuples,
then R x S will have ny * ng tuples.

- The two operands do NOT have to
be "type compatible”

<L




CARTESIAN PRODUCT
* Generally, CROSS PRODUCT is not a
meaningful operation
- Can become meaningful when followed by
other operations
* Example (not meaningful):
- FEMALE_EMPS < 6 ey (EMPLOYEE)
- EMPNAMES < T rname, LNAME, sSN
(FEMALE_EMPS)
- EMP_DEPENDENTS « EMPNAMES x
DEPENDENT

g
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One possible database state for the COMPANY relational database schemal
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Example of applying
CARTESIAN PRODUCT

* To keep only combinations where the
DEPENDENT is related to the
EMPLOYEE, we add a SELECT
operation as follows

- Add:

ACTUAL_DEPS « 6
ssn-essn(EMP_DEPENDENTS)

ULT ¢ T ENaME, LNAME, DEPENDENT_NAME
ACTUAL_DEPS)

Binary Relational
Operations
- Join

+ Division

JOIN
+ JOIN Operation (denoted by )

- The sequence of CARTESIAN
PRODECT followed by SELECT is
used quite commonly to identify
and select related tuples from two
relations

- This operation is very important
for any relational database with
more than a single relation,
because it allows us combine
reflated tuples from various

lations
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JOIN

- The general form of a join
operation on two relations R(Al,
A2,... An)and S(B1, B2, ..., Bm)

is:
S

R <join condition>

- where R and S can be any relations
that result from general relational
algebra expressions.

JOIN

- Example: Suppose that we want to
retrieve the name of the manager of
each department.

* To get the manager's name, we need to
combine each DEPARTMENT tuple with
the EMPLOYEE tuple whose SSN value
matches the MGRSSN value in the
department tuple.

- DEPT_MGR <« DEPARTMENT
merssn-ssn EMPLOYEE

One possible database state for the COMPANY relational database schema.
EmPLOYEE

3
3

x [Salary | Super_ssn | D:
30000 |333445555
40000 |e88665555
25000 |987654321
43000 |ee8665555
38000 333445555
25000 333445555

25000 987654321
55000 |NULL '

g

mi</>|x|0|- 4|05

Ssn Bdate
123456789 | 1965-01-09

333445555 | 1955-12-08 | 63
900887777 | 1968-01-19
987654321 | 1941-06-20
666864444 | 1962.09-15
453453453 | 1972-07-31

slalafs|s|ala

T ]
s 1086-05.22

1005-01-01

10810610

987654321
888665555

PROJECT

DEPENDENT

Bdato
1986-04
198310
1958-05-03
1942-02-28
1988-01-04
1988-12.3
1967-05-05

990887777 30 30.0
990887777 o 10.0
ve7087087 0 ss.0

987987087 30 5.0
987654321 30 200
o 20 150
B 20 NULL

Example of applying the
JOIN operation

DEPT_MGR
Dname Dnumber | Mgrssn | - | Fname | Minit | Lname Ssn
Research 5 333445565 | - | Frankin | T | Wong | 333445555
Administration 4 987654321 | | Jennfler | S | Wallace | 987654321
Headaquarters 1 888665565 | | James | E | Borg | 888665555

Figure 6.6
Result of the JOIN operaion

DEPT_MGR « DEPARTMENT worssnssy EMPLOYEE

JOIN

* The general case of JOIN operation
is called a Theta-join: R theta S

* The join condition is called theta

* Theta can be any general boolean
expression on the attributes of R and
S: for example:
- R.AiS.Bj AND (R.Ak=S.BI OR

R.Ap<S.Bq)

EQUIJOIN

* The most common use of join involves
join conditions with eguality
comparisons only

* Such a join, where the only
comparison operator used is =, is
called an EQUIJOIN

* The JOIN seen in the previous
example was an EQUIJOIN




NATURAL JOIN
* Another variation of JOIN called
NATURAL JOIN — denoted by *
- It was created to get rid of the

second (superfluous) attribute in
an EQUIJOIN condition.

NATURAL JOIN

. Exam’b)\le: To apply a natural join on the
DNUMBER attfributes of DEPARTMENT
$nd DEPT_LOCATIONS, it is sufficient

o write:

- DEPT_LOCS « DEPARTMENT *
DEPT_LOCATIONS
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NATURAL JOIN
* Another example: Q < R(A,B,C,D) *

S(CDE)

- The implicit join condition includes
each pair of attributes with the
same name, "AND"ed together:

*R.C=S.C ANDR.D=5.D

- Result keeps only one attribute of

each such pair:
‘Q(AB.CDE)

NATURAL JOIN

. Onlb attribute with the same name is
DNUMBER

* An implicit join condition is created
based on this attribute:

DEPARTMENT.DNUMBER=DEPT_LO
CATIONS.DNUMBER

EmPLOYEE

z

m<|>|x /0| |+|o|3

1969-03-20 | 980 D: x 25000 |087654321
1937-11-10 | a6 . TX 55000 |NULL

DEPT_LOCATIONS
Brumber G

333445566
339445555 a
333445555 1o
339445555 20

B
H
g

o

LHERIHR

NATURAL JOIN example G\

@)
PROJ_DEPT
Pname Pnumber Plocation Dnum Dname Mgr_ssn Mgr_start_date
ProductX 1 Bellaire 5 Research 333445555 1988-05-22
ProductY 2 Sugarland 5 Research 333445555 1988-05-22
ProductZ 3 Houston 5 Research 333445555 1988-05-22
Computerization 10 Stafford 4 Administration | 987654321 1995-01-01
Reorganization 20 Houston 1 Headquarters | 888665555 1981-06-19
enefits 30 Stafford 4 54321 1995-01-01
b)
[DEPT_LOCS
Dname. Dnumber Mgr_ssn Mgr_start_date | Location
Headquarters 1 1981-06-19 Houston
Administration 4 987654321 1995-01-01 Stafford
Research 5 333445555 1988-05-22 Bellaire
Research 5 333445555 1988-05-22 Sugarland
Research 5 333445555 1988-05-22 Houston
Figure 6.7'

Results of two NATURAL JOIN operations.
(2) PROJ_DEPT « PROJECT # DEPT.
(b) DEPT_LOCS <~ DEPARTMENT * DEPT_LOCATIONS!

~




Complete Set of Relational

Operations

+ The set of operations including SELECT o,
PROJECT n , UNION U, DIFFERENCE —,
RENAME p, and CARTESIAN PRODUCT X
is called a complete set because any other
relational algebra expression can be
expressed by a combination of these five
operations.

+ For example:
-RNS=(RUS)-((R-5)uU(S-R))

\51 - :R <join conditiosS = O <join condition> (RXS)

Aggregate Functions and
Grouping

+ Use of the Aggregate Functional operation 3

~ 3 max salary (EMPLOYEE) retrieves the maximum salary
value from the EMPLOYEE relation

— 3 mn salary (EMPLOYEE) retrieves the minimum Salary
value from the EMPLOYEE relation

<L

Aggregate Functions and
Grouping
* Grouping can be combined with
Aggregate Functions

+ Example: For each department,
retrieve the DNO, COUNT SSN, and
AVERAGE SALARY

<L
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Aggregate Functions and
Grouping

+ Common functions applied to
collections of numeric values include

- SUM, AVERAGE, MAXIMUM, and
MINIMUM.

* The COUNT function is used for
counting fuples or values.

<L

Aggregate Functions and
Grouping

—3 sum salary (EMPLOYEE) retrieves
the sum of the Salary from the
EMPLOYEE relation

= 3 COUNT SSN. AVERAGE Salary
(EMPLOYEE) computes the count
(number) of employees and their
average salary

<L

Aggregate Functions and
Grouping
* A variation of aggregate operation 3
allows this:
- Grouping attribute placed to left
of symbol

- Aggregate functions to right of
symbol

~ DNO 9 COUNT. SSN, AVERAGE Salary

EMPLOYEE)

10
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Tllustrating aggregate
functions and grouping

Resu'ts of GROUP BY and HAVING. (&) 024. (b) 26.

Figure 8.6

(a) [Fname [Minit |Lname | Ssn +| Salary | Super_ssn | Dno Dno | Count () | Avg (Selry)
John B | Smih | 123435789 30000 | 333445565 | § 5 4 33250
Frankin | T | Wong | 333445555 40000 | 888665555 | § J—. 4 3 31000
Ramesh| K | Narayan | 666884444 38000 | 333445665 | § 1 1 55000
Joyce A | English | 453433453 |--+| 25000 | 333445555 | § Result of Q24
ANicia )| Zelaya | 999887777 25000 | 987654321 | 4
Jennffer | S | Wallace | 987654321 43000 | 888665555 | 4
Ahmac | V| Jabbar | 987987987 25000 | 987654321 | 4
James | E | Bong | 888665555 | | 55000 | NULL 1]

Grouping EMPLOYEE tuples by the value of Dno

~

Questions
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