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Example of a /nstructor Relation

attributes

(or columns)

ID name dept_name salary
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 30000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 30000

Z

1.4

tuples
or rows)

Database



Relation Schema and Instance

= A, A, ..., A, are attributes
" R=(A, A, ..., A ) Is a relation schema
Example:

instructor = (ID, name, dept name, salary)

= A relation instance rdefined over schema Ris denoted
by r(R).
= The current values a relation are specified by a table

= An element fof relation ris called a fuple and is
represented by a rowin a table
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Attributes

=  The set of allowed values for each attribute is called the domain of the
attribute

= Attribute values are (normally) required to be atomic; that is, indivisible

= The special value null is a member of every domain. Indicated that the
value is “unknown”

= The null value causes complications in the definition of many operations
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= QOrder of tuples is irrelevant (tuples may be stored in an arbitrary order)

Relations are Unordered

= Example: /nstructor relation with unordered tuples

Dr. A. Taghinezhad

ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | EI Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 30000

1.7
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= Database schema -- is the logical structure of the database.

Database Schema

= Database instance -- is a snapshot of the data in the database at a given instant in

time.
=  Example:
schema: /nstructor (/ID, name, dept_name, salary)
Instance:
1D name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000
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Keys

= LetKcR

= Kis a superkey of R, if values for K are sufficient to identify a unique tuple of each
possible relation r(R)

Example: {/0} and {ID,name} are both superkeys of /nstructor.

=  Superkey Kis a candidate key if Kis minimal
Example: {/0}is a candidate key for /nstructor

= One of the candidate keys is selected to be the primary key.

Which one?

= Foreign key constraint: Value in one relation must appear in another
Referencing relation
Referenced relation

Example: dept_name in instructor is a foreign key from /nstructor referencing
department
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= \What are the Superkeys?

= \What are the Candidate Keys?

Dr. A. Taghinezhad

Keys

D name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000
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S#

sl

s2

s3
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Sname
Fanavaran
[ran
Segment
Pooladin
SP
S#
sl
s2
s3
s2
s2
s3

City

Tehran

Ardabil

Isfahan

Example

P#
P1
P2
P3
P1
P2
P2

1.11

P#

P1
P2

P3
P4

Qty
300
200
400
300
400
200

Color

Red

Green

Blue
Red

Type
Iron

Copper

Brass

Iron

City
Tehran
Ardabil

Isfahan

Tehran
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Schema Diagram for University Database

classroom( building, roomi_number, capacity)

department(dept_name, building, budget)

course(course_d, title, depi_name, credits)

instructor(1D, name, dept_name, salary)

section(coursed, sec_d, semester, vear, building, room_number, time_sloi_id)

teaches(1D, course_d, sec_id, semester, year)
student(ID, name, depi_name, tol_cred )
takes(ID, course_id, sec_d, semester, vear, grade)

advisor(s_ID, i_1D) takes student
time_slot(time_slot_id, day, staridime, end_time) D L
- . hame
prereqg(course_id, prereg_id ) —C"“’§§ id 1 dept_name
sec i tot_cred
semester
xear
grade
section course
b course id —3 course_id department advisor
> el title B dept_name sid
—» semester dept_name | —
~ - buildin i_id
i time_slot credits ¢
1 building = budget
1 | room_number time_slot_id
time_slot_id I day
start_time
end_time
prereq instructor
classroom Y e id D
|| building | 2rereg id name
room_number dept_name
capacity teaches salary
D
|1 course_id
| sec_id
semester.
vear
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Relational Query Languages

= Procedural versus non-procedural, or declarative
= “Pure” languages:

Relational algebra

Tuple relational calculus

Domain relational calculus

= The above 3 pure languages are equivalent in
computing power

= We will concentrate in this chapter on relational algebra

Not Turing-machine equivalent

Consists of 6 basic operations
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Relational Algebra

= A procedural language consisting of a set of operations that
take one or two relations as input and produce a new
relation as their result.

= Six basic operators
select: o
project: [ ]
union: U
set difference: —
Cartesian product: X
rename: p
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Select Operation

= The select operation selects tuples that satisfy a given
predicate.

= Notation: Gp(/)

= pis called the selection predicate

= Example: select those tuples of the /nstructor relation where
the instructor is in the “Physics” department.

Query

O dept name= “Phys/cs”(/ns tructor)
Result

ID name dept_.name | salary

22222 | Einstein | Physics 95000
33456 | Gold Physics 87000
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Select Operation (Cont.)

= \We allow comparisons using
=, # >, > <. <
In the selection predicate.

= \We can combine several predicates into a larger predicate by using
the connectives:

A (and), v (or), — (not)

= Example: Find the instructors in Physics with a salary greater
$90,000, we write:

O dept name="Physics””\ salary > 90,000 (instructor)

= The select predicate may include comparisons between two
attributes.

Example, find all departments whose name is the same as their
building name:

o dept_name=building (department)
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Select Operation — selection of rows (tuples)

0 Relation r: how to select A=B and D bigger than 5

Al|B|C|D
al|la|ll]|7
al|pP|5]7
Bp[12]3
B | P [23]10
" Gp=rp>5(M)
AlB|C|D
ala|l]|7
B[P [23]10

0 Selectr where A=B and D>5
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Project Operation

= A unary operation that returns its argument relation, with certain
attributes left out.

= Notation:

[ 4,8,0,..4,0
where A,, A,, ..., A, are attribute names and ris a relation name.

= The result is defined as the relation of A columns obtained by
erasing the columns that are not listed

= Duplicate rows removed from the result, since relations are sets
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Project Operation Example

= Example: eliminate the dept _name attribute of /nstructor

= Query.
1_[/D, name, salary (INSIUCtor)
=  Result:
ID name salary
10101 | Srinivasan | 65000
12121 | Wu 90000

15151 Mozart 40000
22222 | Einstein 95000
32343 | El Said 60000

33456 | Gold 87000
45565 | Katz 75000
58583 | Califieri 62000
76543 | Singh 80000
76766 | Crick 72000
83821 | Brandt 92000
98345 | Kim 80000
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Composition of Relational Operations

= The result of a relational-algebra operation is relation and
therefore of relational-algebra operations can be composed
together into a relational-algebra expression.

= Consider the query -- Find the names of all instructors in the
Physics department.

rlname((7 dept name =“Physics” (//75 lruct 0’))

= |nstead of giving the name of a relation as the argument of the

projection operation, we give an expression that evaluates to a
relation.
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Cartesian-Product Operation

= The Cartesian-product operation (denoted by X) allows us to
combine information from any two relations.

= Example: the Cartesian product of the relations /nstructorand
teaches is written as:

/nstructor X teaches

= We construct a tuple of the result out of each possible pair of

tuples: one from the /nstructorrelation and one from the feaches
relation (see next slide)

= Since the instructor /D appears in both relations we distinguish
between these attribute by attaching to the attribute the name of
the relation from which the attribute originally came.

/nstructor.ID
teaches. /D

Dr. A. Taghinezhad 1.21 Database



The /nstructor X teaches table

‘ instructor.ID ‘ name ‘ dept_-name ‘ salary | teaches.ID | course_id ‘ sec_id ‘ semester ‘ year |

10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-101 1 Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-315 1 Spring | 2018
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-347 1 |Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 | 12121 | FIN-201 1 |Spring |2018
10101 Srinivasan | Comp. Sci. | 65000 15151 | MU-199 1 |Spring |2018
10101 Srinivasan | Comp. Sci. | 65000 | 22222 | PHY-101 1 | Fall 2017
12121 Wu Finance 90000| 10101 |CS-101 1 |Fall 2017
12121 Wu Finance 90000 | 10101 |CS-315 1 |Spring |2018
12121 Wu Finance 90000 | 10101 |CS-347 1 |Fall 2017
12121 Wu Finance 90000 | 12121 |FIN-201 1 |Spring |2018
12121 Wu Finance 90000 | 15151 |MU-199 1 | Spring |2018
12121 Wu Finance 90000 | 22222 |PHY-101 1 |Fall 2017
15151 Mozart Music 40000 | 10101 |CS-101 1 | Fall 2017
15151 Mozart Music 40000 | 10101 |CS-315 1 |Spring |2018
15151 Mozart Music 40000 | 10101 |CS-347 1 |Fall 2017
15151 Mozart Music 40000 | 12121 |FIN-201 1 |Spring |2018
15151 Mozart Music 40000 | 15151 |MU-199 1 |Spring |2018
15151 Mozart Music 40000 | 22222 |PHY-101 1 |Fall 2017
22222 Einstein | Physics 95000 | 10101 |CS-101 1 |Fall 2017
22222 Einstein | Physics 95000 | 10101 |CS-315 1 |Spring |2018
22222 Einstein | Physics 95000 | 10101 |CS-347 1 |Fall 2017
22222 Einstein | Physics 95000 | 12121 |FIN-201 1 |Spring |2018
22222 Einstein | Physics 95000 | 15151 |MU-199 1 |Spring |2018
22222 Einstein | Physics 95000 | 22222 |PHY-101 1 |Fall 2017
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joining two relations -- Cartesian-product

0 Relations 7, s Al|B C|DI|E
x| 1 a|10] a
B2 p 10| a
r B 120| b
Y (10| b
s
0 rxs A|B|C|D|E
al|l1]|lall0] a
a|l1]|p|10]a
al|1[p[20[b
a|l1]|v[10]|b
pl2|af10|a
Bl2]|p[10]a
Bl2|p|20]b
8|2y |o|b
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Cartesian-product — naming issue

0 Relations 7, s: Al|B B|D
al 1 a |10
B2 B [10
¥ B (20
Y |10
S

oo o o ||

s.BD
a |10
[ |10
[ 20
Y |10
10
[ |10
B 20
Y (10

~
Sy

0 rxs

N N NN == =
)
oo v oo o |

TR L8 S
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Join Operation

= The Cartesian-Product
Instructor X teaches
associates every tuple of instructors with every tuple of teaches.

Most of the resulting rows have information about instructors who
did NOT teach a particular course.

= To get only those tuples of “/nstructor X teaches * that pertain to
Instructors and the courses that they taught, we write:

O jnstructor.id = teaches.ig \INstructor X teaches))

We get only those tuples of “/nstructor X teaches”that pertain to
Instructors and the courses that they taught.

= The result of this expression, shown in the next slide
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= The table corresponding to:

Join Operation (Cont.)

O jnstructor.id = teaches.ig (INStrUctor X teaches))

instructor.ID | name dept_name | salary | teaches.ID | course_id | sec_id | semester | year
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-101 1 |Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 10101 | CS-315 1 Spring | 2018
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-347 1 |Fall 2017
12121 Wu Finance 90000 | 12121 |FIN-201 1 |Spring |2018
15151 Mozart Music 40000 15151 |[MU-199 1 |Spring |2018
22222 Einstein | Physics 95000 | 22222 |PHY-101 1 |Fall 2017
32343 El Said History 60000 | 32343 | HIS-351 1 |Spring |2018
45565 Katz Comp. Sci. | 75000 | 45565 | CS-101 1 |Spring | 2018
45565 Katz Comp. Sci. | 75000 | 45565 | CS-319 1 |Spring |2018
76766 Crick Biology 72000 | 76766 |BIO-101 I | Summer | 2017
76766 Crick Biology 72000 | 76766 | BIO-301 I | Summer | 2018
33821 Brandt Comp. Sci. | 92000 | 83821 |CS-190 1 |Spring |2017
83821 Brandt Comp. Sci. | 92000 | 83821 |CS-190 2 | Spring | 2017
83821 Brandt Comp. Sci. | 92000| 83821 |CS-319 2 | Spring |2018
98345 Kim Elec. Eng. | 80000 | 98345 |EE-181 1 |Spring |2017

Dr. A. Taghinezhad
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Join Operation (Cont.)

= The join operation allows us to combine a select operation and a
Cartesian-Product operation into a single operation.

=  Consider relations r(~) and s (S)

= Let “theta” be a predicate on attributes in the schema R “union” S.
The join operation r xg s is defined as follows:

rXgSs=agg (r X s)
= Thus
O jnstructor.id = teaches.id (/NStructor X teaches ))
= (Can equivalently be written as

instructor W 1, o ictor id = teaches. id f€aches.
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Union Operation

The union operation allows us to combine two relations
= Notation: r U S

= For r U sto be valid.

1. 1, smust have the same arity (same number of attributes)

2. The attribute domains must be compatible (example: 2nd
column of rdeals with the same type of values as
does the

2"d column of )

Dr. A. Taghinezhad 1.28
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Union Operation

= Example: to find all courses taught in the Fall 2017

semester, or in the Spring 2018 semester, or in both

classroom( building, rooni_number, capacity)

department(depi_name, building, budger)

course( course_id, title, depti_name, crediits)

instructor(1D, name, dept_name, salary)

section(course_d, sec_d, semesiter, vear, building, room_number, time_slot_id)

teaches(ID, course_d, sec_id, semester, year)
student(1D, name, depl_name, tol_cred )

takes(ID, course_id, sec_d, semester, vear, grade)
advisor(s_D, i_ID)

time_slot(time_sloi_d, day, startgime, end_time)

prereg(course_id, prereg_id )

Hcourse_ ia (G semester="Fall” N\ year=2017 (section)) Hcourse_ ia (O-
semester="Spring” /A year=2018 (section))
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Union Operation (Cont.)

= Result of:
Hcourse_ i (O semester="can” / year=2017 séection))

Hcourse_ id (G semester="Spring” /N year=2018 (section))

course_id

CS-101
CS-315
CS-319
CS-347
FIN-201
HIS-351
MU-199
PHY-101
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Union of two relations

= Relations s, s-

oS oo b Jous T 00,55, i iyl 0gg dba)y g0 o b SO 0 Linlphl a5 Cun] o] dbal, abal, g0 sla=/
gl o dilgi UG (6,50 (6lao,sT ) g ol

A|B A|B

all xf?2
Dru_s: 0(2 [53
0 runions

Pl1 5

’

mQQD;.
W = N =TT
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Set-Intersection Operation

= The set-intersection operation allows us to find tuples that are in both
the input relations.

= Notation: rn s
= Assume:
I, s have the same arity
attributes of rand s are compatible

= Example: Find the set of all courses taught in both the Fall 2017 and the
Spring 2018 semesters.

Hcourse_ i (O semester="can” 1 year=2017(S€ction)) N
Hcourse_ id (G semester="“Spring” N year=2018 (section))

Result :
course_id

CS-101
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Set intersection of two relations

= Relation s, s

A|B Al B
| 1 x| 2
ol 2 b3
Pl1 S
”
. /’f.\S A B
= rintersects
x| 2

Note: rons=r—(r—25)
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Set Difference Operation

= The set-difference operation allows us to find tuples that are in one
relation but are not in another.

= Notation r—s

= Set differences must be taken between compatible relations.
rand s must have the same arity
attribute domains of rand s must be compatible

= Example: to find all courses taught in the Fall 2017 semester, but not in
the Spring 2018 semester

L Xecourse id ((7 semester="Fall” N year=2017 (S ecti 0/7)) -

L Xcourse id ((7 semester="Spring” N year=2018 (S ect 0/7))

course_id

CS-347
PHY-101
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The Assignment Operation

= |tis convenient at times to write a relational-algebra expression by
assigning parts of it to temporary relation variables.

= The assignment operation is denoted by <« and works like
assignment in a programming language.

= Example: Find all instructor in the “Physics” and Music department.

PhysICS < O ga ot name="“Physics »(/nstructor)
MUSIC < O gept name="Music”(INSIUCION)
Physics w Music

= With the assignment operation, a query can be written as a
sequential program consisting of a series of assignments followed
by an expression whose value is displayed as the result of the

query.
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The Rename Operation

= The results of relational-algebra expressions do not have a
name that we can use to refer to them. The rename
operator, p, Is provided for that purpose

= The expression:

Px (E)

returns the result of expression £ under the name x
= Another form of the rename operation:

PxiarAz, .. An)(E)
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Equivalent Queries

= There is more than one way to write a query in relational algebra.

= Example: Find information about courses taught by instructors in the
Physics department with salary greater than 90,000

Query 1
o dept_name="“Physics 7N\ salary >90,000 (//75 lruct 0/)
Query 2
o dept_name="“Physics” ((7 salary > 90.000 (/ nstruct 0’))

The two queries are not identical; they are, however,
equivalent -- they give the same result on any database.
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Equivalent Queries

= There is more than one way to write a query in relational algebra.

= Example: Find information about courses taught by instructors in the
Physics department

Query 1
Odept_name="Physics” (INSITUCION ™M jncr 0t 1D = teaches. ip €ACNES)
Query 2

(¢ Odept_name="“Physics” (INSUCIOr)) ™ jnstructoriD = teaches. /D 1€ACHES

The two queries are not identical; they are, however, equivalent -- they
give the same result on any database.
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Example

Name of P2 producers P2 daald Foss ags ool ™
S P SP
S#  Sname City P#  Color Type City S
sl P1 300
sl Fanavaran Tehran P1 Red Iron Tehran
: s2 P2 200
s2 Iran Tabriz P2 Green Copper | Tabriz = S
Segment P3 Blue Brass Shiraz 5 = o
. : S
s3 Pooladin Tabriz P4 Red I e

s2 P2 400
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Name of P2 producers

1_[Snatme (GP#:PZ (S 0 S P))

S join SP giving Temp1

Example

QS g | PZMQKM%QSGQLJ .

Select Templ where P# = ‘P2’ Giving Temp2

Project Temp2 [Sname]

S

S# Sname City

sl Fanavaran Tehran

s2 Iran Tabriz
Segment

s3 Pooladin Tabriz

Dr. A. Taghinezhad

P#
P1
P2
P3
P4

Color
Red
Green
Blue
Red

1.40

Type
Iron
Copper
Brass

Iron

City
Tehran
Tabriz
Shiraz

Tehran

SP

S#
sl
s2
s3
s2
s2
s3

P#
P1
P2
P3
P1
P2
P2

Qty
300
200
400
300
400
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Example

QLS oo s Ky 0,8 dxdad SO Plas a5 ) oS ays ol ®

S
SH#
sl

s2

s3
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Sname
Fanavaran
Iran
Segment

Pooladin

City

Tehran

Tabriz

Tabriz

P#
P1
P2
P3
P4

Color
Red
Green
Blue
Red

1.41

Type
Iron
Copper
Brass

Iron

City
Tehran
Tabriz
Shiraz

Tehran

SP

S#
sl
s2
s3
s2
s2
s3

P#
P1
P2
P3
P1
P2
P2

Qty
300
200
400
300
400

200 Database



Example

QLS oo s Ky 0,8 dxdad SO Plas a5 ) oS ays ol ®

Templ< ocgio=-ged (P)) Select P where color=‘Red’ Giving Temp1
Temp2 < [, (Templ) Project Temp1 [P#] Giving Temp2
Temp3 < (temp2 « SP ) Temp2 Join SP Giving Temp3
Temp4 <[], (Temp3) Project Temp3 [S#] Giving Temp4
Temp5<- |1, (Temp4ooS) Temp4 Join S Giving Temp5
Temp6< [, (TEMpS) Project Temp5 [Sname] Giving Temp6

S P SP

S# P# Oty

S#  Sname City P#  Color Type City
sl P1 300

sl Fanavaran Tehran P1 Red Iron Tehran
. s2 P2 200

' P2 Green Copper | Tabriz
s2 Isran : Tabriz PP s3 P3| 400
egmen P3 Blue Brass Shiraz > p1 300

: : S
s3 Pooladin Tabriz P4 Red Iron Tehran

s2 P2 400
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Example

e s e 0

QS s dngs | P2 aahad a5 aolo 1, SBaS ays olol ™

SP
S P
. S# P# t
S#  Sname City P#  Color Type City 2
sl P1 300
sl Fanavaran Tehran P1 Red Iron Tehran
. s2 P2 200
' P2 Green Copper | Tabriz
s2 gan : Tabriz PP s3  P3 400
egmen P3 Blue Brass Shiraz > p1 300
: : S
s3 Pooladin Tabriz P4 Red Iron Tehran

s2 P2 400

Dr. A. Taghinezhad 1.43 s3 P2 200 patabase



Example

QS s dngs | P2 aahad a5 aolo 1, SBaS ays olol ™

1_ISname [[Hs# (S)' (Hs# (GP#:‘PZ’ (SP)) )] - S]

S
S# Sname
sl Fanavaran
s2 Iran
Segment

s3 Pooladin

Dr. A. Taghinezhad

City

Tehran

Tabriz

Tabriz

P#
P1
P2
P3
P4

Color
Red
Green
Blue
Red

1.44

Type
Iron
Copper
Brass

Iron

City
Tehran
Tabriz
Shiraz

Tehran

SP

S#
sl
s2
s3
s2
s2
s3

P#
P1
P2
P3
P1
P2
P2

Qty
300
200
400
300
400
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(©-J0IN) bbb g Kloe ™

2l oo Jlasl ol glaylaws (69,8 byl a5 conl ()50 0 5l (gl asgame o Slos cnl ™
Lol (G50 @b Slsgie Jolee (29,5 Sy

Xo =
. . 2 o5 (F9,m Jle
S XS.C|ty>=P.C|ty P

S# Sname City P# Color Type City

sl Fanavaran Tehran P1 Red Iron Tehran
sl Fanavaran Tehran P2 Green Copper Tabriz
sl Fanavaran Tehran P4 Red Iron Tehran
s2 Iran Tabriz P2 Green Copper Tabriz

Segment
s3 Pooladin Tabriz P3 Blue Brass Tabriz
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Natural Join

Lo A B g B C
X Y Z U
X Z A% \\
Y Z Z A%
Z A%
= R |x| S= A B C
X Z U
X Z Vv
Y Z U
Y Z \Y%
Z \Y Y
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Semi-join

(Gcity ="Tehran”(P) X (GQty >200 (SP)

S
S# Sname
sl Fanavaran
s2 Iran
Segment

s3 Pooladin

Dr. A. Taghinezhad

City

Tehran

Tabriz

Tabriz

P#
P1
P2
P3
P4

Color
Red
Green
Blue
Red

1.47

Type
Iron
Copper
Brass

Iron

City
Tehran
Tabriz
Shiraz

Tehran

SP

S#
sl
s2
s3
s2
s2
s3

P#
P1
P2
P3
P1
P2
P2

Qty
300
200
400
300
400
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Quter Join

L-O-JOIN : Left Outer JoIN_> wsl,3 -\ ®
:Right Outer Joinc.l, sigals -y ™
Full Outer Join s wgul,s -t =

9Q)‘L5tdu»d49~6LQ,L¢L)JOB>{.C¢\5U5L€Ud‘bw‘ww}u)ﬂw&)‘é‘wﬁwww‘)s =
30 3l 0 34lg Dlg> o NULL sl b oo Ngws ¢ o o ably 51 Sais Glebl dalal,
oo Ol NULL Lolio b oot aSgn ¢ (sl oo alasly 51 Souis Sgm bbb cconly digul

.J..’g.w
s ™
S L—(g—F,]OIN SP =
S
S# Sname Status S# P# Qty
sl Snl 10 S1 P1 200
2 Sn2 15 S2 P3 400
S2 P4 100
S3 Sn3 10 S3 Pl 300
S4 Sn4 20
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Quter Join

Jlee
S L-O-JOIN SP =

S# | Sname Status P# t
Qty S SP

sl Snl 10 P1 200

S# Sname Status S# P# Qty
s2 | Sn2 15 P3 400 s1 sni 10 s1 P1 200
s2 Sn2 15 P4 100 S2 Sn2 15 52 e 200

S2 P4 100

S3 | Sn3 10 P1 300 S3  Sn3 10 S3 | P1 300
S4 | Sn4d 20 NULL NULL sS4 Sn4 20
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Summary of Relational Algebra Operators

Symbol (Name) Example of Use

c

(Selection) ° salary > = 85000 (instructor)
Return rows of the input relation that satisfy the predicate.

I

(Projection) T ID, salary (instructor)
Output specified attributes from all rows of the input relation. Remove
duplicate tuples from the output.

X

(Cartesian Product)

instructor X department

Output pairs of rows from the two input relations that have the same value on
all attributes that have the same name.

U
(Union) I yyame (instructor) U 1143 g9 (student)
Output the union of tuples from the two input relations.
(Set Difference) T name (nstructor) — Ty gipe (Student)
Output the set difference of tuples from the two input relations.
>
(Natural Join) instructor > department

Output pairs of rows from the two input relations that have the same value on
all attributes that have the same name.
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Divide operator

Suppose we have this extra table, in the Bank
database

Account-types | Type
checking
savings

Suppose we would like to know which customers
have alltypes of accounts.
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Divide Operation

= orfdwvide (n ., +,-ACccount) = Account-types

Account Hun'hep"f Chwner Type
101 J. Snith checking
102 W, Wei checking
1C J. Srnith savings
1 M. Jones checking
] H. Martin checking
Account-types | Type
checking
savings
Find account owners
Crwiner who have ALL types of
J. Smith

accounts.
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Divide Definition

= ForR+ SwhereR (rl, r2, r3, r4) and S(sl, s2)

= Since S has two attributes, there must be two attributes in R (say r3
and r4) defined on the same domains, respectively, as s1 and s2. We
could say that(r3, r4) is union-compatible with (s1, s2).

= The query answer has the remaining attributes (r1, r2).

= And the answer has a tuple, (r1, r2), in the answer if the(rl, r2) value
appears with every S tuple in R.
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When to divide?

* Not supported as a primitive operator, but useful for expressing queries
like:

Find customers who have all types of accounts.
* Let A have 2 fields, x, y, B have only field y.
AB={(x)|3(x,y) €A V(y) € B}

l.e., A/B contains all x tuples (customers) such that for every y tuple
(account type) in B, there is an xy tuple in A.

Or. If the set of y values (account types) associated with an x
value(customer) in A contains all y values in B, the x value is in A/B.

* In general, x and y can be any lists of fields; y is the list of fields in B,
and x U y is the list of fields of A.- A/B =
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Division Example

piult | 2Ll Ll

:Ilm E‘;B p2 p2 pl
. rd p2
sl |p2 Bl .
sl |p3 BZ ps
s1  |pd B3
s2  |pl
s2  |p2
3 |p2
=4 |p2
= 1pt S S10 SIO
A sl 51 sl

sd gl wa

S0

=4 4/B2

A/B1
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End of Chapter 2
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