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Review-Informal Definitions

O Informally, a relation looks like a table of values.
O A relation typically contains a set of rows.

O The data elements in each row represent certain facts that
correspond to a real-world entity or relationship
> In the formal model, rows are called tuples

O Each column has a column header that gives an indication of
the meaning of the data items in that column

o In the formal model, the column header is called an attribute
name (or just attribute)




Review-Formal Definitions

O Key of a Relation:
- Each row has a value of a data item (or set of items)

that uniquely identifies that row in the table
Called the key

- Sometimes row—ids or sequential numbers are assigned

as keys to identify the rows in a table
Called artificial key or surrogate key



Review-Formal Definitions

O A tuple is an ordered set of values (enclosed in angled brackets
‘< >’)
1 Each value is derived from an appropriate domain.
O A row in the CUSTOMER relation is a 4—tuple and would consist of four

values, for example:
CUSTOMER (Cust—id, Cust—name, Address, Phone#)

o

o

CUSTOMER is the relation name
Defined over the four attributes from domains: Cust—id: customer id values,
Cust—name: customer name values, Address: address values, Phone#:

phone values
<632895, “John Smith”, “101 Main St. Atlanta, GA 30332", “(404) 894-

2000”>
This is called a 4—tuple as it has 4 values
A tuple (row) in the CUSTOMER relation.



Review-Formal Definitions

O A relation R is a set of such tuples (rows) having:
o Heading: Hg or R(H) e.g: For R(A,,--- A ) R(H)={A,,---,A_}
R(H) is constant over time.
Change in R(H) makes a new relation.
o Body: r(R) set of tuples
It is changeable over the time.

O Degree: Number of heading.
O Cardinality: Number of rows.
O Think about a relation which the number of domains is smaller

than degree?
o  Emp(ID,Name,ManagerID): the EmpID and ManagerID are from the same domain of EmplID.



Formal Definitions — Summary

O Formally,
o Given R(A1, A2, ..., An)
o r(R) = dom (A1) X dom (A2) X ...X dom(An)

0 R(A1, A2, ---, An) is the schema of the relation

O R is the name of the relation

QO Al, A2, ---, An are the attributes of the relation

0 Relation state r(R): a specific state (or “value” or

“population”) of relation R — this is a set of tuples (rows)
o r(R)=1{t1, t2, -+, tn} where each ti is an n—tuple
o ti=<vl, v2, ---, vn> where each vj element—of dom(Aj)



Formal Definitions — Example

J Let R(A1, A2) be a relation schema:
o Let dom(A1) =1{0,1}
o Let dom(A2) = {ab,cl}
Then: dom(A1) X dom(A2) is all possible combinations:
{<0,a>, <0b>, <0,c>, <1,a>, <1,b>, <1,c> ]

J The relation state r(R) = dom(A1) X dom(A2)
[ For example: r(R) could be {<0,a> , <0,b> , <1,c> }
o this is one possible state (or “population” or “extension”) r of the relation R,
defined over A1 and A2.
o It has three 2—tuples: <0,a> , <0,b> , <1,c>



Definition Summary

Informal Terms

Formal Terms

Table Relation
Column Header Attribute
All possible Column Values Domain
Row Tuple




Example — A relation STUDENT

Tuples

PIARNN

Relation Nam

N,

Attributes

N\

STUDENT

Name Ssn Home_phone Address Office_phone| Age | Gpa
Benjamin Bayer | 305-61-2435 | 373-1616 | 2918 Bluebonnet Lane | NULL 19 |3.21
Chung-cha Kim | 381-62-1245 | 375-4409 | 125 Kirby Road NULL 18 |2.89
Dick Davidson | 422-11-2320 | NULL 3452 Elgin Road 749-1253 | 25 | 3.53
Rohan Panchal |489-22-1100 | 376-9821 | 265 Lark Lane 749-6492 | 28 |3.93
Barbara Benson | 533-69-1238 | 839-8461 | 7384 Fontana Lane NULL 19 | 3.25

Figure 5.1

The attributes and tuples of a relation STUDENT.



Characteristics Of Relations

0 Ordering of tuples in a relation r(R):

- The tuples are not considered to be ordered (because it
is a set), even though they appear to be in the tabular
form

0 Ordering of attributes in a relation schema R (and of values
within each tuple):

- We will consider the attributes in R(A1, A2, ..., An) and

the values in t=<Xv1, v2, ..., vn> to be ordered .
(However, a more general alternative definition of relation does not
require this ordering).

O Because relation is a set, it does not have duplicated
tuples.
Q In theorical, degree of a relation is > 0



Characteristics Of Relations

d Values in a tuple:

o All values are considered atomic (indivisible).
» Hence, composite and multivalued attributes are not allowed.

o Each value in a tuple must be from the domain of the attribute for that

column
= If tuple t = <v1, v2, ===, vn> is a tuple (row) in the relation state r of
R(A1, A2, -+, An)

=  Then each v/ must be a value from dom(Ai)

o A special null value is used to represent values that are unknown or
inapplicable to certain tuples.

Q If m=degree of relation and n=number of domains then m > n



Characteristics Of Relations

2 Notation:

o We refer to component values of a tuple t by:
t[Ai] or t.Ai
This is the value vi of attribute Ai for tuple t
o Similarly, t[Au, Av, ..., Aw] refers to the subtuple of t containing the
values of attributes Au, Av, ..., Aw, respectively in t



Example

CREATE DOMAIN SN CHAR(8) DEFAULT ‘00000000’
CREATE DOMAIN SNAME CHAR(20)DEFAULT ‘noname’
CREATE DOMAIN 8] CHAR(4) DEFAULT 7.7
CREATE DOMAIN SL CHAR(3) DEFAULT 7.7
CREATE DOMAIN SD CHAR(4) DEFAULT 7.7
CREATE DOMAIN CN CHAR(6) DEFAULT 7.7

CREATE DOMAIN GRADE DEC(2, 2) DEFAULT *?...”’

CREATE RELATEION STT —> SQL: CREATE DOMAIN
(STID DOMAIN SN,
STNAME DOMAIN SNAME,
STJ] DOMAIN SJ,

STL DOMAIN STL,
STD DOMAIN SD)

SQL: CREATE TABLE

CREATE RELATION COT ....

CREATE RELATION STCOT ...



Review: Key Constraints

O Superkey of R:

o Is a set of attributes SK of R with the following condition:
= No two tuples in any valid relation state r(R) will have the same value
for SK
= That is, for any distinct tuples t1 and t2 in r(R), t1[SK] # t2[SK]
= This condition must hold in any valid state r(R)

0 Key of R Candidate key (CK):

o A “minimal” superkey

o That is, a key is a superkey K such that removal of any attribute
from K results in a set of attributes that is not a superkey (does
not possess the superkey uniqueness property)



Review: Entity Integrity

O Entity Integrity:
o The primary key attributes PK of each relation schema R in S

cannot have null values in any tuple of r(R).
= This is because primary key values are used to identify the individual
tuples.
= t[PK] # null for any tuple t in r(R)
= [f PK has several attributes, null is not allowed in any of these attributes

o Note: Other attributes of R may be constrained to disallow
null values, even though they are not members of the primary
key.

- If a primary key is too long, the surrogate key is used.




Types of relation

] Base relation
o CREATE TABLE

O virtual relation:
o CREATE VIEW

d Temporary relation
o CREATE TEMPORARY TABLE

[ Instant relation
o CREATE MATERIZED VIEW

3 Derivative relation (relation on other relations)



Flat and Nested Relation

(1 Flat Relation: a relation which has single value in all attributes.

(] Nested Relation: a relation with at least one multivalued attribute.

Simple multivalued attribute

NNCOPRECO ( COID ,) COPRECO (COID , PRECOID)
COID | PRECOID COID | PRECOID

cl1 c01 cll
gaetle c01 [C17' [ ¢l 17— one tuple
c08) J
ﬁ c01 c08
02 {COB’_
c09) Convert to c02 c03
flat relation c02 c09
c03 cl0

c03 clO



Flat and Nested Relation

Composite multi-valued attribute

P#, QTY
NNSP ( S# , PQTY SP( S# , P# , QTY)
 S# | P# | QTY
pl 100 sl pl 100
One tuple sl p2 90 ﬁ [ sl p2 90 ]—) One tuple
p3 50
Convert to sl p3 50
2 {pl 60} , 2 I 60
S p2 90 flat relation S P
s2 p2 90
s3 pl 150 $3 ol 150

d What is difference between two following INSERTSs in the above tables?
o I;:<s4,p4,40 >
o I,:<s2,p3,30>



Flat vs Nested Relation

 Much of the theory behind the relational model was developed with this
assumption in mind, which is called the first normal form assumption.

 Advances of flat relation:
o  Good representation
©  Running DDL, DML, and DCL commands
o  Simple conditions in where clause SELECT:--. FROM ---. WHERE A<(=)(>) ‘Single Value’

d Disadvantages of flat relation:
o  Longer primary key
o Data redundancy

o  Slow query speed for complex queries



Relational Algebra Overview

[ Relational Algebra consists of several groups of operations

o Relational Algebra Operations From Set Theory
= UNION (u), INTERSECTION (n), DIFFERENCE (or MINUS, - )
- CARTESIAN PRODUCT ( x )
o Unary Relational Operations
= SELECT (symbol: o(sigma))
= PROJECT (symbol: m(pi))
=  RENAME (symbol: p (rho))
o Binary Relational Operations
= JOIN (several variations of JOIN exist)
= DIVISION
o Additional Relational Operations
= OUTER JOINS, OUTER UNION
= AGGREGATE FUNCTIONS (These compute summary of information: for
example, SUM, COUNT, AVG, MIN, MAX)



Relational Algebra Operations




UNION, INTERSECTION, MINUS

(1 Closedness property: the result of evaluating any valid relational algebra
expression is again a relation (which does not have duplicate tuples).
d Foru,n, - the operands should be Type Compatible.

HR1 = HRz
R3 - R1 op R2 op € {U;nn _}
HR3 = HR1 = HRz



CARTESIAN PRODUCT / TIMES

3 In theory, the two relation can not have an attribute with the same noun.
Hg, " Hg, =&
d What is the SQL form?

select * from A,B
select * from A cross join B



Database State for COMPANY

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

Figure 5.7
Referential integrity constraints displayed on the COMPANY relational database schema.
EMPLOYEE

\ Fname | Minit I Lnamel Ssn | Bdate | Address | Sex | Salary | Super_ssn| Dno |
IHHK*

DEPARTMENT
[ Dname ’ Dnumber | Mgr_ssn| Mgr_slart_date|
n“

DEPT_LOCATIONS

\ Dnumber | Dlocation |
L

PROJECT
[ Pname ’ Pnumber | Plocation | Dnum
A [
WORKS_ON
[@ } Pno l Hours |
|
DEPENDENT

\ Essn | Dependent_name | Sex I Bdate | Relationship
L




Unary Relational Operations: SELECT

(] The SELECT operation (denoted by @ (sigma)) is used to select a subset of the 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 (filtered out)

(] Examples:

o Select the EMPLOYEE tuples whose department number is 4:
0 pno = 4 (EMPLOYEE)
o Select the employee tuples whose salary is greater than $30,000:
O saLaRy > 30000 (EMPLOYEE)

O place = "Mumbai® or Salary >= 1000000 (C1tlzen) This is called nested expression, here, as usual, we evaluate the inner

expression first (which results in relation say Manager1), then we calculate
the outer expression on Manager1(the relation we obtained from evaluating
the inner expression), which results in relation again, which is an instance of
a relation we input.

O pepartment = ‘Analytics’(OLocation = ‘Newvork'(Manager))



Unary Relational Operations: SELECT

a In general, the select operation is denoted by 0 . .ction

condition>(R) where

o the symbol O (sigma) is used to denote the select operator

o  the selection condition is a Boolean (conditional) expression specified on the attributes of relation R
O tuples that make the condition true are selected

= appear in the result of the operation
o tuples that make the condition false are filtered out

= discarded from the result of the operation



Unary Relational Operations: SELECT (contd.

(d SELECT Operation Properties

(@)

(@)

The SELECT operation 0 (.jection conditions\R)_Produces a relation S that

has the same schema (same attributes) as R
SELECTais cor?mutatlve: (R) ( (R)

" 0 <(condition1>\O < condition2> =0 ¢condition2> \O dition1>
Becaus%orb I%nommufg%l{(f’)&/ _property,cgn cascade <(génqlu'(énnce) of SELECT
operations may be applied In a? )§)rder: ( ( (R))

" 0 (eopdid>\O 0 <cond3). ~ 0 <cond2> \O <copdd> \O <(condi> .
A.cascacgfe. of S%T_nlgzéT opcgll’atlons. may %%nreplacés?f%y a sfﬁogfe selection
with a conjunction of all the condltl_ons:

" 0 (eond1>\O < cond2> (O- <cond3>(R) ~0 ¢cond1> AND < cond2> AND < cond3>(R)))

[ The cardinality (number of tuples) in the result of a SELECT is less than (or equal
to) the number of tuples in the input relation R: 0 < © «(R) =IR

d The degree (number of attributes) of resulting relation from a Selection operation is
same as the degree of the Relation given.



SELECT

d IfR’ = 6.(R) then what the candidate key of R'?
o CKg, € CKg

O Equivalent expressions (commutative 6., (0., (R)) = 645(0:1(R)) = 0eipen (R))
 Write the following with MINUS, INTERSECT, UNION

o R WHERE (C, AND C,)
= (R WHERE C,) INTERSECT (R WHERE GC,)

o R WHERE (C, OR C,)
= (R WHERE C,) UNION (R WHERE C,)
o R WHERE NOT C

. R MINUS (R WHERE C)



Unary Relational Operations: PROJECT

0 PROJECT Operation is denoted by m(pi)

0 This operation keeps certain columns (attributes) from a

relation and discards the other columns.
o PROJECT creates a vertical partitioning
= The list of specified columns (attributes) is kept in each tuple
= The other attributes in each tuple are discarded

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

EMPLOYEE
| NAME, FNAME,SALARY ( )



Unary Relational Operations: PROJECT (cont.

0 The general form of the project operation is:

n {attribute Iist>(R)

o Tt (pi) is the symbol used to represent the project operation
o <attribute list> is the desired list of attributes from relation R.

a The project operation removes any duplicate tuples

o This is because the result of the project operation must be a
set of tuples. _
« Mathematical sets do not allow duplicate elements.



d Q1 mg,. Dept(Faculty)

d Q2: m, . (Faculty)

O Q3: mClass(Faculty)

Class Dept

5 CSE

6 EE

Position

Assistant Professor

Class

Relation of this table!

Class Dept
5 CSE
5 CSE
6 EE
6 EE

Position

Assistant Professor

Assistant Professor

Assistant Professor

Assistant Professor



Unary Relational Operations: PROJECT (contd.

O PROJECT Operation Properties

o The cardinality (number of tuples) in the result of projection T . (R) is
always less or equal to the number of tuples in R 1 < mA(R) < |R|
= [If the list of attributes includes a Aey of R, then the number of tuples
in the result of PROJECT is equal/to the number of tuples in R

o The degree (number of attributes) of resulting relation from a Project
operation is equal to the number of attribute in the attribute list ‘A’.

o In SQL, SELECT DISTINCT query is exactly as same as PROJECT here.



Unary Relational Operations: PROJECT (contd.

O PROJECT Operation Properties
o PROJECT is not commutative

T adribute List 10T awribute List2(R)) 1= T awribute List 2 (Madribute List (R))

T Gisrs (T gistz> (R) ) = T iy (R)
e as long as list2> contains the attributes in <list1>.
e Means only if Attribute List 1 is a subset of Attribute List 2.



EXTENDED PROJECT

O IlisTip, COID, (1.2+GRADE) RENAME As 6)(STCOT)



Relational Algebra Expressions

O We may want to apply several relational algebra operations
one after the other

o Either we can write the operations as a single relational algebra expression
by nesting the operations, or

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

3 In the latter case, we must give names to the relations that hold

the intermediate results.



Single expression versus sequence of relational operations (Example)

d To retrieve the first name, last name, and salary of all employees who work in
department number 5, we must apply a select and a project operation

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

©  TTENAME, LNAME, saLARY(O pno=s(EMPLOYEE))

(1 OR We can explicitly show the sequence of operations, giving a name to each

intermediate relation:
DEPS EMPS|« o DNO:5(EMPLOYEE)

O

O

RESULT <« T cyame, LNAME, SALARY

(DEP5 EMPS)




Unary Relational Operations: RENAME

0 The RENAME operator is denoted by p (rho)
O In some cases, we may want to rename the attributes of a

relation or the relation name or both
o Useful when a query requires multiple operations
o Necessary in some cases (see JOIN operation later)



Unary Relational Operations: RENAME (contd.

Q The general RENAME operation p can be expressed by any

of the following forms:

© Pssi B2 - g R) changes both:
= the relation name to S, and
= the column (attribute) names to B1, B1, ---.Bn

o ps(R) changes:
= the relation name only to S

° P, 82, - Bn)(R) changes:
= the column (attribute) names only to B1, B1, -=-.Bn



Unary Relational Operations: RENAME (contd.)

(1 For convenience, we also use a shorthand for renaming attributes in an
intermediate relation:

o If we write:

= RESULT « 1 FNAME. LNAME. SALARY (DEP5 EMPS)
=  RESULT will have the same attribute names as DEP5 EMPS

o If we write:
= RESULT (F, M, L, S, B, A SX, SAL, SU, DNO)¢~ 7T ryaue Lnane. saiary (DEP5_EMPS)
= The 10 attributes of DEP5_EMPS are renamedto F, M, L, S, B, A, SX,
SAL, SU, DNO, respectively.



Examples

d Query to rename the relation Student as Male Student and the attributes of Student
RolINo and SName as (Sno, Name) with selecting some tuples with “Condition”.

© P MaleStudent(Sno, Name) TrRoIINo, SName(OCondition(StUdent))

J Query to rename the attributes Name, Age of table Department to A B.
O P (a ) (Myame, age DEPAItMeEN)

d Query to rename the table name Project to Pro and its attributes to P, Q, R.
O P, o r) (Project)

d Query to rename the first attribute of the table Student with attributes A, B, C to P.
© P p g ¢ (Student)



Example

d Q4 P E (id, name, S) Tt Eid, Ename, Salary I:O-Salary >10000 (Employee)]

id

201

name

P

S

20000

Eid

201

202

203

204

Employee

Ename Salary
P 20000
Q 5000
R 10000
P 7500



Relational Algebra Operations from Set Theory: UNION

Q UNION Operation

Binary operation, denoted by U
o The result of R U S, is a relation that includes all tuples that are
either in Ror in S or in both R and S

o Duplicate tuples are eliminated
o The two operand relations R and S must be “type compatible” (or UNION
compatible)
= R and S must have same number of attributes
= Each pair of corresponding attributes must be type compatible (have
same or compatible domains)
o In SQL, the operation UNION is as same as UNION operation here.
o Moreover, In SQL there is multiset operation UNION ALL.



Relational Algebra Operations from Set Theory: UNION

a Example:

o To retrieve the social security numbers of all employees who
either work in department 5 (RESULT1 below) or directly supervise
an employee who works in department 5 (RESULT2 below)

o We can use the UNION operation as follows:
DEP5_EMPS <« 6 o (EMPLOYEE)
RESULT1 « 1 3\ (DEP5 EMPS)
RESULT2 « 0 sy (T superssy(DEP5_EMPS))
RESULT <« RESULT1 U RESULT2

o The union operation produces the tuples that are in either
RESULT1 or RESULT2?2 or both

EMPLOYEE

[ Fname I Minit ‘ Lnamel Ssn I Bdate I Address | Sex I Salary I Super_ssn| Dno |
Jl* ‘

DEPARTMENT
l Dname l Dnumber I Mgr_ssn| Mgr_start_date|




Example of the result of a UNION operation

(J UNION Example

Figure 6.3 RESULT1 RESULT2 RESULT
Result of the
UNION operation Ssn Ssn Ssn
RESULT <~ RESULTT 123456789 333445555 123456789
U RESULT2. 333445555 888665555 333445555
666884444 666884444
453453453 453453453
888665555




Relational Algebra Operations from Set Theory

d Type Compatibility of operands is required for the binary set operation UNION
U, (also for INTERSECTION N, and SET DIFFERENCE -, see next slides)
O R1(A1, A2, .., An) and R2(B1, B2, ..., Bn) are type compatible if:
o they have the same number of attributes, and
o the domains of corresponding attributes are type compatible (i.e. dom(Ai)=dom(Bi)
for i=1, 2, ..., n).
[ The resulting relation for R1TUR2 (also for R1NR2, or R1-R2, see next slides)
has the same attribute names as the first operand relation R1 (by convention)



Relational Algebra Operations from Set Theory: INTERSECTION

O INTERSECTION is denoted by N
O The result of the operation R N S, is a relation that includes
all tuples that are in both R and S
o The attribute names in the result will be the same as the

attribute names in R

0 The two operand relations R and S must be “type compatible”



INTERSECTION

(J The INTERSECTION operation is commutative, that is :
ANB=BNA

(] The INTERSECTION is associative, that means it is applicable to any number of relation.
AN(BNc)=(ANB)NGC

(] INTERSECTION can be formed using UNION and MINUS as follows:
ANB=(AUB-(A-B)-(B-A)

(] In SQL, the operation INTERSECT is as same as INTERSECTION operation here.

(] Moreover, In SQL there is multiset operation INTERSECT ALL.



Relational Algebra Operations from Set Theory: SET DIFFERENCE

O SET DIFFERENCE (also called MINUS or EXCEPT) is denoted by —
O The result of R — S, is a relation that includes all tuples that are in R but
not in S
o The attribute names in the result will be the same as the

attribute names in R

0 The two operand relations R and S must be “type compatible”



MINUS (or SET DIFFERENCE) Operation

(1 The SET DIFFERENGCE operation is not commutative, that means :

A-B!=B-A

[ In SQL, the operation EXCEPT is as same as MINUS operation here.

(d Moreover, In SQL there is multiset operation EXCEPT ALL.



Some properties of UNION, INTERSECT, and DIFFERENCE

(J Notice that both union and intersection are commutative operations; that is
o RUS=SUR andRNS=SNR
(J Both union and intersection can be treated as n—ary operations applicable to
any number of relations as both are associative operations; that is
o RUSUT=(RUS)UT
o RNS)YNT=RN(ESNT)
(1 The minus operation is not commutative; that is, in general
o R-S#S-R



Relational Algebra Operations from Set Theory: CARTESIAN

PRODUCT

d CARTESIAN (or CROSS) PRODUCT Operation

o This operation is used to combine tuples from two relations in a combinatorial
fashion.

o Denoted by R(A1, A2, ..., An) x S(B1,B2, ..., Bm)

o Result is a relation Q with degree n + m attributes:

= Q(A1, A2, ... An,B1,B2, ..., Bm), in that order.

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

o Hence, if R has ng tuples (denoted as IR| = ng ), and S has ng tuples, then R x S
will have ng * ng tuples.

o The two operands do NOT have to be “type compatible”



Relational Algebra Operations from Set Theory: CARTESIAN

PRODUCT (cont.
(1 Generally, CROSS PRODUCT is not a meaningful operation

o Can become meaningful when followed by other operations

[ Example (not meaningful):
(@) FEMALE_EMPS < 0. SEX=’ F’(EMPLOYEE)

o EMPNAMES < TT yaue Lnave ssny (FEMALE_EMPS)
> EMP_DEPENDENTS «— EMPNAMES x DEPENDENT

(1 EMP_DEPENDENTS will contain every combination of EMPNAMES and
DEPENDENT

o whether or not they are actually related



Relational Algebra Operations from Set Theory: CARTESIAN

PRODUCT (cont.

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

0 Example (meaningful):

- FEMALE_EMPS « 0 . (EMPLOYEE)

o EMPNAMES < TT syave inave ssn (FEMALE_EMPS)
- EMP_DEPENDENTS < EMPNAMES x DEPENDENT

> ACTUAL DEPS « 0 o\-rssn(EMP_DEPENDENTS)
© RESULT Nl [ 4 FNAME, LNAME, DEPENDENT_NAME (ACTUAL—DEPS)
O RESULT will now contain the name of female employees
and their dependents



Binary Relational Operations: JOIN

[ JOIN Operation (denoted by )

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

o A special operation, called JOIN combines this sequence into a
single operation

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

o The general form of a join operation on two relations R(A1, A2, . .

An) and S(B1, B2, .. ., Bm) is:
S

R N {join condition> ,
o where R and S can be any relations that result from general relational algebra

expressions.



Binary Relational Operations: JOIN (cont.

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

o 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.

o We do this by using the join DX operation.

DEPT_MGR < DEPARTMENT DX |, rscnessy EMPLOYEE
d MGRSSN SSN is the join condition

o Combines each department record with the employee who manages the
department

o The join condition can also be specified as DEPARTMENT.MGRSSN=
EMPLOYEE.SSN



Example

1 Give full details of producer—piece
pairs from a city.

S (S#, SNAME, STATUS, CITY) PP# ..., W, CITY)
Sl Cl Pl 5 Cl
S2 C2 P2 6 C2
S3 C3 P3 4 Cl
S4 C4 P4 7 C4
S5 C5 P5 10 C5

R, =S b5 ciry—ppcrry (P RENAME CITY AS PCITY) 6 c6

R, (S#, ..., CITY, P#, ..., W, PCITY)
S1 Cl Pl 5 Cl
S1 Cl P3 4 C1
S2 c2 P2 6 C2
83 Not joinable
S4 C4 P4 7 C4
S5 CS PS5 10 Cs5
‘$6 Not joinable




Some properties of JOIN

(1 Consider the following JOIN operation:

O

R(A1, A2, ..., An) D4 S(B1,B2, ... Bm)
R.Ai=S.B;j
Result is a relation Q with degree n + m attributes:
= Q(A1, A2, ... An, B1,B2, ... Bm), in that order.
The resulting relation state has one tuple for each combination of tuples—r from R
and s from S, but only if they satisfy the join condition r[Ail=s[Bj]
Hence, if R has ng tuples, and S has ng tuples, then the join result will generally
have /ess than ng * ng tuples.

Only related tuples (based on the join condition) will appear in the result
R,.A theta R,.B

N

Must be the same domain and not the same name.

j



Some properties of JOIN

[ The general case of JOIN operation is called a Theta—join: R 4,4, S

(1 The join condition is called theta
(1 T7heta can be any general boolean expression on the attributes of R and S; for

example:
o R.AiKS.Bj AND (R.Ak=S.BI OR R.Ap<S.Bq)

[ Most join conditions involve one or more equality conditions “AND” ed together;

for example:
o R.Ai=S.Bj AND R.Ak=S.BI AND R.Ap=S.Bq

’_EQUI—JOIN =

NOT EQUI-JOIN =
LESS THAN-JOIN <
LESS EQUI-JOIN <
GREATER THAN-JOIN >
GREATER EQUI-JOIN >

J Theta=—




Binary Relational Operations: EQUIJOIN

O EQUIJOIN Operation

J The most common use of join involves join conditions with equality
comparisons only

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

EQUIJOIN.

o In the result of an EQUIJOIN we always have one or more pairs of attributes (whose
names need not be identical) that have identical values in every tuple.
o The JOIN seen in the previous example was an EQUIJOIN.



Binary Relational Operations: NATURAL JOIN Operation

. NATURAL JOIN Operation
o Another variation of JOIN called NATURAL JOIN — denoted by * — was
created to get rid of the second (superfluous) attribute in an EQUIJOIN
condition.
» Because one of each pair of attributes with identical values is superfluous
o The standard definition of natural join requires that the two join attributes,
or each pair of corresponding join attributes, hAave the same name in both

relations.

o If this is not the case, a renaming operation is applied first.



Binary Relational Operations NATURAL JOIN

(1 Example: To apply a natural join on the DNUMBER attributes of DEPARTMENT
and DEPT_LOCATIONS, it is sufficient to write:

o DEPT_LOCS « DEPARTMENT * DEPT_LOCATIONS
O Only attribute with the same name is DNUMBER

. An implicit join condition is created based on this attribute:
o DEPARTMENT.DNUMBER=DEPT_LOCATIONS.DNUMBER

O Another example: Q « R(A,B,C,D) * S(C,D,E)

o The implicit join condition includes each pair of attributes with the same name, “AND” ed
together:
= R.C=S.C AND RD.S.D
o Result keeps only one attribute of each such pair:

= Q(AB,C,D,E)



Complete Set of Relational Operations

1 The set of operations including SELECT o, PROJECT 7, 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.
d For example:
o RNS=(RUS)-(R-S)U(S-R)=R-(R-S)
© R > <join condition>S -0 <join condition> (R X S)



Binary Relational Operations: DIVISION

(1 Division operator A=B or A/B can be applied if and only if:

o Attributes of B is proper subset of Attributes of A.

o The relation returned by division operator will have attributes = (All attributes of A — All
Attributes of B)

o The relation returned by division operator will return those tuples from relation A which are

associated to every B’ s tuple.

X Y
© | | ‘

[ |
R, (A, A,y ...,A,B,,B,, ...,B.)

R,(B,, B,, ...,B.)

R3(X) == R;(X,Y) + Rp(Y) —> Hg, € Hpg,



Binary Relational Operations: DIVISION

0 The division operation is applied to two relations R(Z) + S(X), where X
subset Z. Let Y =Z — X (and hence Z = X U Y); that is, let Y be the set of
attributes of R that are not attributes of S.

0 The result of DIVISION is a relation T(Y) that includes a tuple t if tuples tg
appear in R with t; [Y] = t, and with t; [X] = t_ for every tuple t_ in S.

O For a tuple t to appear in the result T of the DIVISION, the values in t must
appear in R in combination with every tuple in S.



Example of DIVISION

(a) (b)
SSN_PNOS SMITH_PNOS R S
Essn Pno Pno A B A

123456789 1 1 at b1 at
123456789 2 2 a2 | bi a2
666884444 3 a3 | bi a3
453453453 1 ad | bi
453453453 2 SSNS al | b2 T
333445555 2 Ssn a3 b2 B
333445555 3 123456789 a2 b3 b1
333445555 10 453453453 a3 | b3 b4
333445555 20 a4 | b3
999887777 30 at b4
999887777 10 a2 | b4
987987987 10 a3 | b4
987987987 30
987654321 30
987654321 20
888665555 20

Figure 6.8
The DIVISION operation. (a) Dividing SSN_PNOS by SMITH_PNQS. (b) T+ R+ S.



Binary Relational Operations: DIVISION

a Division can be expressed in terms of Cross Product , Set Difference and
Projection. How??

Let R(A,B) and S(A), we want to do R=S.

take T1=R(B) using project operator

take T2=S(A) X T1 (cross product)

take T3=T2-R(A,B)

take T4=T3(B) using project operator

Result= T1-T4

Thus we implemented Division operator using Project, Difference and Cross product which
are all present in Minimal set of operators



Recap of Relational Algebra Operations

Table 6.1

Operations of Relational Algebra

Operation

SELECT

PROJECT

THETA JOIN

EQUUOIN

NATURAL JOIN

UNION

INTERSECTION

DIFFERENCE

CARTESIAN
PRODUCT

DIVISION

Purpose

Selects all tuples that satisfy the selection condition
from a relation R.

Produces a new relation with only some of the
attributes of R, and removes duplicate tuples.

Produces all combinations of tuples from R, and R,
that satisfy the join condition.

Produces all the combinations of tuples from R, and
R, that satisfy a join condition with only equality
comparisons.

Same as EQUUIOIN except that the join attributes of R,
are not included in the resulting relation; if the join
attributes have the same names, they do not have to
be specified at all.

Produces a relation that includes all the tuples in R,
or R, or both R, and R,; R, and R, must be union
compatible.

Produces a relation that includes all the tuples in both
R, and Ry; R, and R, must be union compatible.

Produces a relation that includes all the tuples in
R, that are not in R,; R, and R, must be union
compatible.

Produces a relation that has the attributes of R, and
R, and includes as tuples all possible combinations
of tuples from R, and R,.

Produces a relation R(X) that includes all tuples #[X]
in R,(Z) that appear in R, in combination with every
tuple from R,(Y), where Z=X U Y.

Notation

Oselection conditiun>(R)
T attribute list>(R)
Rl o <join condition> RZ

Rl ol <join condition> RZ’
OR R, X

(<join attributes 1>),

(<join attributes 2>) %2

Rl*(join condition> RZ’
OR R*

(<join attributes 1>),

(<join attributes 2>) RZ

OR R, * R,
R, UR,

R NR,

R —R,

R, XR,

R,(Z) + Ry(Y)




Additional Relational Operations: Aggregate Functions and

Grouping

(A type of request that cannot be expressed in the basic relational algebra is to
specify mathematical aggregate functions on collections of values from the
database.

(1 Examples of such functions include retrieving the average or total salary of all
employees or the total number of employee tuples.

o These functions are used in simple statistical queries that summarize information
from the database tuples.

(1 Common functions applied to collections of numeric values include
o SUM, AVERAGE, MAXIMUM, and MINIMUM.

(1 The COUNT function is used for counting tuples or values.



Aggregate Function Operation

d Use of the Aggregate Functional operation &
o Fyax salary (EMPLOYEE) retrieves the maximum salary value from the EMPLOYEE

relation

o Fyin salary (EMPLOYEE) retrieves the minimum Salary value from the EMPLOYEE
relation

o Fsum satery (EMPLOYEE) retrieves the sum of the Salary from the EMPLOYEE
relation

o FOUNT SSN, AVERAGE Salary (EMPLOYEE) computes the count (number) of employees
and their average salary

=  Note: count just counts the number of rows, without removing duplicates



Using Grouping with Aggregation

(1 The previous examples all summarized one or more attributes for a set of tuples
o Maximum Salary or Count (number of) Ssn

J Grouping can be combined with Aggregate Functions

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

A variation of aggregate operation & allows this:
o Grouping attribute placed to left of symbol
o Aggregate functions to right of symbol

° DNO ?COUNT SSN, AVERAGE Salary (EMPLOYEE)

[ Above operation groups employees by DNO (department number) and computes
the count of employees and average salary per department



Additional Relational Operations (cont.

(d The OUTER JOIN Operation

O

In NATURAL JOIN and EQUIJOIN, tuples without a matching (or related) tuple are

eliminated from the join result

=  Tuples with null in the join attributes are also eliminated

=  This amounts to loss of information.
A set of operations, called OUTER joins, can be used when we want to keep all
the tuples in R, or all those in S, or all those in both relations in the result of the

join, regardless of whether or not they have matching tuples in the other relation.



Additional Relational Operations (cont.

d The left outer join operation keeps every tuple in the first or left relation R in
- if no matching tuple is found in S, then the attributes of S in the join
result are filled or “padded” with null values.

A similar operation, right outer join, keeps every tuple in the second or right
relation S in the result of

A third operation, full outer join, denoted by I keeps all tuples in both
the left and the right relations when no matching tuples are found, padding them
with null values as needed.



Semi—join

(J A Semi—join returns rows from the left table for which there are corresponding
matching rows in the right table.

1 Unlike regular joins which include the matching rows from both tables, a semi—
join only includes columns from the left table in the result.

D R3 = Rl D(C R2 = H(H >(R1 MC Rz)
R1
. Customers table:
 Example:
Orders Table
Customer_ID Customer_Name
Output:
01 Alice Customer_ID Order_ID Order_Name
Customer_ID Customer_Name
02 Bob 02 101 Stationery
01 Alice
03 Charlie 01 102 Books
02 Bob
04 David
04 103 Pens

04 David



Semi—join

O IN SQL?

using 'EXISTS":

SELECT columnl, columnZ2, ...FROM tablel

WHERE EXISTS (SELECT 1 FROM table2 WHERE tablel.column = table2.column);

using "IN

SELECT columnl, column2, ...FROM table1 WHERE column IN (SELECT column FROM tableZ2);



Anti—join

d R>S
1 It is Exactly the opposite to semi—join.
(J An Anti—join returns rows from the left table for which there are no corresponding
matching rows in the right table. Output:
d Example:
Customer_ID Customer_Name
03 Charlie
D IN SQL’) SELECT columnl, columnZ,..FROM tablel

LEFT JOIN table2 ON tablel.column_name = table2.column_name

WHERE table2.column_name IS NULL;



Semi Minus

O R, =R, SEMIMINUS R, = R, MINUS (R, SEMIJOIN R,)
D HR5 - HR1



Examples of Queries in Relational Algebra

J Retrieve the name and address of
all employees who work for the ‘Research’

department.

RESEARCH DEPT <« G DNAME-"Research' (DEPARTMENT)
RESEARCH EMPS « (RESEARCH DEPT P] . o EMPLOYEE)

RESULT <« TU rNaME, LNAME, ADDRESS (RESEARCH _EMPS) fi"ﬂ:ﬁ’?m T BT BT T e e e BT
1
(d Retrieve the names of employees who ™ s o v ot ] |
have no dependents. DEPT LOCATIONS
[ Drmber | Dicatn |
ALL EMPS « T ss\(EMPLOYEE) O e o
EMPS WITH DEPS(SSN) <— Tt essx(DEPENDENT) worKs. N
EMPS WITHOUT DEPS « (ALL EMPS - EMPS WITH DEPS) D
RESULT <« TU LNAME, FNAME (EMPS_WITHOUT DEPS * EMPLOYEE) S| eenome [ soc [ gone | Retensie
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