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Syllabus of Module 2

® Structure of Relational Databases - Integrity Constraints,

Synthesizing ER diagram to relational schema
® Introduction to Relational Algebra - select, project, cartesian
product operations, join - Equi-join, natural join. query examples

® Introduction to Structured Query Language (SQL), Data
Definition Language (DDL), Table definitions and operations —
CREATE, DROP, ALTER, INSERT, DELETE, UPDATE.
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Introduction to Relational Algebra

Relational algebra: Relational algebra is a procedural
query language, which takes instances of relations as

input and yields instances of relations as output.

® [t uses operators to perform queries. An operator can be

either unary or binary.

® They accept relations as their input and the ouput is also
realtion(a temporary table holding the data asked for by the

user)

Relational Calculus : Relational calculus is a non-
procedural query language, and instead of algebra, it

uses mathematical predicate calculus.
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Relational Algebra Operations

Unary Relational Operations
e SELECT (symbol: 0)

e PROJECT (symbol: )

» RENAME (symbol: p)
Relational Algebra Operations From Set Theory
e UNION (U)

e INTERSECTION (N)

e DIFFERENCE (-)

e CARTESIAN PRODUCT ( x)
Binary Relational Operations
* JOIN ()

&nd AU NISIE NE(reT
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1. Unary Relational Operations:
= SELECT

PROJECT

RENAME
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SELECT operation (o)

e The SELECT operation is used to choose a subset of the tuples
from a relation that satisfies a selection condition

® SELECT operation restricts the tuples in a relation to only
those tuples that satisfy the condition.

* Example : Select the EMPLOYEE tuples whose department
is 4, or those whose salary is greater than $30,000
65 (EMPLOYEE)
O alrys 20000 EMPLOYEE)

® In general, the SELECT operation is denoted by

T selection condition = | H}

where R is the table name
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The Boolean expression specified in <selection condition> is made

up of a number of clauses of the form

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

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

Degree of the relation from SELECT operation is its number of

attributes(columns). It is the same as the degree of R.

SELECT operation is commutative

0 cond] ,bl'r-ﬁc;mnd!:a[ H) J - ﬁc;t‘ill‘ldf,‘.'e[\ﬁ{mnd | :>{R] ‘J

Clauses can be connected by the standard Boolean operators AND,

OR, and NOT to form a general selection condition

Example: Select the tuples for all employees who either work in
department 4 and make over $25,000 per year, or work in

department 2 nd make over $30,000.
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® Employee table

® Output

EMPLOYEE
Frame | Mint | Lname San Hdae Addresa Sex |Salary | Super_ssn | Dno
Jobn B | Smih 123456789 | 1965-01-08 (721 Fondren, Howston, TX | M |30000 [3X3445555 | &
Frankin | T Wong | 333445555 | 1955-12-0€ | 638 Voss, Houston, TX B |40000 |BBBEESLES [ B
Alicia J Zeloyn | BOOBRETTTY | 1968-01-18 (3371 Castle, Spring, TX | F |25000 |9878543321 | 4
lereifer | 5 | Woloce | 987854371 | 1941-06-70 | 291 Bemy, Bellare, TX F |43000 (BBEEESLLG | 4
Ramssh | K | Norayon | 8686884444 | 1962-08-15 | 975 Fre Ouok, Humble, TX | M |38000 [3Z3445555 | &
Joyoe A | English | 453453453 | 1972-07-31 |5631 Rioe, Houston, TX. | F |25000 [3Z3445555 | &
Ahmad V | lebbar | BETOETEEY |1969-03-79 (980 Dalas, Houston, TX | M |25000 |987E54371 | 4
lares E |Borg BEEEER05D0 | 1937-11-10 | 450 Stone, Housion, TX | M |55000 |MULL i
ﬁ[Dnu::-i AND Salary=>25000) OR (Dno=3 AND Salary= "JEI'EIIIHIIJ{EMI:..I‘II'I:::Fl'IIIIEE:|
(a)
Fname | Minit | Lname Ssn Bdate Address Sex | Salary | Super_ssn |Dno
Frankiin | T | Wong | 333445555 | 1955-12-08 | 638 Voss, Houston, TX | M | 40000 |8BB665555 | 5
Jennifer | S | Wallace | 987654321 | 1941-06-20 | 291 Bemry, Bellaire, TX | F 43000 | 888665555 | 4
Ramesh | K | Narayan | 666884444 | 1962-09-15 | 975 Fire Oak, Humble, TX| M |38000 | 333445555 | 5
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PROJECT operation (I)

PROJECT operation selects certain columns from the table

and discards the other columns.

If we are interested in only certain attributes(columns) of a
relation, we use the PROJECT operation to project the relation

over these attributes only.

The general form of PROJECT
Hﬂm{R]

Example: list each employee’s first and last name and salary

n«-.‘_.l_ttri':ﬁuh.'

T[Lname1 Fname, Ealanf{EMPLGYEE]
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The result of the PROJECT operation has only the attributes
specified in <attribute list> in the same order as they appear in
the list.

Hence, its degree is equal to the number of attributes in
<attribute list>.

The PROJECT operation removes any duplicate tuples, so the result of
the PROJECT operation is a set of distinct tuples, and hence a valid

relation.

This is known as duplicate climination.
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* Example

TSex, Salary EMPLOYEE)

Sex

Salary

30000

40000

25000

43000

38000

25000

= | =:|=|TM|TM|=|=

55000

EMPLOYEE

Fname | Minit | Lname Ssn Bdate Address Sex |Salary | Super_ssn |Dno
John B | Smith | 123456789 | 1965-01-09 |731 Fondren, Houston, TX| M |30000 (333445555 | 5
Frankin | T | Wong | 333445555 | 1955-12-08 |638 Voss, Houston, TX. | M {40000 (BBBGE5555 | 5
Alicia ] | Zelaya | 998887777 [1968-01-19 |3321 Castle, Spring, TX | F 25000 (987654321 | 4
Jennifer | S | Wallace | 887654321 |1941-06-20 | 291 Bermy, Bellaire, TX F (43000 (888665555 | 4
Ramesh | K | Narayan | 666884444 | 1962-09-15 | 975 Fire Oak, Humble, TX| M |38000 (333445555 | 5
Joyce A | English | 453453453 | 1972-07-31 (5631 Rice, Houston, TX | F |25000 |333445555 | 5
Ahmad | \ |Jabbar | 987987987 |1969-03-29 |980 Dallas, Houston, TX | M |25000 (987654321 | 4
James E |Borg |B888665555 |1937-11-10 |450 Stone, Houston, TX | M [55000 |NULL 1

-
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Sequences of Operations

® For most queries, we need 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

We must give names to the relations that hold the intermediate

results.

Example : Retrieve the first name, last name, and salary of all

employees who work in department number 5. Here we must

apply a SELECT and a PROJECT operation.
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T'[Fnama. Lname, -EalzlrjlfﬁI:llnu:u=5{EMI:..I'[WEE]I:l

® Output
(a)
Fname Lnarne Salary
John Smith 30000

Franklin | Wong 40000

Ramesh | Marayan | 38000
Joyce English 25000

o Example— Intermediate Relation for the above expression

DEP5_EMPS o, _.(EMPLOYEE)
RESULT ¢ Reoane s, 5oy DEPS_EMPS)
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RENAME operation : (p)

e The RENAME operation is used to rename a relation name

or attribute name or both.

* Itis denoted by any of the following methods
1. Rename relation
It renames relation R to S
ps(R)
2. Rename attributes
[t renames attributes of relation R to (B1,B2,..Bn)
P1,82,.8n)(R)
3. Rename relation and its attributes

It renames relation R to S and attributes of relation R to
(B1,B2,..Bn)

R




2. Relational Algebra Operations From Set Theory
¢ UNION (U)

e INTERSECTION (N),

e DIFFERENCE (-)

e CARTESIAN PRODUCT ( x)
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The UNION, INTERSECTION, and MINUS Operations

UNION:

® The result of this operation, denoted by R U S, is a relation that
includes all tuples that are either in R or in S or in both R and S.

® Duplicate tuples are eliminated.

INTERSECTION:

® The result of this operation, denoted by R 1 S, is a relation that
includes all tuples that are in both R and S.

SET DIFFERENCE (or MINUS):

® The result of this operation, denoted by R — S, is a relation that
includes all tuples that are in R but not in S.

Note: For performing all the above operation both the tables should

have the same attributes.

Sindhu Jose, AP, CSE, VICET
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Example:

Retrieve the Social Security numbers of all employees who either
work in department 5 or directly supervise an employee who
works in department 5, we can use the UNION operation as

follows.

DEP5_EMPS ¢« op,,,_s(EMPLOYEE)
RESULT1 «—ng,, (DEP5_EMPS)
RESULT2(Ssn) ¢~ Tig, e, ocn(DEP5_EMPS)
RESULT « RESULT1 U RESULT?2

* UNION operation produces the tuples that are in either
RESULT1 or RESULT?2 or both, while eliminating any duplicates.
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4 (b)

TEMP
Fname | Minit | Lname 880 Bdate Address Sex | Salary | Super_ssn |Dno
John B | Smith | 123456789 | 1862-01-09 | 731 Fondren, Houston,TX | M| 30000 | 333445555 | 5
Frankin | T | Wong | 333445555 | 1955-12-08 | 638 Voss, Houston, TX M | 40000 |BBBBE5GSS | 5
Ramesh | K | Narayan | 666884444 | 1962-09-15 | 875 Fre Oak Humble TX | M | 38000 333445555 | 3
Joyce A | English | 453453453 | 1972-07-31 | 5631 Rice, Houston, TX | F | 25000 | 333445555 | 5
DEP5_EMPS «op,,_-(EMPLOYEE)
RESULT1 ¢« ng_ (DEP5_EMPS)
RESULT2(Ssn) « nSuper_ssn(DEPE_EMF‘S)
RESULT «~RESULT1 U RESULT2
RESULTH RESULT2 RESULT
Ssn Ssn Ssn
123456789 333445555 123456789
333445555 | 8886655556 333445555
666884444 666884444
453453453 | 453453453
888665555
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Union compatibility or Type compatibility
® Two relations R(A1, A2, ..., An) and S(B1, B2, ..., Bn) are said to

be union compatible (or type compatible)

o if they have the same degree n and if dom(Ai) = dom(Bi) for 1
<=i<=n.
o0 This means that the two relations have the same number of

attributes and each corresponding pair of attributes has the same

domain.

Sindhu Jose, AP, CSE, VICET
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e Two union—compatible relations.

Sindhu Jose, AP, CSE, VICET

(@) STUDENT INSTRUCTOR
Fn Ln Fname Lname

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

e STUDENT U INSTRUCTOR

(b)

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




-

e STUDENT N INSTRUCTOR

(a) STUDENT INSTRUCTOR
Fn Ln Fname Lhame

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

Sindhu Jose, AP, CSE, VICET

(c)

Fn Ln
Susan Yao
Ramesh | Shah
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e STUDENT — INSTRUCTOR
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(a) STUDENT INSTRUCTOR
Fn Ln Fname Lname

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

(d)

Fn Ln
Johnny Kohler
Barbara | Jones
Amy Ford
Jimmy Wang
Ernest Gilbert
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e INSTRUCTOR — STUDENT
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(a) STUDENT INSTRUCTOR
Fn Ln Fname Lname

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

Fname | Lname
John Smith
Ricardo | Browne
Francis | Johnson
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The UNION, INTERSECTION, and MINUS Properties

® UNION and INTERSECTION are commutative operations
RUS=SUR and RnS=SnR

® Both UNION and INTERSECTION can be treated as n-ary

operations applicable to any number of relations because both are

also associative operations.
RuUSUT)=(RUS)UT and (RNS)NnT=Rn(SNT)

® The MINUS operation is not commutative; that is, in general,
R-S#8§8-R

e INTERSECTION can be expressed in terms of union and set

difference as follows
RnS=((RuS)-(R-5))-(S-R)
Sindhu Jose, AP, CSE, VICET
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CARTESIAN PRODUCT OR CROSS JOIN ( X)

® This is also a binary set operation, but the relations on which it is

applied do not have to be union compatible.

® The result of R(A1, A2, ..., An) X S(B1, B2, ..., Bm) is a relation
Q with degree n + m attributes Q(A1, A2,..., An, Bl1, B2, ...,
Bm), in that order.

® The resulting relation Q has one tuple for each combination of

tuples—one from R and one from S.

® Hence, if R has nR tuple, and S has nS tuples, then R X S will have
nR * nS tuples.

n-ary CARTESIAN PRODUCT

o |t produces new tuples by concatenating all possible combinations

of tuples from n underlying relations.

Sindhu Jose, AP, CSE, VICET
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e Example: Loan x Borrower

Borrower

AAN nimnanr
- ! v

Db Road
Caity
Db Road
Citwy
Db Road
City
Db Road
City
Db Road
City
Db Road
Cilty
Db Road
City
Db Road
City
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Q. Write a relational algebra query and from above the relation Loan and

Borrower, select all the customers whose Branch_name is “SBI City”.

Relational algebra Query: o —«sp1 city(L0an x Borrower)

Branch_name=

¥ from Loan, Borrower where Branch_name='SBI City';

| Customer_name
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|

| amit
| sumit
|

|

|
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Q. Write a relational algebra query and from above the relation Loan
and Borrower. Display Branch_name, Customer_name, Amount

of the customers whose Branch_name is “SBI City”.
Relational algebra query:
[1

Branch_name, Customer_name, Amount(O' Branch_name="SBI City”(Loan X BOI”I'OWGI‘))

Result:

ysql» select Branch name,Customer name,Amount from Loan, Borrower where Branch name='SBI City
______________ S QU ———

Branch name | Customer name | Amount

IR N, T, |
o iRy O O O
D & 0

L¥
(an]

L
(an ]

rajesh

rajesh

7
1
2
1.
2
1.
2
14

LLY
(an ]
5]
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Q. Write a relational algebra query and sql from above the relation
Loan and Borrower. Display Customer_name, Amount where

Loan_number is equal in both relation.

Relational algebra query:
I1

Customer_name, Amount (G Loan.Loan_number = Borrower.Loan_number (Loan X BOI’I‘OWGI’))

ysql> select Customer name, Amount from Borrower,loan wnere Borrower.Loan numoer=Loan.loan numoer,
prosesssasacanes proseeees }

1

Custoner nane | Amount |

2560 |
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Binary Relational Operations
* JOIN ()
* DIVISION (/)

Sindhu Jose, AP, CSE, VICET
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The JOIN Operation ()
® The JOIN operation, denoted by X , is used to combine related

tuples from two relations into single “longer” tuples.

® This operation is very important for any relational database with
more than a single relation because it allows us to process

relationships among relations.
Example: Retrieve the name of the manager of each department.

9 To get the manager’s name, we need to combine each
department tuple with the employee tuple whose Ssn value

matches the Mgr_ssn value in the department tuple.

2 We do this by using the JOIN operation and then projecting the

result over the necessary attributes, as follows.
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EMPLOYEE
Frame | Mindt | Lname San Bolaie Address Sex | Solary | Super_ssn | Dno
lobn B | Smith |123456783 |1965-01-08 (731 Fondren, Houston, TX| M |30000 (333445555 | &
Frankin | T | Wong | 333445555 | 1855-12-08 | 638 Voss, Houston, TX. | M (40000 [BBBEESEES | 5§
Alizia ] | Zeloyn |998BETTT? | 1968-01-13 (331 Castle Spring, TX | F (25000 |987E54371 | 4
leneifer | S | Wollace | 987654331 | 1841-06-20 |291 Besry, Bellare, TX F|43000 |98BGESHES | 4
Ramesh| K | Marayon | 666884444 | 1862-08-15 | 875 Fee Oak, Humble, TX | M 38000 (333445555 | &
Joyoe A | Enghsh | 453453453 19720731 5631 Rice, Houston, TX | F |25000 |333445555 | 5
Ahmad | Y | lebbar |BETOHTBEY |1889-03-70 (980 Dales, Houston, TY | M [25000 (987654321 | 4
lames E (Bowg |E29885555 | 1937-11-10 450 Stone, Houston, TX | M (55000 |NULL i
DEPARTMENT
Dname Dinurmibar Mgr_ssn Mor_start_daie
Res=arch o 233445535 1688-05-23
Adminis3ntion 4 JETES 43T 1685-01-01
Headguarters 288665553 1681-06-18
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DEPT_MGR « DEPARTMENT >4, o EMPLOYEE
RESULT « MDname, Lname, Fname(DEPT_MG R)
DEPT_MGR
Dname Dnumber Mgr_ssn Fname Minit Lname Ssn
Research 5 333445555 Franklin T Woeng 333445555
Administration 4 087654321 Jennifer S Wallace 087654321
Headquarters 1 888685555 James E] Borg 888665555
Figure 6.6

Result of the JOIN operation DEPT_MGR « DEPARTMENT b o EMPLOYEE.

RESULT

Dname Lname Fname
Research Wong Franklin
Administration Wallance Jennifer
Headquaters Borg James
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® Thus the two operations

e RESULT «— DEPARTMENT &

1. RESULT1 «<— DEPARTMENT x EMPLOYEE
2. RESULT2 «— O,y o(RESULT1)

can be replaced with a single JOIN operation as follows:

Mgr_ssn=Ssn EMPLOYEE

® The JOIN operation can be specified as a combination of

-

CARTESIAN PRODUCT operation followed by a SELECT

operation as shown above.
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Difference between JOIN and CARTESIAN PRODUCT

* In JOIN, only combinations of tuples satistying the join condition
appear in the result, whereas in the CARTESIAN PRODUCT all

combinations of tuples are included in the result.

® The join condition is specified on attributes from the two relations

R and S and is evaluated for each combination of tuples.

* Each tuple combination for which the join condition evaluates to
TRUE is included in the resulting relation Q as a single combined
tuple.
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" THETA JOIN ()

® Theta join is a join which combines the tuples from

different relations according to the given theta condition.

® The join condition in theta join is denoted by theta(0)
symbol. © (theta) is one of the comparison operators

{:) <) S) >) 2) i} .
* Notation:R1X43R2
® Where R1 and R2 are relations such that they don't have

any common attribute.

Sindhu Jose, AP, CSE, VICET
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" Example : Theta Join (6)

® We have two tables: Student(S_id,Name,Std,Age) and

Courses(Class,C_name).

StudentX Course

Student.Std=Course.Class

® The above join operations check if the 'Std‘ attribute in Student is equal to
the values of the 'Class‘ attribute of the Course table. If these values are

equal then it is included in the resulting table.
Student

. Course
S_id | Name Std Age
Class C_name
1 Andrew 5 25
10 Foundation C
2 Angel 10 30
5 C++
3 Anamika 8 35

Student g Course

S_id Name Std Age |Class | C_name

1 Andrew 5 25 5 C++

_ 2 Angel 10 30 10 Foundation C
Sindhu Jos

-




e

EQUIJOIN

® A JOIN, where the only comparison operator used is =, is called

an EQUIJOIN

® In the result of an EQUIJOIN we always have one or more pairs of

attributes that have identical values in every tuple.

® The previous example which we gave in the theta join is also an

example of equi-join.

Sindhu Jose, AP, CSE, VICET

-




-

NATURAL JOIN
* NATURAL JOIN requires that the two join attributes (or each

pair of join attributes) have the same name in both relations.

* NATURAL JOIN, denoted by *, is used to eliminate the duplicate
attributes in an EQUIJOIN condition.

® The standard definition of NATURAL JOIN requires that the
two join attributes (or each pair of join attributes) have the same
name in both relations. If this is not the case, rename operation
has to be applied first to convert the name of the join attribute of

one relation same as that of the join attribute in second relation.
® Notation: R1* R2 where R1 and R2 are two relations.
® Example: We have two tables of Student (S_id, Name, Class, Age,

C_id) and Courses(C_id,C_name). Now, we will perform
natutral join on both the tables i.e Student * Course
Sindhu Jose, AP, CSE, VICET
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Student * Course

Student
. . Course
S_id | Name | Class | Age |C_id
C_id C_name
1 Andrew 5 25 1
11 Foundation C
2 Angel 10 30 1
21 C++
3 Anamika 8 35 22
Student = Course

S_id | Name | Class | Age |C_id C_name

1 Andrew 5 25 1 Foundation C
2 Angel 10 30 1" Foundation C

Sindhu Jose, AP, CSE, VICET
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PREPARED BY SHARIKA T R-SNGCE
Selects all tuples that satisfy the selection condition

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

Produces all combinations of tuples from R, and R,

Table 6.1 Operations of Relational Algebra
OPERATION PURPOSE '
SELECT
from a relation R.
PROJECT
THETA JOIN
that satisfy the join condition.
EQUUOIN

NATURAL JOIN

UNION

INTERSECTION

DIFFERENCE

CARTESIAN
PRODUCT

DIVISION

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

Same as EQUUOIN 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 R, 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 O Y.

Sindhu Jose, AP, CSE, VICET

NOTATION

O sctection cnmdlunn:-[R)
u-:aurnmu: M-(R]
1 «join condiion:- Rz

] P <joim comditsom: Rz' OR
| P {<join attnbates 12-),
{<join attribetes 2] RI

R
R

R,".— comdition:» RI’

OR ET’ (<join attrtbutes 1),
(<join attributes 2 ) R2

ORR,*R,

R, VR,

R, "R,

R, —R,

R. x Rz

R(Z) + R(Y)




4 Different Types of SQL JOINs
e INNER JOIN
o Returns records that have matching values in both tables
1. Theta join
2. EQUI join
3. Natural join
 OUTER JOIN

o In an outer join, along with tuples that satisty the matching

criteria, we also include some or all tuples that do not match

the criteria.

1. Left Outer JOIN
2. Right Outer Join
3. Full Outer Join

Sindhu Jose, AP, CSE, VICET
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Left Quter Join (AxB)

« In the left outer join, operation allows keeping all tuple
in the left relation.

« 1f there 1s no matching tuple 1s found in right relation,
then the attributes of right relation in the join result are
filled with null values.

Left Outer
Join
ﬁ

Al rouis from Left Table.
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and Courses(C_type, C_name).

StudentI><ICourse
Student
_ Course
S_id | Name | Class Age | C_type
C_type C_name
1 Andrew 5 25 A
A Foundation C
2 Angel 10 30 A
B C++
3 Anamika 8 35 C
Student X4 Course
S_id | Name | Class | Age | C_type | C_name
1 Andrew 5 25 A Foundation C
2 Angel 10 30 A Foundation C
3 Anamika 8 35 C -

®* We have two tables: Student(S_id, Name, Class, Age,

C_type)
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Right Outer Join (AXB)

+ In the right outer join, operation allows keeping all tuple
in the right relation.

« However, if there is no matching tuple is found in the left
relation, then the attributes of the left relation in the join
result are filled with null values.

Right Outer
Jom

All vous from Right Table.
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® We have two tables: Student(S_id, Name, Class, Age, C_type) and
Courses(C_type, C_name).
StudentP<CCourse
Student
: Course
S_id | Name | Class |Age C_type
C_type C_name
1 Andrew 5 25 A
A Foundation C
2 Angel 10 30 A
B C++
3 Anamika 8 35 C
Student M Course
S_id | Name Class | Age | C_type | C_name
1 Andrew 5 25 A Foundation C
2 Angel 10 30 A Foundation C
“ - - B C++
Sindhu Jose, AP, CSE, VICET
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Full Outer Join (<)
® Full Outer Join is a type of join in which all the tuples from the

left and right relation which are having the same value on the
common attribute. Also, they will have all the remaining tuples

which are not common on in both the relations.

e Notation: R1 P<XR2 where R1 and R2 are relations.
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®* We have two tables: Student(S_id, Name, Class, Age, C_type)

and Courses(C_type, C_name).

Student ><CCourse

Student
: Course
S_id | Name | Class | Age | C_type
C_type C_name
1 Andrew 5 25 A
A Foundation C
2 Angel 10 30 A
B C++
3 Anamika 8 35 C
Student X< Course
S_id | Name | Class | Age | C_type  C_name
1 Andrew 5 25 A Foundation C
2 Angel 10 30 A Foundation C
3 Anamika 8 35 C
= - - - B C++
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SEMI JOIN

® Semi-]oin matches the rows of two relations and then show the
matching rows of the relation whose name is mentioned to the

left side of X Semi Join operator.

Semi join
Employee Dept Employee x Dept
Name Empld DeptName DeptName Manager Name Empld DeptName
Harry |3415 |Finance Sales Bob Sally | 2241 |Sales
Sally | 2241 | Sales Sales Thomas Harriet | 2202 | Production
George | 3401 | Finance Production | Katie
Harriet | 2202 | Production Production | Mark
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ANTI JOIN ()

® Anti-join between two tables returns rows from the first table
where no matches are found in the second table. It is opposite of
a semi-join. An anti-join returns one copy of each row in the

first table for which no match is found.

Anti join
Employee Dept Employee > Dept
Name @ Empld | DeptName DeptName | Manager Mame | Empld | DeptName
Harry 3415 Finance Sales Sally Harry 3415 Finance
Sally 2241 Sales Production | Harriet George | 3401 Finance

George | 3401 Finance
Harriet | 2202 Production
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Division Operator (+): Division operator A~B can be applied
if and only if:

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

® The relation returned by division operator will have attributes =

(All attributes of A — All Attributes of B)

® The relation returned bv division operator will return those
y P

tuples from relation A which are associated to every B’s tuple.
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DIVISION Operation

© Examplelz Retrieve the names of employees who work on

all the projects that ‘John Smith’ works on.
o query using the DIVISION operation, proceed as follows.

2 First, retrieve the list of project numbers that ‘John Smith’
works on in the intermediate relation SMITH_PNOS:

SMITH « GFname:']nhn‘ AND Lnarne:‘Smhh‘(EMPLOYEE)
SMITH_PNOS ¢ m,, (WORKS_ON SMITH)

Essn=5zn

2 Next, create a relation that includes a tuple <Pno, Essn>
whenever the employee whose Ssn is Essn works on the

project whose number is Pno in the intermediate relation
SSN_PNOS:

SSN_PNOS ¢~ g, o WORKS_ON)
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Figure 3.6

One possible databese steie for the OOMPARY relabons

defishbase schame

EMPLOVEE
Frozsrme= B it Lo SHan Hdxie A resn Sy | Salary Supper_m=n s
lokn B Srmith 1234565728 | 1965-01-08 | 731 Fondren, Howston, TX| M |a0000 |azaqessss | s
Frankir T WWiorg 233445555 | 1855-13-09 | 630 Voas, Houston, TX M |4DD00 |BBEEBSEES | S
Blicia 1 Feloyn | ooopeFy?? | 1968-01-19 |3971 Ceste Spring. TX F IS000 |oETESAaT i
Jermiter S wWallace | DE7ES43Z1 | 1841-08-20 |291 Bermyg Bellaire, TX F 43000 |BBEEESEES | 4
Fame=ch K Maorayan | BEE084444 | 1862-08-15 | 875 Fee Oak, Husmble, TX | M [38000 |353445555 | 5
Joyoa & Engli=zh | 453453453 | 1972-07-31 |S831 Rice, Houston, TX F ISO00 |amna4ssss | 5
Az W Jabbar | BATOETEET | 1969-03-79 | 880 Daollas, Howston, TX | M |[25000 |o87Es54371 4
lamres E Bcrg EEOEEESSE | 1937-11-10 | 450 Stone, Houmion, TX M S5O0 |MULL i

DEFARTMEMNT DEPT_LOCATIONS

Diname Dinurmiver Mgr_ssn Flpgr_siort dade Dnurrier DHoccation
R=s=arch E AAZAASESS 1 BaT-05-27 1 Heouston
Adminiztraticn 4 ag7ES4aT 1 1 B850 -0 4 Staffced
Headouariers 1 A0HEESSES 1 BE-0E-10 5 Emilaire

5 Svugardard
5 Houwssthon

WORKS OM PROJECT

(=1 Poo =T Pnome Prnusmiber Plocaticn Dhnasm
1 23458730 1 azE Product 1 Beliairs E
123456733 = 7E Frochacty o Supgariand E

SEEETA444d a 40.0 Frodchcls 3 Hewrston E
AEASRASD i 20.0 O ormo e rizatice 10 Saaford q
AEIASHAST @ e lale] Re=organizaton 30 Hoasiom 1
AZI44LESSE = 10.0 Mz v fiis a0 Saafford 4
OZIALESEE o 10.0

333445555 1 10.0 DEPEMNDENT

AZI44LESSE ) 10.0 Eman i — Sex Odate Relationshig
SeBEaTIIV =0 Q0.0 ZTAALAEEES Alice E 12B6-04-05 | Deupghter
DOBEaTTTT 10 10.0 Z1A4455E5 Thecdors ¥ 18E3-10-25 | Som
og7EaTog7 1 as5.0 Z1A4455E5 oy F 1858-05-03 | Spoume
agreaTaoy 3 5.0 BETES4321 Al e [X] 18420228 | Spouse
SETESLII e 20,0 123456789 Michioel kA 19BE-01-04 | Son
oETESLEI ] i) 15.0 1234E567A0 Alice F 1BE3-12-30 | Deughter
OOBEESESS ) MILILL 123456799 Elicok-=th F 1BE7-05-05 | Spouse




e
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EMFLOYEE

Fressme Minit | Lnams= San Bdaie Address Sex | Saley | Super_ssn | Do
Jofn B Smith 1234567E8 | 1865-01-08 | 731 Fondren, Howston, TX | M |20000 |32344553535 5
Franklin T WWong 332445555 | 1895512048 | 538 Voas, Houston, TX M |40000 |BBEEESLES 5
Alizia 1 Feloya | BO9EEFTTY | 1968-01-189 |337F1 Caste, Spring. TX F 5000 |987ESL3T 4
lennifes 5 Wollace | BHTESAAT1 | 1941-068-50 | 391 Bemy, Bellaie, TX F 43000 |BBEEESEES 4
Rame=sh K Morsgan | BEEEE4444 | 1962-08-15 | 975 Free Oak, Hismble, TX | M |28000 333445555 5
Joyre A Englsh | 453453453 | 1872-07-31 | 5831 Rice, Houston, TX F 25000 |33344E555 5
Ahenasd W labibar BETOETEET | 1869-02-78 | 380 Dalas, Houston, TX M |25000 |98TESL3T 4
lames E Borg BEEEEEES5E | 1937-11-10 | 450 Stone, Housion, TX M |55000 |MULL i

WOHKS M

Essn P Hicars |
123456709 1 as.&
173456709 2 7E
GEEETA44a a 40.0
453453453 1 20.0
453453453 2 20.0
AEaA4E555 ] 10.0
GEa 445555 a 10.0
AEAA4ES55 10 10.0
Q3445555 0 10.0
0OBEaTTIT 0 a0.o
QOBEaTTIT 10 10.0
QaTEETOET 10 as.o
oa7eaTagy 0 5.0
0a7ES4321 20 20.0
QETES4II1 0 15.0
BOEGESESS ) NIULL
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® Finally apply DIVISION operation to the two relations, which
gives the required employees SSN(Social Security Number)

(a)
SSN_PNOS SMITH PHNOS
Essn Prno Pno

123456789 1 1
12345867840 2 2
666884444 3
453453453 1
453453453 2 SSNS
333445555 2 Ssn
5353445555 3 193456789
3533445555 10 453453453
333445555 @20
S098877TFY 30
QO0BBTTTT? 10
Sa70870aT 10
287987987 30

® Then to get the result,  RESULT « g | rone(SSNS * EMPLOYEE)
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® Example: |:|i3-J Te R =S

(b)

R s
A B A
al b1 al
a2 b1 a
a3 b1 a3
ad b1
al b2 T
ad b2 B
az b3 b1
ad b3 b4
ad b3
al b
al b
a3 b
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® Query 1. Retrieve the name and address of all employees who

work for the ‘Research’ department.

RESEARCH_DEPT « 6p,..... _ pecearcy(DEPARTMENT)
RESEARCH_EMPS « (RESEARCH DEPT b . o
RESULT ¢ Mg e Lname, Address(RESEARCH_EMPS)

EMPLOYEE)

As a single in-line expression, this query becomes:

I[Fname, Lname, Address (GDname:'Resmrch‘(DEPARTM ENT I Dnumber:Dno(EMPLOYEED

® This query could be specified in other ways; for example, the order

of the JOIN and

® SELECT operations could be reversed, or the JOIN could be
replaced by a NATURAL JOIN after renaming one of the join

attributes to match the other join attribute name.

Sindhu Jose, AP, CSE, VICET

-




4 N

® Query 2. For every project located in “Stattord’, list the project
number, the controlling department number, and the department

manager's last name, address, and birth date.

STAFFORD_PROJS & 6 i . +(PROJECT)

CONTR_DEPTS « (STAFFORD_PROJS X o o DEPARTMENT)
PROJ_DEPT_MGRS - (CONTR_DEPTS ™\, .. <. EMPLOYEE)
RESULT « KPnumber, Dnum, Lname, Address, Bdate(PROJ—DEPT—MGRS)

* We first select the projects located in Stafford, then join them
with their controlling departments, and then join the result with

the department managers.

* Finally, we apply a project operation on the desired attributes

Sindhu Jose, AP, CSE, VICET
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® Query 3. Make a list of project numbers for projects that involve
an employee whose last name is ‘Smith’, either as a worker or as a

manager of the department that controls the project.

SMITHS (Essn) « g, (6, oosrii(EMPLOYEE) )
SMITH_WORKER_PROJS « 1, (WORKS_ON * SMITHS)

MGRS ¢ T Dnumber(EMPLOYEE ™ o DEPARTMENT)
SMITH_MANAGED_DEPTS(Dnum) « i, . (6, . (MGRS))

SMITH_MGR_PROJS(Pno) « 7., .. (SMITH_MANAGED_DEPTS * PROJECT)
RESULT «— (SMITH_WORKER_PROJS U SMITH_MGR_PROJS)

Sindhu Jose, AP, CSE, VICET
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: Queries

Assume the following relations:

BOOKS(Docld, Title, Publisher, Year)
STUDENTS(Stld, StName, Major, Age)
AUTHORS(AName, Address)

borrows(Docld, Stld, Date)

has-written(Docld, AName)

describes(Docld, Keyword)

1.List the year and title of each book.

2.List all information about students whose major is CS
3.List all students with the books they can borrow
4.List all books published by McGraw-Hill before 1990

5. List the name of students who are older than 30 and who are not

studying CS Sindhu Jose, AP, CSE, VICET

& 6. .Rename ANamein the relation AUTHORS to Name.




Answers
List the year and title of each book.

Ty ear, Title(BOOKS)
List all information about students whose major is CS
Major — "CS’(STUDENTS)
List all students with the books they can borrow
STUDENTS XBOOKS
List all books published by McGraw-Hill before 1990

)

GPublisher = ‘McGraw-Hill’ AND Year<1990(BOOKS)
List the name of students who are older than 30 and who are not
studying CS
T[StName(O'Age>30(STUDENTS)_ T[StName(O'MajorZ’CS’<STUDENTS)
Rename Aname in the relation AUTHORS to Name

p(Name, Address) (AUTH O RS)
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