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Database Management Systems

Basic Database Management System

m (DB
Introduction to Database Management System (

Database System Architecture
1-2 '

Concepts

5 Summer-17,

MS)
i i lated data anq
i \lection of interre
i e System (DBMS) is a co
« Definition : A Database Management

various programs that are used to handle that data.

vide a way to store and retrieve the required information
pro

o The primary goal of DBMS is to
from the database in convenient and efficient manner.

For managing the data in the databasg two important tasks are CO!
(i) Define the structure for storage of information.
(i) Provide mect ism for ipulation of information.

« Inaddition, the dambase systems must ensure the safety of inform:

nducted -

ation being stored.

Datab Annlicati

Y PP

There are wide range of applications that make use of database systems. Some of the

applications are - ' .

1) Accounting : Database systems are used in maintaining information employees, salaries,
and payroll taxes. _ : ' ‘

2) Manufacturing : For t of supply chain and tracking production of items in

factories database systems are maintained.

3) For maintaining customer, product and purchase information the databases are used.

4) Banking : In banking sector, for customer information, accounts and loan and for
performing banking applications the DBMS is used.

5) For purchase on credit cards and generation of monthly statements, database systems are
useful.

6) Universities : The database systems are used in universities for maintaining student
information, course registration, and accounting. '

7) Reservation systems : In airline/railway resefvation systems, the database is used to

maintain the reservation and schedule information.

8) - Telecommunication : In telecommunications for keeping records of the calls made,
generating monthly bills, maintaining balances on prepaid calling cards

and storing
information about communication networks the database systems are used.
. J . —
T. Technical Publications ~ - An up thrust for knowledge .

Database Management Systems - 1-3

Database System Architecture

Purpose of Database System

Earlier database systems are created in 'response to manage the commercial data. These data is
typically stored in files. To allow users to manipulate these files,
for

1) Addition of new data

2) Updating the data

3) Deleting the data.

various programs are written

As per the need for addition of new data, separate application programs were required to write.
Thus as the time goes by, the system acquires more files and more application programs.

This typical file processing system is supported by conventional operating system. Thus the
file processmg system can be described as — '

e “The system that stores the permanent records in files and it needs different application
programs to extract or add the records”.

Before introducing database management system, this file processing system was in use.
However, such a system has many drawbacks. Let us discuss them —

Disadvantages of Traditional File Processing System

The traditional file system has.following disadvantages :

1) Data redundancy : Data redundancy means duplication of data at several places. Since
different programmers create different files and these files might have different structures,
there are chances that some information may appear repeatedly in some or more format at
several places.

2) Data inconsistency : Data inconsistency occurs when various copies of same data may no
longer get matched. For example changed address of an employee may be reflected in one
‘depanmcht and may not be available (or old address present) for other department.

3) Difficulty in accessing data : The conventional file system does not allow to retrieve the
desired data in efficient and convenient manner. i .

4) Data isolation : As the data is scattered over s.everal files and files may be in different
f"onnats, it becomes difficult to retrieve the desired data from the file for writing the new
application.

5) Integrity problems : Data integrity means data values entéred in the database fall within a
specified range and are of specific format. With the use of several files enforcing such
constraint on the data becomes difficult.

6) Atomicity problems : An atomicity means particular operation must be carried out entirely
or not at all with the database. It is difficult to ensure atomicity in conventional file

™ T
T Technical Publications - An up thrust for knowledge
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Architectyre

+ patabase System

multiple users update daty
sin gaditional file systems,
urrently.

processing system.

'i) Concurrent access anom
simultaneously, in such a casé .
data is distributed over multiple ﬁl?s, 11‘: i s

ecurity problems : Every user 15 I L in 80

¥ :ince :Jpl;ication program in file system are a

constraints become difficult.

alies *

ese files €O1°
th i the data of database systen,
s

od hoC manner, enforcing such

Database M: t Systems 1-5 Database System Architecture

Ad g of Datab Syst

Following are the advantages of DBMS :

1) DBMS removes the data redundancy that means there is no duplication of data in
database.

2) DBMS allows to retrieve the desired data in required format.
3) Data can be isolated in separate tables for convenient and efficient use.
4) Data can be accessed efficiently using a simple query lanéuage.

5) The data integrity can be maintained. That means — the constraints can be applied on data
and it should be in some specific range. '

6) The atomicity of data can be maintained. That means, if some operation is performed on one
particular table of the database, then the change must be reflected for the entire database.

7) The DBMS allows concurrent access to multiple users by using the synchronization
technique.

8) The security policies can be applied to DBMS to allow the user to access only desired part
of the database system. .

seeuty above mentioned problers:
Database systems offer solutions to all the
| File System
Conventiona
Differance batweer Database Sy>t: ane Ccmvemional file systems
base systems -
Sr. No. Datal YS! e )
dancy is less. -

e [scanyisverylo®__—————]
| > | Sitipre. : tems are used where there
. h Conventional file system3 constraints.

Database systems a‘;e usegl :h en = ess demand for Security
security constraints are 5 ' e w—
define the dataina File systems deme the d.il(? 3ated e
¢ Dambasee:lysn:::ere‘mso there is well manner. Data is usually in 15 .
structur d 3
i data.
o a'mong fhilatab Data inconsistency is more in file systems.
5 Data inconsistency is less in ase
systems.
i i locates the physical address of file to
User is unknown to the physical User 4 : i
; address of the data used in database access the data in conventional file syste:
systems. : :
7 We can retrieve the data in any desired | We cannot retrieve the data in any desired
format using database systems. format using file systems.
8 There is ability to access the data There is no abi]itylto concurrently access the
concurrently using database systems. data using conventional file system. .
Cl ristics of Datab y

Following are the characteristics of database system :

1) Representation of some aspects of real world applications.
2) Systematic management of information.

3) Representing the data by multiple views.

4) Efficient and easy implementation of various operations such as insertion Aeletion and

updation. : ' - !

5) It maintains data for some specific purpose.
61t

p logical relationship b L records and data_

T . : ”‘”’"ﬂlﬂrkwmedge

of Database Syst

Disad! Y

1) Complex design : Database design is complex, difficult and time consuming.

.2) Hardware and software cost : Large amount of investment is needed to setup the
required hardware or to repair software failure.

3) Damaged part : If one part of database is corrupted or d
get affected.

d, then entire database may

4) Conversion cost : If the current system is in convenlioﬁal file system and if we need to
convert it to database systems then large amount of cost is incurred in purchasing different
tools, and adopting different techniques as per the requirement.

5) Training : For d
trained.

Review Questions

ing and mai

ing the database systems, the people need to be

=4

Define DBMS and list out purpose of DBMS.
Write the advantages of Database System
How DBMS is better than file management system.

GTU : Winter-15, Mark 1
GTU : Summer-17, Mark 1
GTU : Winter-15, Marks 4

Explain. advantages and disadvantages of conventional file-based system over database
management system. m

noW.h ~

™.

™
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amount of information of For example : Consider following record
type employee = record
. ID : numeric(10)
i : ons with the system. Thesge emp
jon that simplify the User interaction® empname : char(20)
There are several levels of abstraction dept_no : numeric(10)

e salary : numeric(8,2)
end
1) Physical level: .

e . = C(.)de defines a new record employee with four fields. Each field is associated with field
e i e tore data in physical level _name and its type. There are several other records such as
ini decide howto s
The dstabase administrators
. escribes complex low level data structures.

Data Abstraction A
Data abstraction : Data abstracno.r;s me!
the system and hiding background detatls.

ans retrieving 001y required

department with fields dept_no, dept_name, building

o Thislevel d customer with fields cust_id,cust_name

2) Logical level :

the what data are stored in database. © At the physical level, the record - customer, employee, department can be described as
. ; wl
[ o This s the next higher level, which describes Cth e block of consecutive storage locations. Many database systems hide lowest level storage
! 5 ionship among the data. .

o This level also describes the relationship base in terms of small number of relatively details from database programmer.

o The logical level thus describes then eatire data o The type definition of the records is decided at the logical level. The programmer work of

simple structures. ion for deciding what information to the record at this level, similarly database administrators also work at this level of
The database administrators use logical level of abstraction . abstraction.
keep in database. o There is specific view of the record is allowed at the view level. For instance - customer can
3) View level : L ire database view the name of the employee, or id of the employee but cannot access employee’s salary.
T ion that describes only part of the entire -
o This is highest level of abstraction

o The view level can provide the access to only part of the datgbase. EE] Database System Architecture
o This level helps in simplifying the interaction with the system.
o The system can provide multiple views of the same system.

The typical structure of typical DBMS is based on relational data model as shown in Fig. 1.3.1.

i the database and can : )
1 o For example — A Clerk at the reservation system, can see only part of the da Conside the top part of Fig. 131, It shows eoeton e e 12
j access the required information of the passenger.

application programs created by application programmers, query tools used by sophisticated
Fig. 1.2.1 shows the relationship among the three levels of abstraction. users and administration tools used by database administrator

| View level
|
| [View1]| [view2]

The lowest part of the architecture is for disk storage.

IVIewnl

The two important components of database architecture are - Query processor and storage
|
I manager.

.

Query processor :

* The interactive query processor helps the database system to simﬁlify and facilitate access to
data. It consists of DDL interpreter, DML compiler and query evaluation engine.

Fig. 1.2.1 : Levels of data abstraction

™ - ™
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Database System Architecture

Database M: nagen;emSyslems 1-9

Database System Archi

With the following components of query processor, various functionalities are performed -

i) DDL interpreter : This is basically a translator which interprets the DDL statements in data
dictionaries.

ii) DML compiler : It translates DML statements query lahguage into an evaluation plan. This
plan consists of the instructions which query evaluation engine understands.

iii) Query evaluation engine : It executes the low-level instructions generated by the DML
compiler.

o When a user issues a query, the parsed query is presented to.a query optimizer, which uses

information about how the data is stored to produce an efficient execution plan for Evaluating
the query. An execution plan is a blueprint for evaluating a query. It is evaluated by query
evaluation engine.

Storage manager : .

o Storage manager is the componeént of database system that provides interface between the

low level data stored in the database and the application programs and queries submitted to
the system. ' : )

o The storage manager is responsible for storing, retrieving, and updating data in the
database. The storage manager components include -

i) Authorization and integrity manager : Validates the users who want to access the data
and tests for integrity constraints.

Authorization
andIntegrty.
 manager -

i) Transaction manager : Ensures that the database remains in consistent state despite of
system failures and concurrent transaction execution proceeds without conflicting.

iiii) File manager : Manages allocation of space on disk storage and representation of the
information on disk.

Disk storage iv) Buffer ger : Manages the fetching of data from disk storage into main memory.
The buffer manager also decides what data to cache in main memory. Buffer manager is
a crucial part of database system.

o Storage manager implerﬁents several data structures such as -

i) Data files : Used for storing database itself.

i) Data dictionary : Used for storing metadata, particularly schema of database.

iiif) Indices : Indices are used to provide fast access to data items present in the database -

Review Question

Fig.1.3.1 Architecture of database 1. Explain three levels architecture of DBMS. GTU : Summer-18, Winter-14,18, Marks 7

Technical Publications " - An up thrust for knowledge -
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Y Data Independence PO i 13- ari

ability by which one can change the data at one Jeyy

« Definition : Data independence is an Jevel can be physical, conceptual or external,

without affecting the data at another level. Here

i istic:
i is one of the important charactens
« Data independence 1s on Jues stored in the database can be easily

s of database management system,

By this property, the structure of the database or the va
modified by without changing the application programs.

There are two types of data independence.

Fig. 1.4.1 Data independence

1. Physical Independence :
o This is a kind of data independence which allows the modification of physical schema
without requiring any change to the conceptual schema.
o For example - if there is any change in memory size of database server then it will not affect
the logical structure of any data object.
2. Logical Independence :
o This is a kind of data independence which allows the modification of conceptual schema
without requiring any change to the external schema.

o For example - Any change in the table structure such as addition or deletion of some column
does not affect user views.

By these data independence the time and cost acquired by changes in any one level can be
reduced and abstract view of data can be provided to the user.

T Technical PUD'/ICBIIOIS = An up thrust for knowledge
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Database Manag Systems

Database System Arch,

Review Question

1. What is data independence ? Explain different types of data Independence with suitable

example

EF Instances and Schema
Schema : The overall desigﬂ of the database is called schema

For example - In a program we do variable declaration and assignment of values to the variable.
The variable declaration is calléd schema and the value assigned to the variable is called instance.
The schema for the student record can be

Marks

T e |

Instances : When information is inserted or deleted from the database then the database gets

-Name |

changed. The collection of information at particular moment is called instances. For example - .

following is an instance of student database
RoliNo

Name | Marks

10 AAA 43

20 BBB 67

Types of Schema : The database has several schema based on the levels of abstraction.

1. Physical Schema : The physical schema is a database design described at the physical level
of abstraction.

2. Logical Schema : The logical schema is a database design at the logical level of abstraction.

3. Subschema :

subschemas.

A database may have several views at the view level which are called

K3 Data Definition Language (DDL)

There are two types of languages supported by database systems. These are —
Data Definition Langi and Data manipulation L

« Data Definition Language (DDL) is a specialized language used to specify a database schema
by a set of definitions. )

« It is a language which is used for creating and modifying the structures of tables, views,
indexes and so on.

« DDL is also used to specify additional properties of data. .

« Some of the common commands used in DDL are - CREATE, ALTER, DROP.

O ™ .
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w table. Using ALTER command, the usery

; ild a ne
« The main use of CREATE command is to build & Jumns. Using DROP command, the uge,

can add up some additional column and drop existing €0
can delete table or view.

X4 pata Manipulation Language (DML)

tands for Data Manipulation Language.
e . users to access or manipulate data as organized by appropriate daty
es

o This languagc enabl
model.
« The types of access are -
o Retrieval of information stored in the database
o Insertion of new information into the database.
o Deletion of information from the database.
o Modification of information stored in database.
There are two types of DML -
o Procedural DML - Require a user to specify what data are needed and how to get those
data. .

o Declarative DML - Require a user to specify what data are needed without specifying how
to get those data.

» Query is a statement used for requesting the retrieval of information. This retrieval of
information using some specific language is called query language. )

Review Question

I 1. Explain the concept of DDL and DML. —l

Oral Questions and Answers
Q1  What is Database M s

? Why do we need a DBMS ?

s. : ¢ A Database Management System (DBMS) is collection of interrelated data and
various programs that are used to handle the data,

 The primary goal of DBMS is to provide a way to store and retrieve the required

inf ion from the database in convenient and efficient manner.
Q2 What is the purp of datab

system ?
Ans. : The purpose of database management system is to - .

¢ Define the structure for storage of information.

* Provide mechanism for ipulati

p of infor §
 In addition, the database systems must ensure the safety of information stored

T
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Q3 List any two advant of datab. t

Ans. : Following are the advantages of DBMS -

1) DBMS removes the data redundancy that means there is no duplication of data in database.
2) DBMS allows to retrleve the desired data in required format,

3) Data can be isolated in separate tables for convenient and efficient use,
4) Data can be accessed efficiently using a simple query languége.
Q4  Define data abstraction

Ans. : Data abstraction means retrieving only required amount of information of the system and
hiding background details.

Q.5 What are three levels of data abstraction ?
*Ans. : The three levels of data abstraction are -

1. Physical Level

2. Logical Level

3. View Level

Q.6 Name the cat: ies of SQL d

Ans. : The categories of SQL commands are -

(1) Data Definition Language (DDL)

(2) Data Manipulation Language (DML)

(3) Data Control Language (DCL)

Q.7 Define data independence.

Ans. : Data independence is an ability by which one can change the data at one level without

affecting the data at another level. Here level can be physical, conceptual or external.

Q8  What is meant by instance and Schema of the database

Ans. : © When information is inserted or deleted from the database then the database gets
changed. The collection of information at particular moment is called instances.

« The overall design of the database is called schema.

f=lala)

™
T . Technical Publications - An up thrust for knowledge

Scanned by CamScanner



—

=
abase System Architecture

) Dat
1-14
M
Notes 3

S ———

R i

™ .
T ) Techfnlmlh:bllcallom ~Anuptnrusllorknowfedge

Data Models

Syllabus
Entity-relationship model, network model, relational and object oriented data models, integrity
constraints, data manipulation operations.

Contents

2.1 Concept of Data Model

2.2 Entity Relationship Model

2.3 Network Model .

2.4 Relational and Object Oriented Data Models

2.5  Introduction to F’elational Model.. .Winter-12, 13, ... ..Marks 4
2.6  Integrity Constraints

2.7  Data Manipulation Operations. Dec.-05, S 14 ..........Marks 7
2.8  Oral Questions and Answers
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Concept of Data Model ' .
. ibil relationsh
« Definition : Data Model is a collection of conceptual tools for describing data, ‘ ships
among data, semantics (meaning) of data and constraints.
¢ _Data model is a structure below the database. ‘ . .
'\ Data model provides a way to describe the design of database at physical, logical and view
level.

« There are various data models used in database systems and these are as follows -

1) Entity Relationship Model ~ 2) Network Model
3) Relational Model 4) Object Oriented Data Model .
-1.  What is data model ? Enlist different types of data model. T

X Entity Relationship Model

e As the name suggests the entity relationship model uses collection of basic objects called
entities and relationships.

o The entity is a thing or object in the real world.

¢ The entity relationship model is widely used in database design.

» For example - Following ‘is a-representation of Entity Relationship model in which the
relationship works_for is between entities Employee and Department.

Notations used in Entity Relationship Model
Component Symbol

]

Entity : Any real-world
object can be represented as
an entity about which data can
be stored in a database. All

T Technical Publications - An up theust for knowledge
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the real world objects like a —\
book, an organization, a .

product, a car, a person are the
examples of an entity.

Relationship : Rhombus is
used to setup relationships

between two or more entities.

Attribute : Each entity has a

set of properties. These
properties of each entity are
termed as attributes. For
example, a car entity would be
described by attributes such as
price, registration number,

model number, color etc

Derived attribute : Derived
attributes are those which are
derived based on other
attributes, for example, age
can be derived from date of
birth.

To represent a derived

attribute, another dotted

ellipse is created inside the

main ellipse.

™ An up thrust for
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Multivalued attribute : An ©

attribute that can hold
multiple values is known 8s
multivalued attribute. We
represent it with double
eJlipses in an E-R Disgram.

‘| E.g. A person can bave more
than one phone pumbers s0 ’
the phone number attribute is
multivalued.

Total pxrﬂcipaﬂon : Each

entity is involved in the

relationship. Total

participation is represented by
double lines.

e

Advantages :
i) Simple: Itis simple to draw ER diagram when we know entities and rel

ii) Easyto understand : The design of ER diagram is very logical and hence they
{ design and understand.

{ " i) Effective: Its effective communication tool. ‘

i iv) Integrated : The ER model can be easily integrated with Relational model.

v) Easy conversion : ER model can be converted easily into other type of models.

atlonships.
are easy to

i)  Loss of information : While drawmg ER model some information can be hidden or lost.
i) Limited relationships : The ER model can represent limited relationships as compared to
other models.

it iii) No representation for data mani
. ipulation : Tt i
in ER model. 1s not p0551ble to represent data manipulation

L vi Disadvantages :

iv) No industry standard : There is no ind
e W — 0 m lry slanda:dfor notlons of ER dlagram
De v dvar

Technical Publications - An up thrust for knowledge

; - o
T o ectrical Publcatons” - An up trust for knowioage

Scanned by CamScanner



Database M: ent Systems

Review Question

1. Explain E-R model with suitable exam|

ple

Network Model

o The network model is a model

graph data structure. . . o
I « In this model a record can be derived from I L
Entities are represented as 2 connected network w1 " s
The network model allows 1: l(one:une). l:M(one:many) and M:

A ' ized i and li
in which data is orgamzed in nodes

BE———
v
EN

than one parent records.

| o The petwork model can be I'EP(CSEMEd using data-structure 12| In this diagram —

1) Box represents record types
2) Lines represents the links

« For example — Consider follo
be prEpared as follows -

wing E-R Model for which the netw!

Fig. 2.3.1 E-R diagram

R R -

Fig. 2.3.2 Data structure model

From the above data structure model, the network model can be prepared as follows-

(o T oo }———{ o [ oo |
[ T e o {201 JRowmuns)

[ 103 | ccc T 30000

Data Modejs

nks. It resembles the

y:many) relationships

ork data structure model can

Database Management Systems 2-7

Data Models .

Advantages
1)  Simplicity : The network model is conceptually simple and easy to design

2) Handles more relation types : It can handle many to many or one to many relations. One
record can be associated with more than one other records.

3) Data access : It provides easier and flexible access to data.

4) Data integrity : In network, there is no isolated record. Every record exists in relationship
: with other record and thus the integrity or consistency of the data is maintained.

5) Database standards : The network model is based on standards.

Disadvantages

1) Complex : The overall structure becomes complex and the pointers of all the records need to
- be maintained.

2) Operational anomalies : As there are many to many association among the relationships,
insertion, deletion or updation in one record may not get reflected in other record. This is
called operation anomalies. ’

Review Question

[ 1. Explain network model. Give advantages and disadvantages of it. ]

m Relational and Object Oriented Data Models

1) Relational model : g

o Relation model consists of collection. of tables which stores data and also represents the
relationship among the data.

o Table is also known as relation.

o The table contains one or more columns and each column has unique name.

o Each table contains record of particular type and each record type defines a fixed number of
fields or attributes. .

o For example - Following figure shows the relational model by showing the relaﬁonship
between Student and Result database. For example - Student Ram lives in city Chennai and

his marks are 78. Thus the relationship between these two databases is maintained by the
SeatNo. Column

102 Shyam PupeJ 102 _
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jlity that allows us 0 make Disadvantages : ] .

Advantages :

. N + models lack a theoretical foundation.
i) Structural {ndependence : S without otk Jatabase is convenient in based data model, and mos
changes in oné database scrucnue.

del h i) Lack of universal data model : There is no universally agreed data model fo§ an object
ructural indepe® . The relational model have

ii) Lack of experience : In comparison with relational database management the use of object

= depend cd. et Iy focus on logical based data model is limited. This model is more dependent on the skilled programmer.
\base m . H 0 .
relationsl dats " nal model allows the dc§lgner to simply S

|atio eptually simple to jiiy Complex : More functionalities present in object based data model make the design complex.
i Conceptusl simplicity :T::r;;ign Hence relationel models are concep :

: hysical desist:
design and not o8 P

X introduction to Relational Model
understand. (such as sQL) user can get information e Relation database is a collection of tables having unique names. .
) ity : Using simple query la0guae® « For example - Consider the example of Student table in which the information about the student
iy Query apsbl C can manipulate the database structure; s : ]
er : i :
from the database oF design  : The relational models can be designed logically is store:
tv) Easy desigh, maintenance and usage : ‘ RollNo Name Phone
hence they e casy to maintain 204 U5 001 AAA 11111
isadvantages : . : 002 BBB 2222222222
: S.
’ i) Relational model requires powerful hardware and large data storage device 003 ccc 3333333333
1 elal
ing time.
i) May lead o slower processiog . Fig. 2.5.1 Student table
) Poorly designed systems lead to poor implementation of database systgms. :
iif) Poorly d : The above table consists of three column headers RollNo, Name and Phone. Each row of the
2) Object Oriented Data Models ) y e Lo table indicates the information of each student by means of his Roll Number, Name and Phone
o The object oriented languages like C++, Java, C# are becoming the dominant in softwae -
development. ' Similarly consider another table named Course as follows —
o This led to object oriented data model. . i CourselD CourseName Credits
: i i ject ori tures with relational data model.
o The object oriented data model combines object oriented features W . 101 Mechanical 4
Advantages : o 102 Computer Science 6
) Enriched modelling : The object based data model has capability of modelling the real world 103 Electrical 5
objects. 104 Civil 3
i Rznnh\my. : Th'exe are 'ccna'm' f?mrfs of object oriented design such as inheritancé, Fig. 2.5.2 Course table
polymorphism which help in reusability. ;
iif)

Support for schema evolution : There is a tight coupling between data and applications,

Clearly, in above table the columns are CourseID, CourseName and Credits. The Courseb
hence there is strong support for schema evolution.

101 is associated with the course named Mechanical and associated with the course of mechanical
v

<

\ there are 4 credit points. Thus the relation i i i
l.mproved performance : Using object based data model there can be significed : e e e b e e oo i Tor
.improvement in performance using object based data model.

Similarly we can establish the relationship among the two tables by defining the third table. For
example — Consider the table Admission as )

Techncal Publcalions - A1 up thrust for knowodge
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Fig. 2.5.3 Admission

il

. 0 W ich the RollNo 001 is adminEd
rom this third table w ily find out that the course
le we can east to wh

is computer Science.

Commonly used Terms in Relational Model
There are some commonly used terms in Relational Model and those are -

i ged in rows ang
Table or relation : In relati ro

onal model, table is 2 collection of data items arran

columns. The table cannot have duplicate data or rows. Below is an example of student table
Roll No Name Marks Phone
ool AAA 88 11111111‘11
002 BBB 83 2222222222
003 ccC 98 3333333333
004 DDD 67 4444444444

Tuple or record or row : The single entry in the table is called tuple. The tuple represents a set
of related data. In above Student table there are four tuples. One of the tuple can be represented as
[ o [ asa 88 i ]
Attribute or columns : It is a part of table that contains several records. Each record can be
broken down into several small parts of data known as attributes. For example the above table
consists of four attributes such as RollNo, Name, Marks and Phone.

Relation schema : A relation schema describes the structure of the relation, with the name of
the relation (i.e. name of table), its attributes and their names and type.
Relation Instance : It refers to specific instance of relation i.e. containing a specific set of

rows. For example — the following is a relation instance — which contains the records with marks
above 80.

RollNo Name Marks Phone
001 AAA 88 1111111111
002 BBB 83 2222222222
003 Cccc 98 3333333333
- e
T . . Technical Publications - An up thrust for knowledge
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Domain : For each attribute of relation, there is a set of permitted values called domain. For
example — in above table, the domain of attribute Marks is set of all possible permitted marks of
the students. Similarly the domain of Name attribute is all possible names of students.

That means Domain of Marks attribute is (88,83,98)

Atomic : The domain is atomic if elements of the domain are considered to be indivisible units,
For example in above Student table, the attribute Phone is non-atomic.

NULL attribute : A null is a special symbol, independent of data type, which means e.ither

unknown or inapplicabic. It does not mean zero or blank. For example - Consider a salary table
that contains NULL

Emp# Job Name Salary | Commission
El10 Sales 12500 32090
Ell Null 25000 8000
El2 Sales 44000 0
El3 Sales 44000 Null

Degree : It is nothing but total number of columns present in the relational database. In given
Student table -

Roll No Name . Marks Phone
001 AAA 88 1111111
002 BBB 83 2222222222
003 Cccc 98 3333333333
The degree is 4.

Cardinality : It is total number of tuples present in the relational database. In above given table
the cardinality is 3 '

R
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Solution :
i) No of columns =6
st Sex, Designation, Salary, DOJ

iii) Different attributes are StaffID, Name,
iv) Degree= Total number of columns=6
v) Cardinality =Total number of rOWs = 3

Keys are used to §] lfy e es e' iv » lation.
pcc‘ Ip distinct], in the given relation.
the tupl ‘y A .
i o Cy‘S‘ i lati = Superkey, Candidate keys, primary ke! ,
Various types f keys used in rel ational model are

foreign keys. Let us discuss them with suitable example A
1) Super Key (SK) : It is a set of one or more attributes within a table that can uniquely
thin a table. For example — Consider the Student table as follows -

identify each record wil
!—ch No. Roll No . Phone Name Marks
R101 001 1111111111 AAA 88
R102 002 2222222222 - BBB 83
R103 003 . 3333333333 ccc 98
RI04 004 4444444444 DDD . 67

Fig. 2.5.4 Student

The superkey can be represented as follows

(RolNo, Phone, Name) (Name, Marks)
Superkey Superkey Not a Superkey
\ . / l/ \ \\
RegNo. RollNo Phone | Name Marks |
! :
001 M1 1 AAA 88 :
1 'l
002 222222222 | BBB 8 |
003 3333323333 1 cce %
\ 4444444444 H DDD ) 67 :
L N— L4 - 7
4

- e T

r  eemmr—
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Clearly using the (RegNo) and (RollNo,Phone,Name) we can identify the records uniquely but
(Name, Marks) of two students can be same, hence this combination not necessarily help in
identifying the record uniquely.

2) Candidate Key (CK) : The candidate key is a subset of superset. In other words candidate
key is a single attribute or least or minimal combination of attributes that uniquely identify
each record in the table. For example — in given Student table, the candid: key is RegNo,
(RolINo,Phone). The candidate key can be

il Candidate key

/N
RollNo Phone ) Name Marks
001 M1 AAA 88
002 2222222222 BEB 83
003 3333333333 cce %8

| oo 4444444444 DDD 67

N——

Thus every candidate key is a superkey but every superkey is not a candidate key.
3) Primary Key (PK) : The primary key is a candidate key chosen by'the database designer to
identify the tuple in the relation uniquely. For example — Consider the following
represéntation of primary key in the student table

Primary
key
RoliNo Phone Name Marks
001 MMM AAA 88
002 2222222222 BBB 83
003 3333333333 ccc ! 98
004 4444444444 DDD 67

Other than the above mentioned primary key, various possible primary keys can be (RollNo),
(RollNo,Name), (RollNo, Phone)

™
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. and prim
The relation among super keys wdldm':y
Candidate key = super key = primary ¥

Rules for Primary Key

i) The primary key may have one or more 8
i tion.

ii) There is only one primary Key In the rela .

jii) The value of primary key attribute can not be .

ttributes.

iv) The value of primar;-!h l:e:] :::::1 :;C’SS ':o::::atg:y which is not chosen by the databyg,
? dA:ie;:rtteot:’iq;:ely identify the tuples. For example — '
i Aok
Ve S
RegNo. 'l RollNo Phone E Name Marks
R101 T S AAA 88
R102 : 002 2222222222 : BBB 83
R103 P 3333333333 : cce 98
R104 " 004 assasassns | DDD 67
- ’I

N

5) Foreign key : Foreign key is a single attribute or collection of attributes in one table that
refers to the primary key of other table.

» Thus foreign keys refer to primary key.
» The table containing the primary key is called parent table and the table containing foreign key
is called child table,

s Example -
Course

2 \
RoliNo Phone Name Marks CourselD | CourseName :
001 M AA -] c1m ComputerSci :
o |
22222222 BBB 83 c112 Electrical :

003 3333333333
- ccc %8 c13 Mechanical :
Ahad4diaq DDD 67 g ;
ct4 civil ;

Parent Table

Primary key Child Table

T Technicar Publications - o up thrust for knowledge
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From above example, we can see that two tables are linked. For instance we could easily find
out that the ‘Student CCC has opted for ComputerSci course’ )

Review Questions

1. What is relational model? Explain the basic terms used in it.
2. Define 1) Primary key 2) Foreign key 3) Unique key 4) Candidate key

GTU : Winter-12, 13, Marks. 4

EX] Integrity Constraints

« Constraints means sone rules or restrictions that are set on the database. )

« Integrity constraints are rules that are to be applied on database columns to ensure the validity of
data.

For example — ) )
i) The Employee ID and Department ID must consists of two digits.

.

ii) Every Employee ID must start with letter.

« Every time data is entered into that particular column, it is evaluated against the constraint and
only if the result comes out to be true, then the data is inserted into the column.

o Integrity constraints ensure that the data insertion, updating, and other pr(.)cesses have to be
performed in such a way that data integrity is not affected. ‘

e The integrity constraint thus help in maintaining the quality of database by managing the -
consistency among the data present in the database.

« Integrity constraints are extremely necessary for any database management system

Need for Integrity Constraint

¢ An Integrity Constraint (IC) is a condition specified on a database schema and restricts the data )

- that can be stored in an instance of the database. -

« Integrity constraints are used to ensure accuracy and consistency of data in a relational database.

¢ Data integrity is handled in a relational database through the concept of referential integrity.

 Integrity constraints ensure that changes (update deletion, insertion) made to the database by
authorized users do not result in a loss of data consistency. Thus, integrity constraints guard safe
against accidental damage to the database

o The integrity constraints are classified based on the conéept of primary key and foreign key.

o There are four types of integrity constrains.

\
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nstraint

Domain Constraint

1) Entity Integrity Constraint
o This rule states that
pull™

a value for an attribute .
» The NULL represcat® 1 with incomplete or exceptio!

for this tuple. The Nulls are always to deal
e The primary key value helps in uniquely i
of the database want 10 retrieve any Tow
they must know the value of the kgy for

In the relations

the value 0!

identifying every Tow in the tabl
from the table or perform :
that row. Hence it is necessary that the primary key

Data Modejs

, int
Qeforensal ntegrty COnS=

£ attribute of primary key can not be

that is currently unknown of is not applicable

nal data.
e. Thus if the users
any action on that table,

should not have the NULL value.
o For example —
Roll No Name Marks Phone
001 AAA 88 1111111111
001 BBB 83 2222222222
003 cce 98 3333333333
/ DDD 67 4444444444
NULL is not
allowed!!!
2) Integrity C

In relationships, data is linked between two or more tables.

This is achieved by having the foreign key (in the associated table) reference a primary key
value (in the primary - or parent - table). Because of this, we need to ensure that data on both
sides of the relationship remain intact.

The referential integrity rule states that “whenever a forei
reference a valid, exls_ting primary key in the parent table”.

™
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e For example — Consider two tables
P2 RegNo Roll No Name Marks Phone
- | Riot 001 AAA 88 M1
key R102 001 888 83 2220000022
R103 003 ccc a8 3333333333
R104 004 DDD 67 4444444444
Student table as parent table
Relation -
Foreign
key
Ve
CourselD CourseName RegNo
c111 ComputerSci R103
cl12 Eloctﬁcal R101
pr——— This value is
c113 Mechanical {_RS55 __> not present in
""" = parent table
cl14 Civil R102

Course table as child table
In above relation, the registration no. R555 is not existing still if it is present in the course table,
then we say that it is not following referential integrity constraint.
3) Key Constraint

e Keys are used to identify particular record from the table.'Prima.ry key is normally used to
identify the record uniquely. )

e Hence the key constraint can be stated as -
o All values of primary key must be unique.
o The _value of primary key must not be NULL. =

e For example - Consider the Student table as follows. Forthis rel:;ﬁou, the Roll No is a
primary key. It is expected to find the desired record using this primary key.

5 — W
T . Technical Publications - An up thrust for knowledge

Scanned by CamScanner



Data Modejs

d t satisfy ke consu'aint as the rimary key is not having unique
The above relation does nol

value.

an attribute.
date, currency, etc. The

4) Domain Constraint
o Domain constraint defines th

f domain includes string, ©
o The data type © ilable in the corresponding domain.

¢ domain or set of values for
haracter, integer, time,

value of the attribute must be ava
llows.
e For example - Consider the Student table as fo
N E—
Marks Phone
Roll No Name

001 AAA 88 1111111

001 BBB 83 2222222222
I ) 3333333333

o8 [} 124 1| %

o4 |/ oD 67 4444444444

Name cannot be numeric value.
It must be a string.
Hence this is not allowed !!!

The above relation does not satisfy the domain constraint.

Data Manipulation Operations GTU : Dec.-05, Summer-14, Marks 7

o The data manipulation operations are — Insert, Delete and Update(or Modify).
o The insert operation inserts new data in the database, delete operation deletes some data from
the database and update operations makes some changes in the data present in the database.

Whenever these operations are applied on the database, the integrity constraints specified on
the relational database must not be violated.

Publications -Anup m’f’D’MOMedge
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Let us discuss these opemtiohs one by one
1) Insert Operation :
Consider following Student table —
Roll No Name Marks Phone
001 AAA 88 1111111111
002 BBB 83 2222222222
003 Cccc 98 3333333333
004 DDD 67 4444444444

If we perform
Insert(005, EEE,NULL,5555555555)
Then this operation will be rejected as it violates entity integrity constraint. Because the NULL
value is inserted for Marks field.
If insertion violates one or more integrity constraints then the default option is to reject the
insert operation. R

2) Delete Operation : Consider following two tables

RegNo ‘Roll No Name Marks Phone
R101 001 AAA i 88 1111111111
R102 . 001 BBB 83 2222222222
R103 3 003 CCC 98 3333333333
R104 004 DDD 67 4444444444

Student table as parent table
CourselD CourseName RegNo
clll ComputerSci R103
cl12 Electrical R101
cll13 Mechanical R101
cl14 Civil R102
Course table as child table
If we perform

Delete on Student table where RegNo=R101

This violates the referential integrity constraint. Because there are two tuples in Course table
that may get affected if we delete the RegNo=R101(assuming that we have to delete only one
student record)

The deletion operation can violate only referential integrity.

-r‘ Tectnical Publications " - An up thrust for knowledge
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ates referential integrity.
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} e if a deletion operation viol:

peration.
tion either sets the value to NULL

There are several options availabl
i) One option is called restrict - it rejects the dele.te 0]
ii) Second option is set null or set default. This op

changes the reference to valid tuples. )
| iiii) Third option is to cascade or propagate the deletion
1 tuple that is being deleted. :

by deleting tuples that reference 1,

3) Update : This operation makes changes the values of one or more attibutes of tuples.
d Course table
ursc table

For example — Consider two tables Student table an:

RegNo Roll No Name Marks
R101 001 AAA 88 11111111
R102 , 001 BBB 83 2222222222
R103 003 cce 98 3333333333
RI104 004 DDD 67 4444444444
Student table as parent table
CourselD CourseName RegNo

clll ComputerSci R103

cli2 - Electrical R101

cll3 Mechanical R104

cll4 Civil R102

Course table as child table
If we apply :
Update on RegNo of Course with CourseID =c112 to R555
The result of above operation is — it is rejected as it violates referential integrity. The R555
registration number is not in existence in the Parent table Student
Updating an attribute that is neither part of a primary key nor of a foreign key usually causes no
problems.

The DBMS need only check to confirm that the new value is of the correct data type and
domain. C )

Review Questions

1. Explain basic concept of referential integrity.
2. What are integrity constraints ? Explain various tyfes of integri
example. .

GTU : Dec.- 05, Marks 2

constraints with suitable
GTU : Summer-14, Marks 7

T
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Database Mana, ement Systems ‘ 2-21 Data Models
8¢ -
m Oral Questions and Answers .

Q1 What is data model ?
Ans. : It is a collection of conceptual tools for describin,
semantics (meaning) of data and constraints,

Data model is a structure below the database,
Q.2  What are different types of data models ?
Ans. : Various types of data models are -

(1) Relational Data Model

(3) Object Based Data Model

g data, relationships among data,

(2) Entity Relational Data Model
(4) Semi-structured Data Model
Q3 Explain entity relationship model.

Ans. : The ER data model specifies enterprise schema that represents the overall logical
structure of a database.

The E-R model is very useful in mapping the meanings and interactions of real-world entities
onto a conceptual schema.
Q4  Give the limitations of E-R model. How do you overcome this ?
Ans. : 1) Loss of information content : Some information be lost or hidden in ‘ER model
Limited relationship representation : ER model represents limited relationship as compared to
another data models like relational model etc.

No representation of data manipulation : It is difficult to show data manipulation in ER
model. )

4) Popular for high level design : ER model is very popular for designing high level design.
Q.5 Whatis an entity ? .
Ans. : " An entity is an object that exists and is distinguishable from other objects.

For example - Student named "Poonam" is an entity and can be identified by her name.
Entity is represented as a box, in ER model.
Q.6 Define the term tuple. .
Ans. : Tuple means a row present in the table
Q7 Why does SQL allow duplicate tuples in a table or in a query result ?
Ans. : Data can be the same. Two people may have the same name. Since SQL is a database
where you store your data and data can be duplicate.

But we can apply primary key constraints, Unique constraints or Distinct }'<eyword to identify
the record uniquely.
X Technical Publications . - An up thrust for knowledge
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f keys
ifferent types O .
Q8 Why key is essential ? Write the di yin {he given relation.

istinctl;
Ans. : Keys are used to specify the tuples distinct e
Various types of keys used in relational model are -
foreign keys.
Q9 Define primary key. Give example.
Ans. : The primary key is a candidate key chosen
in the relation uniquely. e
For example - Consider a Student databaAsc as r]u ;
key for this database is RolINo.The primary is underlined.

ate Keys, primary keys,

by the database designer to identify the tuple

(gollNo,Name,Address). The primary

Q10 Define foreign key. Give example

Ans.: ttribute or collection of attributes in one table that refers to th,
: Foreign keyisa single al e

primary key of other table.
o 1 Consider a Student database as Student (RolINo,Name,Address) and
For example - s o
Course(Courseld, CourseName, RolINo). Here RolINo is a foreign key
Q11 What is the difference between primary key and foreign key ?

Ans.:

Primary Key Foreign Key

Primary key is a column or a set of columns Foreign key is a column or a set of columns that
that can be used to uniquely identify a row in

atable

refer to a primary key or a candidate key of

another table.

A table can have a single primary key, A table can have multiple foreign keys that can

reference different tables.

Q12 What is referential integrity ?

Ans. : The referential integrity rule states that "whenever a foreign key value is used it must
reference a valid, existing primary key in the parent table".

Example : Consider the situation where you have two tables : Employees and Managers.
The Employees table has a foreign key attribute entitled ManagedBy, which points to the
record for each employee's manager in the Managers table.

Q13 What is d

y? Give !

Ans. : Domain integrity ensures that all the data items in a column fall within a defined set of

valid values. Each column in a table has a defined set of values, such as the set of all numbers
the set of all character strings for name, .

__

. Technical Publications - Anup thrust for knowledge

Database Management S ystems

Q14

Ans.:
(1
2
3)
“

a1s d into the datab
Ans. :

+NULL is a special value provided by database in two cases —

2-23

What are different types of int:

y tr used in desi, g relati
Different types of integrity constraints are -

Entity Integrity Constraint

Referential Integrity Constraint

Domain Integrity Constraint

Key Integrity Constraint

1 datah.

=

List the reasons why null value might be introd

i) When field values of some tuples are unknown(For e.g. city name is not assigned) and
i) inapplicable(For e.g. middle name is not present).

Data Models .

aaa

T
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Inroguction to Resto used for relational model and those ar®
Ny es

o There are two formal 1anguag
o Relational Algebra

i édel, the relatio,
o Relational Calculus 1t 61 aperations o 0 relational .
fines 8
o The relational algebra de

:fving relational queries.
ides a higher Jevel declarative Janguage for specifying
calculus provides & g

tical language used dun'ng
(SQL) - The prac! N teul
L tured Query Language bra and relational calculus.
Historically the Struc than ebra
s developed later

ing i therelaon 218 tional calculus
dasbess prognt % ts of SQL are based on relational algebra and fe]la t‘Tn '
the concep! . alculus.
. fﬂct,chsoamprfve will discuss relational algebra first and then relational ¢
In this T

- Relational Algebra
= ay»ll.lZ.Winter-lZ.lS.l

7.18. March-10. Summer-14.17,

Definition :

Relational n]gebrr-l : .
| retrieve the information in the form of relational algebra expressions.

o The queries present in the relational algebra are denqted using operators.

ich i database tab,
is a procedural query language which is used to access es o

ﬁmporﬂes of Relational Algebra
nn ‘makes use of operators and use relations(means tables) as operands. . o
(2)In Telational algebra, one or two l:elations are used as input and the single relation is
generated as output without name. For example :

sid sname age
We usa relational algebra 1 Ram 21
fo fetch data from T— 2 Shyam 18
1 npul
relational instance (Input) 3 P ”
Select names 4 Geeta 23
of students
. with age > 18
/ {Ouput)

sname

Ram

Geeta

"applied in the query.

'A””P”Vllsllmknoyde.jge

Database Management Systems 3-3 Relati

{ Query L g
. (4) The relational algebra is based on set theory and it does not allow duplicate entries.
(5) It does not make use of any English statements.
Importance of Relational Algebra

(1)1t provides formal foundation for relational model operations

(2) It is used as a basis for implementing and optimizing queries in query processing.
(3) Some of the concepts of relational algebra are incorporated into the SQL.

Operations in Relational Algebra

Various types of relational operations are as follows -

Relational Operations

[ ] I I 1
Lsdedion—l Iﬁjecﬁonl ICanesian Prodm _LSeU", ‘.el Bin Op j

Union 1 Conditional Join
Intersection Equal Jolnj
Set Difference| Natural Join |

(1) Selection :

« This operation is used to fetch the rows or tuples from the table(rélation). :
o Syntax : The syntax is

o, edicarcTEIAtION) .
where o represents the select operation. The predicate denotes some logic using which the data
from the relation(table) is selected.

« For example - Consider the relation student as follows

sid | sname | age | gender
1 Ram | 21 | Male
2 | Shyam | 18 | Male
3 | Seeta | 16 | Female
4 | Geeta | 23 | Female

Fig.3.2.1 Student Table
Query : Fetch students with age more than 18

We can write it in relational algebra as

Oee1 o(Student)

T Technical Publk:aa‘onsm - An up thrust for knomledge

Scanned by CamScanner



Relational Query [, g
8y

3-4
Database Management Systems
The output will be - .
Geeta
We can also specify conditions using and, or operators.

(Student)
(2) Projection :

Project operation is used to project only a certain set of attributes of a relation. That meap i
4 : .
youj wampteo see only the names all of the students in the Student table, then you can use Projeq

O se>18 and sender = Make”

. operation. . o ' ;
Thus to display parﬁcu'lar column from the relation, the projection operator is used.

It will only project or show the columns or attributes asked for, and will also remove duplicy,
data from the columns. :

o Syntax:
IIC1, C2... (v)
where Cl, C2 etc. are attribute names(column names).

« For example - Consider the Student table given in Fig. 3202,
Query : Display the name and age all the students
This can be written in relational algebra as

T, ag(Student)

Above-statement will show us only the Name and Age columns for all the rows of data in
Student table. E

sname age
Ram 21
Shyam 18
b Seeta 16
Geeta 23
Fig.3.2.2

(3) Cartesian product.:

* This is used to combine data from two different relations(tables) iﬁto one and fetch data fio”
the combined relation.

T Technical Publications " -

An up thrust for knowledge
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| Query Languag

e Syntax : AxB

For example : Suppose there are two tables named Student and Reserve as follows

Student Reserve ) T
sid sname age sid isbn day T
1 Ram 21 1 00s | 07.07-18
2 Shyam 18 i 2 005 03-03-17
3 Seeta 16 ) ) 3 007 08-11-16

) 4 Geeta 23

Query : Find the names of all the students who have reserved isbn = 005. To satisfy this query
we need to extract data from two table. Hence the cartesian product operator is used as
(OStudentsid = Reserve.sid * Reserve.Isbn 00s(Student x Reserve)

As an output we will get

sid | sname | age | sid | isbn day

1 Ram 21 1 005 | 07-07-18
2 | Shyam | 18 2 | 005 [ 03-03-18

Note : that although the sid columns is same, it is repeated.

(1) Set operations : Various set operations are - union, intersection and set-difference.

Let us understand each of these operations with the help of examples.

(i) Union :

‘o This operation is used to fetch data from two relations(tables) or temporary relation(result of
another operation).

o For this operation to work, the relations(tables) specified should have same number of
attributes(columns) and same attribute domain. Also the duplicate tuples are

tically ted from the result.

o Syntax: AU B_

where A and B are relations.

o For example : If there are two tables student and book as follows -

&l
* Technical Publications - - An up thrust for knowledge
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Intersection :
(ﬁ)o This operation is used to fetch data from both tabl!
o Syntax:ANB
where A and B are relations.
o Example — Consider two tables — Student and Worker

o Query : We want o display bo

ns‘m(smdent) U M (Book)

Name Branch
AAA ComputerSci
BBB - Mechanical
ccc Civil
DDD Electrical

e i

.
h the student name and book names from boththe tay,

es which is common in both the table,

Worker
Name Salary
XXX 3000
AAA 2000
YYY 1500
DDD 2500

I, (Student) N IT, _ (Worker)

(iii) ~ Set-Difference : The result of

relation but are not in the second relation.
Syntax: A-B

Technical Publications

AAA

f set difference operation is tuples, which are present in 0%

DDD

~ANUP thrust for knowtedge

o Query : If we want to find out the names of the students who are working in a company then

Database Management Systems 3-7 i Relati

I Query L 2
(5) Join : The join operation is used to combine information from two or more relations.
Formally join can be defined as a cross-product followed by selections and projections, joins arise
much more frequently in practice than plain cross-products. The join operator is used as b4
There are three types of joins used in relational algebra

i) Theta join : This is an operation in which information from two tables is combined using
some condition and this condition is specified along with the join operator.

A B= o (A xB)

Thus ¢ is defined to be a cross-product followed by a selection. Note that the condition ¢
can refer to atributes of both A and B. The condition C can be specified using <,<=><=or

= operators.
For example consider two table student and reserve as follows -
Student Reserve
sid shame age sid isbn day
1 Ram 21 1 005 07-07-18
2 | Shyam 18 2 005 03-03-17 |
3 Seeta 16 3 007 08-11-16
4 Geeta 23

If we want the names of students with sid(Student) = sid(Reserve) and isbn = 005, then we can
write it using Cartesian product as -

(Ostudentsid = Reserve.sid) A (Reserve.(1sbr) o0sy(Student x Reserve))
Here there are two conditions as

i) (Student.sid = Reserve.sid) and ii) (Reservé.isbn =005) which are joined by A operator.
Now we can use &  instead of above statement and write it as - f

(Student D(srugentsid = Reserve.sid) A (Reserve.(isbn) =005) Reserve))

The result will be -
sid sname age . -isbn day
1 Ram 21 005 07-07-18
2 Shyam Coa8 005 03-03-18

if) Equijoin : This is a kind of join in which there is equality condition between two
attributes(columns) of relations(tables). For example - If there are two table Book and -
Reserve table and we want to find the book which is reserved by the student having isbn 005
and name of the book is ‘DBMS”, then :

™
T Technical Publications - An up thrust for knowledge

Scanned by CamScanner



i) Nataral Join : When there are common €0
columns then we use natural join. The syml

mm
ERCIEA
s

Relational Query Langugg,

3-8 f

Reserve

+ is used. For example, consider two tables -

lumns and we have to equate these commgqy
bol for natural join is simply % without any

condition or sometimes
Book Reserve
isbn | bname Author sid ishq day
005 | DBMS XYZ 1 005 07-07-18
006 0s PQR 2 007 03-03-17
007 | DAA ABC . 3 006 08-11-16

Now if we want to list the books that are reserved, then that means we want to match
Books.isbn with Reserve.isbn. Hence it will be simply

Books & Reserve
OR

Books * Reserver

The result of above two tables on natural join will be

0 .
T Technical Publications

- An up thrust for knowledge

isbn bname Author
005 DBMS
006
% 08-11-16
007 * DAA

Database Management Systems 3-9 Relational Query L

(6) Rename operation : This operation is used to rename the output relation for any query
operation which returns result like Select, Project etc. Orto simply rename a relation(table).
The operator p(rho) is used for renaming.
Syntax : p(RelationNew, RelationOld) .
For example : If you want to create a relation Student_names with sid and sname from
Student, it can be done using rename operator as :
p(Student_names, (TT, ....(Student))
(7) Divide operation
The division operator is used when we have to evaluate queries which contain the keyword
ALL. ) .
It is denoted by A/B where A and B are instances of relation.
For example - Find all the customers having accounts in all the branches. For that consider two
tables - Customer and Account as

Customer " Account

Name Branch Branch

A Pune Pune

B Mumbai Mumbai

A Mumbai

C Pune

Now A/B will give us
Name
A

Here We‘c.heck all the branches from Account table against all the names from Customer table.
We can then find that only customer A has all the accounts in all the branches. .
Formal Definition of Division Operation : The operation A/B is define as the set of all x

values (in the form of unary tuples) such that for every y value in (a tuple of) B, there is a tuple
<x,y>in A.

(“7."‘,’,'...&“:""‘
age) boats (biq,bhame,qolq}) = : : :
1) Find the names of sailors who have reserve / boat number 103,
(n)Fx’nd the names of sailors who ha reserved a red boat
(i) Find the id of sailors with age 0w res
(zv)Fma' the ﬂd{ne;v_af ;qi]0r§ who have eser

es reserves(sid, bid, day) sailors (sid, sname,

™ .
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Solution =
o @, ((Us.m Reserves) ¥ Sailors) oo
Reserves ¥ Sailors,
(i) (M (Coreres® Boats) M
(iii) (T (O sailors) = Ml Geohorened Boats) » Reserves)
(i) (T, (Sailors 4 Reserves) g
) (Miirst_name,tast_name(author author_id = editor P4 book)

- i) (T ist_name, tast_name((Tausor_ia (@uthor) = Megior (book) ) * author)

‘Solution :

a Select each student who takes at least one course in 2009,
along with the information about what the courses the student took.

at least one course in 2009, display the student informatiq,

t what the courses the student took but the selection must b

display the student informaig,

b. Select each student who takes
along with the information abou

before join operation.
c. Display the ID, Name and Course_i id of all the students who took any course in the Solunon : ‘

i) P(R1, Nyie [TTyig Ootorrrea PTES) b Cataloge))
P(R2, Maia(([Tyig Oeotorrea PAIS) bt Cataloge))
R1UR2

i) p(R1, Ty, pieCataloge)/ (UTyig Geotor=rreqr P2IS) )
P(R2, Mg Ocotor—rrea pars) DI Cataloge))
RI UR2

iii) p(R1, Cataloge)
p(R2, Cataloge)
TRy pia Gm pid = R2.pid " RLsidt=R2sid (R1x R2)

Solution :

2) Moranct came(Obeaccs; iy ~'Chennai) (branch))
] S— -quh-m e =A5c") (borrower b4 loan))

.
T - ™
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(brmm steet,

y s

Sohmon :

+(works))

~First Bank Corporation

loyee
e ks b4 employee))
in{ Ocompany-pame =
b) n meﬂﬁ- street, €Y
person: aume(Works X employee_lid company)) -
~ Solve fle queries for the follawmg

WO
~First Bank Corporation” A salary > 200000 (

’e"us'i;ig"r'elaftibh_ai algebra

bmdl(brmduwne. bmnch—cxry, assels) - b

a‘swmﬂ’ fomer-! 3 = = y)
fcust name, customer: street, customer anl 7
(

:wmml {account- . umber, branch-name, balance) . |

. (loan—ﬂumba Branch-name, amount) : |
wdepmmr (customer-narme, account-number)
bormmer(aclomer»rwme loan-number)

than $1200

ber for each loan of an amount greater

(2) F::l:: I;‘r,nx:::;all {mromers who have a loan, an account, or both, ﬁ;:)m the bank

(4) I;’mdihe names of all customers who have a loan and an account at ban

(5) Find the names of all customers who have a loan at the Perryridge branch. ; .

{b; [Find the names of all customers who have a loan at the Perryridge branch but lo not have an
account a any branch of the bank.

W Find the names aj all cuslamers who have a Ioan and an accaunt at the Perryr ldge branch.

|
8081 GTU : Winter-15, Marks 7H

Solution t
(1) Gamoua200 (l0an))
(2) TN soas.qumbed Oamoum 1200 (l0an))
(3) T customer-ame(borTOWer) U IT customer.name(depositor)
(4) T customer-name(bOrrower) N I customer-name(depositor)
(5) 1T custore.rarme(broct name=Permyide (UbonowenIoan-mlmchlmn,loan.nnm;xr(bOlTOWe[ 4 loan)))

(6) TN customer rame( Goraoct name=Perryrigge™ (Gsomrower toan-umber=oan oan-number(bOTTOWET >4 loan)))
I customer-came(depositor)
(7) n cmomm(cbnmb-mmp'?myﬁdgg"

(Uhrrwcnlnan'numbeFlmmloan-number(bOITOWCr >4 ]oan))
UTT customer-name(depositor))

T Technical Publicaions

- Anup theust for knowledge -

h) Find all loans over $1200 o -

Database Management Systems . 3-13 Relational Query L g

FENTITER XY Consider. the ‘relational datab “as given beIaW ‘Give an_ expression in
relauanal algebra ta express each of the jbIIawmg quenes Wy

Employee @erson-name, street, cxty) i
p’orks (person-name, company—name, salary)
Company (companymame city). 3 o
Manages (persan -nanie, manager-i name) Aty

(a) Find the names of all emplayee.s in thxs dalaba.\'e who Izve in lhe same cxry as the company ﬁzr
lwhuch they work.

(b) Find the names, street address, and cities af resm'enee of aII employeex who wark _/br HCL
Carporzmon and earn miore Ihan $10,000 per annum.

| Far R R e BT E R RIGTU : Winter-17, Marks 4 __]

Solution : .

(1) I person-name(Works >4 Employee >4 Company))
)11,

, strcet,city(Ocompany-name = “HCL” a salary > 10000 (Works b4 Employee))

EEX] Additional Relational Operations
EPEE] Generalized Projection

The generalized projection operation extends the projection operation by allowing functions of
attributes to be included in the projection list.

The general form of generalized projection operation is -

i, ma(R)

Where F1,F2,...,Fn are functions over the attributes in relation R and may involve arithmetic
operations and constant values.

For example — Consider following relation for Student as
Student(RolINo,Name,Marks1,Marks2,Marks3)

Student )
RoliNo Name Marks1 Marks2 Marks3
1 AAA 40 50 60
2 BBB 55 56 57
3 cce 70 80 90

Now if we want to have MarkSheet that need to show
* Total = Marks1+Marks2+Marks3
Then generalized projection combined with renaming may be used as follows -

MARKSHEET «— P(RoHNu.Name.Total)( HR@“NO'Ngme_Mml+MM*MHB3(SWDENT))

™
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Bl Aggregate Functiona tions where values of multiple rows are gr ? i Oethe,
The aggregate functions are the fun® e value. For example finding average, OF HICRE togy
gle

as input on certain criteria to form 8 sin,
pumber of employee, - such operations 0¢
" Various aggregate functions a:e

1. Count()

2. Sum()

3.Avg0)

4. Min()

5. Max()

The aggregate function is denoted by using the operator
syntax of using aggregate function is -

ed to use aggregate functions.

It ie pronounced as script F. The

Where <gronpu1g attributes> is a list of attributes of the relation R and <function list> is
list of (<fimction> and <attribute>). In this case <function> denotes any of the aggregate function
and <attribute> denote the attribute of relation R.

Let us discuss these aggregate functions one by one

Suppose the relation Student as follows -

RolINo Name Marks

1 AAA 40

2 BBB 55

3 CCcC 70

| 4 DDD . 55
i E EEE | NULL

(1) Count : It will return total ixumber of records
<3 counT Rotmio (STUDENT)

Will return 5

I (2)Sum : 1t will return the sum of the values
|

|

present in the attribute,
3 Sum s (STUD! ul eA For example

| Will return

I 220 '

yi (3) AVERAGE : It wi)| Tetum average valye,
{ 3 AVERAGE marks (STUDENT)

. For example

Database Management Systems

3-15 : Relati

I Query L

It will return

44

(4) MAXIMUM : It will return maximum value present in particula:r attribute. For example -
5 MAXIMUM marks (STUDENT)

It will return

70

(5) MINIMUM : It will return minimum value present in particular attribute. For example -
3 MINMUM marks (STUDENT)

It will return

40

>

TR X] Consider following Schema and represent given statements in relafion algebral
Vo i BERL ~:_,.">

:;"Br;aric‘h(bfaizch_name, branch_city) :
*Account(branch_name, acc_no, balance)
*Depositor(customer_name, acc_no)

( i) Find out list of customer who have account at abc branch

{ i) Find out all customer wha have account in 'Ahemedabad ".city-and balance is great’
10,000

(m) Find out list of all branch name wxrh thezr maxlmum baIance :

GTU : March-10, Marks 6 §

Solution :

(1) T1 customer_name(Obranch_name="abc’(Account >4 Depositor))

(i) IT customer_name(Obranch_city="ahemedabad’ » balanace>10000(Branch b Account b4 Depositor))
(iii) branch_name me(bah..c,,(Account) -
“Consider”the following “relation
underlmed Gwe an expression in the relatxonal algeb ]

employee(s'sn name,dno,salary,hobby, gender) !
deparnnenr(dno dname, budget,location,mgrssn)

works - on(ssn, pno)

pro_/ect@g_q,pname budget,location,goal)

J) Ltst all  pairs of employee names and lhe pro_;ect numbers they ﬂzork on "
2) List out deparrment number deparlmem name and department budget

§ P o il s

where the primary keys
t0 erpress each of lhe follawm eries

ummer-17, Marks 4 §

I T ‘ . Technical Publications . An up thrust IorknaMEdge T
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Solution :

(1) Tpame poc(employee b4 warks_on)

@@n mmb._,s«(depamnem)

(3) RajYadav ¢ Grami="Raj Yadav(€mployee)

Result € IT jaume(RajYadav >4 works_on b4 project))
(4) Insufficient data

Solution: (1) IT wume(Caepe_name='physics'(instructor)) . ‘
() T couse-ic Oscmester="Fall a year=2009 (5€Ction))- IT course.ia( Gsemester="sprint’ (sECION)) )

- Hn jtte( Odept_name="Comp.Sci (course b4 instructor b< teaches)) \
(4) dept_name J svg(satary(instructor) |

EFFE] Outer Join . o \
There are three types of outer joins - Left outer join, Right outer join and Full outer join.
(1) Left Outer join )

.

|
) |
 This is a type of join in which all the records from left table are returned and the matched .

records from the right table gets returned. - )

o The result is NULL from the right side, if there is no match.
« The symbol used for left outer join is < . ‘
« This can be graphically represented as follows . '

: {

All rows from left table L |
and only matching rows
from right table

o 5 T g
T ) Technical Publications - An up thrust for knowledge . 3 l
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For example - Consider ¢ 207
0 : : WO tableg Studem

Relational Query Languages
.
and Course as follows -

(2) Right Outer join
« This is a type of join in which all the recorgs from right table are
returned and the matched records from the left table gets returned.
The result is NULL from the left side, if there is no match.

« The symbol used for right outer join is s<c

This can be graphically represented as follows

All rows from right table
and only matching rows
For example - Consider two tables Student and Course as follows - .

Student Course
RollNo | Name [ RollNo \ CuuréeName
1 AAA l 1 ‘ Computer
2 | BBB [ 3 | Brcrical
3 | ccc s | cw

6 Mechanical

The result of Right outer join will be

RolINo CourseNamel Name

1 Computer

Electrical

Mechanical

3
5
6

T‘ ! Technical Publications - Anup thrust for knowledge
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(3) Full Outer join

« Ina full outer join, all tuples from bo!

matching condition.
o Itis denoted by ><T
« Graphically it can be represcated

For example -

3-18

All rows from both

tables

» Consider two tables Student and Course as follows -

Student

1 AAA

'[ RoliNo | Name

RolINo W

Course

f—

1 Computer

2 BBB

Electrical

3 ccc

The result of Right outer join will be

* Relational Query L,,ngqu
Q

lations are included in the result, irrespective ty
th relation: ‘

3
5 Civil
6

Mechanical

RoliNo

Name

CourseName

Computer

BBB

NULL

Cccc

Electrical

NULL

Civil

alwu|w|o]|—

NULL

Methanical

The symbols used are -

ALEFT OUTER JOIN B ON x=y

Ab,B

ARIGHT OUTER JOIN B ON x=y

A, B

T

-AFULL OUTER JOIN B ON x=y ‘
| Ax,B

: Technical Publications ~ - A Up thrust for knowiedge

Database Management Systems

Relational Query Languages
|
1. List relational algebrq operators and explain any two with example
2. What is relational algebra? Define relational algebra operation cross product with example
3. Explain the select, project, natural join union and Cartesian product operations
GTU : Winter-12, Marks 7
4. Write short note on relational algebra. )
5. Explain different types of outer join with example.

B GTU : Summer ; Winter-18. Marks 7

Relational Calculus

« Relational calculus in non-procedural query language and has no description about how the

query will work or the data will be fetched. It only focusses on what to do, and not on how to do
it. ' :

Relational calculus exists in two forms :
o Tuple Relational Calculus (TRC)
o Domain Relational Calculus (DRC)

Tuple Relational Calculus

The Tuple Relational Calculus(TRC) is a non-procedural query language.

In this relational calculus we have to find tuples for which a predicate is true.

The calculus is dependent on the use of tuple variables. A
over' a named relation.

¢ Syntax of TRC

tuple variable is a variable that ‘ranges’

{T|Formula(T)}
In this form of relational calculus, we define a tuple variable T, which satisfies Formula (T). -
The Formula(T) can be any condition with reference to relation. For example

{T| S €Students A S.sname="Ram’} is a Tuple Relational Calculus,where variable S belongs to
Students table and the name of the student is Ram. ’

The formula is usually specified using atomic formula. The atomic formula is defined by
following rules -

o R eRelation.

For example - the variable S € Students table, or Re Reserve table.

™
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o RaopS.b where op is an operator.
For example - s.sid=R.sid
o Raop constant
For example -S.ag¢ > 18
Rules for TRC : Hence the fo
things - ‘
"o Anyatomic formula

o —p,PAG. PVqorp=4
o There exists quantifier denoted by 3. Hence 3R (Formula(R)) can be a formula

noted by V. Hence VR (Formula(R)) can be 2 formula.
ariable.

rmula can be recursively defined using one of the following

o For all quantifier dei
ble T defined in Tuple Relational Formula should a!ways be a free V:

The varial .
A free variable is a variable which is not denoted using the quantifiers 3 and V. All the variables

that are associated with 3 and ¥ are called bound variables.
Example of TRC Query : Consider two tables namely Student and Reserve.

. [ Student Reser.va .
sid sname age ) sid | isbn day
1 Ram 21 1 005 07-07-18
2 Shy-am e 1‘8 2 005 03-03-17
3 Seeta l 16 X 3 007 08-11-16
4 Geeta 23

] Query : Find the id of students, names of students whose age >18. Then we can write it in TRC
orm as : N ‘

{TI3S(Se Student A S.age > 18 Tisid = S.5id A T.sname S.sname)}
Query : Find the names of the students who reserved the book of isbn = 005
{TH SeStudent, R € Reserve (R.isbn =005 A S.sid = R sid A T.sname=§ sname)}

T Y Technical Publicatons " - Am up thrret 1w srmers LT
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|
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|
|
|

base Management Systems

pomain Relational Calcylys

and not based on the tuple values,

. syntax of DRC: {cl,c2,c3, . cn [F(el, c2, ¢3, ... ,cn))

here, cl, c2... etc r i
Wi €presents domain of attributes(columns) and F defines the formula

including the condition for fetching the data
The formula is usually specified using atomic g ’
ormula. Th i i
ollowing rules - a. The atomic formula is defined by
o R € Relation.
For example : the variable S € Students table,or Re Reserve table.
o RaopS.b where op is an operator.
For example - S.sid = R.sid
o R.aop constant °

For example - S.age > 18

Rules for DRC : Hence the formula can be recursively defined using one of the following
things : v
o Any atomic formula

O =P, PAQ, pVq Or p=q
o There exists quantifier denoted by 3. Hence 3R(F(X)) can be a formula where X is a domain
variable. :
o For all quantifier denoted by V. Hence VR(F(X)) can be a formula where X is a domain
variable.
* Example : Consider two tables namely Student and Reserve
Student Reserve
sid sname age sid isbn day
1 Ram 21 1 005 07-07-18
2 | Shyam 18 : 2 | oos 03-03-17
3 Seeta 16 . 3 007 08-11:16
4 Geeta 23 »
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Query : Find the all students with age >18

{<IN,A>|<I,N, A>€ Student AA>18}

Here I, N, A are the variable names for attributes of the relation Student. Hence <L, N, A > &
Student ensures that the domain variables I(for sid), N(for sname), and A(for age) are restricteq to
be fields of Student table.

Query : Find the names of the students who reserved the book of isbn = 005

{<N>E LA,(<I,N,A>€ StudentA3Lr, Br, D(< Ir,Br, > D€ Reserve A Ir =1 A Br = 005))}

Ed saLs

The SQL3 is a fourth revision of SQL database query language.

The commonly used Structured Query Language(SQL) standard is defined in 1992, is
commonly refred as SQL2 or SQL-92. The SQL2 does not support recursive queries. Hence we
need to write PL/SQL or embedded SQL.

Later, on the ANSI and ISO SQL standardization added the features to the SQL specification in
1999 to support object-oriented data management. The SQL: 1999 is often referred to as SQL3
standard. SQL3 supports many of the complex data types.

The SQL3 supports recursive queries.

Various parts of SQL3 are -

(1) SQL/Framework

(2) SQL/Foundation

(3) SQL/CLI : An updated definition of the extension Call Level Interface.

(4) SQL/PSM : An updated definition of the extension Persistent Stored Modules.

(6) SQL/Bindings : :

Three more parts, also :;dnsidered.

(7) SQLMED Management of External Data

(8) SQL/OLB Object Language Bindings

. (9) SQL/IRT SQL Routines and Types using the Java Programming Language.
Features of SQL3
(1)1t has a support for relational and object oriented model

()1t contains ‘rich set of new data types such as LARGE OBJECT, CHARACTER LARGE
OBJECT,BINARY LARGE OBJECT.

(3) It contains new Predicates such as DISTINCT

(4) It allows to use recursive queries
\

- - T
T . Technical Publications ~ - An up thrust for knowledge
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@ allows to use recursjye
(5) It has enhanceq security
(6) It has a support fo, active gaty
(7) It contains allows ¢, use stryc,

Queries, Relational QueryLanguagES

bases using rig, gers.

tured yg

create type age as integer FINAL, * defind dua ypes. For example -
create type salary ag integer FINAL.

(8) It allows to use Teferences ang pointe,
IS,

DDL and DML Constrycts
(1) DL

» Data Definition Language (DD

L) isa
by a set of definitions. g

sp§CIalized language used to specify a database schema

It is a language which is used for Creating

; and modifyi i
K Sidexes and 50 o, fying the structures of tables, views,

DDL is also used to specify additional properties of data
Some of the common commands used in DDL are

‘ -CREATE, ALTER, DROP.
. The main use of CREATE command is to build a new table. Using ALTER cémmand, the users

can add up some additional column and drop existing columns. Using DROP command, the user
can delete table or view.

(2) DML .
¢ DML stands for Data Manipulation Language.

¢ This language enables users to access or manipulate data as organized by appropriate data-
model.

¢ The types of access are - ) )
o Retrieval of information stored in the database. For that purpose the SELECT command is
used.
o Insertion of new information into the database. For that purpose INSERT command is used.
o Deletion of information from the database. For that purpose DELETE command is used.
"o Modification of information stored in database. For that purpose UPDATE command is
» used.

¥ Technical Publications - An up theust for knowledge
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Open Source and Commercial DBM
management software =

There are two types of database .
Commercial DBMS software. The commercial product is
DBMS is freely available on Internet. ) .

Let us understand the difference between the tWO

| DBMS
Source and COmme[cli/”__\‘
e Commercial DBMS

Open source DBMS software 44
paid software while open Soureg

MS
Sr.No. Open Source DB | e
source DBMS products ar¢ These DBMS products are paid software products,
1. | Theopen " DL P! The cost can vary depending upon the complexity
cos!
e of the product.
- -
2. | The code of open source DBMS product The commercial DBMS products can b.e fixed only
can be viewed, shared or modified by the by vendors.
community. That means any one can fix;
upgrade or test the broken code.

. -
As the code fixing is vendor specific, it may take

3. As the code can be fixed by any one, it can

be done efficiently. some time.

There are chances of malfunctioning with The security is high and code is not at accessible

the code as source code is open.

When the support is required, there are
various forums available to help the
developers.

to unauthorized user.

When the support is required, you need to contact

vendor.

Documentation is available from user’s
perspective. Hence it is well-structured, with clear
and well-written instructions.

Documentation is available for
development point of view. So it might be
complex and not suitable for layperson
user.

7. Examples - MySQL, PostgreSQL, Oracle | Examples - Microsoft SQL Server

MYSQL
MYSQL is a open source database product and can be downloaded from the website
http://dev.mysql.com/downloads/mysql.
- MYSQL is a kind of database in which the records are stored in an entity called tables. In the
tables the data is arranged in the rows and columns. We can query a database to retrieve particular

information. Query is a request or a question for the database. There is a common practice of
making use of Structured Query Language(SQL).

- TVombomtoot S

Database Managemenr S
ystems
3-25 Rel.

Query Languag
installing MYSQL and then we will discuss some

In this section we will first & see the progess of
commonly used queries,

KERRY Installation of MYSQL

I have downl,
wnloaded the MYSQL server for Windows which is there in the ZIP format. Extract

the content
ts and execute the setup.exe. Following window may appear on the screen -

jy MySQL Server 4.1 - Setup Wizard

Welcome to the Setup Wizard for MySQL
Server 4.1 v

The Setup Wizard will install MySQL Suver 4.1release 4.1.21
on your computer. To continue, dick Nex

Click Next. It will then display the default directory in which the MYSQL server software will
get installed. Accept this default location by clicking Install button,

29 MySQL Server 4.1 - Setup Wizard

Ready to Install the Program
The wizard Is ready to begin installation.

If you want to review or change any of your installation settings, dick Sadc. Click Cancel to
exit the wizard.
Current Settings:
Setup Type:
Typical
Destination Folder:
C:\Program Files\MySQUWMYSQL Server 4.1\

The setup wizard will display the progress of installation.

i ical Publications - An up thrust for knowledge J
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=

Just click the Next button to proceed. Select the Standard Configuration option.

-~ - e
MySQL Server Instance Configuration Wizard

MySQL Server Instance Configuration
Configure the MySQL Server 4.1 server instance.

Please select a configuration type.

© Detailed Configuration

/ u Choose this configuration type to create the optimal server setup for
1] D& this machine.

1 @) Standard Configuration

F: N Use this only on machines that do not already have a MySQL server
installation. This will use a general purpose configuration for the
server that can be tuned manually.

After installing the software, it is important to configure it. For configuring the MYSQL

. Il follows Then click Next button and following window will appear which allows you to set the Service
o . . a B
configuration Wizard window will appear

Name. Just check the box before Include Bin Directory in Windows PATH so that the
environmental variables can be set.

Welcome to the MySQL Server Instance

Configuration Wizard 1.0.8 MySQL Server Instance Configuration Wizard

‘ MySQL Server Instance Configuration
::sgns?\:sm sa'v: nw:‘t;n::: Yl':lcﬁgn?ui?gdth Configure the MySQL Server 4.1 server instance.
Next. N

Please set the Windows options.

Install As Windows Service ¢
3 This is the recommended way to run the MySQL server
4 on Windows.

2 - Service Name: frysou ~|

Launch the MySQL Server automatically

1 [¥] Include Bin Directory in Windows PATH
Check this option to indude the directory containing the

server / dient executables in the Windows PATH variable
so they can be called from the command line.

. - ™ :
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Database Management Systems_, set the pasSWOl’d for your SQL Serye,

o dnage 3-29 Relational Query Languages
hich allows you t© password you can click on Creaqy

: " MySQL Server Instance Configuration Wisses
Then following window will appear »t want to set any P

; t button. — : ;
- ity purpose. If you dor then click Nex rver Instance Configuration : T
This option is for security P et a password 8Y system and Configure the MySQL Server 4.1 server instance,
: 5
an Anonymous account. [ have Processing configuration ...

& Prepare configuration

& Write configuration file (Ci\Program Fles\MySQUMYSQL Server 4.1ymy.in) i
3 ; | @ Stert service i
Pioase st the seauity 0pSons- . |
- Security Settings ———=—— Enter the root password. & Apply seaurity settings |
=l Hodify = :
.p.gn-nrﬂ . ord. - i Configuration file created. ¥
et Tee=e=  Retype the passw 3 Windows service MySQL installed |
te machines | Service started successfully. ¢
e [Z] Enable root access from remote M Security settings apphed. ;
Press [Finish] to dose the Wizard.
I Create An Anomymous Account an anonymeous account on this server. Please
Ths u::?":m to an inseaure system.
L not=

] B | ' CE 3 Coa ]

Now to start SQL server 80 to start->All Programs->MYSQL->MYSQL Server 4.1
Select the MYSQL Command Line Client

i Adobe Photoshop
i Altova XMLSpy 2009 mapmum
. s Instance Configuration & Apache Tomcat 5.5 puntambekar
=S nstance. L Cybertink DVD Suite !
Configre the MySQL Server 4.1 server ' & Extras and Upgrades I Documents
= 4 Games f
v b &L Intel PROSet Wireless Pictures
2 4 4 LightScribe Direct Disc Labefing e
Q Prepare configuration 4 & Maintenance o
Q write configuration fie . g E i McAfee Games
service . i Wl Microsoft Office
O st i : 4 4 Microsoft Office Tools b e i
O Aoply searty settings 3 Microsoft SQU Server 2005 ;
Please press [Execute] to start the configuration. Ud Microsoft Visual Studio 6.0 Computer
Ji Microsoft Web Publishing
| Ji Moazilla Firefox Network
! 5 MysqL :
i i MySQL Server 41 Connect To .
21 MySQL Command Line . 5
@ MysQLManual Control Panel
MySQL Serves Instance Config W,
0 " 9 Default Programs
3 ﬂmﬁcnyﬂhmlb . v
- Help and Support
After i ; . . 4 Bk
some moments you will get following window on successful configuration. Click Finish
button. There is one configuration ﬁle my.

nf for MYSQL in which the information about ¢
conf iguration is stored, ) . '

™
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sword system- It is as shown (Nole

| appear after you YP€ the pas

d prompt Wil
and a command P allation)

that this pasword is set during ins

onnunity TNt

ile handling the

ome MYSQL query statements which are required wh

Now let us go through s
database.

Executing Queries

1. Creating database
mysql> CREATE DATABASE mydb;
Query OE, 1 row affected (0.15 sec)

2. Displaying all the datab

mysql> SHOW DATABASES;

+ + .
| Database | '
+— +

|mydb |

| mysql |.

| students |

| test A

- .+

4 rows in set (0.06 sec)

3. Selecting particular database
mysql> USE MYDB;
Database changed

| T Technical Publications - An up thrust for kno) wledge
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4. Creating table

We must create a table inside a database hence it is a common practice to use create table

command after USE database command. While creating a table we must specify the table fields.

mysql> CREATE TABLE my_table(id INT(4),name VARCHAR(20));
Query OK, 0 rows affected (0.28 sec)

5. Displaying a table

After creating the table using SHOW command we can see all the existing tables in the current
database.
mysql> SHOW TABLES;

ommnmmeenenn e +
| Tables_in_mydb |
Rt +
| my_table |
o +

1 row in set (0.00 sec)

6. Displaying the table fields

For knowing the various fields of the table we may use following command
mysql> DESCRIBE my_table;

et + Ea— R
| Field | Type | Null | Key | Default | Extra |
F EE— e + +
|id | int(4) | YES | | NULL | |
| name | varchar(20) | YES | | NULL | |
IR + + NE— PR

2 rows in set (0.07 sec)

7. Inserting values into the table

We can insert only one complete record at a time. It is as shown below -
mysql> INSERT INTO my_table
-> VALUES(1,'SHILPA);
Query OK, 1 row affected (0.05 sec)

8. Displaying the contents of the table
mysql> SELECT * FROM my_table;

[ E—.
|"id | name |
D S—
| 1 |SHILPA |
R +

1 row in set (0.06 sec)

g ™ :
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y specifying some condition,

We can also write SELECT statement for selecting particular row b:

such as - s
mysql> SELECT * FROM my_table where id=1;

e where name="SHILPA";
repeatedly giving the INSERT command.
then we use ORDER BY clause

or -
mysql> SELECT * FROM my_tabl
Thus we can insert the TOws into the table by
If we want to get the records in sorted manner
mysql> SELECT * FROM my_table;

+_—+___———+

1

1

!

} | id |mpame |

] +—+ —+

j | 1 |sHLPA |

1 | 2 |SUPRIYA |

f | 3 |YOGESH |

| 4 |MONKA |
+ et +

4 rows in set (0.00 sec)

mysql> SELECT * FROM my_table ORDER BY name;
+——t +

| id |name |

+—t +

| 4 | MONEKA | )
| 1|sHLPA |

| 2 |SUPRIYA |

| 3 | YOGESH |-

+—t +

4 rows in set (0.00 sec)

9. Updating the record
For updating the record in the database following command can be used -

mysql> UPDATE my_table

-> SET name="PRIYANKA'

-> WHERE id=4;
Query OK, 1 row affected (0.05 sec)
Rows matched: 1 Changed: 1 Warnings: 0
mysql> SELECT * FROM my_table;
e ———t
| id | name
+——t
| 1|SHILPA
| | 2[SUPRIYA
| | 3|YOGESH - |
| | 4| PRIYANKA |
| B +
4 rows in set (0.00 sec)

|
+
|
|

i . * i .
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pof deleting particular recorg from a
’ 3 pELETE FROM my_tablg
T RE id=3;

WOT;E 1 row affected (0.04 sec)

databage

Then use SELECT statement fo, display;
a
d YIng the contents of the table: we use following

0!
 mysqP> SELECT * FROMmy_tapie;

3rows in set (0.00 sec)

14. For deleting the table

The table can be deleted using the command
mysql>drop table my_table;

ORACLE

Oracle is a relational database management system. It is known as oracle DB or just oracle.

The oracle DB is produced by Oracle Corporation.

Features of Oracle
(1) Availability : Oracle allows read-only access to data in physical standby database so that

- user can perform various tasks such as reporting, querying, some data extraction and backup.

(2) Scalability : There is an availability of Oracle Real Application cluster which pro\iiaes the

. facility for the database for application continuity, online instance migration, and quality of service

. Mmanagement.

. (3) Performance : Oracle provides improved performance of transaction processing.

(4) Security : Oracle has a sophisticated and flexible framework for fine access control

implementation which support strong security feature. 5 .
(5) Tools : Oracle SQL Developer, 2 free graphical tool for database development, allows
developer to browse database objects, 1o Tul SQL statements and SQL scripts, and to edit and

- An up thrust for knowledge:
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i i can al
i tes standard and customized reporting. Users Iso
tements. It incorpord -

4 PLISQL using the 10015

PL/SQL stal
daxe lications in Java an

develop theif OW2 app
(i) Oracle Forms
(ii) Oracle JDeveloper
(iii) Oracle Reports-

Editions of Oracle Database
There are four editions of Oracle database —

Edition : It is the most robust features, including
jon

and secure edition. It offerf all

Standard Edition : It provides the pase functionality for users that do not require Enterprise

Edition's robust package-
. ExprusEdiﬁon(XE):Itisthelighm
« Oracle Lite: Itis designed for mobile devices.

Commands for using Oracle Database

eight, free and limited Windows and Linux edition.

We can use various commands to create database, tables and to perform various operations on
'

table.

1. Creation of database
Syntax :
CREATE DATABASE database_name
Example :
CREATE DATABASE test
2. Create Tables
Using CREATE TABLE command we can create a table in Oracle.
" Syntax:
CREATE TABLE table_name
(

Column datatype [NULL |NOT NULL]
Column2 datatype  NULL | NOT NULL ,

).'“W.ndmatwemmlngrml

T T —

o Man! ement Systems
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" por ExamPle :
TE TABLE Students
(BD“ number(m) NOT NULL,
a0 yarchar2(30) NOT NULL,
1 Marks number(5)

)
e can also set the primary key while creating the table .
For example / " :
cREATE TABLE Students
number(10) NOT NULL,

pame varchar2(30) NOT NULL,

Marks number(5)

CONSTRAINT stud_id PRIMARY KEY(Roll)

)i :

Insert Data into Table

Using the insert statement we can insert some values to the table.
Syntax :
INSERT INTO table
(colu.mnl, columnz, ... column _n )
* VALUES .
(expressionl ion2, ... ion_n );
Example :
INSERT INTO my_table(Roll,name,marks)
VALUES(1,'SHILPA'55);
Output
1 row(s) inserted.
0.02 seconds

-

. Retrieve information from Table

* For retrieving the information from table we use SELECT statement.
Syntax :
SELECT expressions
FROM tables
_ WHERE conditions;
Example :
SELECT *
FROM Studei:nt; .
The above query will display all the records present in the Student table.

0
' ™
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mentioning the condition using WHERR

We can also filter some records while displaying by

clause. For example
SELECT Roll,name
FROM Student
WHERE marks>50;
Using above query only those students’ Roll number and n
>50

5. Delete Data from Table

We can delete single record or multiple records from table.

Syntax :
DELETE FROM table_name
WHERE conditions;
For example :
DELETE FROM Students
. WHERE name="Shilpa' ’

6. Update Data in Table
Using Update statement, we can change the record values.

Syntax :
UPDATE table name
SET column1 = expression1,
column2 = expression2,

column_n = express-iaﬁ_n
WHERE conditions;
For example :
UPDATE Student
SET nams="Rupali’
WHERE Roll=1;
Output o
1 row(s) updated. .
0.06 seconds

DB2

» DB2 is a database product developed by IBM.

Relational Query Languag,

ames will be displayed whose markg

.
™
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ot i used to perform basic databage operati
jats,retrieving the data, 2tions such s storing of data deleting, modifying th
; : : ifying the

: B2 also supports object oriented feature,
S and non relationg structure with XML

F.‘(IJW‘

1)1t has more powerful Stru
(‘) offering. DB2 has feamescz,f: Que‘?’ Language (SQL) dialect than Microsoft's SQL
& : | as object tables, before tr -
multiple user-defined functions and support fi ; T e e o
or arrays,

(@)1t also can be imbedded in the code of application

 as COBOL and Java, Programs written in other languages, such

3)IBM produces versions of DB2 that run on a] ayaj
. @ j i
B05 | atforss such us ATX, HP-Up 14 an\;a;lable platforms, rather than just Windows-
s un.
(@)1t has self tuning memory management, Duri i
83 5 : - During the day access is typically via onli
app.hcahons, with random access to records across the database. At night, t)I;e worklic::;
typically changes to a batch format, with sequential processing of records
(5)1t has a strong support from IBM by providing ti i '
g time to tim
" e updates and patches after

X saL Server

» SQL Server is a relational database system developed by Microsoft

o SQL Server supports ANSI SQL, which is the standard SQL (Structured Query Language)
language. However, SQL Server comes with its own implementation of the SQL laugimgc,
T-SQL (Transact-SQL). ’

0 T-SQL is a Microsoft propriety Language known as Transact-SQL. It provides further
capabilities of declaring variable, exception handling, stored procedure and so on.

Features
(1) On Linux : It can run on Windows as well as on Linux.
@2) Machine Learning Services : One can execute the Python script within the database server
itself. Both R and Python are popular programming Janguages that provide ex_tens@ve support
for data analytics along with natural language processing capability.

(3) Optimized Query Processing : SQU Servr 2017 2dap's optimizaton sfriegies 10 YOU
runtime conditions. It includes adaptive query processing features

application workload’s .
that you can use to improve query performance 10 SQL Server and SQL Database.

T‘ By Tec
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Relational Query Langy, e
(4) Automatic Database Tuning : Whenever a potential performance issue is detected ang

enables you to apply corrective actions, or it enables the database engine to automatically £,
performance issues.

(5) Smart Differential Backup and Tr

Log Backup : It provides support for smy, t
backup system and transaction log backups by adding intelligence to backup solutions,

(6) Security Enhancements : You can now grant, deny, or revoke permissions on databage.

scoped credentials such as CONTROL, ALTER, REFERENCES, TAKE OWNERSHIP, a4
VIEW DEFINITION permissions.

Editions of SQL Server

Following editions are available

SQL Server Enterprise : It is used in the high end, large scale and mission Critical business, |
provides High-end security, Advanced Analytics, Machine Learning, etc.

SQL Server Standard : It is suitable for Mid-Tier Application and Data marts. It includes
basic reporting and analytics. :

SQL Server WEB : It is designed for a low total-cost-of-ownership option for Web hosters. It

provides -scalability, affordability, and manageability capabilities for small to large scale Web
properties. .

SQL Server Developer : It is similar to an enterprise edition for the non-production
environment. It is mainly used for build, test, and demo.

SQL Server Express : It is for small scale applications and free to use.

Review Questions

1.

What is the difference between commercial and Open source DBMS 7
2. Write short note on MySQL

3. What are the features of ORACLE database.

Oral Questions with Answers

Q1 Name two formal |

used in rel 1 alget

Ans. : There are two formal languages used for relational model and those are —
o Relational Algebra

o Relational Calculus

- .
T Technical Publications - An up thrust for knowledge
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o2 Define formally the tery, _ Relag
°nal Algebya,

Ans. :

a3 \.-m..t Is importance of Reladnnnl Algebra ?
Ans. :

(1) Itprovides formal foundation for telational mode] i

(2) Itisused as a basis for implementing and o o

(3) Some of the concepts of relationa algebra
a4 Whatis the in relati algebra ?

Ans. : Selection operation is used to fetch the rows or tuples from the table(relation)
Q5 What is the of projecti '

ptimizing queries in query processing.

. are incorporated into the SQL.
Pose of sel

in relational algebra ?

Ans. :

o Project operation is used to project only a certain set of attributes of a relation. That means if
you want to see only the names all of the students in the Student table, then you can use
Project operation. :

o In order to display particular column from the relation, the projection operator is used.
a6 List

Ans. :

P used in relational algebra.
‘Various operators used in Relational algebra are —
(1) Selection Operator(c)

(2) Projection Operator(I])

(3) Cartesian Product(x)

(4) Rename Operator(p)

Q7 What are aggregate functions ?

Ans. : The aggregate functions are the functions where values of multiple rows are grouped
together as input on certain criteria to form a single value. For example finding average, or
finding total number of employee, - such operations need to use aggregate functions.

Q8  List varlous aggregate functions used.

Ans. : Various aggregate functions are

1. Count()
2. Sum() .
3. AvgQ .
; w
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4. Min()
5.Max()

Q9 Whatis relational calculus ?

Ans. : Relational calculus in non-procedural query languége and has no description about how '
the query will work or the data will be fetched. It only focusses on what to do, and not on how to
doit.
Q.10 Enlist two forms of relational calculus.
Ans. : Relational calculus exists in two forms :
(1) Tuple Relational Calculus (TRC).
(2) Domain Relational Calculus (DRC).
Q1 VWlmt is atomic formula ?
Ans. : The atomic formula is defined by following rules -
* Re Relation: "
For example - the variable S € Students table, or Re Reserve table.
 RaopS.b where op is an operator.
For example - S.sid=R.sid
* R.aop constant
" For example -S.age > 18
Q12 What h d in relational calculus ?
Ans.:

o In Domain Relational Calculus (DRC), filtering is done based on the domain of the attributes
and not based on the tuple values. )

e Syntaxof DRC: {cl,c2,c3, ..., cn|F(cl, c2, c3, ... ,cn)}

where, cl, c2... etc represents domain of attributes(columns) and F defines the formula
including the condition for fetching the data. '

Q13 Enlist some features of SQL3.
Ans.:

(1) SQL3 has a support for relational and object oriented model.

(2) It contains rich set of new data types such as LARGE OBJECT, CHARACTER LARGE
OBJECT,BINARY LARGE OBJECT.

(3) It contains new Predicates such as DISTINCT.

(4) It allows to use recursive queries.

aaa

i
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Domain and Data Dependency

o There are two primary goals of relational database design —
schemas that allows us to store information without unnecessa
allows us to retrieve information easily.

« For achieving these goals, the database design need to be norma
check whether the schema is it normal form or not.

« For checking the normal form of the schema, it is n
dependencies that exists within the schema.
Hence before letting us know what the normalization means, it is necessary to understand the

i) to generate a set of relatiop
ry redundancy, and ii) t,

lized. That means we have tq

ecessary to check the Domain and data

concept of fimctional dependencies.

: Functional Dependency

11, June-05, 06 , Winter-15, 17, Marks 8

06. May
Definition : A functional dependency A->B in a relation holds if two tuples having same value of
attribute A also have the same value for attribute B. It is denoted by A->B where A is called
determinant and B is called dependent.

For example - Consider Student table as follows —

Roll Name City

1 AAA Mumbai

2 BBB Pune

3 CcCC Gandhinagar
Here
Roll ->Name hold
But ‘
Name->City does not hold

In above table, Student Roll number is unique hence each student’s name and city can be
uniquely identified using his Roll number.
« But using name we cannot uniquely identify his/her city because there can be same names of the
students. Similarly using city name we can not identify the student uniquely. As in the same city
may belong to multiple students. '

»

T
Technical Publications - An up thrust for knowledge
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Anoﬂ“' example Relational Database Desiy

—

\~

Fig. 4.2.1 : Table which holds functional dependency I.e. R>B

SN i .

.Here, R->N is true. That means the functional dependency holds true here. Because for ei'ery
assigned- RolINuumber of student there will be unique name. For instance : The name o-f the
student whose RollNo is 1 is AAA. But if we get two different names for the same roll number
then that means the table does not hold the functional dependency. Following is such table -

Fig. 4.2.2 : Table which does not hold functional dependency

In above table for RollNumber 1 we-are getting two different names - “AAA” and “XXX”.

Hence here it does not hold the functional dependency.

Trivial FD : The functional dependency A->B is trivial if B is a subset of A. For exampl‘e .

(AB}->A _ _
if B is not a subset of A.

» . il
Non Trivial FD : The functional dependency A->Bisnon trvia

For example {A,B}->C

R o Faplcatons ~ Anup theust for knowtedge . :
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F. It is denoteq by

by 8 £VeR set

i
[
|
|

ic three rules which are

. uted using bas
-onal depended
set of ﬁmcuonsl
The closur® il |
alsoulledasAmsﬂOng
These arc 85 follows - Ly
i) Reﬂexi\ity rx2Y ;he:; X vz ey
en
A entation : JOFX
- m"g:lm x-Y and Y 7 Z, then X=2Z N et
o i some additional rules for computing clo : onal
In addition © above axioms SO |
d are as follows -
o Union:If X _yYand X 7 then X —-)'YZ
— YZ, then X—aYandX—)Z
ding the closure of set of functiona

« Decomposition : IfX
to BPP])’ Armstrong ’s axioms for fin

s GTU June-05, !

Bl

production.

Solution =
Step1: - A>gives A attribute itsel

If by reflexivity. It is called trivial
A->B and A>C, Hence by union rule A->BC )

A->B and B->E, Hence by transitivity rule A->E |
+(A)={A.BCE}

yepZ:B->giv¢sBitself )

AndB>E :
' !

. B)={BE}
Step 3 :‘CD—>gives CD itself, It is trivial.
CD->E, CD->F, Hence by union rule CD->EF ‘

+(CD)'={CD,EF)
_ I

So by omitting trivial productions, we get
;] ] ;
F ={A->BC, A->E, B->E, CD->EF} . ’ '
: [

: .M g
T Technical Publications - An up thrust for kriowledge

Relational Database Design

SQIIIﬁOlI The closure of Fis denoted by F and i

step1: As A->BCis given we get

A->Band A->C

step2: As
A->B
B->D
A->D

step3:
A->CD because A->C and A->D

Step4: .
CD->E
A->E

Step5:
Since A — A,
A — ABCDE

Step 6:
Since E — A, E — ABCDE

Step7:
Since CD — E, CD — ABCDE

Step 8: ‘
Since B — D and B

Step9:
Also, C—-'C D—D,BD—D
Thus any functional dependency with A, E

4

GTU Dec -05, . Marks

it can be computed in following steps
By decomposition rule

(Refer step 1)
(given)
(transitivity rule)

(From step 1 and Step 2 applying union rule)

(given)

(transitive rule as A->CD, CD->E hence A->E)

we have (reflexive)
from the above steps (union)

(transitive)

(transitive)

C — CD, BC — ABCDE (augmentative, transitive)

BC, or CD on the left hand side of the arrow is in

Technical Publications - Anup thrust for knowledge . .
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Solution :

Step1: Consider the rules

+ D>ACE

AoCandB

Step2: Consider AB

_>C then we gd

p>ACand p>E

R ejalloﬂal Database Dey, .

(Union rule)

= -4 to be equivalent )
i gFDs are s © - 1 the FDs of FD2
e That means all FDs of EDI can be derived from 2 i
:1fFD2 2 FDL 108 ; | the FDs o

Fule 111702 2 That means all FDs of FD2 can be derived from al
Rule2: lfFDI > FD2 o2
Rule3: IfbodJRule 1 andRuleZamtrue then FD1=F

Forgira o= nt in FD2

i k if all the FDs of FD1 are prese -

step1: We will ﬁ:st e A->BC is in FD2, that also means A->B ‘f“d A->Cby

AsBisprseatin DI decomposition rule

Similarly AB>C s in FD1 Hence

= (A) ={ABC}
o \ (A(’:’:}q As D->AE then by decomposmon rule,
- (AB) =

b S itivity rule D->A, A->B, D->B

i.e D->A, D->C by decomposition rule. As A->B, then by transitivity : :

TheD>A, A>BaniC ®)'={ABCDE}

D->A, D->B, D->C by transitivity rule

D->Eis given

- (D) ={ABCDE}

Step2: Wewill fu§t check if all the FDs of FD2 are present in FD1

~(A) = (ABC}
- (AQ)' = {AB,C}
~ () ={ABCDE}

A)'={ABC)
= (D) ={AB,C,D,E}

Thus from Step 1 and Step 2, FD2 > FD1 and FD1 > FD2. Hence both the sets are equivalent.

TecﬂnlcalPuMcadons - An up thrust for knowledge
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salutioﬂ :

step1: AZBC

. A>Band A->C (decomposition)
So we add A, B, C in closure set

step2: E->CF » :
+ E->Cand E->F (decomposition)

step3: B>EB>C,F
So we add E and F in closure set
Hence '
(AB} = {AB.CEF}

“Consider”schema EMPLOYEE (E-ID,” E-NAME, "1
'E-ID- —>ENAME E-ID->E-CITY, Em >E—STA7E ECITY-

ind. attnbute of closure for(E ID)*
and(E NAME?*

()

Solution :

(1) Finding (E-ID)" means finding the closure. In this process we try to find out, all the attributes
that can be derived from E-ID.

As E-ID->E-NAME, E-ID->E-CITY, E-ID->E-STATE, We add E-NAME, E-ID, E-CITY,
E-STATE to (E-ID)"

As E-ID->E-CITY, E-CITY->E-STATE, we add E-STATE to (E-ID)"
=+ (E-ID)" = {E-ID, E-NAME, E-CITY, E-STATE)
@ E-NAME derives no rule. Hence (l':‘-NAME)+ = {E-NAME}

EFF Keys and Functional Dependencies

o For a given relation R={Al, A2, A3, , An} K is a key of R- then if closure
+
(K) = {Al, A2, ..., An} and no subset of K i.e. X such that (X) = Al, A2, ..., An}

In other words there are two conditions —

(1) The (K)"* contains all the attributes of relations R
(2) All subset X of K, (X) never contains all the attributes of R i.e. (X)" # {Al, A2, . An}

¢ Ifonly one subset of R satxsfy above condition then it is known as prlmary key

.

: T
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o If more than one subset of R satisfies above condition then all these subsets are recognized 5
candidate keys. In that case one of the candidate key is also considered as primary key
o A superset of candldme key K is known as superkey
Example 427 ] AB.C

GTU : Winter- I5 Marks 3

Solution :
Step 1: A->B, A->C, Hence add A, B, C to the set of AG'.
Step2: A>B B> H, hence add H to the set of AG

Step 3 : CG->I, hence add I to the set of AG". Also add G to the set.
Thus (AG)' = {A,B,C,G,H,I} = Relation R

Hence (AG)’ is a candidate key.
Example 4.2.8 |

Solution :

Step 1: A->BC hence add A,B,C to (A)"

A->BC can be decomposed into A->B and A->C. Also B->D. Thus A->D is also true by
transitivity rule.

Hence add D to (A)”

A->C, A->D - By union rule A->CD.

As CD->EaddE to (A)"

= (A)" ={AB,CD,E}
Step 2: Consider (B)+ = {B,D}# R hence it is not a candidate key
Step 3 : Consider (BC) (B C D,E,A) {A,B,C,D E} =R/ Hence it is a candidate key
Step 4 : Consider CD->E, E->A, hcncc (CD) = {A,B,C,D,E}. Hence it is a candidate key

Step 5: Consider E>A; A->BC, B->D, CD->E. Hence (E)+ = {A,B,C,D,E} is a candidate key.
Thus we get the candldate keys as {A,BC, CD, E)

GTU Wmter 17, Marks k

™
T 4 Technical Publications - An up thrust for knowledge

& ) (transitivity rule)
swp2i COH :
. CG-I
2 CG->HI (Union ruley .
sp3: A>C '
CG->In
AG->1 (Pseudo transitive rule)
Thus AG->1is proved

(@' = (A>B, A>C, CG->H, CG>1L B>H, A>H, Caomr, AG .

EH Canonical Cover or Minimal Cover

Formal Definition : A minimal cover for a set F of FDs is a set G of FDs such that :
1) Every dependency in G is of the form X->A, where A is a single attribute.
2) The closure F is equal to the closure G'.

3) If we obtain a set H of dependenci fromey‘ leti

g one or more dependencies or by
deletmg attributes from a dependency in G, then F #H"
Concept of Extraneous Attributes .
Definition : An attribute of a functional dependency is said to be us if we can remove

‘it without changing the closure of the set of functional dependencies. The formal definition of
extraneous attributes is as follows :
Consider a set F of functional dependencies and the functional dependency . — B in-F
* Attribute A is extraneous in a if A€ o, and F logically implies
(F-{fa—Bhu {(@-A)—B}
. Aﬂ:nbute A is extraneous in B if A€ { and the set of Mmoual dependen(:1es

F-f{ox— B} U {(@— B-A) logically lmplmF
r for set of functional Dependencles F

”9°ﬂthm for computlng Canonlcal Covel
E=F

Technical Publications
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)
ropeat o rhus R-H.S gets simplified,
Use the union rule to replace any dependencies in F_ of the form s”i P; . Now we will simplify Ly s ;
1 - Bl and al — B2 and ol — BIB2 Consider AC->D. Here we can sp;
Find a functional dependency o — B in F_ with an extraneous attribute either in 0. or in 8. (A)* 2 Pt Aang For that Wwe find cJ,
/* The test for extraneous attributes is done using F,, not F */ (C)“ (AC) Closure set of A and C.
If an extraneous attribute is found, delete it from o.— B in F.. . be obia d‘ ©
. can be ol
until (F, does not change) Thus S, Tastead '"el from both A 5 Well as C. Tha 4,
| Cansid g 1un Jependencie 8 altr ACon LH.S. > only A'can be allowed ang C can be s10 n.lms Wwe need not have to have
A DS ; : weget climinated. Thus after simplification
) 101 ! er Ll = a2 2D B->ADES b A3D .
Solution : . 26 we get
: ummari: no
Step 1: Split the FD such that R.H.S contain single attribute. Hence we get Tos! e 24
A>C
A->D
AC=>D B>A
B>A 3 BE
B>D Thus LH.S gets simplified.
B->E B

tep 3 : The simplified L.H.S. and R.H.
Step 2: Find the redundant entries and delete them. This can be done as follows - SP g #nd RHLS can be comb
e For A>C : We find (A)+ by assuming that we delete A->C temporarily. We'get (A)'={A}.

ined together to form
A->CD '
Thus from A it is not possible to obtain C by deleting A->C. This means we can not delete B->AE

A>C ‘ '

_ This is a minimal cover or C

I cover of functional depend
e For AC>D : We find (AC)" by assuming that we delete AC->D temporarily. We get

i ‘ Concept of Redundancy and Anomalies
(AC)"={AC]}. Thus by such deletion it is not possible to obtain D. This means we can not delete
AC>D .

Definition : Redundancy is a condition created in database in which same piece of data is held
o For B=>A : We find (B)" by assuming that we delete B->A temporarily. We get (B)'={BDE}. attwo different places.
Thus by such deletion it is not possible to obtain A. This means we can not delete B->A

Redundancy is at the root of several probl iated with relational sch
e For B>D :

We find (B)" by assuming that we delete B->D temporarily. We gt Problems caused by redundancy : Following problems can be caused by redundancy-
(B)‘= {BEACD}. This shows clearly that even if we delete B->D we can obtain D. This means 1)’ Redundant storage : Some information is stored repeatedly.
we can delete B->A. Thus it is redundant. :

i) Update anomalies : If one copy of such repeated data is updated then inconsistency is
« For B>E : We find (B)' by assuming that we delete B->E temporarily. We get (B) ={BDAC}. created unléss all other copies are similarly updated.
Thus by such deletion it is not possible to obtain E. This means we can not delete B->E

i i added to th
il) Insertion anomalies : Due to insettion of new record repeated information get added to the
To summarize we get now

relation schema. i i i
h . the rtant information
A>C . ' ' . i¥) Deletion anomalies : Due to deletion of partiularrecr? S":: 0lo‘:: Is4:m:e other important
aeoD ; associated with the deleted record get deleted and thus we may
BoA " information from the schema.
B->E ' \_’/// |
. R Wﬁ,mvlﬂf?’ o
5 . 2 0 ical publications = A" P :
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Example : Following example illustrates the above discussed anomalies or redundap, 2 F003 LMN
problems Consider following Schema in which all possible information about Employee is storeq_ E004
' EmpID | EName | Salary | DeptiD_|DeptNamd Deptloc| E005
1 AAA | 10000 [ ~101 | Xxyz | Pune~ B ropose
2 BBB 20000( 101 XYZ Pune > we c,an 5 C'typssel the above relation Schemg
o XYZ Pu ame, Age; C1tY; Salary) and pe, 1010 two relay;
3 ccc | 30000 [N101 Puns—~1| En! B ole Partment (pepgiq - aion schemas as Employee (Eid
4 DOD | 40000 | 102 | PQR) | Mumbai gmployee - » Eid, DeptName) ’
! . —— as follows -
' | Ed | Ename A\g,c\\
— ity
E001 I Salary
Eaatelll i 29 F\
E — | 20000
E00 v g
1) Redundant storage : Note that the information about DeptID, DeptName and DeptLoc jg i Li 25 mv
repeated. E004 XYz s T
. . . ) \24\ Mumbai 4000
) Update anomalies : In above table if we change DeptLoc of Pune to Chennai, then it wij E005 STU ) H\g
result inconsistency as for DeptID 101 the DeptLoc is Pune. Or otherwise, we need to pepartment Table \\—m 25000
update multiple copies of DeptLoc from Pune to Chennai. Hence this is an update 1 —
anomaly. . ' Deptid Eid DeptName
- . R e
3) Insertion anomalies : For above table if we want to add new tuple say (5, EEE, 50000) for poot Eool Finance
DeptID 101 then it will cause repeated information of (101, XYZ, Pune) will occur. ‘ D002 | B0z | prodtion ]
4) Deletion anomalies : For above table, if we delete a record for EmpID 4, then | - D003 E003 Sal
. - ” L4 \ 0 ale:
automatically information about the DeptID 102, DeptName PQR and DeptLoc Mumbai .
will get deleted and one may not be aware about DeptID 102. This causes deletion anomaly. Doos o Merketing
mposition D005 E005 Human Resource
D tion . " i + The decomposition is used for eliminating redundancy.
e Deco on is the process of breakin, i )
mpoST 2 © g down one table into multiple tables. « For example : Consider following relation Schema R in which we assume that the grade

» Formal definition of decomposition is - : determines the salary, the redundancy is caused
e A decomposition of relation Sch R ists of replacing the relation Schema by two relation SchemaR *
. schc.ma thzz ea.ch contain a subset of amibu}es of R and together include all attributes of R by . Name eld deptname | Grade| Salary
storing projections of th; instance. 1 AAA 121 Accounts 2 8000
o For example - Consider the following table | A 132 __i";”’—-a———zao— Bedeni e
C , " . 7000
Employee_Department table as follows - ; i | e BBB 101 | Marketing : 2000
. B - - Purchase
Eid Ename | Age City Salary | Deptid | - DeptName ‘.:CC | 1% S and T as follows:
; Schema S an :
E001 ABC 29 Pune 20000 D001 Finance * Hence, the above table can be decomposed into two S
E002- | PQR | 30 | Pune 30000 | D00z | Production . ' |
T' L recmcdmwcam'".,q,,,,pm,wmedge - m W""’ge
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Problems Related to Decomposition :
the potential problems t0 consi
become more expensive:
of the decomposed relations,
of the original relation!
require joining
4 decomposition.

Following are der -

1) Some queries

2) Given instances

corresponding instance

3) Checking some dependencies may

4) There may be loss of information durin
Properties Associated With Decomposition

There are two properties associated with decomposition and those are — :

non Loss Decomposition & When all information found in the original

1 it as loss less or non loss decomposition.

we may not be able f© reconstruct the

the instances of the decomposed relations,

1) Loss-less Join or
database is preserved after decomposition, W€ cal
2) Dependency Preservation ; This is a property in which the constraints on the original table
can be maintained by simply some constraints on each of
XA Loss-Less Join GTU : Dec.-05, May -12; Marks 7
three conditions :

The lossless join can be defined using following
i) Union of attributes of R1 and R2 must be equal t
either in R1 or in R2.
Att(R1) U At(R2) = Att(R)
ii) Intersection of attributes of R1 and'R2 must not be-NULL.

Att(R1) N At(R2) # ®
jii) Common attribute must be a key for at least one relation (R1 or R2)

" Att(R1) N Att(R2) -> Att(R1)

o attribute of R. Each attribute of R must be

e

decon

Solution :

stgp1 : Here Att(R1) U Att(R2)=Att(R) i.e R1(A,B,C) UR2(A,D)=(A,B,C,D) i.e R
Thus first condition gets satisfied. ' BRI

* Tectrical Publcations ,
T Publications - An up thrust for knowtedge

Relation R

" Management Systems
pata 1-15 - piabase Desi
Design

2: Here R1 N R2 = {A}. Thy
S AM(RI1) N Att(R2) # ¢. Here the second condition gets

3: Af(R1) N AUR2) -> {a) N +
}. Now (A)" = {AB,C} ¢ attributes of R1. Thus the third

::::iﬁo,. gets satisfied.
This shows that the given decomposition is a lossless join.

ame »S‘}Zsf;’j’df; {ollowing relaion Rih, B, C, D, E, ) and PSSR
e e SRR G D ) B D).

solution ¢

. RIURZUR3 = 24
step 1° R Dy (EFD IE Here the first condition for checking lossless join is satisfied as
(A:C’D) U (B,C.D) U (EF.D) = {A,B,C,D.EF} which is nothing but R.

. ider R1N =
step 2+ Consider R2 = {CD} and R2NR3 = {D}. Hence second condition of intersection not

peing @ gets satisfied.
step 3: Now, consider R1(A, C, D) and R2(B, C, D). We find RINR2 = {CD}
= {ABCDE} € attributes of R1 i.e.{A, C, D}. Hence condition 3 for checking lossless join

D)’
for R1 and R2 gets satisfied.

step 4: Now, consider R2(B, C, D) and R3(E, F, D) . We find R2NR3=(D}.

(D)+ = {D, E} which is neither complete set of attributes of R2 or R3.

[Note that F is missing for being attribute of R3].
ition. Or in other words we can say it is a lossy -

Hence it is not lossless join dec

decomposition.
PTTIYIE] Sippose that we decompose schema R=1

ot a lossless decomposition. ..

Solution :
Step 1 : - Here we need to assume some data for the a
we can represent the relation as follows —

ttributes A, B, C, D, and E. Using this data

nical Publications - Anup thiust for knowledge
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Database M: t
Relation R1 = (A,B,C)

Relation R2 = (C,D,E)

o ioin based on common attribyte
Step 2: Now we will join these tables using natural joi, 1.¢- the join bas

C.WegetRl aR2as

Here we get more FOWS
or nfples than 0@31'““1
relation R

>
]
(2]
o|.
u..aw.n?\

Clearly R1 & R2 ¢ R. Hence it is not lossless decompositioh.

1. Why do we decompose any relation ? When we decompose any relation, which properties need

0 be preserved ? Explain with example. GTU : Dec.-05, Marks 6
: 2. What is functional dependency ? Explain non-loss decomposition. W

X3 Dependency Preservation

. Deﬂn.ition. tA Peco_mposition D={RI,R2, R3...Rn} of R is dependency preserving for a set

F of Functional dependencyif-(l-‘l UF2Uu..u Fm)=F.
o Ifd Iposition is not dep
E mple 4.6.1 |5

’y-preserving,

some dependency is lost in the decomiposition.

palaba‘e Management Systems 417 Relabional Database Design
lsollld"'.' : This can be solved in following steps :
-4 - For checking wh P
step 1 FO. : 3 ether the decomposition s dependency preserving or not we need to
peck following condition
c

F' = Flupy

. ) N
step2: We have with us the F ={ A>Band B.>C }

+
step3: Letus find (F1)" for relation R} and (F2)" for relation R2

f"mm,o\»

R2(B,C)’
A>A  Trivial B>B  Trivial
C->C  Trivial C->C. Trivial

A>C . In(F)'A>B->Cand itis
Nontrivial
AC->AC Trivial

B>C . In(F)" B>C and it is Non-Trivial
' BC->BC -Trivial

We can not obtain'C->B
A->B but is not useful as B is not part of R1
set

We can not obtain C->A

step 4 : . We will eliminate all the trivial relations and useless relations. Hence we can obtain R1
andR2 as’ )

RI1(A,C) R2(B,C)
A->C  Nontrivial

B->C  Non-Trivial

(FIUF2)" = {(A>C,B>C} # {A>B,B>C}ic.(F)
Thus the condition specified in step 1 i.e. F= Flu FZ)+ is not true. Hence it is not
y preserving d i
nple 4.6.2

Solution : s
Step1: Let (F)' = {A->B, B->C, C->D, D->B}.

- wd
T‘ Technical Publications - An up thrust for knowledge
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Database M r Systems RI(AB) g2(8,C) and R3(B.D) as f"“&)\vs Databose Menehenent Sstens 1
.+ o pelations ,B)» . -9 . Relational D;
- Step2: We will find (F1)’, (F2), (F3) for /?(B,m\ Need for Normalization elational Database Design
It eliminates redung
R2(B,C) - @) Ndant daty
o _ C B>B  Trivia] 2 It reduces chances of g
A>A  Trvial BB Tiv D>D  Trivial ¢ St
c>C Trivial + (3) The normalization js important becayge ;
B>B  Trivial B>D " (F) asang . . se it allows database to take up less disk space.
. B>C (F) and it's (4) Italso help in increasing the performance.
ASE ¢ ® ronivil B->C->D .a:?d it’s nop ®) It improves the data integrity and consi
and it's non Trivial . i (]:)' = Trivial sistency,
c>B 3 + i
I N } D>B  (F) andips lm First Normal Form
4 c>D>Canditis - The table is said to be in INF if;

obtained » Neaivil . non Trivial if it follows following rules -
z AB>AB BC>BC Triviel BD->BD Trivial ‘ i) Itshould only have single (atomic) valued attributes/columns, '
L4 L b b—————— ]| i) Valuesstoredinacolumnshould be of the same domsin
£ Step 3 : We will eliminate all the trivial relations and useless relations. Hence we can oy, if)  Allthe columns in a table should have unique names.
il e \ iv) And the order in which data is stored, does not matter.

i . 5D 7 Consider following Student table
RI(AB) R2(BC) o 1 . Student
; . ude
A>B B->C ‘ 2D ' -
o R sid sname Phone

Step 4 : As from above FD’s we get

|
1 AAA . 1111
22222 \
Az 2 BBB 33333 ‘
i 3 cce 44414
c->8 6D . 55555 \
B->D 3 N
As there are multiple values of phone number for sid 1 and 3, the above table is not in INF.
+ oo + ‘ We can make it in 1NF. The conversion is as follows —
Step 5 : This proves that F = (F1 U F2 U F3)". Hence given d position is dependency i sid sname Phone
preserving. y 1 AAA “11111
Normal Forms _ 1 AAA 2022
GTU : Dec.-05, Summer-13, 14, 17, Winter- 13, 15,17, June-05, May-11, Marks 8 2 BBB 33333 J
e Normalization is the process of rcorgamzmg data in a database so that it meets two baslf 3 cce —l
requirements : 3 cce 55555 J
1) There is no redundancy of data (all data is stored'in only one place), an d A -
2) Data dependencies are logical (all relaled data items are stored tOgether)
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Second Normal Form s
§ e
Before understanding the second m:crm.!!l fozbnlcs.
functional dependency and prime and non prime

1 Relational Database D,
4:20 . n
Database t - X
first discuss the concept of Partiy

dency
Concept of Partial Functional Depen! - ﬁmcﬁonally dependent on part ofs

Partial dependency means that a nonprime attribut

tion R(A,B.C.D) with functional dependency ,

candidate key.
For example : Consider a rela!
{AB>CD, A>C}
- Here (AB) is a candidate key because
(AB)" = {ABCD} = {R}
Hence {A,B} are prime attributes and {C,D}
attribute C is dependent upon A which is actually a part 0
we get partial functional dependency.

are non prime atribute. In A->C, the non prime
£ candidate key AB. Hence due to A>c

Prime and Non Prime Attributes . ) ;
« Prime attribute : An attribute, which is a part of the candidate-key, is known as a prime

attribute.

» Non-prime attribute : An attribute, which is not a part of the prime-key, is said to be a non-
prime attribute. :

« Example : Consider a
AB
Non Prime attributes : C, D

jon R = {A,B,C,D} and candidate key as AB, the Prime attributes :

The Second Normal Form
" Foratableto be in the Second Normal Form, following conditions must be followed
i)  Itshould be in the First Normal form.
ii) It should not have partial functional dependency.
For example : Consider following table in which every information about a the Student is
. -maintained in a table such as student id(sid), student name(sname), course id(cid) and course

name(cname).

=T
echnical Publications R r——

Student

: step 1 : The above table is in INF,

step 2 : Here sname and sid are associated similarly cid and cname are associated with each
other. Now if we delete a record with sid = 2, then automatically the - i st 3
W 1, y the course C++ will also get
sid->sname or cid->cname is a partial functiona] d pend b {sid,cid} should be
essentially a candidate key for above table, Hence to bring theJ;bove table t:; 2NF we must

decompose it as follows :

Here

idate key
sname | cid (sid, cid)

and
(sid, cid)- > sname

= /' Here candidate key is

101 [+ id

102 C++
§ 101.] C ~

s i 103 | Java

cl
here cid->cname

v

Thus now table is in 2NF as there is no partial functional dependency.

Technical Publications ~ - Anup thrust for knowledge
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e normalization | Database Management Systems
: e — im_{.\ and state what {e}'el 0 can p, 1-23 Relational Database Des
b e AT, SO X X s t ‘ > =
(& e W-m:”laumkﬁ') s . i ‘ 1456 _26-12.1999 atabase Design
t lachieved and normalize i yp0 YAt = —— item Lines o mo |
| Mt ~ ' [Torderno. |- OrderDate ] quantity | Price/Unit — i
q [ Code L ‘
T !;‘ — ] item | 504 | 04-03-19%
!\ L O BRI, oo e e ‘ —

g e 26-12-1999 | ‘ Dot1e% m

L L E i ! =

SR I B |
e
3214
— |
4629

Fig. 471 Table in First Normal Form
The above table has insertion, deletion a;

no. 1886, then the item soge 4625 g Ir;dlugslatfe anoxf:alies. For instance — if we delete order
A changed. st. Similarly if we update 4627, then all instances of

We need to convert 2NF if it is jn INF. The non-|
key attribute and if there is a composite ke;
one part of the key.

key attributes are functionally dependent on
Y then no non-key attribute is functionally depend on

« The table can be converted to 2NF ag follows —

Solution : - R

Reason for the given relation being unnormalized OrderNe ?
. rderDate -
1. Observe order for many items e t—
2 Item lines has many attributes-called composite attributes 26-12-1999
3.  Each tuple has variable length 04-03-1999
4. Difficult to store due to non-uniformity ' 04-04-1999
5. Given item code difficult to find gty-ordered and hence called Unnormalized relation Order Details
For conversion to First Normal Form - | OrderNo ItemCode Qty
o Identify the composite attributes, convert the composite attributes to individual attributes. ‘ ' i 1456 3687 52
« Duplicate the common attributes as many times as lines in composite attribute. | 1886 4629 45 .
« Every attribute now describes single property and not multiple properties, some data will be ‘ 1788
duplicated. - 4627 40
o Now this is called Fi Prices
ow this is called First normal form (1NF) also called flat file. .
‘ ItemCode Price/Unit
il Ordernc.” | . Order Date Item Lines : 3687 50.4
1 gl ’ :
f | | Item Code Quantity | Price/Unit 4621 60
M 1456 -12- |
I ii?\‘ 26-12-1999 3687 5 504 ‘ % i 20
b 1456 .
{ !:', ’ 26-12-1999 4627 38 60 . 4629 2025
Iff fae N | X .
W —
| (L * - - 0 e o™
l'» l ,M T Technical Publcations " - An up thust for frowtedge T Technical Pubicalions - Am p thst for knowledge
T
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" Relational Database Dy,

Database M. 4-24

8 Systems
Third Normal Form

dis!
Before understanding the third normal form let us first
dependency, super key and candidate key

cuss the concept of msilive

Concept of Transitive Dependency )
A functional dependency is said to be transitive if it is in
dependencies. For example -
X <> Z is & transitive dependency if the follow
X>Y
Y=>Z

directly formed by two f“nctiona]

ing functional dependencies hold true :

Concept of Super key and Candidate Key c ' ' |
Superkey : A super key is a set or one of more columns (attributes) to uniquely identify rows ip ,
table. .
Candidate key : The minimal set of attribute which can uniquely identi

candidate key. For example consider following table

fy a tuple is known g

RegID * RoliNo Sname
101 1 AAA
102 2 BBB
103 3 Cccc
104 4 DDD

Superkeys

e {RegID}

» - {RegID, RolINo}

o {RegID, Sname}

¢ {RolINo, Sname}

e {RegID, RolINo, Sname}

Candidate Keys

+ {RegID} .

+ {RollNo}

—T
T' . Technical Publications -Anup:hms:forkm@sdge

; rmal Form
'fh"d No!

. bl is said to be in the Third Normga|
it inAfhe Second Norma] form(j ¢, it dogg ha
- not 1
) ! S dependency. Ve partia] functiona] dependency)
orin other words

Form when,

ot least one of the following conditions holq .
) X is a super key of table
iy Y isa Pdme attribute of table

For example : Consider following table Student_details a5 foll
[ =T — - ows -

sid sname Zipcode cityname state

— |

: |

AAA 1111 Pune Maharashtra

S

2 BBB 22222 Surat Gujarat

3 cce 33333 Chennai Tamilnadu

4 DDD 44444 Jaipur Rajastan

5 EEE 55555 Mumbai Maharashtra

Here
Sﬁper keys : {sid},{sid,sname},{sid,sname,zipcode}, {sid,zipcode,cityname}... and so on.
Candildate keys : {sid}
Non-Prime attributes : {sname,zipcode,citynamestate}
The dependenc_:ies can be denoted as
‘ sid->sname
sid->zipcode

zipcode->cityname

cityname->state )
The above denotes the transitive dependency. Hence above table is
Uinto 3NF as follows :

W
T ' il

not in 3NF. We can convert

Technical Publications -Anup
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elational Data .
B base  patabast Management Systems 4.27 Relational Database Design
) . AB — ABCDEl R
,/‘//.TE . , B > F(given) F> GH .. B GH (transitivity)
Student snam AB X
sd | 77 y — AGH is also trye
R 1t ey .
| M — similarly AB S AF v B > F(given)
L — 22222 . .
s BBB Thus now using union rule
L= | 3 AB
ccc — ABCDEFGHIJ
3 .
T | s A » . ABisakey
. ppp | 7 | o
_———"E;/ 55555 : " The table can be converted to 2NF as
/ A B . R, = ABC)
| ——— R, = A.D,E L)) ]
‘ > mﬁm__ﬂ— , R, = (8,F,G,H)
L 2 .
| - Maharashtra The above 2NF relations can be converted to 3NF as follows
it I . ~
[ | o . R - @BO)
2222 ] . B R, = (A,D,E)
| » ’
" | Chonsi | Temilade R, = @.1J)
. )
: L - .
| [ | e N R, = B,E)
:

LIS ST s

A - DE (given)
A - D, A > E (decomposition rule)
| As D-ILA-
Using union rule we get )
A - DElJ
As A A
we get A — ADED
"Using augmentation rule we compute AB )
AB 5 ABDEl '
But AB - C(gi ect Descrip. “ : Stk
(gwcn) N / 213 . 11 < . Marks 4 |
W T Technical Publcations " - An up trustfor knowledge .
T -
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D B 4-28 Relational Dalab% -
base Manag Systems . : i
Solution : P"‘ $ 5{0"'9 - ProjectiD -
| To)Namg
Un-Normalized Form . /— ool \c\‘
: i t Name, Pro) c ourse
Emplovee Number, Employee Name,Date of Birth, Department Code, Department &M, Projeey 5101 Healy \E—.‘
Code, Project Description, Project Supervisor 5101 101 _— Pro - —
I ERTmin | o
NF s101 P101 Programmin 2 Java
Emplovee Number, Employes Name, Date of Birth ] Healty - : | |
Department Code, Department Name ) 51 02 P102 - | Pogmning | m“ - c
Emplovee Number, Project Code, Project Description, Project Supervisor /,___\ cial — ]
E . P10; HTML
2NF s2 \2 Social ?\
Emplovee Number, Employee Name, Date of Birth, Department Code, Department Name 5102 . P102 Social —— | PHP
- | -
Employee Number,Project Code, |_— WEB ASP
Proiect Code, Project Description,Project Supervisor e ,
N ' ) For a table to be in 2NF, there should not be any partial depend .
. e,
Emplovee Number, Employee Name, Date of Birth, *Department Code g ncy
Department Code, Department Name
) St
Employee Number, Project Code . udName P —— —
Project Code, Project Description, Project Supervisor
= Lo 26201 —
325456 Pune

Solution : For converting the given schema to first normal form, we will arrange it in such a way
that have each tuple contains single record. For that purpose we need to split the schema into two
tables namely Student and Projects

INF
Student
Stud_ID StudName Pincode City
S101 Ajay 326201 Surat
S102 Vijay 325456 Pune

L
Technical Publications - An up thrust for knowledge

Project - ]
e ProjectiD P’°l“lrno CourselD
s101 P101 Health ciot
S101 P101 Health cl02
s101 P101 Health C103
102 P02 Social Cclo4
$102 P02 Social clos
$102 P02 Social 106
°""!"0'D§f'aus
I CourselD Course Content
clo1 Programming ort
T co Programming s
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Database Management Systems 4-30 Relational Database pesy,
C103 Programming ——’C‘j
clo4 WEB HTML
Cl105 WEB PHP
- Cl106 WEB ASP
3NF

There was a transitive dependency in 2NF tables because city is associated with student ID 47
city depends upon zip code. Hence the transitive dependency is removed to covert table into 3NF.
The required 3NF schema is as below -

Student
StudID StudName Pincode
s101 Ajay 326201
S102 Vijay 325456
Student_Address
Pincode City
326201 Surat
325456 Pune
Project
StudID ProjectiD ProjName CourselD
s101 P10l Health C101
S101 P101 Health C102
S101 P101 Health C103
S102 P102 Social C104
S102 P102 Social C105
S102 P102 Social C106

T
Technical Publications " - An up thrust for knowledge

|

‘\

e . % !
DﬂlabaseManagemenfSystems T
% .
1-31
ils
co"”‘neta . RelaﬁonalDaBbaseDeslgn
P Courselp ’\ )
Course
clop [T———_ | Content
Programming
i C102 o
ngmmming J\
clos N —
—— | ‘fgramming c
Clo4 |
WE
W.\B HIML
—
—= | w
C106 I ———
|

m Boyce / Codd Normal Form (BCNF)
Boyce and Codd Normal Form is a higher version of the Third N
with certain type of anomaly that is not handled by 3NF.
A3NF ta

ormal form. This form deals

ble which does not have multiple overlapping candidate keys is said to be in BCNF.
Or in other words,

For a table to be in BCNF, following conditions must be satisfied :
i) R must be in 3rd Normal Form

i) For each functional dependency (X — Y ), X should be a super Key. In simple words if
Y is a prime attribute then X can not be non prime attribute.
For example - Consider following table that represents that a Student enrollment for the

course -

Enroliment Table

Teacher

Scanned by CamScanner



" o Teacher->course

Relational Database Design

From above table following observations can be made :
One student can enroll for multiple courses. For examp|
well as Java.

For each course, a teacher is assigned to the student.
There can be multiple teachers teaching one course for example course C can be taught by both
the teachers namely - Ankita and Archana.

The candidate key for above table can be (sid, course), because using these two columns we can
find

The above table holds following dependencies

o (sid, course)}>Teacher

le student with sid=1 can enroll for C a5

The above table is not in BCNF b of the dep y teacher->course. Note that the
teacher is not a superkey or in other words, teacher is a non prime attribute and course is a prime
attribute and non-prime attribute derives the prime attribute. o

To convert the above table to BCNF we. must decompose above table into Student and Course
tables .

Student
sid - Teacher
1 Ankita
1 Poonam .
2 Ankita
3 Su.priya
- 4 Archana
Course
Teacher course
Ankita c
Poonam - Java
Ankita - C ' B
Supriya CH .
Archana ‘C

™
Technical Publications - An up thrust for knowledge

oW the\ table is in BCNF
e TXRE Consider

. We will first ,
steP 1:We will firs ﬁxid out the candidate key from the o
: (AB) = { ABCD) =g given FD.
(BO)' = -{ABCD} =g
/ (AC)" = {AC} #R

q involvement of D on :
There iS no invo n LHS of the FD rules, H
Yey. Thus We obtain two candidate keys (AB)" anq (Bé)*ex:e D can not be part of any candidate
« nence

prime attributes = {AB.C}
Non prime attributes = {D}

‘step 2 : Now, we will start checking from reverse manner, that means from BCNF, then 3NF, then
o _ ) \

step 3 : For R being in BCNF for X->Y the X should be candidate ke)l' or super key.

. From above FDs consider C->D in which C is not a candidate key or super key. Hence given

rélaﬁoq is not in BCNF.

“step4: For R being in 3NF fgr X->Y either i) the X should be candidate key or super key or
ii) Y should be prime attribute. (For prime and non prime attributes refer step 1)
o For AB->C or AB->D the AB is a candidate key. Condition for 3NF is satisfied.
o Consider C->A. In this FD the C is not candidate key but A is a prime attribute. Condition
for 3NF is satisfied.
o Now consider B->D. In this FD, the B is not can
_ attribute. Hence condition for 3NF fails over here.

didate key, similarlj D is not a prime

Hence given relation is not in 3NF. *
ould not occur. . .
Y is a non prime attribute. This is a case

Step5: For R being in 2NF following condition shi
Let X->Y, if X is a proper subset of candidat
 of partial functional dependency-

¢ key and
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. Fulatocal Dilatioss Desi, > 15035 Management Systems i .
Database Management Systems 423 A->B, the ACD j 5
partial functional dependency. step 2° e > 1h¢ ACD is cangig, Relational Database Design

: t § '
For relation to be in 2NF there should not be any 50 At of candidate key). Hence A->B? KYada s, Partial key, B is

a prime attribute(i.e. it is

o For AB>C or AB>D the AB is a complete candidate Key: Caplits rof ZNIT i thatid © _lyin BC->E and ED->p *10L2 party) functional depeng

o Consider C>A. In this Fb the C is not candidate key. Condition for ANEI SIS sixﬂll‘” yare rime-attribute: ’ e

o Now consder B>D. In this ED, the B i a part of candidate key(AB or BC), similarly D j gl 2? i: INF > 21N bt ar iy i functional dependenci
not a prime attribute. That means partial functional dependency 0CCurs fiere. Henc® Ris ' Peascacics.

Hence condition for 2NF fails over here. step3: According to 3NF, every non-pri

. Me attribute .
In the given functional dependencies, st b dependent on the candidte key.

Hence given relation is not in 2NF. all depe : .
relationR is in 3NF. Pendent attributes are prime-attributes. Hence the

Therefore we can conclude that the given relation R is m INF.

Exa elation t ng S 4+ For R being in BCNF for X->Y thy ‘
step o € X should be candidate key or super key.
Solution : The table is not in BONF, none of 4, BC ang Ep copyin 5 key
Example 4.7.8 A‘qa]lege maintains de, :

Step1: We will find the candidate key o m”{@"""@ ‘area Skil
(A = {ABC}=R s
(B) = {ABC}=R
(C)” = {ABC}=R
Hence A, B and C all are candidate keys
Prime attributes = {A,B,C}

pom

Non prime attribute{}

Step 2: For R being in BCNF for X->Y the X should be candidate key or super key.

From above FDs ha eacf( ImQ@r may teach ma.ny»»s»ulg/ec“tls but may not belarng‘ tovu.rq

o Consider A->B in which A is a candidate key or super key. Condition for BCNF is satisfied. ; Sulyect Néﬁe and SalyectLeveIam
o Consider B->C in which B is a candidate key or super key. Condition for BCNF is satisfied. | Normalise this. da_[q IQAMMb@_aJ_Fb
o Consider C->A in which C is a candidate key or super key. Condition for BCNF is satisfied. Solution :

e &

8 GTU : Summer-17, Marks 4 §

This shows that the given relation R is in BCNF. Unnormalized Form

A>BBCSE/and ED->A.The table | Lecturer Number Lecturer Name, L

Guahi
b R p ecturer Grade, Department Code,Department Name, Subject
Rt ~"’§ GTU : Summer-

13, Marks 7 Code, Subject Name, Subject Level

Solution :
INF

Step 1: We will first find out the candidate keys for given relation R :

(ACD)" = {AB,C,DE} :

" | : ject Level -
(BD) ~(ABCOE Lecturer Number | Subject Code Subject Name Subject Level _
g A Lecturer Number
(CDE)'={ABCDE} : -
e Anupwymwedye

T -
T Technical Publications - An up thrust for. knowledge T- X Technical Publica
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' ' elational Datab: 5
i rhai e i 4-36 Ree 2(a%ase Desig, pa. .
2NF -
g Code | _Department Na ; ‘A . .
— s e e
I Lecturer Number | _Lecturer Name _ ependency 'S 3NF if it is in 2NF and for each functional
" >Y
Subject Code X
» Lecturer Number at least one of the following conditions pgq ,
3 k
L ubject Code | _Subj ¥ Y is a prime attribute of tab]e
3NF For a relation to be in BCNF .
L Lecturer Number I Lecturer Name Lecturer Grade -~ mn should be in 3NF
‘ "3NF table which doe: .
*Department Code ] () g $ mot have multiple overlapping candidate keys is said to be in
Name -
I i Department Code | _Department j ; .
- . For proving that the table can be in 3NF but not in BCNF consider Following relation
L Lecturer lllumber I * Subject Code j R(Student, Subject, Teacher) . Consider following are FDs
: - (Subject, Student)-> Teacher ‘
L Sublect Code l Subject Name ‘ Subject Level Because subject and student combination gives unique teacher.
. _ Teacher -> Subject

Because each teacher teaches only Subject,

Solu!:wn H Here we w111 consnder R—(A B} ie a relatlonal schema with two attributes. Now (Teacher, Student)->Subject
various possible FDs are A->B, B->A. So, this relation is in 3NF as every non-key attribute is non-transitively fully functional -
From the above FDs dependent on the primary key.

o Consider A->B in which A is a candidate key or super key. Condition for BCNF is satisfied.

But it is not in BCNF. Because this is a case of overlapping of candidate keys because there

o Consider B->A in which B is a candidate key or super key. Condition for BCNF i satisfied. are two composite candidate keys :
o Consider both A->B and B->A with both A and B is candidate key or super key. Condition . 0 (Subject, Student)
for BCNF is satisfied. o * (Teacher, Student)
o No FD holds in relation R. In this {A,B} is candidate key or super key. Still condition for " And Student is a common attribute in both the candidate keys.
BONF s satisfied. . So we need to normalize the above table to BCNF. For that purpose we must set Teacher to be
This shows that any relation R is in BCNF with two attnbutes acandidate key
o . 7 i SNE"biit: ‘H'? ! The decomposition of above takes placc as follows
Solution : For a relations to be in 3NF i RI(Student, Teacher)
+ A table s said to be in the Third Normal Form when, - : .. R2(Teacher, Subject)
. CNF. .
i) - Itis in the Second Normal form. (i.e. it does not have partial functional dependency) - Now table i in 3N, ss wel s 2> hich is in BCNF is in 3NF but the converse Is not
i) It doesn't have transitive dependency. ) This show that the relation Every relation WhIC
. . : . - i st for knowledge ; 3
T ' Technical mmuW , T Tectrical Publcatons 1P
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| Form
: Multivalued Dependencies and Fourth Norma |

Concept of Multivalued Dependencies

Relational Database Des

Fora table to Satlsfy I‘.he F()l,u'[h t sh Id atls:
T N Tma| FOl'm, 1
0] Should s

. i ditions are true,
o A table is said to have multi-valued dependency, if the following conct

(4 be in the Boyce-Cogq
X ; It should 0dd Normg)
1) For a dependency A — B, if for a single value of A, multiple values of B exists, then ¢y,

: : Fo,
Z‘)‘ And, the table should not haye any my M(BCNF,),

. . i-valy
table may have multi-values dependency. valued depende s example : Consider following i ed dependency,
5 ti-valued dependency. ) ent relay: o
2)  Also, a table should have at-least 3 columns for it to have a multi-v P * V llni\ﬂ‘lued dependency. relation which i5 poy in 4NF as it contains
3) . And, for a relation R(A;B,C), if there is a multi-valued dependency between, A and B, the, | o 1' e
- ,B,C), .
B and C should be independent of each other. o . . studen
If all these conditions are true for any relation(table), it is said to have multi-valyeq
-dependency. ‘ ’

» In simple terms, if there are two columns A and B - and for column A if thcfe are multiple
values of column B then we say that MVD exists between A and B

 The multivalued dependency is denoted by

* Ifthere exists a multivalued dependency then the table is not in 4" normal form.

« For example : Consider following table for information about student ) Now to convert the above table to 4NF we must decompose the table into following two tables.
- student_Course Table
sid | Course | Skill Key: (ﬁd,Course)
1 C English [ '
o Il e sid Course
2 Java English . : <
French - l ad
id = i g d skill. Following table sh hi ‘ 2 e
Here sid = 1 leads to multiple values for coyrses and s v . Following table shows this Student_Skill Table
sid | Course Ski.ll Key: (sid,Skill)’
1 c - English 4 sid Skill
1 C++ German 1 English !
1 C Ge@m 1 German
1 C+ English 2 English
2 Java English 2 French
2 Java French o 5
) , Thus the tabl in 4NF.
Here sid and course are c_lependeut but the Course and Skill are independent. The multivalued N e Do
dependency is denoted as : '
sid -» Course
sid -» Skill

- sr‘ Technical PWMW W

U T reeicalPubcatons - Anp U
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Review Questions

4-40 Relational Datapy, Dy,

tS)

omalies in it

A EX] Concept of Join Dependencies

‘o

Concept of Fifth Normal Form

ii)

i : in update an
‘ L. Defne 2N Taking suabl e PUEE g GTU : June-05, Mar} )
. GTU : June-05, Mﬂfks
» 3
Jain MVD and 4NF ‘
g i le. For a relation to be in BCNE is it required to be in 3NF ?
3. ExplamBCNwath example. : e Malks‘ﬁ
e
5. Explain wi . . '
6. What is an anomaly in database design ? How it can be solved? Explain BCNF with Suitah,
- ed ? Explain INF, 2NF.
izati ization process is need plain INF, 2NF. 3NF ;
7. What is normalization ? Why normalization p. do Iy e Mark
example . b

[ GTU : May-12. Marig)

o Join decomposition is a further generalization of Multivalued dependencies.
If the join of R1 and R2 over C is equal to relation R, then we can say that a Jy,
Dependency (JD) exists.

Where R1 and R2 are the decompositions R1(A, B, C) and R2(C, D) of a given relations
(A,B,C,D).

Alternatively, R1 and R2 are a lossless decomposition of R.

decomposition.
o

relation R.

o Here, *(R1, R2, R3) is used to indicate that relation R1, R2, R3 and so on are a JD of R.

The database is said to be in SNF if -

It is in 4" Normal Form

If we can decompose table further to eliminate redundancy and anomalies arid when we Tejoin

the table we should not be losing the original data or get a new record (join Dependentf
Principle) '

T

Technical Publications - An up thrust for knowledge

The *(A, B, C, D), (C, D) will be a JD of R if the join of join's attribute is equal to the

ement Systems

. . Project
le - Cons . Join normaj
For'CXmP l%e al form
Seller c\\
'\ .
——2mPany” | Product
Rupalj oot — |
— 300 | Cinthol
Sharda —
'\
_Da& Honey
Sharda
Dabur HairOil
Shard;
. Da* Rosewater
Sunij I
= ~Am\“l Icecream
Suni ;
e Britania Biscuits

| “htama |
Here we assume the keys as{Seller, Company, Product}
The above table has multivalued dependency as

Seller-» {Company, Product}. Hence table is not in 4 ‘
Normal Form. To mak
o 4m normal form we decompose above table it o ey orm. To make the above table

Seller_Company

Seller_Product
Company Seller Product
Godrej Rupali Cinthol
Dabur Sharda Honey
Amul Sharda HairOil
1 Iﬁ Sunil Britania Sharda RoseWater
Sunil Icecream
Sunil Biscuits

The above table is in 4™ Normal Form as there is no multivalued dependency. But it is not in 5°
normal form because if we join the above two table we may get

- plcations _A,,.,Emwtmrkmw'edw ' B

Scanned by CamScanner
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; —'—;m Product m oral Questions and Answers Relatlonal Database Design
|

1 Godre) Cinthol o Define functional ‘ll!pendgm;y
Rupali | ] : l
. Let P and Q be sets
rda Dabur oey Ly f any two row: °f column, then : p functionally deterp:
Sha | i g only if 1Y sm“““ewuon@"meme Y determines Q, written P — Q if
sharta | o L ibutes i) Q vies in) P must be equal on (all the
| Shaa | . .
— —_— Rosewater 1o other words, the functiona] dependency holds if
___________________________________ S TLP =T
’ e Amul Icecream \: S e TL o 2.P, then T1.Q=T2.Q
— —— n -P proje;
E - Biscuits i Where Projects the tuple T] opq the attribute in p
Lo Sund Y ooococommeoomepmommmmmmmeee oo, B a2 Why certain functional dependencjes are called '
- . cal trivi;
/ suni Britania Soxgrealn s.: A functional dependency FD: X —, v . ol functional dependencies ?
— — Ans. is called trivial b : 15 called trivial if Y is a subset of X. This kind of
Newly added records Sunil Britania d“’eudency her, it . ecause it can be derived from common sense. If one "side" is a
which are not presert subset of the other, it's considered trivial. The left side i considered the determinant and the
in original table 3 right the dependent.

: le - {AB} = B is a tivi
To avoid the.above problem we can decompose the tables into three tablesas For example - {A.B} —> B is a trivial functional dependency because B is a subset of A,B.

o S . i
Seller Company, Seller Product, and Company Product table Since (A.B} = B lnClude-s.B, the value of B can be determined. Its a trivial functional
- ’ - dependency because determining B is satisfied by its relationship to A,B.

Seller_C Seller_Product Company_Product
eller_“ompany = —— a3  What is Armstrong Axiom ?
Product Compan Product s .
Seller Company Seller ro pany Ans. : The closure set of functional dependency can be computed using basic three rules which
Rupali Godrej Rupali Cinthol Godrej Cinthol are also called as Armstrong’s Axioms.
: as follows -
Sharda Dabur Sharda Honey Dabur Honey [these are.
- s = i) Reflexivity : f X 2 Y, then X = Y
Sunil Amul Sharda HairOil Dabur - HairOil
ii) Augmentation:1f X — Y, then XZ — YZ forany Z
Sunil itani
. —— S s s i bl iif) Transitivity: IfX - Y and Y — Z, then X = Z
Sunil Teecream Amul Icecream In addition to above axioms some additional rules for computing closure set of functional
Sunil Biscuit Britania' Biscuit dependency are as follows -
L. o Union:If X — Yand X = Z then X > YZ
Thus the table in in 5* normal form. N ya

_RQVIEW Question . ¢ ‘Decompos““’ﬂ I X - YZ, then X = Y and X = Z
. Q4' - What is redundancy ?
: € 1n which same piece of data is held at two

Ans. : Redundancy is a condition created in databas!
different places.

1. Why do we normalization ? Explain 4NF and 5NF.

lems associated with relational schemas.

Redundancy is at the root of several prob

’

: - L A — nowledg
T L . Technical Publications " - An Up thrust for knowledige . Anup thrust for ki e
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Database Manag Systems . uf . 3
: y? Here the only key is AB, Thus eacp ¢ Relational Database Des
Q5  What are probl ed by re ) s non-superky on its ef; g . . functiony dependency o
S used by redundancy ha! eft. So iy 1S not 4, superkey on the left, But
Ans. : Following problems can be ca J oo :
torage : Some information is stored repeatedly. . - — i -
: : . ' | |
L L ot oy of such repeated data is updated then mcons]stency is ans.:  *Boyce and Codd Normg Form is also in 3NF,
" o | . F table which d Bher version of e Third Normal form.
created unless all other copies are similarly updated. o

0€s not haye multj

| . L .
BCNF. When the table is in By thea Ple overlapping candidate keys is said to be in
g5 transitive dependency.

1ii) Insertion anomalies : Due to insertion of new record repeated information get addeq the
relation schema.

1 nctional dependﬂle as well
iv) Deletion anomalies : Due to deletion of paxuculal L t10n
el Orma

, Hence it is true that if relatiop isin BCNFtheii it

associated with the deleted record get deleted and thus we may lose some ?ther importay 13 Whyitis necessary to decompgg, relau:iai:so "
information from the schema. . Ans.: ¢ Decomposition is the process o breaking down one table into multiple tables.
Q6  Whatis decomposition ? . ) , The decomposition is used for eliminating redundancy,

Ans.: A decomposition of relation Schema R consists of replacing the “."13"0“ SChem‘f by twy 14  Explain atleast two desirable properjes of decomposition,
relation schema that each contain a subset of attributes of R and together include all attribyfeg of Ans. : There are two properties associated with decomposition and thosc-are -

R by storing projections of the instance. 1) Loss-less Join or non Loss Decomposition : When all information found in the original
Q7  Name two properti tated with d b database is preserved after decomposition, we call jt a5 loss less or non loss decomposition.
Ans. : (1) Lossless join and (2) Dependency preservation . . 2) Dependency Preservation : This is a property in which the constraints on the original table
Q8 Define normalization. . . can be maintained by simply enforcing some constraints on each of the smaller relations.
Ans. : Normalization is the process of reorganizing data in a database so that it meets two basic Q15 What is multivalued dependency ?
requirements : . . Ans.: A table is said to have multi-valued dependency, if the following conditions are true,

1) There is no redundancy of data (all data is stored in only one place), and 1) For a dependency A — B, if for a single value of A, multiple values of B exists, then the

2) data dependencies are logical (all related data items are stored together) table may have multi-values dependency.

Q3 State anomalies of INF. ) P)) Aiso, a table should have at-least 3 columns for it to have a multi-valued dependency.
Ans.: All the insertion, deletion and update anomalies are in INF relation. 5 3) And, for a relation R(A,B,C), if there is a multi-valued dependency between, A and B, then
Q10 Why 4NF in normal form is more desirable than BCNF? | Band C should be independent of each other. 550
Ans. : ANF is more desirable than BCNF because it reduces the repetition of information.

If we consider a BCNF schema not in 4NF we observe that decomposition into 4NF does not

lose information provided that a lossless Join decomposition is used, yet redundancy is reduced.
Q11 Give an example of a relation schema R and set of dependencies such that R is in
BCNF but not in 4NF., _

Ans. : Consider relation R(A,B,C,D) with dependencies
AB—C l
ABC—D
AC»B

Ications : - knowledge .
= = ations -Anup thrust for
T . Technical Publicai S -Anup thrust for knomedge T' Technical ibiications
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Query Processing and OpU’"”atlo,,

5-2
Database Manag Systems
essin o
i Que -10. -w~12. June-08. Summervl4. 18. Winter-17.18, Marks 7

GTU : Dec.-05. i
; llection of activities that are involved in extracting data from da‘abase‘
ec

 Query processing is a co L
translation high level database language queries ingg the

« During query processing there is
expressions that can bé used at the physical level of filesystem.
. . =
‘s There are three basic steps involved in query processing and those ar
1. Parsing and translation : )

o In this step the query is translated into its internal form and then into relational algeby,,

o Parser checks syntax and verifies relations.

o For instance - If we submit the query as,
SELECT RollNo, name
FROM Student _
HAVING RollNo=10

Then it will issue a syntactical error message as the correct query should be
SELECT RollNo, name
FROM Student
HAVING RollNo=10

Thus during this step the syntax of the query is checked so that only correct and verified
query can be submitted for further processing.

2. Optimization :

- o During this process the query evaluation plan is prepared from all the relational algebraic
expressions. .

o The query cost for all the evaluation plans is calculated.
o Amongst all equivalent evaluation plans the one with lowest cost is chosen.

o Cost is estimated using statistical information from the database catalog, such as the
number of tuples in each relation, size of tuples, etc.

3. Evaluation :

o The query-execution engine takes a Query-evaluation plan, executes that plan and returns
the answers to the query.

The above describe steps are represented by following Fig, 5.1.1

T Technical Publications™® g ———

Uons - An up theysy for knowledge

5 D ni‘ba-‘e Management Systems

Statistics
about data

Fig.5.1.1 Query processing
For example - If the SQL query is, ’
SELECT balance
FROM account
WHERE balance <1000

Step 1 :"This query is first verified by the parser and translator unit for correct syntax. If so then
the relational algebra expressions can be obtained. For the above given queries there are two
possible relational algebra

1) : Opatance<1000 Mpatance(BCCOUNt))

@ ygiane(Obatancecioool@ccount))

| Step 2 : Query evaluation plan : To specify fully how to evaluate a query, we need not only to

i provide the relational-algebra expression, but also to annotate it with instructions specifying how to
cvaluate each operation. For that purpose, using the order of evaluation of queries, two query
evaluation plans are prepared. These are as follows

Opalance<1000 nba‘fru
[halance Obalance<1000
(@ ccount) (account)

Fig. 5.1.2 Query gvaluation plans

T. Technical Publications = An up thust for knowledge
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. cost. The query optimizy,:
Associated with each query evaluation plan there is a query Aoy
. . - ost.
selects the query evaluation plan having minimum query ©

is evaluated with that plan and the result of

Once the query plan is chosen, the query
query is output.

Review Questions

i jagram.
1 in steps of query processing with the help of neat diagra.
R GTU Dec-05, 06 Marks 6, Mar.-10, Marks 7,May-12, Maikg 4,
! 3 . Summer-14, 18, Winter-17,18, Marks 7

GTU : June-08, Marks 4

2. Write a note on query evaluation plan.

Measuring Cost of Query

GTU : Dec.-10, Winter-12, Summer-13, Marks 7

There are multiple possible evaluation plans for a query and it is important to be able ¢,
compare the alternatives in terms of their estimated cost and choose the best plan.

There are many factors that contribute to query cost are -
o Disk access '
o CPU time to execute the query

o Cost of communication in distributed and parallel database system.

The cost of access data from disk is an important cost. Normally disk access is relatively slow as
compared to in-memory operations. Moreover, the CPU speed is much faster than the disk
speed. Hence the time spent in disk is relatively dominant factor in query execution.

Computing CPU access time is comparatively harder, hence we will not consider the CPU time
to execute the query.

Similarly the cost of communication does not matter for simple large databases present in the
centralized database system. '

Typically disk access is the predominant cost and is also relatively easy to estimate, taking into
account :

o Number of seeks x Average-seek-cost
o Number of blocks read x Average-block-read-cost

o Number of blocks written x Average-block-write-cost

Cost to write a block is greater than cost to read a block because data is read back after being
written to ensure that the write was successful.

» We use number of block transfers from disk and nun;her of d

isk seeks to estimate the query
cost. :

T' Technical Publications

= An up theust for knowtedge

abase Management Systems
pal

Let, Query Processing and Optimization
’ D‘ b be the number to blocks
5 S be the number of seeks

O‘ ‘r is average time required to transfer o block of
o

5 tis average block access time in secongs

Then query ¢o:

data, in seconds,

t i
st can be computed USng following fOﬂ'Dll]a b*f.r+S*t
s

@ Algorithms for SELECT Operation

. For selection operation, the file scap jg 5 imy
searching algorithms. These searching algori
selection condition.

portant activity, Basically file scan is a based on
hms locate and retrieve the records that fulfills a

Let us discuss various algorithms used for SELECT operation based in file scan.
Algorithm A1 : Linear search ‘

. Scan each file block and test all records to see whether they satisfy the selection condition
Cost = b, block transfers + | seek

Where,
b, denotes number of blocks containing records from relation r
o Ifselection is on a key attribute, can stop on finding record
Cost = (b,/ 2) block transfers + 1 seek
o+ Advantages of linear search
o Linear search works even-if there is no selection condition specified.
o For linear search, there is no need to have records in the file in ordered form.

o Linear search works regardless of indices.

Algorithm A2 : Binary search
. -APPIicable if seléclion is an equality comparison on the attribute on which file is ordered.
* Assume that the blocks of a relation are stored contiguously.
* Cost estimate is nothing but the number of disk blocks to be scanned.
Cost of locating the first tuple by a binary search on the blocks = [log,(b)] X (t; + t)
Where,
Br denotes number of blocks containing records fro .
t;-is average time required to transfer a block of data, 11 szconds‘.

m relation r.

Y is average block access time, in seconds.

e e

=
T' 3 Technical Publications
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5.6 Query P fer"D"

Databace 1t .
e s ection add transfer cost of “‘ﬁ““m"e’ OF blogy,

» I
-+ If there are multiple records satisfying the ¢

. ; ition.
containing records that satisfy selection condi

Join Strategies cess
. . 1 o s
* JOIN operation is the most time consuming operation 10 P

. ; joins
o There are several different algorithms to implement JOI

1. Nested-loop join
2. Block nested-loop join
3. Indexed nested-loop join
4. Merge-join _
5. Hash-join Co \
Choice of a particular algorithm is basgd on cost estimate. 4
_(1) Algorithm for nested loop join
This algorithm is for computing r <@ s

Let, r is called the outer relation and s the inner relation of the joiq.
for each tuple t in r do begin
for each tuple t, in s do begin
test pair (tx,t.) to see if they satisfy the join condition 6
if 6 is satisfied, then, add (t‘.t‘) to the result.
end
end
* This algorithm requires no indices and can be used with any kind of join condition.
* Itisexpensive since it examines every pair of tuples in the two relations. -

In the worst case, if there is enough memory only to hold one block of each re]atién, the
estimated cost is n, x b +b_block transfers, plus n +b seeks.’

* Ifthe smaller relation fits entirely in memory, use that as the inner relation.
© Reduces cost to b_+b, block transfers and 2 seeks,

* For example - Assume the query CUSTOMERS ORD)
CName)

ERS (with join attribute only being
Number of records of customer : 10000 order : 5000

Number of blocks of customer : 400 order : 100

Formula Used :

(1), x b, + b, block transfers,

(2)n, +b, secks

T is outer relation and s is inner relation.

= e

b3 pase Management Systems

" with order as outer relatiop, . Query Procesing and Optimization

n= 5000 b, =400, br=109
5000 % 400 + 100 = 2000109 block
5000 + 100 = 5100 seekg
With customer as the oOuter re]
n= 10000, b = 100, b =400
10000 x 100 + 400 = 1000400 block trap
10000 + 400 =10400 seeks

If smaller relation (order ) fits entir
b, +b, =500 block transfers

transfers apq

ation .

sfers and

ely in memory, the cost estimate will be ; -

@ Algorithm for block nesteq loop join

Variant of nested-loop join in which every block of
outer relation.

This algorithm s for computing r &0 s

Let, 1 is called the outer relation and s the inner

relation of the join.
for each block B' ofrdo

for each block B' of sdo
" for each tuple t in 13r do begin

for each tuple t, in Bs do begin
test pair ('cr N t') to see if they satisfy the join condition 8
if 8 is satisfied, then, add [t,, t') to the result.
end

end

end
end

Worst case estimate : b x b, +b, block transfers +2 x b, seeks. )
Each block in tﬁe inner relation s is read once for each block i the outer relation,
Best case : b, + b,_block transfers + 2 seeks
(3) Merge join
* In this operation, both the relations are sorted on their join attributes. Then merged thege sorted
 relations to join them. '
: 0111)’ equijoin and natural joins are used.
* The cost of merge join is,

ost of sorting, if relations are unsorted.
b + b, block transfers + [b, /b,] + [ /b, seeks + The c v :
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(4) Hash join . of both the relations.

In this operation, the hash function his used to partition ples d s used in the joi
. e {0, 1, .y 0}, wWhere A denotes the attributes of rand s us Join,
« hmaps A values to {0, 1, . s

« Cost of hash join is : .
3(b, +b,)+ 4 x n block transfers + 2([b, by + [b/By]) see
r s

pt in main memory no partitioning is required

If the entire build input can be ke
cost estimate goes down to b, +b,.

Review Questions

1. Explain linear search and binary search algorithm for selection operation.

GTU : Dec.-10, Marks 7

2. Explain the measures of query cost, selection operation a{ld | join.
3. Explain the measures of finding put cost of query processing.

Evaluation of Relational Algebra Expressions

« As we know, query consists of several relational algebra operators. Evaluation of query can be

performed by evaluation of algebraic expre ion.

« Evaluation of relational algebraic expression can be performed using two approaches -

’ Evaluation of relational
algebra

Materialization

Pipelining

(1) Materialization :

¢ The result of relational algebra operator operation is saved in some temporary or intermediate
files which can be used for processing by next subsequent operation. Such an approach is called
materialization. ‘

This approach is called materialization approach because - When the results are temporarily
stored in intermediate files then it is said that the tuples are materialized.

:)unng evaluation of query a query tree is built. The process of materialization starts at the
owest level operation of the query tree. That means the lowest level expression is evaluated, the

Tesult is stored in intermediate files, this result is then used by subsequent higher level of the

Technical Publications - . An up thrust for knowledge

(anagement Systems
2 M 5.9

, this process is repeated and finy)|

Query Processing and Optimization
ing the final result of the eXpression

Y the . )
. OPeration at the rogt of the query tree is evaluated

(1] pipelining *
¢ process of sending the result of op,
inteﬂﬂ"dia'e files is called PiPeUning.

e it : - . -
< Peration to another operation without storing it to

., This approach improves the performapce ofthe query,

pipelining approach helps to improve the

ecause j
qu it does not make use of temporary files and results are directly
send o the next subsequent operator.

ery evaluation process b

m query Equivalence
GTU : Dec.-09, Winter-13, Marks 3

Definition : Two relational algebra expressions are said to be equivalent if the two expressions
generate the same set of tuples on every legal database instance.

The order of tuples is irrelevant,

An equivalence rule says that expressions of two forms are equivalent and can replace
expression of first form by second or vice versa,

Equivalence rules

(1) Conjunctive selection operations can be deconstructed into a sequence of individual
selections.
1y (E) = 0y (0, (E))
(2) Selection operations are commutative.
g1 (O, (E)) = 6, (0, (E)) .
() Only the last in a sequence of projection operations is needed, the others can be omitted.
0, (T, (T, E)).. ) =TT, B) '
Selections can be combined with Cartesian products and theta joins.
() o, (E1X E2)=El m,E2
(i) oy (E1 ba,, E2)=El b4y, ,E2

@

=

® The‘“'iﬂin operations (and natural joins) are commutative.
El % E2=E2 1o, EI

w
T. Technical Publications - An up thrust for knowledge:
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(a) Natural join operations are associative :
(El s E2) % E3 = El (E20¢ E3)

(b) Theta joins are associative :
(E1 pag, E2) 14, , o3 E3 =El¥g; a3 (E2%,, E3)

where 82 involves attributes from only E2 and E3 .

The selection operation distributes over the theta join operation under the fﬂllowing wy

conditions : .

(8). When all the attributes in 60 involve only the attributes of one of the eXpressiy,
(E1) being joined.
Ogo(E1bag E2) = (0,,(E1))Pe, E2

(b) When 8, involves only the attributes of E1 and 62 involves only the attributes of E)
Syunaz (E1 9 E2) = (0, (E1)) 24, (05, (E2)) -

The projection operation distributes over the theta join operation as follows :

" (a) if @ involves only attributes from L1U L2 :

T, i, (E1 ey E2) = (I, (ED)) &4, (TT,(E2))

(b) Consider a join E1 %, E2 :

®

5 .

Let L1 and L2 be sets of attributes from E1 and E2, respectively.

o Let L3 be attributes of El that are involved in join condition 6, but are not in L1 y 3
and

» Let L4 be attributes of E2 that are involved in join condition 6, but are not in L1 U L2,
Iy, (El e o E2) = (TT 1, (T 5(ED)) >0 o Moure (EZ)))
The set operation union and intersection are commutative
EIUE2=E2UEl
EINE2=E2NE1

©®

(10) The set union and intersection are associative
. (E1VE2)u E3 = E1U(E2UE3)
(E1NE2) N E3=EIN (E2NE3)
(11) The selection operation distributes over union U,N and -
o4(E1-E2) = 6,(El) - o4(E2)
and similarly for U and N in place of -
o,(El-E2) = a,(El) - E2

and similarly for N in place of: —, but not for u

-

L
Technical Publications - An up thrust for knowledge
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The projection operation gjsy ribute
11,(E1VE2) = (L (E1))u( A(E2))
For example - Consider the t‘ollo\,\,mg query
Find the names of all employees i ace
hich the employee work for,

The schema is

v Processing and Optimization
€8 0ver unjop

ounts 4 .
epartment, along with the department location in

Employee(empID, empname, depinay, sal
Works_for(empID, deptID, working _hr) B
pepartment(deptID, deptname, deptloc)
The relational algebra is -
Bl d,puoc( deptname="Accounc* (CMPloyee ba
ey un (Works_for s Tl 410, dpuoc(GEPD))))
Now applying transformation using 7(a) rule we get
(o, - (e
T e, deptoc {Oaeptramesaceoun- (€Mployee)) s (Works X T, eddept)))

Performing selection as early as possible Teduces the size of the relation to be joined.

Review Question

Explain evaluation of expression process in query optimization.

GTU : Dec.-09, Marks 4, Winter-13, Marks 3

GTU : Summer-17, Marks 3

m Query Optimization Algorithms

Heuristic Estimation
» Heuristic is a rule that leads to least cost in'most of cases.

o Systems may use heuristics to reduce the number of choices that must be made in a cost-based
fashion.
» Heuristic optimization transforms the query-tree by using a set of rules that typically t improve
execution performance. These rulesare
1. Perform selection early (reduces the number of tuples).
2. Perform projection early (reduces the number of attributes).
3. Perform most restrictive selection and join operations before other similar operations
(such as cartesian product).
s Some systems use only heuristics, others combine heuristics with partial cost-based
optimization, ' : :

Technical Publications - An up thaust for knowledge
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Steps In heuristic estimation

1 tion.
Step Scanner and parser geneme ll"lltla.l qUCIy reprcsenta

Step 2 : Representation is optimized according to heuristl

Step3: Q|-.|ery execution plan is developed.

For example : Suppose there are two relatios
(1) Oy wprce (M pame Branch)» Account M Customer)

nal algebra -

(Branch» Account Customer))

(2) nunnr(c:")-'hlx . : .
The query evaluation plan can be drawn using the query trees as follow:
[Id'\lm
nelmm.
© city = "Pune’ l

> P

/\

T city = "Pune™ |

WY

. Account  Customer Branch Account Customer

@ (b)

Fig. 5.5.1 Query evaluation plan
Out of the above given query evaluation plans, the Fig. 5.5.1 (b) is much faster than
Fig. 5.5.1 (a) because - in Fig. 5.5.1 (a) the join operation is among branch, account and customer,
whereas in Fig. 5.5.1 (b) the join of (account and customer) is made with the selected tuple for
City="Pune”, Thus the output of entire table for join operation is much more than the join for some
selected tuples. Thus we get choose the optimized query.

Cost Based Estimation

* A cost based optimizer will look at all of the possible ways or scenarios in which a query canbe
executed.

* Each scenario will be assigned a ‘cost’, which indicates how efficiently that query can be run.

o Then, lhf cost based optimizer will pick the scenario that has the least cost and execute lhe
query using that scenario, because that is the most efficient way to run the query.

» " ——x
T Technical Publications -Anuplhmstldrkmwlea’ge

Q.2 Which cost component are used most commonly as the basis for cost function ?

pase Management Systems

pat2
Query Processing and Optimization

i query blocks.
, Cost components for query execyfiop
o Access cost to secondary Storage
° Disk storage cost
o Computation cost
o Memory usage cost
o Communication cost
. Following information stored in DBMg catalog and used by optimizer
o File size
o Organization
.o Number of levels of each multilevel index
o Number of distinct values of an attribute .
o Attribute selectivity

» RDBMS stores histograms for most important attributes,

Review Question

Explain heuristics in optimization.

GTU.: Summer-17. Marks 3

1 oral Questions and Answers

Q.1 What is the need for query optimization?

Ans. : Query optimization is required for fast execution of long running complex queries.

Ans. : Disk access or secondary storage access is considered most commonly as a basis for cost
function.

Q3 What is query execution plan ?
Ane. : To specify fully how to evaluate a query, we need not only to provide the relational-
algebra expression, but also to annotate it with instructions specifying how to evaluate each

operation. This annotated structure is called query execution plan.

R ton?
of 9 P

Q4 What are two approaches of
Ans. ; The two approaches of evaluation of relational algebra expression are —

(1) Materialization (2) Pipelining

T‘ Techrical Publications - An up thust for knowledge
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Q5 What is query equivalence ?

: Two relational algcbm expressions are said to be equiVi
generate the same set of tuples on every legal database instance.

Q6 Give any two query equivalence rules.

Ans. : (1) Selection operations are commutative.

(2) Selections can be combined with Cartesian products and theta joins.

Query Processing and (p, u’"’iauon

alent if the two eXpressi,
g

(3) Natural join operations are associative.

—]

Qqg

™
Technical Publlmﬂnqs -Anup thrust for knowledge
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- ordered Indices

. - |
Indices ' ' i
. mﬂ Primary and Clust i
"« An index is a data structure that organizes data records on the disk to make the Fetrieyy, L 1 i ry ered Indigeg 1
. : ndex :
data efficient. : ' . "Pdma"y dex on a set of field: i 1
o The search key for an index is collection of one or more fields of records using which v, w O dcl: ilo should be alwayss lihat 1ncludes the Primary key s il )
" efficiently retrieve the data that satisfy the search conditions. ) m rimary indexing is al e Hieder e The
« The indexes are required to speed up the search operations on file of ;ecords. . Thep Ways done whep

: : . th :
indexing contains the primary ey o its sz*.archeltdma file is arranged in sorted order and primary
T : . ey.
., Consider following scenario in whg, the p Y .
o Ordered Indices : This type of indexing is based on sorted ordering values. - actual data file.

o There are two types of indices -

o Hash Indices : This type of indexing is based on uniform distribution of values across rang : i &
key

) X . . imary Index Data File
of buckets. The address of bucket is obtained using the hash function. | Block 1
: s : . . Search Key | Address RoliNo | Name | Age
o There are several techniques of for using indexing and hashu}g. These techniques are evaluateg - 3 ' (RegNo) (Pointer) 11AS01| AAA > |
based on following factors - ) 11AS01 11AS03| BBB I
o Access Types : It supports various types of access that are supported efficiently. 11AS011
o Access Time : It denotes the time it takes to find a particular data item or set items. 11AS30 Elo;:k 2
o Insertion Time : It represents the time required to insert new data item. Asao] o 5
o Deletion Time : It represents the time required to delete the desired data item. : 11AS31] YYY 38
o Space overhead : The space is required to occupy the index structure. But allocating such 1AS32| 22z | 4

Fig. 6.1.1 : Example of primary index

Once if you are able to locate the first entry of the record containing block, other entries are
stored continuously. For example if we want to search a record for RegNo 11AS32 we need not
- have to search for the entire data file. With the help of primary index structure we come to know
- . - . i ini 11AS30, hen the first entry of block 30 is
2. Every index requires additional CPU time and disk /O overhead during inserts and | ° fic location of the recorc.l containing the RegNo oy v .

deletions. . located, then we can easily locate the entry for 11AS32.

Solution : Reasons for not keeping several search indices are :

- i =300 blocks in 2 main dita file then ‘
. . . . + We can apply binary search technique. Suppose there are n 300 blocks in a main
b. Indices on non-primary keys might have to be changed on updates, although an index on the the number of accesses required to search the data file will be log, n + 1=(log,300)+1=9
primary key might not (as updates typically do not modify the primary key attributes). * If we use primary index file which contains at the most n = 3 blocks then using binary s.ealch
c. Each extra index requires additional storage space. ‘tet:hnique the number of accesses required to search using the primary index file will be
d. For q.ueries which involve condili&?ns on several search keys, efficiency might not be bad D logz n+1=(log,3)+1 =3 A Sy
even if only some of the keys have indices on them. *. This shows that using primary index the access tim
'Fherefore 'datahase performance is improved less’ by adding indices when many indices Clustered Index : rimary key columns which may not be unique for
already exist. : * 'In some cases, the index is created ot IE:u_l:t.if)’ the records faster, we will group two or more
. €ach record. In'such cases, in order 10 ' 4 create index out of them. This method is known
] ~ columns together to get the unique values an 1
' ‘ i a3 clustering index. ) :
- . e - .
T Technical Publications " - An up thrust for knowledge L ¥ W |
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: i same as the ordering of i
Wh rganized i data records 18 the i
i : that the ordering of ise it is an unclustered indey_
) s . i dex thcns :ay that index is clustered, otherwise 1t 15 an x
entries in some in¢ S
« Note that, the data file need to be in sorted order.

Basicall 1ds with similar characteristics are grouped together and indexes are createq for
* Basically, records wi
these groups.

v ther. i.e.; ISt
For example, students studying in each semester are grouped togef Semeste,
- ]

uped.
students, 2 semester students, 3rd semester students etc. are group!

RollNo
P 100

Name | Marks | City Age

-

" Semester

| 4

Fig. 6.1.2 Clustered Indéx

Dense and Sparse Indices
There are two types of ordered indices :

1) Deﬁse index :

* An index record appears for every search key value in file.

* This record contains search Key value and a pointer

to the actual record.
¢ For example : .
[ —
o [F ]
Amritsar o - Punjab
Bhopal e M\P
Baroda e Gupat
Shervall e Tamilnady .
Coimbatore o4 Taminadu
Delhi o Dol

Fig. 6.1.3 : Dense Index

T- . ] Technical Publications . An up thrust for. "WEdge

S%

e oo -
L
] fanagement Systems
. Dﬂ'awM . 6-5 St
) spal’” index : Storage Strategies
2 .
, Index records are created only fo, Some of the recor;is-

To locate a record, we find the index
L

Tecord wj
to the sear(:.h key value we are looking for Yith the la‘rgest search key value less than or equal
, We start at that record pf?inted 10bY the indey
(that is, sequentially) unti] we find the desired

fecord, and proceeq along the pointers in the file
: le —
., Forexamp

Tecord,

Agra
Bhopal Agé S
Amritsar Punjab
Chennai Bhopal WP
Delhi Baroda Gujrat
Chennai Tamilnadu
Coimbatore Tamilnadu
Delhi Delhi

Fig.6.1.4 : Sparse index

[RAK] Single and Multilevel Indices
Single level indexing :

» A single-level index is an auxiliary file that makes it more efficient to search for a

record in the
data file.

The index is usually specified on one field of the file (although it could be specified on

several
fields). '

Each index can be in the following form. )

Search Key Pointer to Record j
: -
The index file usually occupies considerably less disk blocks than the data file because i
entries are much smaller. -

A binary search on the index yields a pointer to the file record.

The types of single level indexing can be primary indexing, clustering index or secondary
i!ldexing.
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* Example : Following Fig. 6.1.5 represents the single I

evel indexing —

pata Flle

Storage Strage ]
N

Key value

A10

Name

A10 -

SSN,

BDATE

JOB -

SALARY

o

All

Al2

A20

A21

TA32

A20 /

A30
A40 A40

A4l
A42

\ K11
K20 )

Fig. 6.1.5 : Single level indexing

K10

Multilevel indexing :
» There is an immense need to keep the index records in the main memod s0 as to speed up the

search operations. If ;ingle-level index is used, then a large size index cannot be kept in memory
which leads to multiple disk accesses.

Multi-lev?l index helps in breaking down the index into several smaller indices in order to make
the outermost level so small that it can be saved in 5 single disk block, which can easily %
accommodated anywhere in the main memory. g

T Techinical ublcaons” -Anup eust forknowge

2
8 P Y
15 e N N
24 .
24
e
3
: s S Ter—
* =
55 44 [ .
< 51 .
65 % \ 51
\, 53
second (ToP) = 55 B
Level Y -
\ & - 61 q
\\\ 71 [T -
N\ | e .
\
\ 80
82
First (Base) Data File
Level

g A Fig. 6.1.6 Multilevel indexing
[ARK] Secondary Indices
+ Inthis technique two levels of indexing are used in order to reduce the mapping size of the first

level.

0 Initiall)", for the first level, alarge range of numbers is selected so that the mapping size is small.
Further, each range is divided into subsequent sub ranges.

* It is used to optimize the query processing and access records in a database with some

information other than the usual search key.

T‘ Technical Publications -
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10 10
20 20
30
40
Pointer P 50
/
: -
200 100
300 200
400
500-\
. o 500
indexing Disk Block
Fig. 6.1.7 Secondary Indexing
1. Illustrate indexing with suitable example ! T
2. What is the use of an index structure and explain the concept of ordered indices. |

B-Trees

* B-tree is a specialized multiway tree used to store the records in a disk.

* There are number of subtrees to each node. So that the height of the tree is relatively small. So
. that only small number of nodes must be read from disk to retrieve an item.

‘e The goal of B-trees is to get fast access of the data.

Structure of B+ Tree

»_The typical node structure of B+ node is as follows -
r | n Jn] x

It contains up ton — 1 search-key values K.K,...

Pn-l Kn«l P"

»K, ;,andn poinfers P,P,...,P.
The search-key values within a node are kept in sorted order; thus, if i <j, then Kj < Kj .
* A B-tree allows search-key values to appear only once (if they are uni'que)

T 2 Technical Publications . An up thrust for kﬂoMedge

TSR T
base Management Systems

ta
pe 5.9
‘A For example - Storage Strategles

— ) Fig. 6.2.1 B-Tree
le 6.2.1 Cmaz;g'B.&gg’Q[mfm 0

step 1 : Insert 20, 10 in ascending order

Step 2 : If we insert the value 30, The sequence becomes 10;20,30. As only two key values
are allowed in each node (being order 3), the 20 will go up.

Step 3: Now insert 15.

Scanned by CamScanner
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Step 5: Insert 40

Step 6 : Insert 50. The sequence becomes 30,40,50. The 40 w?ll 50 S
12,20,40 sequence and then 20 will go up. Thus the final B Tree will be,

SR

Solution : The order 5 means at the most 4 keys are allowed. The internal node should have at |eag
3 non empty children and each leaf node must contain at least 2 keys.

. Step1: Insert3, 14, 7, 1 as follows

T Technical Publications " - An up thrust for knowtedge'

., Management Systems
=

03 ; Insert 5, 11, 7 which cap easily iy
se

. Now insert 13. But if we ins
step 4: ert 13 then the | .
Jlowed- Hence 8,11, 13,14, 17 j5 split and megj,, eaf node wijy have 5 keys which is not

Storage Strategies

mnode 13 is moved up.

T |13

A 14 | 17

ulo|nlz

‘sl'11|1z< v .
SREEREEEEC

$plit and 20 will be moved up.

Step 6 : The 26 is inserted to the rightmost leaf node. Hence 14, 17, 20, 23, 26 the node is

wiedge
Technical Publications - An up thrust for kno!
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ag _ =] re of B+ Tree Storage Strategles
: v st

v ypical node structure of B4+ node s 5 follows

I contains up to n = 1 search.] -key valyes K X
, The search-key values within a noge are kept m,s.(;n

=] e
CIEIEEE

Step 1 . Insertion of node 4 causes
move up. Then insert 16, 18,24, 25.

ed

o retrieve all the leaf pages ef; ]
sequeﬂce of leaf pages is also caljeq 35 Sequence got lmk them using page pointers. The

leﬁ most node to split. The'1,3, 4, 5, 6 causes key 4 ¢, p Following Fig. 6.2.2 represents the example of B+ e

Step 8 : Finally insert 19. Then 4, 7, 13, 19, 20 needs to be split. The median 13 will be moveq

Sequence set
up to form a root node. Fig. 6.2.2 B+ Tree
The tree then will be - + The B+ tree s called dynamic tree because the tree structure can grow on insertion of records
and shrink on deletion of records,
Characteristics of B+ Tree
Following are the characteristics of B+ tree :
17 I 20 1) The B+ tree is a balanced tree and the operations insertions and delehon keeps the tree
. —T " balanced.
! I/ : l A 2) A minimum occupancy of 50 percent is guaranteed for each node except the root.
) // \ 3) Searching for a record requires just traversal from the root to appropriate leaf.
si T L I ]6 1a| l ig ”II 2? I TS 26, AR] Insertion Operation
= ,“ - —— —— Algorithm for insertion :
Thus the B-tree is constructed. Step1: Find correct leaf L.
X . ) Step2: Put data entry onto L. . ‘
B+ Trees . iy )

1) IfL has enough space, done! -

ii) *Else, must split L (into L and a new node L2)
-* Allocate new node

* Redistribute entries evenly

o The B+ tree is similar to binary search tree. It is a balanced tree in which the internal nods
direct the search.

" o The leaf nodes of B+ trees contain the data entries,

* Copy up midde key.
' — e . L e
T. Technical Publications - An up thrust for knowledge ) T- ) Technical Publications - Anup tust for knowledge
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« Insert index entry pointing to L2 into parent of L.

Step3: This can happen recursively

i) To split index node, redistribute entries €
* splits.) .

Step 4: Splits “grow” tree; root split increases height.

i) Tree growth: gets wider or one level taller at top.

venly, but push up middle key. (Contrast with "

tion . In B+ tree each node is allowed to have the number of pointe!
the most 4 key values are allowed in each node.
Step 1: Insert 30,31,23,32. We insert the kéy values in ascending order.

IZISIRIE

Step 2 : Now if we insert 22, the sequence will be 22 , 23, 30, 31, 32. The middle key 30, will
goup. .

rs to be 5. That Ieap a

will go up- The B+ tree will be, »1,28. As the capacity of the node is full, 27

12 |2‘| lZﬁl I_'Ui’[ |31| ]3’2] I ] I |
Step 4 : Insert 29. The sequence becomes 22, 23,24, 28, 29. The middle key 24 will go up.
Thus we get the B+ tree. .

Step 5: Insert 7. The sequence becomes 4,7,26. The 7 will go up. Again from 4,7,27 the 7 will
8o up. The partial B+ Tree will be,

0
T ) ical Publications - An up thrust for knowledge - B A T. e gy
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» The 9 will go up. The part; z §.47
Step 6 : Insert 9. By inserting 7,9, 26 will be the sequence: 2By ) Storage Strategies

tree will be,.

Sﬁp 7: A[nscrt 46. The sequence becomes 27,28,46. The 28 will go up. Now the Sequence
becomes 9, 27, 28. The 27 will go up and join 7. The B+ Tree will be,

Step 11 : Insert 6. The insertion can be made in a vacant node of 7(the leaf node). The final
B+ tree will be,

Step 9 : Insert 51. The sequence becomes 46,48,51. The 48 will go up. Then the sequence
"becomes 28, 46, 48. Again the 46 will go up. Now the sequence becomes 7,27, 46. Now the 27 will
go up. Thus the B+ tree will be

Y . .
Ry S

T. Technical Publications - An up thrust for knowledge X T' " Technical Publications - Anup
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[FXF] Deletion Operation

Algorithm for deletion :

Step1: Startatroot, find leaf L with entry, if it exists.

Step2: Remove the entry.
i) IfLisatleast half-full, done!
i)) IfL has only d-1 entries,

« Try to re-distribute, borrowing keys from sibling.
(adjacént node with same parent as L).

o Ifredistribution fails, merge L and sibling.

Step 3: If merge occurred, must delete entry (pointing to L or sibling) from parent of L.
height.
Seror.

Step4: Merge could propagate to root, decreasing

PR Comstict B Tree for the followis
1 o $

Solution : The number of pointers fitting in one node is four. That means each node contains at
most three key values. ' l

Step1: Insert2, 3, 5.

i&ep 2: If we insert 7, the sequence becomes 2, 3, 5, 7. Since each node éan accommodate at
e most three key, the 5 will go up, from the sequence 2, 3, 5 .7

Step 3: Insert 11. The partial B+ tree will be,

'

Public
lications - An upthms(/o,knmedge

step 5: Insert 19.

Step 7: Insert 29. The partial B+ tree will be,

- Tectmical Publications -Anup st for knowiedge
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9, 31. The 29 will go up. Then at the uppe;

. becomes 19,23,2 ; )
Stap 855 InmaoSTIRRSRE to maintain the capacity of node

level the sequence becomes 5,11,19,29. Hence again 19 will go up

(it is four pointers= three key values at the most). Hence the complete B+ tree will be,

s fl=l] [}

1 310 3 1 o N

(2) Insertion of 9 : It is very simple operation as the node containing 5,7 has one space vacant to
accommodate. The B+ tree will be,

(®). Insert 10 : If we try to insert 10 then the se
B+t tree will then become -

T Technical Publications ~ . pn up thrust for knoMedge

quence becomes 5,7,9,10. The 9 will go up. The

se Management Systems
paiatZ 6-21
Storage Strategies

ple. W
insert the value over there. The B+ tree will b

e-

(d) Delete 23 : Just remove the key entry of 23 from the node 19,23. Then merge the sibling

node to form a node 19,29,31. Get down the entry of 11 to the leaf node. Attach the node of
11,17 as a left child of 19.

(®) Delete 19 : Just delete the entry of 19 from the node 19,29,31. Delete the internal node key

19, Copy the 29 up as an internal node as it is an in order successor node.

T. Technical ublications . - Anup trustor knowedge
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Merits of B+ Index Tree Structure
1. In B+ tree the data is stored in leaf node so searching of any data requires scanning only of
leaf node alone. |
2. Data is ordered in linked list.
3. Any record can be fetched in equal ﬁumber of disk accesses.
4, Range queries can be performed easily as leaves are linked up.
5. Height of the tree is less as only kéys are used for indexing.

6. Supports both random and sequential access.

Demerits of B+ Index Tree Structure
1. Extra insertion of non leaf nodes.
2. There is space overhead.

Comparison between B Tree and B+ Trees

B Trees B+ Trees

In a B-tree you can store both keys and data in

In a B+ tree you have to store the data in the leaf
the internal and leaf nodes. !

nodes only.

It wastes space. 1t does not waste space.

The leaf node cannot store using linked list. The leaf nodes are connected using linked list.

Searching becomes difficult in B-tree as data

Searching of any data in a B+ tree is very easy
cannot be found in the leaf node.

because all data is found in leaf nodes.

The B-tree does not store redundant search key.

The B-tree stores redundant search key.

T ) Technical Publications - - An up thrust for knowledge
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Write down detailed notes oy, Ordereq jng;

) L,
tiple keys ;i
o °Ys with sujtable example.

B+ tree index structures 7

3, What are the merits and demerjyg

m Hashing

, Hashfile organi'zation method is the ope wher,
gem;rated by using hash function,

\

¢ data is stored at the data blocks whose address s

memory location Wwhere these Tecords are stored is cal ck or buck
It i 1]
© . vable of stonng one or more records, "
as data blo

ash function can 1
The h: 1 use any of the column valye to generate the address. Most of the time,

hash function uses primary key to generate the hash index - address of the data block.
Hash function can be simple mathematjca] function to any complex mathematical function.

For example - Following Fig, 6.3.1 represents the records of student can be searched using hash

based indexing. In this example the hash function is based on the age field of the record. Here
the index is made up of data entry k* which is actual data record. For a hash function the age
is converted to binary number format and the last two digits are considered to locate the student

record.

Name Age Marks

AAA 44 72

888 40 83

cce 44 64

FFF 25 72

GGG 33 67

HHH 29 91

64

Hash Function = Convert age to XXX 50
binary fomand YYY 2 83
consider last two digits

Fig. 6.3.1 : Hash based indexing

E!I Basic Terms used in Hashing L . ;
1)  Hash Table : Hash table s a data structure used for storing and retrieving data quickly. Every

entry in the hash table is made using Hash function.

T. Technical Ppublications - Anup thrust for knowledge
|
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.2) Hash function :

i table.
« Hash function is a function used to place data 10 hash

i table.
o Similarly hash function is used to retrieve data from hash

- o Thus the use of hash function is to implement hash table. e t;ble e
For exalilple : Consider hash function as key mod 5. The has )

- Stept: Insert 33 0y 288 Step 3:Insert 25
ctiol 3\; » 25mod 5 =
Hash function
step2: nsertse | N3 [Foaa] Bucket
A 54mod5=4—4 | 54
Hash Table

3) Bucket : The hash function H(key) is used to map several dictionary entries in the hash tabje,
Each position of the hash table is called bucket.

4) Collision : Collision is situation in which hash function returns the same address for more
than one record.

For example :

. Ifwe want to

: i

2 Butat 0™ location -
25 is already placed
- andnow55is
i demanding the

. same location.

+ ‘Hence wesay .

““collision occurs"”

S W N O

2|8

Probe : Each calculation of an address and test for success is known as a probe.

Synonym : The set of keys that has to the same location are called synonyms. For example -
In above given hash table computation 25 and 55 are synonyms.

Overflow : When hash table becomes full and new record needs to be inserted then it is
- called overflow.

P " i

pata base ‘Management Systems

Storage St

For example -

=

A"wn—ao
NEEE

Fig. 6.3..2 * Overflow situation

Review Question

l 1. Write short note on — hashing

[ static Hashing

« In this method of hashing, the resultant data bucket address will be always same.

Index -
:
1
2 [em
s
4
5
6
7 \
8
9
‘T’WWJnupmhkmmedge
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« That means, if we want to generate address for o | g RollNo | open Hashing Storage Strategies
Stud_RolINo = 34789, Here if we use mod 10 34780 | ¥ e open hashing s a form of sty -
L . L teghns
hash function, it always result in the same q |- 34781 fthe hash key returns the same addresg which igs “"l?hnlqu‘,'. When the collision occurs, that means
i —_—| . >
bucket address 9. There will nmot be @y ) 34782 5 gvailable data block is used to — e:orzat'iy allocated by some data recort 4, then the
‘e i i rd in -
changes to the bucket addres; he-re. 5 T 34783 E . gochﬂlq“e is also cz'illed as linear thin_g, For gl stead of overwriting the old record. This
» Hence number of data buckets in the memory 4 34784 Consider insertion of record 105 ip the hash tap b ) )
for this - static hashing remains constant s poecy: e e below with the hash function h (key) mod 10.
throughout..In our example, we will have ten T ‘ Stud_RoliNo :
data buckets in the memory used to store the 6 0 -
7 34787 |
data. , ) ) -
3478
« If there is no space for some data entry then 8 X N
we can allocate new overflow page, put the 9 34789 : L e
data record onto that page and add the page to Table 6.4.1 . 3 \
overflow chain of the bucket. For example if 4 - :
we want to add the Stud_RolINo = 35111 in s T
above hash table then as there is no space for _ ' ) ]
this entry and the hash address indicate to place this record at index 1, we create overflow chain 106
as shown in Table 6.4.1. ) 7
3 ;
Advantages of Static Hashing . . s
(1) Itis simple to implement. : 9 19
(2) Itallows speedy data storage. The 105 is probed at next empty data block as follows -
. Index Stud_RolINo
Disadvantages of Static Hashing
There are two major disadvantages of static hashing : 0 10
1) In static hashing, there are fixed number of buckets. This will create a problematic situation 1 vt
if the number of records grow or shrink. ' 2 2
I
2) The ordered access on hash key makes it inefficient. 5
e 6.4.1 WAL Tior the best : L
ueries are Jxey: 4 I
Solution : ) 5 ) _,,_E————
« A range query cannot be answered efficiently using a hash index, we will have to read all the 6 ”ﬂ’_
buckets. . I:i o8 )
« "This is because key values in the range do not occupy consecutive locations in the buckets, the} p i 88
. .. . 4 /
are distributed uniformly and randomly throughout all the buckets. . 19
! . 9 .-
: w
T Technical Publications " - An up thrust for ko T Technical Publicatons” A1 e
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Advantages :

i implement.
1) Itis faster technique- o imple!

2) Itis simple

Disadvantages :
1) It forms clustering, :
2) If the hash table gets full then

Dynamic Hashing

« The problem with static hashing is that
the database grows or shrinks.

o Dynami¢ hashing provides 2 mechanism in whicl
dynamically and on-demand.

« The most commonly used technique 0

Extendible Hashing
The extendible hashing is a dynamic hashing technique in which, if the bucket is overflow, the,
the number of buckets are doubled and data entries in buckets are re-distributed.

as the record is just inserted to next free available slot.

the next subsequent records can not be accommodateq,

it does not expand or shrink dynamically as the size :
h data buckets are added and Temoyg

f dynamic hashing is extendible hashing.

Example of extendible hashing :
In extendible hashing technique the directory of pointers to bucket is used. Refer followin

Fig. 6.5.1.

/ Data Entry for 32*

12 [ 32* | 16* | BucketA

7]
00 7
o1 A 5+ | 29° [ 21° | BucketB
10 N
T
\
Di [ T ] sucketc

7 |15 [ ] Bucketn

) ) 'Data Pages
Fig. 6.5.1 Extendible hashing

Technical Publications - an up thrust for knowled
lge

o base Management Systems
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7o locate 2 data entry, we apply 4 o o
ary representation of neti

+ = 10000000. The 1

Storage

-5

on
to search the data we us last two digits of
it o b hary representation of
are 00. Hence we store 32*

2 number, For instance p;

32
grtion operation :

guppose We want to insert 20* (p;
. i (binary 10100), By Wwith 00, the bucket A is full. So we must

ew bucket an FRCTI
d redistributing the contents, across the old bucket

accordingly.

and its split image.

; For splitting, we consider last three bits of her).

The redistribution while insertion of 20 ;
. of 20* is as shown in following Fig. 6.5.2
/ Local Depth . :

oy
Decimal Value | Binary Value
Global Depth [ 32 T16 | Bucketa 32 100000 J
— % . 16 10000
= G
- - . 1 000
= - 1 | 5 [20[21"] Buckets :
: N i 5 0101
1
[ \ : 29 011101
Directory 10* l l j Bucket C 21 010101
2 10 01010
3 | 7 [15] | Bucketo 3 o
. 7 0111
' 15 01111
Spiit Image A5 ) ) -
of bucket A Lk 4 L
4 | 12 [ 20 | Bucket A2

Fig. 6.5.2 : During insertion process
 The splt image of bucket A ie. A2 and old bucket A are based on lasttwo bis . 00. Here we
Beed two data pages, to adjacent additional data record. Therefore here it is necessary to double the

dlrecto,:y using three bits instead of two bits. Hence,
* There will be binary versions for buckets A and A2 a5 000 and 100.

w
T T Technical Publications - An up thrust for knowledge
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« In extendible hashing, last bits dAlS-

for data pages or buckets. After ins€
three bits and local depth of A :
placing the data records. Refer Fi

(Note : Student should refer binary Vi

called global depth for directory and d is called loca) g
tion of 20*, the global depth becomes 3 as we cons;j der|

d A2 buckets become 3 as we are considering last three bitg for
an

0.653. . o
alues given in Fig. 6.5.2, for understanding ingery,

operation)
[ sz [ 16" | BucketA
000 5 | 29" | 21° | BucketB
001
010 N
o1 )
700 | | | Bucketc
101
110 A
m = 3 | 7 15| ] BucketD
Directory
122] 200 | | Bucketaz

Fig. 6.5.3 : After insertion of 20*

» Suppose if we want to insert 11*, it belongs to bucket B, which is already full. Hence let us split
bucket B into old bucket B and split image of B as B2.

o The local depth of B and B2 now becomes 3.

e Now for bucket B, we getand 1 =001
11=10001
o For bucket B2, we get
5=101
29=11101
and 21 =10101

~An up thrust for knowledge

\.

f : E— .
; (anagement S, yS{ems v
D‘MWM 24 St Strategies
2, insertion of 11* we get the . torage Strategi
‘After 10S scenarig as follows,

Bucket A
Bucket B
010 N
o1
\ .
100
\ L Bucket C
101
110 > 2]
11 N it :
¥ {r | | BucketD
Directory [
4 [ 12]200] ] sucketaz

Fig. 6.5.4 : After insertion of 11*
i luies are organt.

Solution :
Step 1: Initially we assume the hash function based on last two bits, of result of hash function.

1mod 8 =1=001
3mod8=3=011
Smod8=5=101
8 mod 8 = 0 =000
9 mod 8=1=001
12 mod 8 =4 =100
17 mod 8 =1 =001
28 mod 8§ =4 =100

\_{/’_m/
> Tectical Publcations - An up thrust for knowledge
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Database ) 2 willbe 2 mod 8 =7 = ——
N . psert 010. If y, i ] e, .
The extendible hash table wnll»be- 9) zuckﬂ' So we get, © consider last two digits i.e. 10 then there is no

L3
of 3 elements

Hence we will extend the table by assuxﬁing the bit size as 3. The above indicated bucket A will
split based on 001 and 101.

b) Insert 24 : 24 mod 8 = 0 = 000. The bucket in which 24 can be inserted is 8, 12, 28. But as
this bucket is full we split it in two buckets based on digits 000 100.

; S ANup thust for knowleage T‘ 3 Technical Publications
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Storage Strategies

: B
8,
[000 —T—— 24 i
2 ||
001 B S (25
—_—| 1
9, i
17 2
S ——— ;
28]
S————— 2
N ol
g 100 o
4,
5 12,
7 12
4 101 .
110 B I
Sy 3
1 /

© :Ietf: 5 th On deleting 5, we get one bucket pointed 'by 101 as empty. This will also result in
ucing the local depth of the i ‘
epth of the bucket pointed by 001. Hence we get, (d) Delete 12 : We will simply delete 12 from the corresponding bucket there can not be any

merging of buckets on deletion. The result of deletion is as given below -

T T

‘echnica) %%Uw -Anup theust for knowledge
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Difference between Static and Dynamic Hashing

Sr. No. Static Hashing Dynamic Hashing .
1 The number of buckets are fixed. The number of buckets are not fixed.
2. Chaining is used There is no need of chaining.

Open hashing and closed hashing are

Extendible hashing and linear hashing
forms of static hashing.

are forms of dynamic hashing.

agement Syst
Storage Sa'afegy& pa (abase Manag: ystems

4. Space overhead is more. Minimum space overhead due to
dynamic nature.
5. As file grows the performance of static There is no degradation in
hash function decreases. performance when the file grows.
6. The bucket address table is not required. | The bucket address table is required.
7. The bucket is directly accessed. The bucket address table is used to

| disk block)

access the bucket,

Review Questions

1. What is hashing? Explain static hashing and
2. Explain various hashing techniques

dynamic hashing with an example.

T Technical Publications . An up thrust for Imowiedge

oral Questions and Answers Storage Strategies

ol ‘What is index ?

of data efficient.

a2 What are ordered indices ?
: This is type of indexing which is bageq on so
mdlces are primary indexing, secondary indexing,

q3 What are the two types of ordered indices ?

Ans. : Two types of ordered indices are -
primary indexing can be further classified int
level indexing and multilevel indexing,

rted ordering values. Various ordered

Primary ‘indexing and secondary indexing. The
0 dense indexing and sparse indexing and single

a4 Give the comparison between ordered indices and hashing

Ans. : (1) If range of queries are common, ordered indices are to be used.

(2) The buckets containing records can be chained in sorted order in case of ordered indices.
(3) Hashing is generally better at retrieving records having a specified value of the key.

(4) Hash function assigns values randomly to buckets. Thus, there is no simple notion of “next
bucket in sorted order.”

Q5 What are the causes of bucket overflow in a hash file organization ?
Ans. : Bucket overflow can occur for following reasons -

(1) Inmsufficient buckets : For the total number of buckets there are insufficient number qf
buckets to occupy.
(2) Skew : Some buckets are assigned more records than are others, so a bucket might overflow
even while other buckets still have space. This situation is known as bucket skew.

Q6 What can be done to reduce the of bucket overfl in a hash file

. organization ?

Ans.: (1) A bucket is a unit of storage containing one or more records (a bucket is typically a

|) The file blocks are divided into M equal-sized buckets, numbered bucketo bucket]l...
bucketM-1. Typically, a bucket corresponds to one (or a fixed number of) disk block.
() Ina hash file organization we obtain the bucket of a record directly from its seargh-key value

using a hash function, h (K). '
80 % full.

) To reduce overflow records, a hash file s typically kept 70-

W it knoWedge

y T' : Technical Publications
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'] i) Static hashing ii) Dynamic hashing.

(5) The hash function h should distribute the records uniformly among the buckets; Otheryjgy
search time will be increased because many overflow records will exist. ?
Q.7 When is it preferable to use a dense index rather than a sparse index ? Explain vour
answer.
Ans. : 1.1t is preferable to use a dense index instead of a sparse index when the file jg ot
sorted on the indexed field.
2. Or when the index file is small compared to the size of memory.
Q.8 What are the disadvantages of B tree over B+ tree ?
Ans.: (1) Searching of a key value becomes difficult in B-gree as data can not be found in ¢p,
leaf node. :
(2) The leaf node can not siom linked list and thus wastes the space.
Q.9 Mention different hashing techniques.
Ans. : Two types of hashing techniques are —

Q.10 List the mechanisms to avoid collision during hashing
Ans. : Collision Resolution techniques are :
(1) Separate chaining
(2) Open addressing techniques :
(i) Linear probing (ii) Quadratic probing

Storage §,
ratey;
les

. .
Ansactiop Processing

il
s |

Transaction processing : Concurrepey
ing and timestam, Y control, ACID e pid .
g s o p based schedulers, Multi-versio, Property, §eqa{zzabtbly of scheduling,
schemes, covery. M and optimistic Concurrency Control

M

7.1 Basics of Transaction Processing
7.2 ACID Property

............................ June 05, 08, ..............Marks 4

Dec.-05,06, Summer-18,
;- """""" 5 """"" ... Winter-12,18........................ Marks 8
ransaction States
7.3 Dec.-06, Summer-18,
...Winter-14,15,18, .. .Marks 4
7.4 - Schedules Dec.-05,06, June-08, Winter-18
. : S 14,17,18 Marks 7
7.5  Serializability of Scheduling ... Dec.-05,06,09, June-08,
Si 14,17,18 Winter-18 Marks 7

7.6  Concurrency Control Dec.-09, May-11, Winter-15. Marks 7

aaa

T Techrical Publications - An up thrust for knowtedge

7.7  Locking Schedulers. Winter-12,15, 17,18

13,17,18 Marks 7
7.8 Time Stamp based SCREAUIES..............ccouuuummsirires Dec.-06, Winter-14,

14, Marks 7
7.9  Deadlock Dec.10, ..

7.10 Mutti-version and Optimistic Concurrency Control Schemes
Dec.-06, June-08, March-10,

May-12, Summer-13,14,18, )
Winter-14,18, ........cccveevernanns Marks 7

7.3,1 Database Recovery.
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. TU : June-05, 08,
Basics of Transaction Processing G . e . Marks 4
Definition ; A transaction can be defined as a group of tasks that form a single logica] unijt,

For example - Suppose we want to withdraw ¥ 100 from an account then we wij) follgy,
following operations :

1) Check account balance )

25 If sufficient balance is present request for withdrawal.

3) Get the money .

4) Calculate Balance = Balance — 100

5) Update account with new balance. '
The above mentioned four steps denote one transaction.

In a database, each transaction should maintain ACID property to meet the consistency and
integrity of the database.

Review Question

LI. Explain transaction.
ACID Property

1) Atomicity :

GTU : June 05, Mark 1, June 0 Marks 4

GTU : Dec.-05, 06, Summer-18, Winter-

12,18, Marks 8

¢ This property states that each transaction must be considered as a single unit and must be
completed fully or not completed at all. :

No transaction in the database is left half completed.

¢ Database should be in a state either before the transaction execution or after the transaction
execution. It should not be in a state 'executing’.

For example - In above mentioned withdrawal of money transaction all the five steps must
be completed fully or none of the step is completed..Suppose if transaction gets failed afler
step 3, then the customer will get the money but the balance will not be updated accordingly.

updated). This will make the system in consistent state,

2) Consisteﬁcy :

¢ The database must remain in consistent state after

performing any transaction.
e For example :

In ATM withdrawal operation, the balance

- must be updated appropriately
after performing transaction, Thus the database can be in co

nsistent state.

T
T Technical Publications

- An up thrust for knowiedge
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Transaction Processing
o In a database system, where

3 More thy, o
ne t i :
and in parall.el,. t?xe Property o fiSolati0n - Tansaction are being executed simultaneously
executed as if it is the only tra tes that al] .

. the transactj i i
' i ' ISaction iy the systen, 1ons will be carried out and
‘o "No transaction will affect the existe ;

ce of ap: .
‘o For example : If a bapy Manager Y ot tansacion,

i i )
then manager should se, e Is checlfmg the account balance of particular customer,
withdrawing the money. Ty '11a e lher before withdrawing the money or after
and any othet dependen; tran, W‘. mal'(e sure that each individual transaction is completed
i aasaction will not affee 01},:0:.0[1 Wwill get the consistent data out of it. Any failure to any
T tran it 1 H . .
Bt Saction in this case. Hence it makes all the transactions

4) Durability :

o The database should be strong enough to handle any system failure.
o If there is any set of inse;

Tt/update, then it should be able to handle and commit to the
database. :

If there is any failure, the database should be able to Tecover it to the consistent state.
¢ For example : In ATM withdrawal example, if the system failure happens after Customer

getting the money then the system should be strong enough to update Database with his new
. balance, after system recovers. For that purpose the system has to keep the log of each
transaction and its failure. So when the sy§tem recovers, it should be able to know when a

system has failed and if there is any pending transaction, then it should be updated to
Database.

Review Questions

1. What is transaction? Explain its properties.

2. What is transaction? Explain the ACID properties.
3. List and Discuss ACID properties of transaction
GTU : Dec.- 06, Marks 8, Summer-18,, Winter-18, Marks 4

GTU : Dec.-05, Marks 3
GTU : Winter-12, Marks 7

m Transaction States

* Each transaction has following five states :

GTU : Dec.-06, Summer-18, Winter-14,15,18, Marks 4

1) Active : This is the first state of transaction. For example : insertion, deletion or updation of
record is done here. But data is not saved to database. ] o .

2)  Partiall C itted : When a transaction executes its final operation, it is said to be in a
cartially Commi :
Ppartially committed state.

i for knowledge
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Fig. 7.3.1 Transaction states

3) Failed : A transaction is said to be in a failed state if any of the checks made \by the databag,
recovery system fails. A failed transaction can no longer proceed further.

4) Aborted : If a transaction is failed to execute, then tpe database recovery system will ma,
sure that the database is in its previous consistent state. If not, it brings the databage to
consistent state by aborting or rolling back the transaction. )

5) Committed : If a-transaction executes all its ppemtions successfully, it is said to pe

committed. This is the last step of a transaction, if E executes without fail.

e W

Example 7.3.1 [ ne a transact CUSS i

Read(A)

Read(B)

Display(A-B)

(2) A read write jon

T

: ) Read(A)

A=A+100

Write(A)

™
et tent PLbttmabtann A s

wmw Management Systems

(") Aﬂ aborted transaction
: T T Transaction Processing
?\\]\

ead(A) -
] e
Write(A) \
L .
Read(d) [pqyg ——--— |
EE—
ASAHI0 [ pAggg ———— |

I

A=A+50

RollBack
A=100 (restore
back to original val ichi
before Transaction TI) velue whichis

ey

1. Explain transaction state.
g ) ) G Dec.-06, Marks 3
2. What is transaction ? Explain the properti
ies of i i
transaction with a neat sketch. - £ - transacaoh Ie sar a e
H - 3 larks
3. During its execution, a transaction passes through several states, until it finally commits or

aborts. List all gossible sequences of states through which a transaction may pass. Explain why
each state transition may occur. GTU : Winter-15, Marks 4

4. Define transaction. Explain various states of transaction with suitable diagram.

GTU : Summer-18, Winter-18, Marks 4
GTU : Dec.-05,06, June-08, Winter-18, Summer-14.17.18, Marks 7
Following

T —
Write(A)

Schedules
Schedule is an order of multiple
Fig. 7.4.1 represents the types of schedules. -

Schedule

n env

Non Serializable

Serializable

Fig. 7.4.1: Types of schedule

! wiedge
S Tochnical Publcations - Anup thst 00K
ec!

e
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cute one after the other i
S¢

. 3 jons €Xe!
Serial schedule : The schedule in which the ansa? der following two transactiong .
serial schedule. It is consistent in nature. Tn

For example : Cons! ang
T,
_ T, |

I
—
R(A)
W(A)
R(B)

| ve
T, on data items A and then B executes and then in transactio,
stands for read operation and W

All the operations of transaction
T, all the operations on data items A and B execute. The R
stands for write operation.

Non serial schedule : The schedule in whic
intermixed. This may lead to conflicts in the result or inconsistency in the resultant data. For
example -

* Consider following two transactions,

y
h operations present within the transaction ar

T, T,
R(A)
W(A)
R(A)
W)
R(A)
W)
R(B)
W)

The above transaction is said to be non serial which result in inconsistency or condlicts ? e

T _Technical Publications -AnUplhrus(IorknaMedge

" s,,ialilabilit)" is a concept that helps 1o iq

yab;? < Management Systems
7-7

D2 S
ﬁ sgrlahlablllty of Scheduling GTU
ultiple transacti 2Dec.
; When m p ctions run concurremly
chﬂﬂge in the resultant value of data from d'ff’
1ffe;

Transaction Processing

-05,
N 06,09, June-08, Summer-14, Marks 7
en i :
1t may lead to inconsistency of data (i.e.
Tent transactions),

uansaction equivalent to serial schedule, entify which non serial schedule and find the

For example :
0 T —

_ T, A B T.
Initial Value | 100 | 159 —
A=A-10 T
W(A) ]
B=B+10 ]
W(B)
90 110
\_ A=A"10
W(A)
80 ‘110

» In above transactions initially T, will read the values from database as A=100, B=100 and
_modify the values of A and B. But transaction T, will read the modified value i.e,. 90 and will
modify it to 80 and perform write operation. Thus at the end of transaction T, value of A will be
90 but at end of transaction T, value of A will be 80. Thus conflicts or inlconsistency occurs
here. This sequence can be converted to a sequence which may give us consistent result. This
process is called serializability.

Difference between Serial schedule and Serializable schedule

Serial schedule Serializable schedule

Concurrency is allowed in serializable

No concurrency is allowed in serial schedule.
' ' schedule.

In serial schedule, if there are two transactions
executing at the same time and no interleaving
of operations is permitted, then following can
be the possibilities of execution —

(i) Execute all the operations of transactions T,
in a sequence and then execute all the
Operations of transactions T, in a sequence:

@,Execme all the operations of transactions T, :
I 2 sequence and then execute all the
— R

T. Technical Publications

In serializable schedule, if there are two
transactions executing at the same time and
interleaving of operations is allowed there
can be different possible orders of executing
an individual operation of the transactions.
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18 Systems
le of Serial dule
T, T,
Read(A)
A=A-50
Write(A)
Read(B)
B=B+100 )
Write(B)
Read(A)
A=A+10
Write(A)

Conflict Serializability

Definition : Suppose T, and T, are two transactions and I, and

7-8 Transaction Progeg,
% | n o
R | T
A=A-50 T
waew |
- ?ﬂ(ﬂ)
— B=B+109
| Write(B)
Read®)
Write(B) - T

o There are two types of serializabilities : Conflict serializability

T, respectively. Then these two transactions are said to be conflict

and view serializability

L, are the instructions in T, ang

Serializable, if both

instruction access the data item d, and at least one of the instruction is write operation.

What is conflict ? : In the definition three conditions are specified for a conflict in confliy

serializability -

1) There should be different transactions
2) The operations must be performed on same data items
3) One of the operation must be the Write (W) operation

o We can test a given schedule for conflict serializability by constructing a precedence graph for

the schedule, and by searching for absence of cycles in the graph.

«. Predence graph is a directed graph, consisting of G=(V,E) where V is set of vertices and E is !

of edges. The set of vertices consists of all the transactions participating in the schedule. Thest!
of edges consists of all edges T, — T; for which one of three conditions holds : .

1. T,executes write(Q) before TJ executes read(Q).

2. T, executes read(Q) before T; executes write(Q).

3. T, executes write(Q) before TJ executes write(Q).

: :
yiththe patal rder of the prege

7esting for serializability

| serializability order of the transag

ce

§=cdges ‘for conflicting pairs,

step1: Create a node for

step 2° Find the conflicting pairs (RW, WR WW) on th
’ e same

diﬂ-emn?mnsactions.

each transactiop,

tions €20 be obtaineg b
8raph, Th;

8 the serig]
E) where v - VC‘l‘tices

+ IS process s calleq topol

gtep 3 : Draw edge for the given schedule, Consider following cases

1. T, executes write(Q) before T. e.
: j executes read(Q), then draw edge from T to T,

Y finding a linear order consistent

ogical sorting.

lzabi'lity * To test the conflict serializability we
Which represent the number of transactions.

variable (or data item) by

2. T, executes read(Q) before T, exccutes write(Q) , then draw edge from T, to T

3, . T. executes write(Q) before T i
i ’ (Q) before Tjexecutes write(Q), , then draw edge from T;to T,

step 4 : Now, if precedence graph is cyclic then it is a non conflict serializable schedule and if

the precedence graph is acyclic then it is conflict serializable schedule.

LR AR Consider the following two
- s this sch o

Solution :

Step 1 : To check whether the sched
bottom. Thus we will start reading from top t0 bottom as

T,:R(A) > T,:W(A) >T,R(A) > T,R®)

ST RB) ST :WE)

ule is conflict serializable or not we will check from top to

Scanned by CamScanner
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Step 2 : We will find cont‘ﬂc'ﬂng operations. Two operations are called as °°"ﬂicting

operations if all the following conditions hold true for them -
i)  Both the operations belong to different transactions.
ii) Both the operations are on same data item-
iii) At least one of the two operations is a write operation ’

From above given example in the top to bottom scanning we find the congy, %

T,: W(A) ST,R(A).

i) Here note that there are two different transactions T, and T;,

ii) Both work on same data‘ item i.e. A and

iii) One of the operation is write operation

Step 3 : We will build a precedence graph by drawing one node from each transaction, |,
above given scenario as there are two transactions, there will be two nodes namely T, and T,

® ©

Step4: .Draw the edge between conflicting transactions. For exaﬁlple in above given scenario
the conflict occurs while moving from T;:W(A) to T,:R(A). Hence edge must be from T toT, '
. 2

Step 5 : Repeat the step 4 while reading from top to bottom. Finally the precedence graph

will be as follows )
— because of Ty : W(A) T, : R (A)

Q__®

‘\_ because of T, : R (B) T,,W(é)
Fig. 7.5.1 : Precedence graph

Step 6 : Check if any cycle exists in the graph. Cycle is a path using which we can start from
;)m:h node and reach to the same node. If the is cycle found then schedule is not conflict serial-izfible'
n the step 5 we get a graph with cycle, that means given schedule is not conflict serializable.

T ) Technical Publications ™ - An up thrust for knowtedge

Step4 : Find the vertex which has no in

- golution :

step1: We will read from top to bottom, and build a precedence graph for conflicting

entries :

Fig. 7.5.2 Precedence graph

Shp 2 : As there is no cycle in the precedence graph, the given sequence is conflict
hedule. For that purpose we

serializable. Hence we can convert this non serial schedule to serial
will follow these steps to find the serializable order.
be obtained by finding a linear order

Step3: A serializability order of the transactions can »
ph. This process is called topological

consistent with- the partial order of the precedence gra)

sorting,
coming edge whichis Ty Finally find the vertex having
10 oitgoing edge which is T, So in between them s T Henee the order will be T, ~ Ty~ T

T' Technical

Scanned by CamScanner
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Datah. AL 7-12 713
g Systems ﬁ I Transaction Processing
golutio? *
EEXR view Serializability . le. then it § | The initial read operation is perg,
. . . ivalent to some serial schedule, then it is Calleq as i) begin with T, med by T, on data i ittem A or b
* Ifa given schedule is found to be view €qu 3 we will beg orTy We il choose T, at the pe, it
atthe
. . 1e . o . nal write is perf ginning.
“':: N Senal!mble SCheqe“;el . Consider two schedules S, and S, consnsn.ng o tlansac"ons i) The i periormed by T, on the Same data item B, Hence T, will be at the last
. m:w-'r Eq\nvnl:intlScl:h e: :c;.edule’s S, and S, are said 10 be view equivalent scheqy), i i: position. ..
, Tespectively, 1 .~ The data item C is written by T, and
. . ot iii) nd then it is read b T,
mm;;ies follo;v mi.tm?dz(;n:‘at:::sem A from the database initially in schedule S, then i, Thus we.get the order of schedule of vie Y " enco T shiould appeac befoes T
o transaction e

W senahzabllxty as T T -T,

schedule S, a]so, T, must perform the initial read of the data item X from the databage, Thig tranisactions -

is’same for all the data items. In other words - the initial reads must be same for all at,
items.

o Ifdataitem A has been updated at last by transaction T in schedule S,, then in schedule S,
also, the data item A must be updated at last by transaction T;

o If transaction T; reads a data item that has been updated by the transaction T 1n schedule S,

then in schedule S, also, transaction T, must read the same data item that has been “Pdiued
by transaction T, In other words the Wnte-Read sequence must be same.

example 7.5 x1 Consider following m,,,

Steps to check whether the given schedule is view serializable or not

oiv that every serial execution invol

Step 1 : If the schedule is conflict serializable then it is surely view serializable becaugse 3 DaLabase 2

ving t}lese two transactions preserves the cansistency af the
conflict serializability is a restricted form of view serializability.

Step 2: Ifit is not conflict serializable schedule then check whether there exist any blind write
operation. The blind write operation is a write operation without reading a value. If there does nat
exist any blind write then that means the given schedule is not view serializable. In other words ifa
blind write exists then that means schedule may or may not be view conflict.

ncurrent executwn o[ T and T, that pmducesa serfalizable schedule ?

Solution : 1) There are two possxble executlons T > T or T T,

-Consider case T ->T, then

Step 3 : Find the view equivalence schedule

'if these are vie

ole|o|(»

AVB =A OR B=FvT=T. This means consistency is met.
Consider case T,->T, then

A B
0 0 )
1 0
———— 0
LI

AVB = A OR B,= FvT = T. This means consistency is met.

s for knowledge
AN up thrust for knowledge T- Technical Publications - AT UP thrust

Scanned by CamScanner



from T, to T,.

. i Transaction Pm“-‘&ln
Database Management Systems dT, Itcanbe
. tions T, and %z
(2) The concurrent execution means inlerleaﬂng,ofga-n—saf—"‘ l

T, | T

RA) | —— -
— | R® :

— | Rr@&

R(B)
1f A=0 then
B=B+1 | WA
R L
we) |
L V&
This is a non-serializable schedule. :
(3) There is no concurrent execution resulting in 8 seqahza .
Example 7.5.5 Test serializability of the folfo ‘ }
[ n@:n @ @m0 B RELE Sty
Solution : i) r.(x);r,(x);wl(x);rz(x);wJ(x) . " . '
The r, represents the read operation of transaction T,, W, represents the write Operation o
transaction T, and so on. Hence from given sequence the schedule for three transactions can pe

n‘:pmented as follows :

T, T, T,
r,(x)
(%)
w,(x)
r,(x)
wy(x)

Step 1 : We will use the precedence graph method to check the serializability. As there are
three transactions, three nodes are created for each transaction.

® ®
®

Fig. 7.5.3 Nodes

Step 2: We will read from to itially i
P e' wi .ﬁ'om top to bottom. Inma.ll]y weread r (x) and keep on moving bottom in
search of write operation. Here all the transactions

. s work on sam i : et 3
write operation in T, as wy(x). Hence the depende; ¢ data item i.e. x. Now we B

ney is from T, to T,. Therefore we draw edge

e -
T . ' Technical Publications - An uplhusrlorknamedge

|, Management Systems
(b8 - 7o
imilasty, 10T T5(0) We get w,(x) pajp

we get the precedence grapp 5

] °

Fig.7.5.4 Precedence Graph

Transaction Processing

€ thy 7
e aere will be edge from T, to T,. Continuing in this
fash!

step 3 : As cycle exists in the above precedence 8raph, we conclude that it is not serializable.
DO (0

From the given sequence the schedule can be represented as follows :

- 5(x)
)
w,(x)
r(x)
w,(x)

step 1 : Read the schedule from top to bottom for pair of operations. For r,(x) we get w,(x) air.
Hence edge exists from T, to T, in precedence graph.

There is a pair from r,(x) : w,(x). Hence edge exists from T, to T,

There is a pair from r,(x) : w,(x). Hence edge exists from T, to T,

There is a pair from w,(x): ,(x). Hence edge exists fromT,to T,

Step 2 : The precedence graph will then be as follows -

Fig.7.5.5 Precedence graph

T' - R Technical Publicalions -AnUPW’“mMW .
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D. Manag Systems ] chedule is serializable, Transaction Processing
Step 3: As there is no cycle in the above g“.‘ph’ the given'® btained b ‘
ill be obtaine: apply:
Step 4 : The searializability order for consistent schedule bwﬂl‘:hie‘md . follo;s PPlylng 0‘@
: ; € a s
topological sorti dra recedence graph. This can .
opological sorting on above drawn p! . e, ha node. H. Fig. 756 pre,
R 4e having no incoming edge. We obtain T, is suc Gl ¥ : . cedence graph for s,
SutStep 12 Findhiemods heting (0 (e T, The Graph will be - o S, The conflics are

at the beginning of the serializability sequence. Now del¢

Sub-Step 2: Repeat sub-Step 1, We obtain Tyand T, nodes as a sequence.

Thus we obtain the sequence of transactions as Ty, T and T,. Hence the serializability order i

L(X)r,(X);w5(X):r, (%), W, (%)

Cansider the following schedil
scheduled, and prefixed with the transaction name.
T RE), T,:R, T,: WO, T, W) T, R,
ST, W), T,:RX). T,:W¥). T,:R@).T,: W) T,:RE@)
P}’m- each of the schedules, answer the following questions : -

1) What is the precedence graph for the schedule 7"~ - SRS 2
1) Is the schedule conflict-serializable 7 Ifso, what art nflict equivalent serial schedules 7 |
1) Is the schedule view-serializable ? If o, what are al the view equivalent serial schedules ?. |

Solution : i) We will find conflicting operations. Two operations are called as conflicting

te “actions are listed in"the order they a5

s

operations if all the following conditions hold true for them -
Both the operations belong to different transactions.
Both the operations are on same data item.

At least one of the two operations is a write operation
For S, : From above given example in the top to bottom scanning we find the conflict as
o T, :W(Y), T,: W(Y) and
o T,: W(Y), T, :R(Y)

Hence‘ we will bl{ild the prec.edeuce graph. Draw the edge between coriflicting transactions. For

example-in above given scenario, the conflict occurs while moving from T,: W(Y) to T, W(¥}
S 1 r

Hence edge must be from T, to T, Similarly for second conflict, there will be the edge from T, 10

T,
Technical Pubiications :

.An‘lpfhmsllwkmmedge

1.. :

|

o T,: WX T :R(X)
o T,: W@ Ty:RE)

Hence the precedence graph s as follguys .

Fig.7.5.6 Precedence graph for S,

(i)

o S;isnot conflict-serializable since the dependency graph has a cycle.

_o S, is conflict-serializable as the dependency graph is acylic. The order T,-T,-T, is the only
equivalent serial order. .

(il
. o §,isnot view serializable.

o S, istrivially view-serializable as it is conflict serializable. The only serial order allowed is
T, T, T,

Review Questions

'L Explain distinction between serial schedule and searializable schedule.

Explain conflict serializability. ‘
Compare view serializability and conflict serializability :

GTU : June-08, Marks 6; Summer-14, Marks 7
What is serializability ? What is its objective ? [GTU : Summer-17, Marks 1|
H GTU : Summer-18, Winter-18, Marks 7 |8

Write a note on conflict serializability.
GTU : Dec.-09, May-11, Winter-15, Marks 7

2
3.

4.
5.

Concurrency Control ]
i tion is isolation.
* One of the fundamental properties of a transac o
* When several transactions execute concurrently in the database, however, the isolation property
may no longer be preserved. _
* A database can have multiple transactions running af

t the same time. This is called concurrency.

Wi
TI. Tecnni:alPublrhadaﬂs P . An up thiust for knowledge
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Database Management Systems interaction amon; ¢ result of the above sequepc, : Transaction Processing -
isolati the system must contol B lcmty of mec%laﬂ:l?sconmnem refor this problem is calle:llas 10211151 ot the upge made by transaction T1 i letely lost.
« To pr&:.erve th:h;solatl:;o T‘Oll;e l:yc'hievet‘l through one of 2 ms Callgg Ther® L Read or Uncon Nate Problem, , is completely lost.
transactions; this co: ) Mited Reaq
concurrency control schemes. i that simultaneo tion reads the data * Problem ; The dirty read is a situation in which one
+ Definition of concurrency control : A mechanist which ensures, inconsistenci N et et e immedigely after the write operation of previous transaction
of more than one transactions does not lead 10 81 database inc IS 5 callgg il
R(A)
concurrency control mechanism. , )
+ The concurancy control can be achieved with the help of vanousbl;fs Zg’czz‘jz:? :s d k’df bag ; Atz |
protocol, Deadlock handling, Multiple Granularity, TS : . Validagig, . <’WiA)
based protocols. ) \ \.\ .
1 R
Need for Concurrency . AA-20
. . T
Following are the purposes of concurrency control - ] || W
i —
o To ensure isolation | Commit
o To resolve read-write or write-write conflicts S

o To preserve consistency of database For example - Consider following ransactions.

* Concurrent execution of transactions over shared database creates several data integrity 474 - Assume initially salary is =¥ 1000
consistency problems — these are T
: ) : T
(1) Lost Update Problem : This problem occurs when two transactions that access the same ' :
database items have their operations. interleaved in a way that makes the value of some Time Salary =% 1000
database item incorrect. )
For example - Consider following transactions t Update Salary =% 1200
1 N alary
(1) Salary of Employee is read during transaction T,. . oo | S2lan = Salay +200
(2) Salary of Employee is read by another transaction T, ¢ ] ("2 Read |} Salary =% 1200
(3) During transaction T,, the salary is incremented by 200 e
(4) During transaction T,, the salary is incremented by ? 500 ty Rollback Salary =¥ 1000
T LE . dates the salary to 1200
. i tion T, updates the salary to
This update Read Salary =2 1000 AL the timeot, tho trmsaction T, up y ously itisZ 1200 -
islost, . . (2) This salary is read at time t, by transaction T,. Obviously it is ; ’
\‘-\ fad Selary =¥ 1000 (3) But at the time t,, the transaction T, performs Rollback by undoing the changes made by T,
. \,,,L;P:::m 3 Salary =¥ 1200 and T, at time t, and t,. : e qied
o i is situation leads to Dirty Read or
' salary by ; . s = ¥ 1000. This situation
!2?3'0)' @ UThus 'h?t Zal;ry da iﬁauzzcg?; the read made at time t,(immediately after update of _
ncommited Rea
jon) becomes a dirty read. ’
------ -+ Update Salary =2 1500 jlother transactien) bocet : This problem is also known as inconsistent analysis
Only ihig -1~ l‘n::r.;n;,;q 3) Non-repeatable read problem : articular transaction sees two different values for the
apcatels 2500 : problem. This problem occurs when 2 P :
Q\ " same row within its lifetime. For examp le -

: 2 i ¥ —_— e rknowedge
X ' I ; ical Publications - An P! .
' T . echnial Pubicatins AN st o hrowtegge T‘ Technic
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. T
I = Sarary = % 1000
| Read
e Update salary fom |- Salary = 71200
l % 21000 t0 71200
2 Conn® Salary = ¥ 1200
| Read

as T 1000

. ; the salary . .
(1) At time t,, the transaction T, reads the s2 ary as ¥ 1000 and updates it to X120

(2) At time t, the transaction T, reads the same sal

(3) Then at time t,, the transaction T, gets committed. time t, it gets different va]
ime val
(4) Now when the transaction T, reads the same salery at: 2 at its reading operati o
what it had read at time t,. Now, transaction T, cannot repea; 1o Th

inconsistent values are obtained. ) . st N
Hence the name of this problem is non-repeatable read or inconsistent analysis problem,
(4) Phantom read problem

The phantom read problem is a special case of non repeatable read problem.

This is a problem in which one of the transaction makes the changes in the database system ang
due to these changes another transaction can not read the data item which it has read just

recently. For example —

Ty - T2
“Time 11| Read Salary = 1000
t Read Salary =% 1000
13| Delete salary No salary
t Read "Can not find salary"

(1) At time t,, the transaction T, reads the value of salary as ¥ 1000
. (2) At time t,, the transaction T, reads the value of the same salary as ¥ 1000 '
(3) At time t;, the transaction T, deletes the variable salary.

(4)Now at time t,, when T, again reads the salary it gets error. Now transaction T, can not

Solution : .
(1) If transaction is very long or when it fetches data from §

low disk, it takes a long time 0
complete.

Publications " - Ap Up thrust for kno, Wledge

kd

Management Systems
V"‘W 0 7-21
; [p absence of concurrency, otpe, tfans Transaction Processing

. L ﬂclions . .
Average TesPOnSe time will increag,, Will have to wait for longer period of time.

y hen the transaction j .
AlSo w 18 readmg data i .
om disk, CPy s

ilized. H
pfopeﬂy uti €nce concurrent €Xecution becomes ;
important j

idle. So resources are not
n this case. ’

. when the transactj
However, 1S8CHiOnS are short o the data is available
ilable in memory,

Jo not oceur- these problems

Review Questions

Why concurrency control is needed 7 ;
) GTU : Dec.09, Marks 3
at is concurrency ? What ar, '
Wh 4 € the three probjems due to conci

" can be avoided, explain for one of the g, problems, mmnc 2o the problems
i) Bl e A0 oot SV Wintr 15 rars 3 |

Winter-12,15,17,18, Summer-

1

cking Schedulers
W” o 13,17,18, Marks 7

m Why Do We Need Locks ?

, One of the method to ensure the isolation property in transactions is to require that data items be
accessed in a mutually exclusive manner. That means, while one transaction is accessing a data
item, no other transaction can modify that data item. :

+ The most common method used to implement this requirement is to allow a transaction to
access a data item only if it is currently holding a lock on that item.

+ Thus the lock on the operation is required to ensure the isolation of transaction.

Simple Lock Based Protocol

+ Concept of protocol : The lock based protocol is a mechanism in which there is exclusive use
of locks on the data item for current transaction.

+ Types of locks : There are two types of locks used —

Lock
Shared Lock

Exclusive Lock

Fig. 7.7.1 Types of locks )

) Shared lock : The shared l‘ock is used for reading data items only. It is denoted by LOCk-S'.

This is also called as read lock.

Technical Publications
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Database M: 3 ad and write operations. It is g
Enm o

. ; for both re
ii) Exclusive lock : The exclusive lock is usle(d i
as Lock-X. This is also called as write lock.

o The compatibility matrix is used while working e lock. If the twe
hecks the compatibility matrix before granting  be granted Modeg
manager cl i e
transactions are compatible to each otber then only the lock will be g7

: ive locks. Following matrix repreg,
o In a set of locks may consists of shared or exclusi s

compatibility between modes of locks.

on set of locks. The concurrency con

of

Fig.7.7.2 Compatibility matrix for locks

Here T stands for True and F stands for False. If the control manager get the éomPalibility
mode as True then it grant the lock otherwise the lock will be denied.

o For example : If the transaction T, is holding 2 shared lock in data item A, then the congy
manager can grant the shared lock to transaction T, as compatibility is True. But it cannot gray
the exclusive lock as the compatibility is false. In simple words if transaction T, is reading,
data item A then same data item A can be read by another transaction T, but cannot be writte
by another transaction. )

. Sixniiarly if an exclusive lock (i.e. lock for read and write operations) is hold on the data item i
some transaction then no other transaction can acquire Shared or exclusive lock as the
compatibility function denotes F. That means of some transaction is writing a data item A then
another transaction can not read or write that data item A.

« Hence the rule of thumb is
i) Any number of transactions can hold shared lock on an item.

ii) But exclusive lock can be hold by only one transaction.

» Example of a schedule denoting shared and exclusive locks : Consider following schedulein

which initially A=100. We deduct 50 from A in T, transaction and Read the data item A in

transaction T,. The scenario can be represented with the help of locks and concurrency control
manager as follows : |

T )
T ‘echnical Publications -Anup thrust for knowledge

|, Management Systems ’ .
pnlﬂb‘se 7-23
i *1‘ : Transaction Processing

———
\E Concurrency control manager
\ ¥

——

Grant X(A,T,) because in T,
— there is write operation.
R(A) \\
\ !
A=A- 50 ——
k. . '\
i Way T
1 . Unlockia) |
| locksy
Grant S(A,T,) because in T, there is
I Shared lock I Rzead operation 2
R(A)
Unlock(A)
m Two Phase Locking

+ The two phase locking is a protocol in which there are two phases :

i) Growing phase (Locking phase) : It is a phase in which the transaction may obtain locks
but does not release any lock.

ii) Shrinking phase (Unlocking phase) : It is a phase in which the transaction may release 1.hé
locks but does not obtain any new lock.
o Lock Point : The last lock position or first unlock position is called lock point.
+ For example -

| .
Lock(A) i et
LDCk(B) I Lo:':s : e
l . o released
g S (Shrinking
l el phase)
_ Lock I
Point | /J :
.
4 uTmnsqcﬁon \ m::s .
] Unlo(;k(A) | ‘begins
Unlock(B) I
Ulllogk(c) T
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Consider fouowing %‘_/E/—_
T, /
Lock-X(A) . Lock-SEB)
Read(A) Read(B)
. A=A-50 Unlock-S(B)
Write(A) R o S S
Lock-X(B)
i Unlock-X(A)
B=B+100 Lock-S(A)
Write(B) Read(A)
- Unlock-X(B) Unlock-S(A)

The important rule for being a two phase locking is - All Lock operations precede all th,
unlock operations. -
In above transactions T, is in two phase locking mode but transaction T, is not in two phase
- locking. Because in T,, the Shared lock is acquired by data item B, then data item B is read and
then the lock is released. Again the lock is acquired by data item A , then the data item A is read
-and the lock is then reloased. Thus we get lock-unlock-lock-unlock sequence. Clearly this is not
possible in two phase locking.
Examle 7.7 [T T R T
* Solution :

* Serializability is mainly an issue of handling write operation. Because any inconsistency may
only be created by write operation.

* Multiple reads on a databas item can happen parallely.

* 2-Phase locking protocol restricts this unwanted read/write by applying exclusive lock.
Moreover, when there is an exclusive lock on an item it will only be released in shrinking
phase. Due to this restriction there is no chance of getting any inconsistent state.

The serializability using two phase locking can be underst

ood with the help’ of followir3
example s ed

T Technical Publications -An up thrust for knowledge

o hase M,,'nagement Systems

Transactlon Processing

ConSid“ two transactions

E et | "2

R(A)
R(B)
—

v |

. Now we will apply two pha;
Sp Phase locking. That means we will apply I ks in growin
and shrinking phase e P

A

U R
Lock-S(A)
 ————

R(A)

|

Lock-S(A)
R(A)

Lock-X(B)
R@E)
WE)

Unlock-X(B)

Unlock-S(A)

Note that above schedule is serializable as it prevents interference between two transactions.
The serializability order can be obtained based on the lock point. The lock point is either last

lock operation position or first unlock position in the transaction.

The last lock position is in T, then it is in T,. Hence the serializability will be T,->T, based on -

* lock points, Hence The serializability sequence can be R,(A);R,(A)iR,(B);W,(B)

Advantages of two phase locking

(1) It ensures serializability.

Dlsadvantages of two phase locking protocol
(1) It leads to dealocks.
() I leads to cascading rollback.

: Anupwug/akmlﬂ‘ﬂ’ge
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oot : When T, writes value of C thep only T Transaction Processing
. Problems in two phase locking - acti i ©an read i
phese o problems —deadlock and cascading roll ooy o iansaction T an read it But i e -+ 10 i And when T, writes the value of C then
The two phase locking protocol leads to : locki - ets failed. 'Bsaction T, gets fajleq th . ;
pot be solve d by two phase locking. Deg, dloct . T and T, 8 en automatically transactions
(1) Deadlock : The deadlock problem c20 -ons have got a lock and waitin iy : ‘ .
situation in which when two of more transactions have g g for anog, The simple two phase locking does not solye th,
locks currently held by one of the other transactiors. " | apemof cascading Rollback o typeg o " Laseading rollback problem. To solve the
ase lockin, i
* For example I Y R SRR w Types of Two Phase Locking g mechanisms can be used.
g A S .
T, T
’ | hase locking : .
— strict two phase locking : The gy -
. 3 ) . t 2PL protocol is a basi
Lock-X(A) __,‘mﬂ— . exclusive mode locks be held untjj thy A Ssiet ghase peokecal bt Al the
¢ transaction commits. That means in other words all
Read(B) exclusive locks are unlocke,
Read(A) the cked only after the transacti
_.’_——_—_— that if T has exclusive ]ock’ then T. wi ction is committed. That also means
A=A_50 B=B+100 ! N b ot ™ T, will release the exclusive lock only after commit
i tion, then only other tr: ion i :
" _ opera : Only other transaction is allowed to read or write, For example - Consider two
Write(A) transactions
”———~\\ ,,f"‘\\ ) T T
/ Y 7 . M ' b :
+ Delayed, wait ;" Delayed, wait \\ o W(A)
'l for T, to Vo for T, to \ A L
y  release Lock : ! releaseLock | } v £
\ onB AN I onA ,' " If we apply the locks then
AY 4 \ . 7
\} R . / e - U T T,
'~ - -=- Lock-X(A)
2 Cascadin : AT W)
(2) Cascading Rollback : Cascading rollback is a situation in which a single transaction failure " Commit
leads to a series of transaction rollback. For example — S .
- Unlock(A)
T, ] T, T,
3 Lock-S(A)
Read(A) R(A)
Read(®) ‘ : s 7 . Unlock-S(A) ' )
e : ‘ Thus only after commit operation in Ty, we can unlock the exclusive lock. This ensures the
=A+ A . e goer : '
_ strict serializability. . Lis i
Write(C)’ ) ) ;i ~ Thus compared to basic two phase locking protocol, the advantage of strict 2PL protocol is it
N R ensures strict serializability. pase locki tocol. Here all locks are
ead(C) o .. This is stricter two phase locking pro .
: @) Rigorous two phase lockmg : This 1S.ts The transactions can be seriealized in the order in
Write(C) B * to be held until the transaction co! -
—_— which they commit.
" Read(C) ;
s T\T\—/—/ w
T : ‘echnical Publications .Mupmhknomedge - T Technical Publications Anup
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example - Consider transactions

RA)
R(B)
W(B)
B
I

Lock-S(A)

If we apply the locks then

R(A)

Lock-X(B)

R(B)

W®) .

Commit

_ Unlock(A)

\ Unlock(B)

Thus the abov_e transaction uses rigorous two phase locking mechanism

onsider. the [ollowing tWo Tarsactions

! i Traj A “‘
v ra e [
 golution * »

7
T

-29 ’
Transaction Processing

Read(B) Read(A)
if A=0 then B=B+] if B=0 then A=A+1
Write(B) . Write(A)
Unlock(A) Unlock(B)
Commit Commit
Unlock(B) Unlock(A)

- This is lock-unlock instruction se ’
) quence help to satisfy the requi i
locking for the given transactions. fy the xequirements for srict o phase

‘The execution of these transactions result i i »
. . in deadlock. Consider followi i i
scenario which leads to deadlock. llowing pertel exeefios

. al Publications - . pn upﬂ'vusuorkmmedge

T, Technical Ppublications

T T, J
Lock-S(A) Lock-S(B)
Read(A) Read(B)
Lock-X(B) Lock-X(A)
Now it will wait for T, to Now it will wait for T, to
\rfelease exclusive lock on A release exclusive lock oQ

 ceviow uetions
1. Explain two phase locking with its advantages and disadvantages
; GTU : Winter-12, 17, Summer-13, Marks 7

the strict two-phase locking protocol solve three

[GTU : Summer-17, Marks 7}

in lock based. protocol for concurrency control

rrency problem. How does

2 Explain three concu
Problems of concurrency? Explain with examp le.

3. Explain various types of locks used

_A"upmforkmwfe@e . .
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ive Jock. i

and exclusi GTU Summer-18. Winter-18, Marls 3

'1 GTU: Summer-ls» Winter-15, 18’Maﬂ(s Py

pmf‘;MCOI GTU : Summer-18, Winter-18, Markg 3
prol loCoL .

Database M: t Systems
4. Wirite differences betiween shared lock

5. Write a note on two phase locking !
6. Write a note on - two phase commil
GTU: D

EX] Time Stamp based Scheduler " hich the order of transaction is decigey ;

« The time siamp ordering protocol 1 & schent B dules are serialized according ¢ "
advance based on their timestamps. Thus the schedu : 0 thejy
timestamps.

o The timestamp-ordering protocol €ns

executed in timestamp order.

A larger timestamp indicates a m!

transaction while lesser timestamp in

« Assume a collection of data items that are

transactions.

For each data item X the DBMS maintains the following

o RTS(X): The Timestamp on which object X was last read (by some transaction T; , i.e.,
RTS(X):=TS(T,) [Note that: RTS stands for Read Time Stamp]

© WTS(X): The Timestamp on which object X was last written (by some transaction T}, i.e,,
WTSO():=TS(’1‘J.)) [Note that: WTS stands for Write Time Stamp]

ec.-06, Winter-14, Summer-14, May, - >

ures that any conflicting read and write operationg e

ore recent transaction OF it is also called as Younger

dicates older transaction
accessed, with read and write operations, by

values: —

For the following algorithms we use the following assumptions: — A data item X in the database

has a RTS(X) and WTS(X). These are actually the timestamps of Read and write operations

" performed on data item X at latest time.

o A transaction T attempts to perform some action (read or write) on data item X on some
timestamp and we call that timestamp as TS(T). :

« By timestamp ordering algorithm we need to decide whether transaction T has to be aborted or

.

T can continue execution.
Basic Timestamp Ordering Algorithm

Case 1 (Read) : Transaction T issues a read(X) operation

i) IfTS(T)< WTS(X), then read(X) is rejected. T has to abort and be rejected.

ii) IfWTS(X) < TS(T), then execute read(X) of T and update RTS(X).

Case 2A(erta) : Transaction T issues a write(X) operation .

i) If TS(T) < RTS(X) or if TS(T) < WTS(X), then write s rejected

if) FRTS(X) < TS(T) or WIS(X) < TS(T), then execute write(X) of T and update WTS(X).
. |

T » Technical Publications - An up thrust for kno, wledge

RTS(X) and WTS(X) is initially = 0

Then RTS(X)=10, when transaction T, executes

After that WTS(X) =20 when transaction T, executes

Now if Read operation R(X) occurs on transaction T, at TS(T,)=10 then

TS(T,) i.e. 10 <WTS(X) i.e. 20, hence we have to reject second read operation on T, i.e.

10 Sec 20 Sec
T T,
R(X)
W(X)
TR
it i
‘ This read operation
gets rejected as it
occurs at older
timestamp than the
write operation

two transactions T, and T, with timestamps 10 sec and 20 sec respectively.

10 Sec 20 Sec
T, T,

“RTS(X) and WTS(X) is initially =0
Then WTS(X) =10 as transaction T, executes.

jon T,

Now if Read operation R(X) occurs on transaction T,

(i) Suppose we have

at TS(T,)=20 then

' e ouplcalons. - Anup st for krowedge ;
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0, hence we accept read operation on T,. The franSactig, T
J 2

Transaction Procm,
i,
Database M:

Systems

TS(T,) i.e. 20 >WTS(X) which is 1 e
i e
will perform read operation and now RTS will be upda .
RTS(X)=20 _
_Examople for Case 2 (Write Operation) g .
AR . 4 T2 with timestamps 10 sec and 20 sec Tespectively,
(i) Suppose we have two transactions T1 an

10 Sec 20 Sec
T, !
o |
WX)

TI

RTS(X) and WTS(X) is initially = 0

Then RTS(X)=10, when transaction T, executes

After that WTS(X) =20 when transaction T, executes

Now if Write operation W(X) occurs on transaction T, at TS(T,)=10 then

TS(T,) i.e. 10 <WTS(X), hence we have to reject second write operat'ion onT,ie.

10 Sec 20 Sec
T T,
R(X)
W(X)
WX
__Z"
This write operation
gets rejected as it !
occurs at older
timestamp than the
write operation
at fransaction T,

(ii) Suppose we have two transactions T, and T, with timestamps 10 sec ai

10 Sec 20 Sec
T1 . TZ
RTS(X) and WTS(X) is initially = 0 ’

Then WTS(X) =10 as transaction T, execute.s.
Now if write operation W(X) occurs on hinsacﬁon

nd 20 sec respectively.

T, 3t TS(T,)=20 then

Publications -Anuﬂmﬂ’wkmﬂajge

, T ,,base Management Systems
e

7-33
TS(Ty) i€ 20 >WTS(X) which is 10, hetce e Transaction Processing
. perform write operation and noy WTS wij Accept write operation on T,. The transaction T,

I'be updateq
WISCO=20 et g

antages and Disadvantages of time stamyp ciiert
ng

advantages

1) Schedules are serializable

@ Ne waiting for transaction and hence there is no deadlock situation,
Dl“dvﬂﬂuges )

) Schedules are not recoverable once transactions occur.

) Same transaction may be continuously aborteq or restarted

Review Question

1. Explain time-stamp based protocol.

GTU : Dec 06, Marks 3, Winter-14, Summer-14, Marks 7

peddigek
Deadlock is a specific concurrency problem in which two transactions depend on each other for
something.
For example - Consider that transaction T, holds a lock on some rows of table A and needs to
update some rows in the B table. Simultapeously, transaction T, holds locks on some rows in the B
table and needs to update the rows in the A table held by Transaction T,

Request

Table A Table 8

Now, 'the main problem arises. Now Transaction T, is waiting for' T, to release its lock and
similarly, transaction T, is waiting for T, to release its lock. All activities come to a halt state and
Temain at a standstill, This situation is alled deadlock in DBMS.

Definition : Deadlock can be formally defined as - « A system is in deadlock state if there

eXists a set of transactions such that every transaction in the set is waiting for another transaction

in'the set, “ .
mﬁm
T‘ Technical Publications - An up thust o
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Database Manag Systems Tim?'t’mp is a way of assigning 1+ Transaction Processing
h : for a deadlock to occur a1 . g Prioritieg 10 each transacs ]
ere are four conditions for sitions holds true- ) Jower then ansaction hag higher prioriy, . action when it starts. If timestamp is
A deadlock may occur if all the following con! i - That means oldest transaction has highest
1. Mutual ); jon condition : There must be at least one resource that cannot be y, dby ‘prlorlty Eele . g
. Mutual exclusio : ' For €X -
more than one process at a time. - . T, is a transaction which
2. Hold and wait condition : A process that is holding a resource can Tequest for additiong e c:iOn which requests th dreques's the data item acquireq by Transaction T,. Similarly T is
. : : ¢ data i - 3
resources that are being held by other processes in the s.ystem. s transa ata item acquireq by transaction T,
3. No preemption condition : A resource canoot be forcibly taken from a process. Oply the \ Is=8
process can release a resource that is being held by it. .
4. Circular wait condition : A condition where one process 15 weut‘.“.g for a resource g is Request Request
being held by second process and second process is waiting for third process ....s0 o and
the last process is waiting for the first process. Thus making a circular chain of waiting,
Deadlock can be handled using two techniques — 3 e . TS=5 TS=10
1. Deadlock prevention 2. Deadlock detection and deadlock recovery Here TS(T,) i.c. Time stamp of T, is less than TS(T,). In other words T, is older than T,
: . - Hence T, is made to wait while T, is rolledback.
1. Deadlock prevention : 3
- For large database, deadlock prevention method is suitable. A deadlock can be prevented if the (il) Wound- wait : ‘ ' . o
resources - are allocated in such a way that deadlock never occur. The DBMS analyzes the o In wound wait scheme, if the older transaction requests for a resource which is held by

the younger transaction, then older transaction forces younger one to kill the transaction

operations whether they can create deadlock situation or not, If they do, that transaction is never and release the resource. After some delay, the younger transaction is restarted but with

allowed to be executed. the same timestamp. .
There are two techniques used for deadlock prevention - o If the older transaction has held a resource which is requested by the Younger
' : ] ' transaction, then the younger transaction is asked to wait until older releases it.
~ (i) Wait-Die : .

Suppose T, needs a resource held by T, and T; also needs the resource held by T,, with

e In this scheme, if a transaction requests for a resource which is already held with . . .
a > aeady e Wi e TS(T,)=5, TS(T,)=8 and TS(T,)=10, then T, being older waits and T, being younger dics. Afier

conflicting lock by another transaction then the DBMS simply checks the timestamp of

. joni i timestamp.
both transactions. It allows the older transaction to wait until the resource is available the some delay, the younger transaction is restarted but with the same timestamp.
for execution. : : This ultimately prevents a deadlock to occur. A
*  Suppose-there are two transactions T; and T; and let TS(T) is a timestamp of any To summarize Ty
. transaction T. If T, holds'a lock by some other transaction and T, is requesting for ' Wait-Die Wound-wal
resources held by T, then the following actions are performed by DBMS : Older transaction needsa | older transaction waits younger transaction dies.
o Check if TS(T) <TS(T;)- If T, is the older transaction and T. has held some resource, data item held by younget
then T; s allowed to wait until the data-item is available for cxecuti i th ata e RelCY Y
| g s available for execution. That means if the . ; — |
) B o ) Iy
older transaction is waiting for a resource which is locked by the younger transaction, | transaction. . | o dies | Youngertransaction die.
then the older transaction is allowed to wait for resource until it is available Younger transaction needs 8 | Younger 28
: o 'Checl.(t.lf TfS(T pJ fh TS'(;‘ - I T; is older transaction and has held some resource and if T; X data item held by older oy L"____
. is waiting for i " is ki o : L____-——’"
, g for it, then T; is killed and restarted later with the random delay but with the 2 @on”/_ v

same timestamp.

Technical Publication™ fo——— - t - dons. - An
T ' , Technical Publications ""”””“'Sf’wkwmdge - : T- Technical Publica
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2. Deadlock detection :

* In deadlock detection mechanism, an 81g°! ire
periodically to determine whether a deadlock has 0¢C!

detected, then the system must try to recover from it.
.+ Deadlock detection is done using wait for graph method.

Database M:

Jithm that examines the state of the system i invok,
d or not. If deadlock is OCCurrene, d
I3

Wait for graph
o In this method, a graph is created based on the
graph has a cycle or closed loop, then there is a deadlock.
ed by the system for every transaction which is Waiting fo,
g the graph if there is any cycle j,

ction and thefr lock. If the createq

o The wait for the graph is maintain .
some data held by the others. The system keeps checkin

the graph.
o This graph consists of a pair G =
o The set of vertices consists of all the transactions in the system.

© When transaction T, requests a data item currently being held by transaction T, then the
edge T;— T; is inserted in the wait-for graph. This edge is removed only when transaction
T; is no longer holding a data item needed by transaction T; .

(V, E), where V is a set of vertices and E is a set of edges,

For example - Consider follo‘wing transactions, We will draw a wait for graph for this

scenario and check for deadlock.

T1 T2 :
R(A) .
o R(A)
W(A)
R(B)
W(A)
W(B)

We will use three rules for designing the wait-for graph-
Rule 1 : If T, has Read operation and then T, has Write operation then draw an edge T,->T.
17
Rule 2 : If T, has Write operation and then T, has Read operation then draw an edge T,->T,
; ) 17

Rule 3 : ITT, has Write operation and then T, has Write operation then draw an edge T
ge ly

->T,.

. B i r—

. -An up thrust for know]gdge

) i ; :'DmW vertices for all the transactjopg
o )

(anagement oystems
pase M
pal!

Lot s draw wait-for graph

7-37 : .
Transaction Processin

2: We find the Read-Write Pair from tyq different
nf

steP

oo™ If such as pair is found then we vy add the edgis b transactions reading from top to
es

etween corresponding directions. For

jstence” — .
. T ﬁ
RA)
RA) |-
W(A)
RB) N
W(A)
W(B)
step 3:
3 T T,
R(A)
JR(A)
G ®
R(B)
WA)
W(B)

As cycle is detected in the wait-for graph there is no need to further process. The deadlock is

present in this transaction scenario. ) L o
Example 7.9.1 7f£§mﬁo?h§é%ﬂm?lmglﬂdsmdaﬂoﬁgg« sy

Solution : Following scenario of execution of transactions can result in deadlock.
' T, T,
L

Lock - S (A)
| Lock=S4A) |

Lock-S (B)
I ekt

AN . Read (B)
I B =

I

l

. These two instruc'tionsﬁi Read (A)
| o=
cause R
a deadlock situation (-XB)
RESLE

plications - AnUp thrust for knowledge

T‘. Technical P
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Database Management Systems : item B and then trangag,,
lo

xclusive lock o data

. . es an ¢
In above scenario, transaction T, make
em A. Here un

¢ it. Similarly unless 2

less and until Ty does not give up ¢, o

" T, makes an exclusive lock on data it nd until T, does not give up the log

(i.. unlock) on B; T, cannot read / writ

on A; T, cannot read or write on A.

This is a purely deadlock situation in tw

Review Question

i s w0
| 1. Whatis deadlock ? When it occurs and how to avoid it

o phase locking.

GTU : De

Multi-version and Optimistic Concurrency Control Schemes
tained by either delaying an operation or 3boning e
a read operation mdy be delayed becayg, he

-« Normally the serializability can be main
transaction that issued the operation. For example, : )
appropriate value has not been written yet; or it may be rejected. Sometimes the value thay W

supposed to read has already been overwritten. .

« These difficulties can be avoided if old copies of each data item were kept in system.

« In multi-version concurrency control scheme, each Write(X) operation creates a new versiop of
data item X. When transaction issues Read(X) operation, the concurrency control manager
selects one of the version of X to be read. ’

« The concurrency control scheme must ensure that the version to be read is selected in suchs
manner that the serializability is ensured.

[ETE] Multi-version Timestamp Ordering

* Assume X, , X, , ..., X are the version of a data item X created by a write operation of
transactions. - '

Note that the new version of X; is created only by a write operation.
¢ WitheachX;a RTS (read timestamp) and a WTS (write timestamp) are associated.
o Let,

o RTS(X) : The read timestamp of X, is the large
have successfully read version X;

o WTS(X) : The write timestamp of X; is the larg

have successfully written the value of version X.
s

st of all the timestamps of transactions that

est of all the timestamps of transactions that

* To ensure srializability following rules are used -

Rule 1: lij transaction'I: issues read(X), find the version i of X that has.the highest WTS(X)
of all versions c?f X that is also less than or equal to TS(T), th date ¢
RTS(X) respecively. , then accept the read and up

: Technical Publicati
- ons - Anup thrust for knowledge
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o ZVCIIS"":;::?;(( lt‘:):trl;sis:l:(e)slrs:i::ix) then fing the version :‘>f X has the highest WTS(X.) .

‘f“a'ta‘:k'T; 1 0r equal 1o TS(T), and TS(T) < RTSFXi)’ then abort and
qantag®:

) Seﬁaliza?ility is maintained

g|sadvantages :

More storage is needed.

0]

limited grow i ’
oT check un growth of versions, a garbage collection is run periodically.

@ Optimistic Concurrency Contro| Scheme

, This is a bco.ncrlrrency technique which assumes that the conflicts are less and therefore it is
called optimistic concurrency control scheme.
. The basic idea of optimistic concurrency control scheme is that - a schedule is checked against

serializability only at the time of commit operation. If non serializable schedules occur then the
transactions are aborted. .

-+ This control scheme works in three phases during transaction processing —

(1)) Read phase : during transaction processing all necessary values are read and stored in local
variables. All the updates are made on these local variables only and not on database.

(2) Validation phase : After reading phase comes a validation phase. During'this phase, it is
checked if the values stored in in the local variables can maintain the serializability if we
update them to actual database. If any interference occur with these values of local variables.
If there is serializability is ensured with these values present in the local variables then the
transaction proceed for write phase.

() Write phase : This phase occurs only after successful validation phase. In this phase the
updated values present in the local variables will be written to the database.

Advantages
()1t is efficient .
() Serializability is maintained. '

Disadvantages
(1)1t has to process all three phases, for each transaction.

2) More storage is needed to maintain data in local variables. ‘ ‘

. . -
rechnicaIPublicalians - An up thrust for kno! edge
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Database Recovery

May-12. Summer-13-14'18' Winter-14. 18, ‘Markﬂ

GTU : Dec.-06, June-08, M <
scheme that can restore the databag, forg

o An integral part of a database system i3 recovery
consistent state that existed before the failure. th t means, it must minimj
al > 124 9
« The recovery scheme must also provide high availability; © the tip,

for which the database is not usable after a failure.

Failure Classification
- Various types of failures are -

1) Transaction failure : Following are two types of errors due to which the transactiog gels

failed.
« Logical error :
i) This error is caused due to internal conditions such as bad input, data not found, overfloy o
resource limit and so on. ’
i) Due to logical error the transaction can not be commued
e System error :
i) When the system enters in an undesired state and then the transaction can not be continyeg
then this type of error is called as system error.

2) System crash : The situation in which there is a hardware Vmalfunction, or a bug in the
database software or the operating system, and because of which there is a loss of the content
of volatile storage, and finally the transaction processing come to a halt is called system crash.

3) Disk failure : A disk block loses its content as a result of either a head crash or failure during

. a data-transfer operation. The backup of data is maintained on the secondary disks or DVD to
recover from such failure.

Storage

A DBMS stores the data on external storage because the amount of data is very huge and must
persist across program executions.

The storage structure is 2 memory structure i in the system 1t has following categories -
1) Volatile :
Volatile memory i a primary memory in the system and js placed along with the CPU.

These memories can store only small amount of data, but they are very fast. For example - maid
memory, cache memory.

« A volatile storage cannot survive system crashes
» ‘That means data in these memories will be Jost on failure,

; 0 -
lr Technical Publications

=An up thrust for knowledge
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Non vVolatile ; Transaction Processing

Noﬂ volatile memory is a SCCOndary memg
pemorys magnetic tapes, ™ and is huge in size, For example : Hard dxsk, Flash

.. These memorics are designed (o withstang gygyory h
Crashes.

g stabte :

: [nformation residing in stable storage is never Jost

, To jmplement stable storage, we replicate (he info
- sually disk) with independent failure modes.

stable Storage Implementation.

, Stable storage is a kind of storage on which the information résiding on it is never lost.

. Although stable storage is theoretically impossible to obtain it can be approxxmately built by
applying 2 technique in which data loss is almost impossible.

o That means the information is replicated in several monvolatile -storage media with
independent failure modes.

« Updates must be done with care to ensure that a failure during an update to stable storage does
not cause a loss of information.

[Ak&] Recovery with Concurrent Transactions

There are four ways for recovery with concurrent transactions :

1) Interaction with concurrency control : In this scheme recovery depends upon the
concurrency control scheme which is used for the transaction. If a transaction gets failed,
then rollback and undo all the updates performed by transaction. .

2) Transaction Rollback :
transaction can be rolled back with the help of log. The system scans, the log backward, and
with the help of log entries the system can restore the data items.

. _3) Chéckpoints : The checkpoints are used to reduce the number of log records. -

4) Restart recovery : When the system recovers from the crash it constructs two lists : Undo-
transactions to be undone. The redo list consists

list and Redo-list. The undo list consists of o
of transactions to be redone. These two Jists are handled as follows

In this scheme, if the transaction gets failed, then the failed

$tep 1 2 Tnitially both the lists are empty-

Step 2 : The system sca
first checkpoint record.

T. Technical Publcation’®

the log entries from backwards. It scans each entry until it finds
ns .
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Database Management Systems % | The fog contains various fields assh Transaction Processing
' Shown i f, )
0 ol g 2
[ETE] Shadow Copy Technld’® is to update the database firg; operation owing Fig. 7.11.1. This structure is for <update>
transaction that wan Create,
« In the shadow-copy scheme, 2

complete copy of the database.

New Value |-
of Data Item

Tralrlns?;;xon Dataltem Old Value of
ue o
me Data Item

. 101 l
ew database COPY leaving the origina ICOPY, the Shagy, For example : The sample log file js
.

o All updates are done on the n

copy, untouched.
.« If at any point the transaction has to be aborted, the syste

old copy of the database has not been affected. . -

« - The current copy of the database is identified by a pointer, called db-pointer, which is storeq i
disk.

« Ifthe transaction partially commits, it is committed as follows :
o First, the operating system is asked to make sure that all pages of the new copy of the

database have been written out to disk.

m merely deletes the new copy. 1, 1, Start>

| 4 Tl,a:10720>

Here 10 Tepresents the old value before commit
Operation and 20 is the new value that needs to be

) updaf
<T,, Commit> pdated in the database after commit operatlon

Fig. 7.11.1 Sample log file

The log must be maintained on the stable storage and the entries in the log file are maintained

o After the operating system has written all the pages to disk, the database system updates the pbefore actually updating the physical database,

pointer db-pointer to point to the new copy of the database

There are two approaches used for log based recovery technique - Deferred Database
o The new copy then becomes the current copy of the database. . Modification and Immediate Database Modification

o The old copy of the database is then deleted.

-

. Deferred Database Modification :
o The transaction is said to have been committed at the point where the updated db-pointer
is written to disk.

In this technique, the database is not updated immediately.

Only log file is updated on each transaction.
o The disk system guarantees that it will update db-pointer atomically, as long as we make
sure that db-pointer lies entirely in a single sector.

" When the transaction reaches to its commit point, then only the database is physically updated
from the log file.
Where is shadow copy technique used ?
o Shadow copy schemes are commonly used by text editors.

o Shadow copying can be used for small databases.

In this technique, if a transaction fails before reaching to its commit poini it will not have
changed database any\vay Hence there is no need for the UNDO operation. The REDO
operation is required to record the operations from log file to physical database. Hence deferred

database modification technique is also called as NO UNDO/REDO algorithm.
[ALE] Log Based Recovery Approach For exampl '
: » _ . mple :
* Log is the most commonly used structure for recording the modifications that as to be madeit Consider tw: tions T, and T, as follows :
the actual database. Hence during the recovery procedure a log file is maintained & o ! :
e A log record maintains four types of operations. D i ions thet
. Depending upon the type of operations ¢
are four types of log records- i o ’ Red (A, | RO
_ _ =c-20
1. <Start>Log record: It is represented as <T., Start> » » AN c(C2 )
l . : Wwrite (G, ¢
2. <Update> Log record ) . (;':: '
d (B, b).
3. <Commit> Log record : It is represented ag <T;, Commit> :ei b(+ 1
4. <Abort> Log record : It s represented as <T, Abort> write (B, b)
T 4 Technical Publicatons " - A 4y Fer . l T Tachnical publications - A1 4P
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=100,B=2002and C= 300, the
n Iht

Database Mz Systems

e of A
IE T, and T, are executed serially with iitial values

state of log and database if crash occurs
a) Just after write (B, b)
b) Just after write (C, )
¢) Justafter <T,, commit>
The result of above 3 scenarios is as follows :
Initially the log and database will be

I—
.__w’gé Database
<T,, Start>
<T,A, 90>
<T, B, 210>
’ <T, Commit>
A=90
A B=210
<T,, Start>
<T,, C, 280>
<T,, Commit> .
C=280

a) Just after write (B, b)
Just after write operation, no commit record appears in log. Hence no write operation is
performed on database. So database retains only old values, Hence A = 100 and B = 200
respectively.
Thus the_ system comes back to original position and no redo. operation take place.
The incomplete transaction of T, can be deleted from log.:

b) Just after write (C, c)

The state of log records is as follows

Note that crash occurs before T, commits At this poj i i
values of A and B are written fzi'om lo, S pout T, is completed successfully, 50 *

X 8 to database, But as T. j imi re is 00
redo (T,,) and the incomplete transaction T, can be deleted ﬁ'°m21: not committed, the’
The redo (T,) is done as < T, &

commit> gets execyted - =10 and
C =300 are the values for database, - Therefore A = 90, B

Pu =
bleatons “Anp thrust for knowtedge

e

ki

palab"se Management Systems

) Just after <T,, commit> Transaction Processing

“The log records are as follows :
< T, Start>
<T,, A, 90>
<T,,B,210>
<T,, Commit>
<T, Start>
. <T,,6,280>
< Tz’ Commit>
—— Crash occurs here
Clearly both T, and T, reached at commit point and then crash occ

urs. So both redo (T,) and
redo (T,) are done and updated values will be A = 90, B=210, C =280,

2. Immediate Database Modification :

In this technique, the database is updated during the execution of transaction even before it
reaches to its commit point. :

If the transaction gets failed before it reaches to its commit point, then the a ROLLBACK
Operation needs to be done to bring the database to its earlier consistent state. That means the
effect of operations need to be undone on the database. For that purpose both Redo and Undo
operations are both required during the recovery. This technique is known as UNDO/ REDO

technique. ) .
For example : Consider two transaction T, and T, as follows :
' T, T,
Read(A,a) Read(C, )
a=a-10 c=c-20
Write(A, a) Write(C, ¢)
Read(B, b)
b="b+10
Write(B, b)

I .
i = = d C =300
Here T, and T, are executed serially. Initially A =100, B=200 an |

If the crash occurs after
- ) Just after Write(B, b)

T Technical Publ

i) Just after Write(C, ¢) i) Just after <T,,Commit>
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Database M: Systems 7-47
-3 . e result of above three seer. . fter <T. . Transaction Process
Then using the immediate Database modification approach th eharjg, e) Jus:‘:o tmsa; 'Col;mlb : When he Ssem comes bk o ing
are ion . ack from thi h, it that the
can be elaborated as follows : 1 400, wity both start ang commit points, T;xs tc s ;ees d T, :er:
. . . . That means T, and T, n
The contents of log and database is as follows : 210andC= 280 1 2

patabase
Log

500  vten hatnever il s recovery anager g

[

<T,,A,100,90> A=90 T : I . W GTU : Dec..05, 06, Marks 3

-though
) Yes. Even-though the database System never fails, the Tecovery manager is required for this

210> =
<T,,B,200, - B=210 system.
uring the transaction processj : .
E— @ During back processing some transactions might be aborted. Such transactions must
,»Col be rolled back and then the schedule is continued further.
Start> : .

<T, (3) Thus to perform the rollbacks of aborted transactions recovery manager is required.
<T,,C,300,280> 2

:

C=280

<T,,Commit> r:’Mat Is redo and undo operation ?

The rec h techniques - 2. Explain system recovery procedure with checkpoint record.  [STEET T SER AP
e recovery scheme uses two recovery techniq o e b g 3. Explain log based recovery and mention all its types.

: jon T. if the log contains <T,,Staj t . . -

) UNDO (T :The transction Ty peedsito beiumdons e T ut does 4. Explain immediate database modification log based recovery method. Also explain role of
not contain <T,,Commit>. In this phase, it restores the values of all data items,updated by T, check point in log base. GTU : March-10, Marks 7, Winter-14, Marks 5
to the old values. ; 5. What is log based recovery ? Explain immediate database modification technique for database

ii) REDO (T) : The transaction T; needs to be redone if the log contains both <T,,Start> and recovery .

- <T,Commit>. In this phase, the data item values are set to the new values as per the L GIU 2 Dec06, Marke S Lune 08, Marks . Summer18_iWinter 18 Marke .
transaction. After a failure has occurred log record is consulted to determine which 6. Explain log based recovery and shadow paging technique.

transaction need to be redone.

a) Just after Write (B, b) : When system comes back from this crash, it sees that there is ;
<T,, Start> but no <T,, Commit>. Hence T, must be undone. That means old values of A ‘| @1  What is a transaction ?

and B are restored. Thus old values of A and B are taken from log and ‘both the Ans. : A transaction can be defined as a group of tasks that form a single logical unit.
transaction T, and T, are re-executed. N
Q2  What does time to commit mean ?

Ans. : e The COMMIT command is used to save permanently any transaction to
d or Write operations to the database then those changes can be
nt, we should make use of A

Oral Questions and Answers

b) Just after Write (C, c): Here both the redo and undo operations will occur. database.
¢) Undo : When system comes back from this crash, it sees that there is <T,, Start> but 10
<T,, Commit>. Hence T, must be undone. That means old values of C is r;;tored. * When we perform, Rea
Thus old value of C is taken from log and the transaction T. undone by rollback operations. To make these changes permane

is re-executed.
d) Redo : The transaction T, must be d : i
one ] d commit

pydird | as log contains both the <T, ,Start> an : baac, yetoms medintalne to

h i 1r tion that the d
Q3 What are the various properties of
ensure integrity of data.
: OR  What are ACID properties ?

A
- re‘.nmc,[ ﬁlﬂ”ﬂﬂ"o’ S
T |

So A=90,B=210and C =300
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D: Manag Systems D prorety 5 mioet the cons All the operations of transactig, T da Traasaction Frocessing:
- intain ACID P! iste, { A R ) on data j
Ans.: In a database, each transaction should maintait ey msacthﬂ T, all the operations on at, items A lems A and then B executes and then in
and integrity of the database. These &%® 4) Durability » and W stands for write operation, and B exccute. The R stands for read dperation
(1) Atomicity (2)Consistency (3) Isolation ( When are two sched
Q4 Give th aning of the expression ACID transaction- . a1l ules conflict equivalent ?
X ve the meaning o 2 : .
‘Ans. : The expression ACID transaction represents the transaction that follows the Acyy, pns. : Two schedules are conflict equivajep i,
Paopertics ! .- They contain the same set of the transaction
tion. ir of conflicti ions i '
Q5  State the atomicity property of a transac . 3 . Everypa ing actions is ordered
. idered as a single unit and . ted the same way.
saction must be cpnsn must e e Define two phase locking, Y.

Ans. : This property states that each tran
completed fully or not completed at all.
No transaction in the database is left half completed. . ' ;
; j Growing Phase (Locking Phase) : It is 2 phase in which the transaction may obtain locks
but does not release any lock.

Ans. : The two phase locking is a protocol in which there are two phases :

Q.6 What is meant by concurrency control ?
Ans. : A mechanism which ensures that simultancous execul
does not lead to any database inconsistencies is called concurrency

tion of more than one transactiopg
ConthI mechanism. jiy Shrinking Phase (Unlocking Phase) : It is a phase in which the transaction may release the

Q7 What is the need for concurrency control ? locks but does not obtain any new lock.

Ans. : Following are the purposes of concurrency control - @13 What is the difference between shared lock and exclusive lock ?
o To ensure isolation Ans.: '
o To resolve read-write or write-write conflicts
. Shared Lock Exclusive Lock
o To preserve consistency of database ] ) -
Shared lock is used for when the transaction Exclusive lock is used when the transaction wants to
wants to perform read operation. perform both read and write operation.

Q.8 List commonly used concurrency control techniques.
Only one exclusive lock can be placed on a data

item at a time.
Using exclusive lock data can be inserted or deleted.

Multiple sharéd lock can be set on a transactions
Itaneously.
Usiﬂg shared lock data item can be viewed.

Ans. : The commonly used concurrency control techniques are —
i) Lock ii) Timestamp iii) Snapshot Isolation
Q9 What is meant by serializability ? How it is tested ?

Ans. : Serializability is a concept that helps to identify which non serial schedule and find the
transaction equivalent to serial schedule. : : . - | @14 What type of lock is needed for insert and delete operations.
Ans. : The exclusive lock is needed to insert and delete operations.
de ? What disad result ?

It is tested using precedence graph technique.
Q.10 What is serializable schedule ?
Ans. : The schedule in which the transactions execute one after the other is called serial

Q.15 What benefit does strict two-phase locking p

Ans. : Benefits :
en by an uncommitted transaction are locked in exclusive

schedule. It is consistent in nature. For example : Consider following two transactions T, and T, | This ensure that any data writt
L mode until the transaction commits and preventing other transaction from reading that data .
RA) | - : . )
W((A)) 2. This protocol solves dirty read problem.
Disa :
R(B) dvantage
: 1. Concurrency is reduced.

ase locking protocol ?

ase locking protocol. Here

W(B) A
all locks are to be held until the

R(A) Q16 What is rigorous two ph
Ans. : This is stricter two Pl

W(A)
transaction commits.

4 ' . R@®) . |
= e . e
| g . Techm'calPumicaﬁons -Anupywstrofknowedge .
' —
T o ~Anup thyust for knowtedge i T ) -
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Database Manag Sysw

nd rigourous £ P12

17 D £ two phase locking & i .
Q ifferentiate stric p! all the exclusive mode locks be held ungj) the

Ans. : o In Strict two phase locking [01'0“'»““"l
transaction commits. -
« The rigourous two phase locking Pr
Here all locks are to be held until the transaction

tocol is stricter than strict tWO phase locking Protocy)
o .

commits.

Q.18 Define deadlock.
Ans. : Deadlock is a situation in which when
waiting for another locks currently held by one 0

{wo or more transactions have got a lock apg

f the other transactions.

Q19 List four conditions for deadlock.
Ans.:

1. Mutual exclusion condition 2. Hold and wait condition

3. No preemption condition 4. Circular wait condition

Q20 Why is recovery needed ? :
Ans. : e A recovery scheme that can restore the database to the consistent state that existed

before the failure.
base to its users.

« Due to recovery mechanism, there is high availability of data

m[ua]

T i B Technical Publications - Anup thrust for kno Wledge

—

Database Secuﬁty
—_—

Syllabus
. Authentication, Authorization ang

detection, SQL injection. access control, DAC, MAC and RBAC models, Intrusior

Contents
8.1 Basics pf Databése Security Marks 2
82 Authentication, Authorization and Access Control...Summer-17, Winter-12 .......Marks 7
83 DAC, MAC and RBAC modes................... Dec.-09, May-11, Winter-14

S 13, Marks 7

8.4 Intrusion Detection
8.5 " saL Injection

M} Questions and Answers

- 8-
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SPPU : May-11, Ma'ksz

" KAl Basics of Database Security . . :
-D finition : Database securitis a technique (hat dests with protection of data sy
efinition : al aSH - P f

unauthorized access and protection. .
Datab iy is an important aspect for any database maniagement SYSICM as it dealg
atabase security is an i
-sensitivity of data and information of enterprise.

" Database security allows or disallows users from performing actions on the database objecys

Types of Security

Database security addresses following issues — .

(1) Legal Issues : There are many legal or ethical issues \_vith_ ICSPC.Ct to right to accesy
information. For example — if some sensitive information is present in the databz.ase, then j;
must not be accessed by unauthorized person. ;

(2) Policy Issues ': There are some Government or organizational policies that tells us what king
of ihformation should be made available to access publicly.

(3) System Issues : Under this issue, it is decided whether security function should be hangleg
at hardware level or at operating system level or at database level.

(4)Data and User level Issues : In many organizations, multiple security levels are identifieg
to categorize data and users based on these classifications. The security policy of
organization must understand these levels for permitting access to different levels of users,

Threats to Database

Threats to database will result in loss or degradation of data. There are three kinds of loss that
occur due to threats to databa_se

(1) Loss of Integrity :

Database integrity means information must be protected from improper modification.

Modification to database can be pert-‘onned by inserting, deleting or modifying the data.

Integrity is lost if unauthorized changes are made to data intentionally or accidently.

If data integrity is not corrected and work is continued then it results in inaccuracy, fraud, or
erroneous decision.

(2) Loss ‘of Avallabllhy :

* Database availability means making the database objects available to authorized users.

(3) Loss of Confidentiality :

* Confidentiality means protection of data from unauthorized disclosure of infoﬁation

T Technical Publications " . An up thrust for knowledge .

Datapg,
8-2 W

R E———

; ' of data agaj i
jecessary 10 ensure data integriry, =
. integrity is a desired regy]t of data seqy,

rity, but the term data tegri thy
yalidity and accuracy of data rather than the a hemrie G omly o fhe

ct of protecting data.
m Authentication, Authorization and Access Control
SPPU : Winter-12, Summer-17, Marks 7

Au‘mentication

The Cli_em has to establish the identity of the server and the server has to establish the identity of
the client. This is done often by means of shared secrets such as password and username

combination, Personal Identification Number (PIN), or shared biometric data. This process of
establishing identity with DBMS is called authentication

It can also be achieved by a system of higher authority which has previously established
" authentication.

In client-server systems where data is distributed, the authentication may be acceptable from a
peer system. Thus authentication may be transmissible from system to system

Authorization
« Authorization is a technique of granting permission to authorized user to carry out particular

transaction.

« There are several forms of authorization that can be assigned to the user for accessing database.
These are —

o Read Access : This form of authorization allows the user only to read data. User cannot
insért, delete or modify data to database.

o Update Access : This form of authorization allows the user only to update data. User delete
data from database. )

o Insert Aécess . This form of authorization allows the user only to insert data. User cannot

update or delete data from database. -
i data.
o Delete Access : It allows user to delete data only. User cannot modify the existing

e
T. . Technical Publications - An up thrust for knowledg:
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Systems e of audit Trails Database Security
i users — -
« There are different roles in authorization that €2 be given 10

Database M.

c,anP' wants t
. ot ‘ user wants to access .
ini authorization for a yg, When a1y ¢ databg
. s ighest administrative T Us t for himy/ - ease system, 1) - X
1. System Administrator - This is the bighe me database administrator commands SUChu & reate 27 account for himvher. The login he DBA (database administrator) will
o 0
with this authorization can also execute SO (N

e account-
restore or upgrade a database.

A “then enters the correspond )

oo . The user g login id ang "

2. System Control - This is the highest control authorization for a user. This a“°Ws \ system- ; Password and start accessing the database
. ¢ security PUIPOSes a log is maintajpeq )

] io rations on the database tha ¢d by a database system which keeps track of all

id a § .
nd password will be given to him/her on creating

ot direct access to data.
maintenance operations on the database but not direct

3. System Maintenance - This is the lower Jevel of system control authority. It also allgy,

t are applied p
3 Y 2 certain user throughout each
i . ists of the seque R i oughout each login session,
users to maintain the database but within a database manager instance. wh\clh C(i’:sto the fime of?ogzic:go:ffdambase Interactions that a user performs from the time of
4. System Monitor - Using this authority, the user can monitor the database and take SNapshyg logging ’
" - s

& o Itis pm‘?‘:‘;ly ;r:g;nam 10 keep track of update operations that are applied 16 the database

oht. 50 that,.\ e a5 1S tampered with, the DBA can determine. which user did the
tampering.

, If any tampering with the. dat.abase is suspected, then database audit is performed with the help
of this log. Such a log maintained for security purpose is called audit trail.

. During this database audit, all the operations are examined. When an illegal or unauthorized

+ operation is found, the DBA can determine the account number used to perform the operation.

Difference between Authentication and Authorization

Authentication

It checks identity of the user.

Authorization

It checks user’s privileges or access rights to access
resources.

N N e
It verifies user’s credentials. 1t validates user’s permission.

It occurs before authorization.

» Generally, database audits are important for sensitive database systéms.
1t occurs after authentication. ‘

For example — user can authenticate himself for
university examination system by entering login
and password.

Uses of Audit trail
For example — user can access the set of questions

for the quiz based as per the access rights given to
him/her.

(1) For maintaining the security against malicious access to database.
V(2) For recovering lost transaction.

i,

Access Control

* Definition : The most common security broblem is unauthorized access to computer system.
Generally this access is for obtaining the information or to make malicious changes in the
database. The secun't-y mechanism of a DBMS must include provisions for restricting access to
the database system as a whole. This function, called access contrﬁl.

What is the difference between authorization and authentication ? Explain the use of audit trail
GTU : Summer-17, Marks 3
2. What is authorization and authentication ? Explain the access control in database

GTU : Winter-12, Marks 7

The objective of access control system is to control operations executed by user in order 1o
prevent actions that could damage data and resources,

BE DAC, MAC and RBAC Models

‘ . U : Dec.-09,
The usual way of supplying access controls to a database s; -

ystem is dependent on the granting
and revoking of privileges within the database. -

May-11, Summer-13, Winter-14, Marks 7

* There are three types of access control models -
A privilege allows a user to create or access some database object or to run some specifi O Discretionary Access Control (DAC)
DBMS utilities. © Mandatory Access Control (MAC)
9 Role Based Access Control (RBAC)

i s control mechanism.
** Before understanding these access control models let us discuss the acces
erstanding

) P knowledge
. Technical Publicatic z ~atic - Anup thrust for
¥ . nical Publcations - An up thryst for knowledge b Technical Publications
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testi.doc test2.exe testd.com
- Ankita {execute} (execute,read}‘
lexecute, read,
}o- Prajkta {read} {execute} ém'te} Access righs
or privileges

Discretionary Access Control (DAC)

aba;e S
N{
Il

o each relation in the database by granj,
s control mechanism follows an authgp:
Mzaf;,
model. N

The DBMS must provides selective access t
privileges. For granting the privileges, the 2¢°¢S e
model for discretionary privileges known as the access ma

» s and columns. It defines th
¢ progmms)

e access permissions,
The access matrix is a table with row! -
subjects (users, accounts,

o The rows of a matrix M represent ] )
records, columns, VIEWS, operations),

o The columns represent objects (relations, o Lo
o Each position M, j) in the matrix represents the types of privileges (read, write, Update)

subject i holds on object j.

thy

o For example —

Fig. 8.3.1 Access Matrix Model

Discretionary Access Control (DAC) allows each user or subject to control access to their oW
data.

In DAC, owner of resource restricts access to the resources based on the identity of users.
DAC is typically the default access control mechanism for most desktop operating systems.
Each resource object on DAC based system has Account Control List (ACL) associated wi
it.

An ACL contains a list of users and groups to which the user has permitted access together wib

the level of access for each user or group. i

For example — The ACL is an object centered description of access rights as follows —

testl.doc: {Prajka: read)

test2.exe: {Ankita: execute}, {Prajkta: execute}.

test3.com: {Ankita: execute, read}, (Prajkta; execute, read,write}

- Technical Publications " . An up thrust for knowledge

. “\“AJV

agement Systems
pase M2
pal

<ct access is determined dyr; Database Securl
obje? ion and/ N8 access contro] s
identlﬁcatlon or group membership, (ACL) authorization and based on user
DAC a user can onl:
Undel' —— J set access Permissions for Tesources which they alread:
imilarly 2 1cal Use ey a own.
similarly - T A canngy change the access cq " y'
User B- User A can, however, set access permissions on a fil ;‘m"h f;“ o e thats owned by
© that he/she owns.

) p to another USCl’(s),
User may determine the access type of other users

8-7.

User may transfer object ownershj

.
, The DAC is easy to implement accegg control mode],

Ad‘,,nt'ages :

(DR is flexible. _

@ It has simple and efficient access right management,

@) Itis scalable. That means we can add more users without any complexity.

pisadvantages : .

(1) It increases the risk that data will be made accessible to users that should not necessarily be
given access.

(2) There is no control over information flow as one user can transfer ownership to another user.

Mandatory Access Control (MAC)

+ In the mandatory access control, the access control decisions are based on specific relationships
between the subject requesting access and the object to which access is requested. !

MAC access control security strategy is generally used in Government and military services.

MAC takes a hierarchical approach to controlling access to resources.

Under a MAC access to all resource objects is controlled by settings defined by the system
administrator. Thus in MAC all access to resource objects is strictly controlled by the
" operating system based on system administrator configured settings.

It is not possible under MAC environment for users to change the access control of a resource. -
: s with security labels assigned to all resource objects on the

Mandatory Access Control begin
System.

These security labels contain following information - -
dential, secret and top secret. The classes are top secret (TS),

© A dlassification such as conf where TS is the highest level and U the

secret (S), confidential (C), and unclassified (U
" lowest.
o - Attribute associated with classification

— el

T‘ Technical Publcations - An P
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C) is added. It provides the classificatiop foreg

AL

o In some models, Tuple Classification (T
tuple as a whole.

o For example — Consider the relation Employee

es to access a specific resource, the OS or

security kerne| will chey
ill be granted.

» When a person or device tri
the entity's credentials to determine whether access W

Advantages

1. MAC provides tighter security because only 2 system administrator may access o aty
controls. ’

2. MAC policies reduce security errors. - . ‘

Disadvantage

1. MAC requires careful planning and continuous monitoring to keep all resource objects' o9
users' classifications up to date.

Difference between DAC and MAC

Mandatory Access Control (MAC)

Sr.No. | Discretionary Access Control (DAC)

1. In DAC, owner of resource restricts ‘In a MAC access control access to all resource
access to the resources based on the objects is controlled by settings defined by the
identity of users. system administrator. Thus in MAC all access to

resource objects is strictly controlled by the
operating system based on system administrator
configured settings.

2. In this access control mechanism the key | In this access control mechanism the key role is
role is played by resource owner. played by system administrator.

3. In this mechanism Access Control In this mechanism security labels are used.

List(ACL) is used.

4. DAC is typically the default access

A MAC access control security strategy is generlly
control mechanism for most desktop

used in Government and military services.

operating systems.
5. It is more flexible. It is less flexible, !
6. It is less secure,

It is more secure.

7. Itis easy to implement. Itis complex to implement. :

r

abast  Management Systems
pa 8.9
Database Securit)
Role Based Access Contro, (RBAC) '
It is based on the concept  that Privile
. d *
" 1 8¢S and other permissions are associated with

gaining
countants on the system. Similarly, a software

engineer might be assigned to the Devélopcr role

an RBAC system, the roles a e
. In . e, e ol re c.emrally managed by the administrator. The administrators
determine W exist within their companies and then map these roles to job functions and
Roles can effectively be implemented using security groups. The security groups are created
representing each role. Then permissions and rights are assigned to these groups. Next, simply
add the appropriate users to the appropriate security groups, depending on their roles or job
_ functions.

A user can have more than one role. And more than one user can have the same role.

‘Role hierarchies can be used to match natural relations between roles. For example - A Lecturer

can create a role Student and give it a privilege “read course material”.
Role Based Access Control (RBAC), also known as Non discretionary Access Control.

RBAC security strategy is widely used by most organizations for deployment of commercial
and off-the-shelf products

Advantages :
(1) The security is more easily maintained by limiting unnecessary access to sensitive

information based on each user’s established role within the organization.

All the roles can be aligned with the organizational structure of the business and users can do

their jobs more efficiently and autonomously.

®

Dlsadvqntages :

(1) It is necessary to understand each user’s functionality in depth so that roles can b properly‘
assigned. .

(@) If roles are not assigned properly then inappropriat

. problems for database system. .

¢ access right creates security severe

S Technical Publica

o .
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Review Questions

ntrol and Mandatory Access Coy, tro

1. Explain the difference bemyen Dis
2. Explain in detail Discretionary ACcess Con

3. Explain mandatory access control of data

i Access Co
cretionaly GTU : May-11, Winter-14, Magje 3
Access Control.

-GTU : Sumimer-13, Mﬂts7
Bl GTU : Dec.-09, Mﬂ!ksa

trol and Mandatory

base security )

m Intrusion Detection

offer basic security features such as authemicmm
tion, and auditing. However, these mechanismg g, nat
bilities in database management sygyey,

Traditional database security meck
authorization, access control, data encryp!

assure protection against the exploitation of vulnera :
(DBMS) and are very limited in defending data attacks from the inside of the organization,

There are many cases where execution of malicious sequence of SQL commands can po¢ be

detected or avoided. ’

Definition : Intrusion detection system detects the malicious activity in the database and notifies

the administrator of the system accordingly. Intrusion Detection System is a system in whic

malicious activity performed by any user or program is logged and can be viewed later by the

An intrusion detection system (IDS) can be a hardware device or software application that uses

intrusion signature detect abnormal activities present in database.

The intrusion detection system is based on two models — (1) Anomaly model and (2) Misuse

model.

Anomaly model analyzes a set of characteristics of the system and compares their behavior

with a set of expected values. It reports when the computed statistics do not match the expected

measurements. Anomaly detection uses the assumption that unexpected behavior is evidence of

an intrusion. '

bj[isuse deh.ection determines whether a sequence of instructions being executed is known 10

violate the site’s security policy. If so, it reports a potentiél intrusion.

::td:::fk:é :“:e“;;tmt:“:::loﬁfogzdf tl'::.system V{xlnerabilities or potential vulnerabilities
: ion detection system incorporates this knowledge

into a rule set. When data is passed to the intrus;
) trusion detection system, it appli le set to the
data to determine if any sequences of data match a 4 itapplios theiry

. t2
possible intrusion is present. ny of the rules. If so, then it reports thal

\

0 .
T . Technical Publications ™
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1t monitors and analysis the user anq system actiyit
: iti ctivities
orms auditin, d
. T = . 8 of the system files and other configurations and the operating system.
It assesses the integrity of system 47 ot fles perating sy.

It conducts analysis of patterns bageq on known attacks
‘ . cks.
It detects errors in system configuration

It detects and cautions if the system is i danger.

1. What is intrusion detection system? Enlist its features
2. Explain two models of intrusion detection system

[ saL Injection

» SQL injection is a type of code injection technique that might destroy the databases.

In _I.his technique the malicious code in SQL statement is placed via web page input. These
statements control a database server behind a web application.”

Attackers can use SQL Injection vulnerabilities to bypass application security measures. They
can go around authentication and authorization of a web page or web application and retrieve

the content of the entire SQL database. They can also use SQL Injection to add, modify, and

delete records in the database.
An SQL Injection vulnerability may affect any website or web application that uses an SQL

database such as MySQL, Oracle, SQL Server, or others.

How SQL Injection Works ?

To make an SQL Injection attack, an attacker must first find vulnerable user inputs within the
A web page or web application that has an SQL Injection
QL query. The attacker can create input
the key part of the attack. After

web page or web application.
vulnerability uses such user input directly in an St

content. Such content is often called a malicious payload and is
mmands are executed in the database.

the attacker sends this content, malicious SQL co! .
R anage data stored in relational databases. You

gned to m
data. Many web applications and websites store all the

Iso use SQL commands to run operating system
can have very serious consequences.

" SQL is a query language that was desi

can use it to access, modify, and delete
 datain SQL databases. In some cases, you can !
] ‘commands. Therefore, 8 successful SQL Injection attack

| Technicel Ppublications - AnUp thrust for knowledge
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¢ Example of SQL Injection

o Following is an example of SQ
o input fields —oneé for user nam

rability works around a gjp,

injection vulne Ple
L inj e and another for password, b

o :;E:l:i:::)::a:gat:ble pamed users with the columns username and password
- quest.POST| : ;lll ]

;uery= "SELECT nioFsl-\rClJl:/'l users WHERE ::::::r‘: ==" '"': ":::::’;+ . ‘?ND
database.execute(query) X .

o Here the two input fields — one for user name and another for password is vulnerabe to sQL
injection. .

© The attacker can attack use these fields and alter the SQL query to get the access ¢, e
database.

o They could use a trick on password field. They could add
OR1=1 :

Statement to Lhe.password field. . ,

O As a result the query would becomes (assuming username as ‘userl’and passworg
=’password’) - ' .

o SELECT id FROM users WHERE username="user]' AND password="password' OR =]

o Because of OR 1 = 1 statement, the WHERE clause returns the first id from the users table
no matter what the username and password are. That means even-if we enter any wrong
username or password still the query will get executed because of OR 1 = 1 part which
comes out to be true. :

o The first id is returned by the above query for users table and we know that the first id is
normally administrator. In this way, the attacker not only bypasses authentication but also
gains administrator privileges. ’

How to prevent SQL Injection ?

* The only way to prevent SQL injection is to validate every input field.

" o et ke v o i T i o
i ¥s, application code never‘use the input directly.

e The Web Application Firewalls (WAF) are also used to

Review Questions -

1. What is SQL injection ? Explain it with suitable example
2. Whatare the ways by which the SQL injection can be preventeq 7

filter out the SQL.

T : Technical Publications 'MUPMsuo,me
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oral Questions and Answerg

a1 What do you understang by the term
Ans. : Database security is o technj
access and protection,

database security ?

ue { . .
e that deals with Protection of data against unauthorized

. Database security is an important :

i aspect for any database : 2 .
sensitivity of data and information of enterprise management system as it deals with
q2 Enlist various threats to database

Ans. : 1) Loss of Integrity 2) Loss of Availability 3) Loss of Confidentiality
a3 What is authorization ?

Ans. : Authonza.non 1s 2 technique of granting permission to authorized user to carry out
particular transaction.

a4 What is access control ?

Ans. : The _most common security problem is unauthorized access to computer system.
Generally this access is for obtaining the information or to make malicious changes in the
database. The security mechanism of a DBMS must include provisions for restricting access to
the database system as a whole. This function, called access control.

Q.5 Give two uses of audit trail

Ans. : (1) For maintaining the security against malicious access to database.

(2) For recovering lost transaction.

Q.6 Enlist access control models
/
Ans. : » Discretionary Access Control (DAC)

» Mandatory Access Control (MAC)

« Role Based Access Control (RBAC)

Q7  What is Discretionary Access Control(DA(-:) ?

Ans. : « Discretionary Access Control (DAC) allows each user or subject to control access to

their own data. -
« In DAC, owner of resource restricts access to the resources based on the identity of users.

Q8 What is Mandatory Access Control (MAC) ? ) .
ry access control, the access control decisions are based on specific

B dato . .
- ¢ * In the mends object to which access is

3 ; the
relationships between the subject requesting access and the

requested.

. i ilitary services.
« MAC access control security strategy is generally used in Government and miltary

i
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. 1 (RBAC) ?
Q9 What is Role Based Access Contro issions are associ !
An: It is based on the concept that privileges and other permissio Ssociated With
S. I e 1S Dast on

izational ol ther than individual users. Individual users are then assigneq o
organizational roles, raf > :

appropriate roles.
pprop; y will be assigned to the Accountant role, taining

« For example, an accountant in a compan .
p ts on the system. Similarly, a Software

access to all the resources permitted for all accountan!
gineer might be d to the Developer role.
Q10 What is intrusion detection system ?
Ans. : Intrusion detection system detects the malicious activity in the dafabase and notifies tp,
administrator of the system accordingly. Intrusion Detection System is a system in whig,
malicious activity performed by any user or program is logged and can be viewed later by
Q.11 Enlist at least two fi of ion detecti

Ans.: 1. It monitors and analysis the user and system activities.

2. It performs auditing of the system files and other conﬁ‘gurations and the operating system,
3. Itassesses the integrity of system and data files

Q.12 What is SQL Injection ? N
Ans. : « SQL injection is a type of code injection technique that might destroy the databases,

* In this technique the malicious code in SQL statement is placed via web page input. These
statements control a database server behind a web application.

*_Attackers can use SQL Injection vulnerabilities to bypass application security measures.

8-14 Database Secury,
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SQL Concepts
: pata Control Language
Basics of SQL i @
« SQL stands for Structured Query Language: nies use databases to store their data,

Purpose
t all compa .
¢ Ttisthelanguage Ofdmbas: Z“ de:)lui‘: sa set of instruction gIveR tf(r) theﬂ:ia:iat:a;e managey,
P o . A Query i t from the database,
SQ:J mall:i;::ndd:\:brz'se what information We would like to g; community to use all )
m. . .
sSy(s; is case- ins:nsitive However it is become standard in SQ A capity @ Creation
letters for SQL keywords. ment System (RDBMS). ' 4 o can be consi . )
« SQLis a standard | for Relati | Database Manage wery 3 o /¥ d_atabas nsidered as 3 container for tables and a table is a grid with rows and
2 S sofwers it 415 popularly used: It includes MySQL, Oracle, Ms columns to hold data.
o There are various RDBMS soltw
ACCESS, Microsoft SQL Server, Sybase and so OD.

This commgapg :

and 5

15 used to give access rights or privileges to the database.
The revoke comm

and rem, . o
database objecs. Oves user access rights or privileges to the

Cnt

. individual statements in SQL are called Queries,
EF1 DDL, DML, DCL Structure

GTU : June-05, Dec.-06, 09. 10. March-1

5 3 ute SQL i i ; . .
. We can exec QL queries for various tasks such as creation of tables, insertion of data into

11, 12, Winter-12, 13, 14, 15,17, 13

) tables, deletion of record from tabl,
Summer-13, 17, 18, Marks 19 the b€ e e, and 50 on.
: In this section we will discuss how to create a table.
There are three categories of SQL commands .
step1: We normally create a database using following SQL statement
Classification of SQL commands . ¥
syntax
i CREATE DATABASE database_name;
I l . Example
Data Definition | | Data Manipulation| |  Data Control CREATE DATABASE Person_DB
Language Language Language
‘(bbLy (oML) (ocL)

Stép 2: The table can be created inside the database as follows —
) : CREATE TABLE table_name (
Data Definition Language

\ Sr.No. 1 Command l

\ 1. \ CREATE

coll_name datatype,

Purpose col2_name datatype,

|

This command is used to create database, tables, views or any other

database objects. ! coln_name datatype .
‘ 2. | ALTER l It modifies the existing tables. ' 4
l 3. l DROP l This command deletes complete table, view or any other database object. Example
CREATE TABLE person_details {
Data Manipulation Language AdharNo int,
| srNo. | command \ Puboes FirstName VARCHAR(20),
: . SELECT " - MiddleName VARCHAR(20),
‘ \ .Thls command s used to retrieve either all or desired records from one of LastName VARCHAR(20),
t more tables. Address VARCHAR(30),
|2 INSERT _ | For inserting th records inthe table, this command is used oy VARCHAR(10)

)

\
{ 3 | uepam
[ e |

5 The . i ing structure N
DELETE e blank table will be created with following
< \’W\// — o knowledge
l Technical Publications . on up thrust for knowledge T- T Tectnical Publications - An up thust for
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Person_details
; 3
MiddleNam

EX¥] Insertion

We can insert data into the table usin

FirstName

o INSERT statement.

Syntax
INSERT INTO table_name (col, coly-0%)
VALUES (value ,value,,... \value )

Example
INSERT INTO person_details (AdharNo, FlrstNanll 3
VALUES (111,AAA' BBB'CCC/M.G. Road,Pune)

MiddleName, LastName, Address, City)

The above query will result into—
AdharNo MiddleName

FirstName LastName Address “City

BBB ccC M.G. Road Pune

111

Select

o The Select statement is used té fetch the data from the database table.

« The result returns the data in the form of table. These result tables are called resultsets.

o We can use the keyword DISTINCT .It is an optional keyword indicating that the answer should
not contain duplicates. Normally if we write the SQL wi;hf)ut DISTINCT operator then it does
not eliminate the duplicates. »

AAA

Syntax - .

SELECT coll, col2, ....coln FROM table_name;

Example

SELECT AdharNo, FirstName, Address, City from person_details
The result of above query will be

AdharNo

FirstName City

Pune

111 AAA

e If we want to select all the records present in the table we make use of * character.

Syntax .
SELECT * FROM table_name;

Technical Publications . o up thrust for knowledge

! bﬂ“’ Management Systems

P

SQL Concepts
g.mplﬂ
cT* FROM person_details;

The above query will result into

FirstName —
-S ame

Address Ci
AAA BBD ty
— M.G. road Pune
Where '
4 WHERE command is useq to s
Tht in the table can be displayed P some condion Paseil g this eondition; hefdite
presen yed or can be updated or deleted,
gyntax -
sgy:ECT coll,col2, ...,coln
FROM table_name
WHERE condition;
gxample
Consider following table
AdharNo FirstName MiddleN: LastN Add, city
~ i AAA BBB cce M.G. road Pune
222 DDD EEE FFF Shivaji nagar Pune
333 GGG HHH I Chandani chowk | Delhi
444 7] KKK LLL Viman nagar Mumbai
If we execute the following query
SELECT AdharNo
FROM person_details
WHERE city="'Pune’;
The result will be —
: AdharNo | City
| e |
2
A ite the query usin|
If we want records of all those person who live in city Pune then we can write the query : g
WHERE clause as :
SELECT *

FROM person_details
WHERE city="'Pune’;

The result of above query will be

Technical Publications = An up thrust for kno wledge
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AdharNo |  FirstName M m :J;;s'rﬁ ROM person details -
11 AAA wﬂgnEAdha‘N°=333
| o | BE : 8 it will b

Update

MiddleNarne Add oty
ress
‘BBB
M.G. road

Jdate query is used.
¢ For modifying the existing record of 2 table, updet2 QU Pune
Syntax Shivaji nagar Pune
UPDATE table_name 1 Viman nagar Mumbai
SET coll =valuet, col2=valueZ,... We can delete all the records from taple, By iy ;e deletion, all the records get deleted without
e X s e records get deleted withou
WHERE condition; ) Jeleting table. For that purpose the SQL Statement wil] be &
. . DELETE FROM person_details;
Example . b -
Consider following table @ Logical Operators
Person_detalls table » Using WHERE clause we can use the operators such as AND, OR and NOT.
AdharNo |  FirstN MiddleN LastN; Address + AND operator displays the records if all the conditions that are separated using AND operator
111 AAA BBB ccc M.G. Road are true.
222 DDD EEE . FFF Shivaji nagar + OR operator displays the records if any one of the condition separated using OR operator is true.
133 GGG : HHH I Chandani Chowk | Delhj « NOT operator displays a record if the condition is NOT TRUE.
444 m KKK . LLL Viman Nagar Mumbaj Consider following table
If we execute following query - AdharNo |  FirstN MiddleN . LastN Address city
UPDATE person_details 111 AAA BBB ccc M.G. road Pune
SET city="Chennai' N
* WHERE AdharNo=333 d . ‘ - 1222 DDD EEE FFF Shivaji nagar Pune
The result will be - 333 GGG HHH 1 Chandani chowk | Delhi
AdharNo FirstN. Mid f Address City 444 I KKK LLL Viman nagar Mumbai
m AAA BBB ‘ccc - M.G. Road Pune Syntax of AND
222 DDD EEE FFF Shivaji nagar Pune iil.ifl‘ coll, col2, ...
333 - N table_name i
666 o ! Chandani chowk | Chennai WHERE condition1 AND condition2 AND condition3 ...;
= ‘ i KKK - LLL Viman nagar Mumbai : ,
: Example of AND
9.2. - .
Deletion . . If we execute following query —
We can delete one or more records based o s ol . . SELECT AdharNo, FirstName, City 7
ome c ; =
] v condition. The syntax is as follows FROM person_details
Syntax

WHERE AdharNo=222 AND City="Pune’;
DELETE FROM table_name WHERE condition; .

AN Urustfor knowtedge T. - Tocticat Publcations
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The result will be — “ :
e
Syntax of OR

SELECT colt, col2; ...
FROM table_name -
WHERE condition1 OR condition2 OR condition :--:

Example of OR

SELECT AdharNo, FirstName, City
FROM person_details

WHERE City="Pune' OR City="Mumbai’;

The result will be —
AdharNo FirstName City
m AAA Pune
222 DDD Pune
444 m Mumbai
Syntax of NOT

SELECT coli, col2, ...
FROM table_name _
WHERE NOT condition;

Example of NOT

SELECT AdharNo, FirstName, City
FROM person_details

WHERE NOT City="Pune;

The result will be
AdharNo |  FirstName City
333 GGG - Delhi
444 m Mumbai
Order By

* Many times we need the records in the table to be in sorted order.

* Ifthe records are arranged in increasing order of some columy then it is called ascending order
o If the records are arranged in decreasin,

Lo g order of some column then it is called descendind

al Publications ~Anup for ko ~
owledge

p,mbﬂ"’ Management ;Sys[enu

SQL Concepts

tax
sy:gc'r coll, col2,....coln
oM table_name

. oRDER BY coll,col2,... ASC|DESC

s : .
Here ASC is for ascending order display g DESC is for descending order display.

Example
Consider following table
FirstName
MiddleName LastName Address City
AAA
— BBB cce M.G. road Pune
EEE FFF Shivaji nagar Pune
666 | W | Chandani chowk | Delhi
w KKK LLL | Vimannagar | Mumbai
SELECT *
FROM person_details
ORDER BY AdharNo DESC;
The above query will result in
AdharNo FirstN MiddleN. LastName Address City
444 IAM KKK LLL Viman nagar Mumbai
333 GGG +  HHH I Chandani chowk | Delhi
222 DDD EEE FFF Shivaji nagar Pune
111 AAA BBB CccC M.G. road Pune

Alteration

There are SQL command for alteration of table. That means we can add new column or delete
some column from the table using these alteration commands.

Syntax for Adding columns
ALTER TABLE table_name
ADD column_name datatype; *

T. Technical Publications = An up thrust for knowledge
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Example
Consider following table
AdharNo FirstName
111 AAA
222 DDD
333 GGG
444 i

MiddleName

If we execute following command

Address

M.G. Road
Shivaji nagar
Chandani chowk

Viman nagar

ALTER TABLE Customers
ADD Email varchar(30);
Thenthe result willbeas follows-
1aN N Cl
‘Adh FirstN _L._’_% Address ty
11 AAA BBB ccc | MG road L
222 DDD EEE FFF Shivaji nagar Pune
333 GGG HHH il Chandani chowk Delhi
444 il KKK LLL Viman nagar Mumbai
Syntax for Deleting columns
ALTER TABLE table_name
DROP COLUMN column_name;
Example
Consider following table
AdharNo FirstN " MiddleN: La Address City
111 AAA _BBB CCC M.G. road Pune
222 DDD EEE FFF Shivaji nagar Pune
333 GGG HHH I Chandani chowk | Delhi
“ s KKK LLL Viman nagar Mumbai
If we execute following command
ALTER TABLE Customers
DROP COLUMN Address;
Then the result will be as follows -
AdharNo F
irstName MiddleName LastName City
111 AAA T
YT DOD Pune
Pune
'r' Technical Publications
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a4 I ka B Delhi
- LLL Mumbai
pefining Constraints
Weean specify rules for data in 5 table,
O . '
: the table is created at tht ¢;
, When 1Me We can define the constraints,

The constraint can be column leve] j ¢ We can
O : . - mpose i
;o we can impose constraint on the entire table POse constraint on the column and table level

There are various types of constraints that can be defined are - .
ollows -

: The prim int is
| prmary key © primary key constraint i§ defined (o uniquely identify the records from
the mble. .
The primary key must contain unique values, Hence database

designer should choose primary
fully.
Key very care

For example

Consider that We have to create a perons_details table with AdharNo, FirstName,
MiddleName, LastName, Address and City.

Now making AdharNo as a primary key is helpful here as using this field it becomes easy to
identify the records correctly.

The result will be
CREATE TABLE person_details (
AdharNo int,
FirstName VARCHAR(20),
MiddleName VARCHAR(20),
LastName VARCHAR(20),
Address VARCHAR(30),
City VARCHAR(10),
PRIMARY KEY(AdharNo)

) . )
* We can create a composite key as a primary key using CONSTRAINT keyword. For example

' CREATE TABLE person_details (
AdharNo int NOT NULL,
FirstName VARCHAR(20),
MiddleName VARCHAR(20),
LastName VARCHAR(20) NOT NULL,
Address VARCHAR(30),
[City VARCHAR(10),
CONSTRAINT P(K _}))erson_detai]s PRIMARY KEY(AdhaNo,
)

i rkroviodge
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® Unique 2

(2) Foreign Key .

e Foreign key is used to link two tables. b

¢ is actually a primary Ky -
d table and the table containing ¢y, didy

te

Unique cons?ramt 1s used to Prevent same values
£ another table. ! example; YOU might Want o preven or
Then in that case we must use unique cop,

in a column. In the EMPLOYEE table, for

ust s
-Ole employees from having an identical designation.
Straint,

" We can set the constraint ag unique at the ¢;
im,

o Foreign key for one tabl ekl
. : i
o The table containing foreign key is called ¢

primary key is called parent key. : cksated and we want to add the unique Constraint thee ? etion of uhle, o if the tble I Aleady
A ‘ . & T We can use ALTER command.
e Consider le —
For examp:
Employee Table Age e EMPLOYEE(
e Laath g ' EmpID INT NOTNuLL,

- 30 Name VARCHAR (20) NOT NULL

1 anna Designation VARCHAR(ZQ) NQT‘

NULL UNT
2 Joshi 2 Salary DECIMAL (12, ), .
3 - 20 PRIMARY KEY (EmpID)
)%
Dept Table : EmplD If table is already created then also we can add the unique constraint as foliows —
DeptlD | DeptName ~ Emp ALTER TABLE EMPLOYEE
1 Accounts 3 MODIFY Designation VARCHAR(20) NOT NULL UNIQUE;
fucti 3 :
2 Production - (4) NOT NULL .
3 Sales 1 . o By default the column can have NULL values.
Y .

4 Rurcse e NULL means unknown values.

Notice that the "EmpID" column in the "Dept" table points to the "EmpID" column in the e We can set the column values as non NULL by using the constraint NOT NULL.

‘Employee" table. : o For example —

_* The "EmpID" column in the "Employee" table is the PRIMARY KEY in the "Employee" table, " CREATE TABLE EMPLOYEE(
¢ The "EmpID" column in the "Dept" table is a FOREIGN KEY in the "Dept" table. EmpID INT NOT NULL,
. . . Name VARCHAR (20) NOT NULL,
» The FOREIGN KEY constraint is used to prevent actions that would destroy links between D:;genaﬁon v. AREHLR(ZQ) NOT NULL,
tables. ) ¥ i Salary DECIMAL (12, 2) NOT NULL,
» The FOREIGN KEY constraint also prevents invalid data from being inserted into the foreign | - PRIMARY KEY (EmpID)
key column, because it has to be one of the values contained in the table it points to. d
* The purpose of the foreign key constraint is to enforce referential integrity but there are also (§) CHECK - ) ’ . I
performance benefits to be had by including them in your database design. ' . The CHECK constraint is used to limit the value range that can be placed in a o .
The table Dept can be created as follows with foreign key constraint. ) For example
_ CREATli 1:;1.1-: mn:;'t ( ‘ ' CREATE TABLE parts
_ : 5 ¢  part_no int PRIMARY KEY,
. ~ DeptName VARCHAR(20), description VARCHAR(40), 0
i ice DECIMAL(10 ,2) NOT NULL CHECK(cost > 0
PRIMARY KEY(DeptiD), ) Price DE '

FOREIGN KEY|

(EmpID) REFE : :
i ‘ ) REFERENCES EMPLOYEE(EmpID)

Publications *AnUD thrsst or knowfodge T"
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(6) IN operator

The IN operator is just similar to OR operator-

Itallows to specify multiple values in WHERE clause.

Syntax
*SELECT coll,col2,...
FROM table_name
WHERE column-name IN (value1, value2, ...);

Example
" Consider following table
Employee . B
empiD empName Salary DeptiD
1 AAA 1000 D101
2 BBB 2000 D102
3 cce .3000 D103
4 DDD 4000 D104
5 EEE 5000 D105
SELECT * FROM Employee
WHERE empID IN (1, 3);
The result will be
) emplD empName Salary DeptiD
1 AAA 1000 , DIl
2 BBB 2000 g D102
CCC 3000 D103

Aggregate Functions

e An aggregate function all
scalar value. '

« SQL offers five built-in aggregate functions :

1.

w oA W N

Average : avg

. Minimum : min
. Maximum : max
. Total: sum

. Count :

Technical Publcatons|” - Amup gy e

~ARUp thrust for knowteqge

SQL CD"Q’PL:

ows you to perform a calculation on a set of values to return a single

‘,(,,

oy

5=

oy

;baSe Management Systems
pé

- specified.

, Syntax of all the Aggregate Functiong

. The avg function is used to compute average value. For example —

9-15
The 2

geregate functiong that e, t
i PLan expression Parameter can be mod

r ALL, T
I neither i specified, the result is the same as

SQL Concepts

ified by the
if ALL were

Modifies the ¢, i i
- XPression to inclyge only distinct values that are not NULL
neludes all rows where EXpression is not NULL

AVG( [ DISTINCT | ALL ) ©eXpression)
COUNT(*) \
COUNT( [ DISTINCT | ALL | eXpression )

MAX( [ DISTINCT | ALL expression)

MIN( [ DISTINCT | ALL | expression)

SUM( [ DISTINCT | ALL | expression)

To compute average
marks of the students we can use

SQL Statement

* SELECT AVG(marks)

FROM Students

The Count function is used to count the total number of values in the specified field. It
works on both numeric and non-numeric data type. COUNT (*) is a special implementation
of the COUNT function that returns the count of all the rows in a specified table. COUNT
(*) also considers Nulls and duplicates. For example Consider following table

Test

: SQL Statement

SELECT COUNT(*)

FROM Test

Output

4

SELECT COUNT(ALL id)
FROM Test

- Outpu
3 3

Technical Publications

w/ 4 ”’g.v
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10.The min function is used to get the m!

11.The max function is used to get the maximul

simum value from the specified colump, For

example — Consider the above created Test table

SQL Statement

SELECT Min(value)

FROM Test

Output

100 .

m value from the specified colump, For

example — Consider the above created Test table
SQL Statement

SELECT Max(value)

FROM Test

Output

400

12.The sum function is used to get total sum value from the specified column. For example

Consider the above created Test table
SQL Statement
SELECT sum(value)
FROM Test
Output
1000

Group By and Having Clause
(i) Group By : '

. The GROUP BY clause is a SQL command that is used to group rows that have the same

values.

The GROUP BY clause is used in the SELECT statement.

Optionally it is used in conjunction with aggregate functions.

The queries that contain the GROUP BY clause are called grouped queries
This query returns a single row for every grouped item.

Syntax : :

SELECT column_name(s)

FROM table_name

WHERE condition

GROUP BY column_name(s)

Example : Consider the Student table as follows -

¥

.‘i ; Management Systems -
pate:

Query : Find the total marks

SQL Concepts

of each stud,

ent in each city

SELECT SUM(marks), city
FROM Student
GROUP BY city

The result will be as follows —

CEn
—

Mumbai

(i) Having :

HAVING filters records that work on summarized GROUP BY results.
HAVING applies to summarized group records, whereas WHERE applies to individual

records. -

Only the groups that meet the HAVING criteria will be returned.
HAVING requires that a GROUP BY clause is present.
WHERE and HAVING can be in the same query.

Syntax :
SELECT column-names
FROM table-name
WHERE condition
GROUP BY column-names
HAVING condition
‘Example : Consider the Student table as follows -
sid sname marks city
1 AAA 60 Pune
2 BBB 70 Mumbai
3 cce 90 Pune
4 DDD 55 Mumbai
5 © EEE 84 Chennai |

Query : Find the total marks of each student in the city named ‘Pune’ and ‘Mumbai’ only
uery :

“ SELECT SUM(marks), city
FROM Student
GROUP BY city

T

Technical Publications - An up thrust for knowledge
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HAVING city IN(‘Pune','Mumbai')
¢ The result will be as follows —

o |w|la|lu|la|w|0]~-

©

Write the SQL qery and possble autput Nk se of Group By and Having clause

Solution : The query will be
SELECT S.rating, MIN (S.age)
AS Younger

FROM Sailors S

WHERE S.age >= 18 ~
GROUP BY S.rating
HAVING COUNT (*) > 1

The output will be as follows —
rating Younger
5 21
2 32
3 19

A k] Built-in Functions

In SQL a built-in function is a piece for programming that takes Zero or more inputs and returm®
a value. An example of a built-in functions is ABS(), which when given a value calculates! the

absolute (non—negatlve) value of the number,

T . Technlcal Publications " - An up thrust for knowledge

ge 0000

query
S‘LECT ABS(-9) Result;

output

‘

SQL Concepts

mmematical Functions
Function
. Value Returned
ABS (m) Ab
solute value of m
MOD (m,n) Remat
emainder of m divided byn

POWER (m, n ) R

m raised to the nth power
ROUND

(m[,n]) m rounded to the nth decimal place
TRUNC (m[,n]) m truncated to the nth decimal place
SIN(n) sine (n)
COS (n) cosine (n)
TAN(n) tan (n)
SQRT (n) positive square root of n
EXP(n) e raised to the power n
LOG(n2,nl) logarithm of n1, base n2
CEIL(n) smallest integer greater than or equal to n
FLOOR (n) greatest integer smaller than or equal ton
SIGN (n) .1ifn<0,0ifn=0,and 1ifn>0
String Functions
Function Value Returned
INITCAP () First letter of each word is changed.to uppercase and all other

L
lower(s) |

UPPER ()

|UPPER(s)
CONCAT (s1,52)

LTRIM (s [,set])

Concatenation of s1 and s2. Equivalent to sl s2
in set; defaults to space .
the last character

RTRIM (s [, set])

[\—/// not in set; defaults to space

Technical Publications

Jetters are in lower case.
All letters are changed to lowercase.
All letters are changed to uppercase.

Returns s with characters removed up to the first character not

Returns s with final characters removed after
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REPLACE (s, search s [, replace_s]) | Retumss with every occurrence of search_s in s replaceq by

replace_s; default removes search_s

i inning in positi
SUBSTR (s, m Ln)) Returns a substring froms, beginning in position m ang ,,

characters long; default returns to end of s.

Returns the number of characters in s.

For example
SELECT CONCAT(Bll’, 'Gates') as "NAME" -

Date and Time Functions

Function Value Returned

ADD_MONTHS (d,n)
LAST DAY (d)

Date d plus n months

Date of the last day of the month containing d

MONTHS_BETWEEN (d, e)

Number of months by which e precedes d
NEW_TIME (d,2,b)

The date and time in time zone b when date d is for time zone 5

NEXT_DAY (d, day)
SYSDATE
GREATEST (dl, d2, ..., dn)

Date of the first day of the week after d

Current date and time

Latest of the given dates
LEAST (dl, d2,..,dn) Earliest of the given dates
For example
SELECT SYSDATE();
Will result in

2019-06-27 10:02:39 .

.

XY String Operations

* For string comparisons, we can use the comparison operators =, <, > <= >=,< with the ordering
of strings determined alphabetically as usual,

SQL also permits a variety of functions on character strings such as concatenation suing

operator]|, extracting substrings, finding length of string, converting strings to upper case(using

function upper(s)) and lowercase(using function lower(s)), removing spaces at the end of

string(using function(trim(s)) and so on.

* Pattern matching can also be performed on strings using two types of special characters —
o Percent(%): It matches zero, one or multiple characters

o Undefscore(__): The _ character matches any single character.
o The percentage and underscore can be used in combinations,

T_. ] Technical Publications - An Up thrust for knowdedge

,- \

S C°'7Cep:x

2 potterms are case sensitive, That mey,
o i S Upper
X LY " cay

o vice versa ¢ characters g pgy match lowercase characters -
3 jnstance : .
, For } .
o ‘Data%’ matches any strin,

»” g begin_n' -
_“Database”, DamMining‘.’,,Dmslmct"zg With
&

Data”,
? .
o matches any strlng of exact|

For instance it could be with
¥ three characte,
\ ) 1S,
o ¢ __ Y%’ matchesany string of at |

east len,

. gth 3 ch
, The LIKE clause can be used in w characters,

HE S
§ E“r example — Consider following E::;j::t:j::h el i,
mm Date_of_Join
e e
I ™ N
I ST
IR TR

Purchase

&IH

w

(1) Find all the employee with EmpName starting with “s”

Archana

SQL Statement :
SELECT * FROM Employee
WHERE EmpName LIKE 's%'

Output

\ EmpliD L EmpName \ Department Date_of_Join J
‘ 1 \ Sunil l Marketing ‘ 1-Jan
Supriya

: in wi itha
(2) Find the names of employee whose name begin with S and end wi

SQL Statement :

SELECT EmpName FROM Employee
WHERE EmpName LIKE 'S%a

' - An up thrust for knowledge
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e

yee whose name pegin with S and followed by exactly four

(3) Find the names of emplo!
characters
SELECT EmpName FROM Employee
WHERE EmpName LIKE'S____"

Qutput

LR ] Examples

Example: 9.2:2 B2 follo*vmg database,'"
applicable and solve the given queries in SQL:

Item (ino, descrivtion, unit_price)

Supplier { <o, sname, address)

Supplied (sno, ino, sdate, gty, per_unit_discount)
1. Find supplier name for the suppliers who supply every item.

2. Find distinct item names for the items supplied wtth total discount > 500.
3 Pair of suppher names supplymg same ltems on same dates :

i

Solunon :

e The primary key for Item table is ino.

o The primary key for supplier table is sno

« The primary key for supplied table is (sno,ino)

(1) Find supplier name for the suppliers who supply every item.
SELECT S.sname
FROM Supplier S
WHERE NOT EXISTS (
( SELECT * FROM Item I
WHERE NOT EXISTS
(SELECT *
FROM Supplied SP
WHERE SP.sno = S.sno
AND SP.ino=Lino)

= 7EC P i, o -
2 ' hnical PulJllcalIIans ~Anup lhmsITorknoMEdge

SoL Co""(‘ph

lentify ;‘Jﬁ,@};j'k&j and foreign key where-eper|

B GTU : June-05; Marks 10

. o ement Systems
Wﬂwe Mar2g 9-23
nd distinct item names for the items g,
[2) T DISTINCT description u
$5" rroM Item, Supplied
RE Item.ino=Supplied ing

AND Supplied.per_unit_discoun » g5,

SQL Concepts
Pplied with tota discount > 50p,

) pair of supplier names SUPPlying same items o
CT sname

oM supplier
vriiERE supplied.sno=Supplier.sno ' ’

N same dates.

nem‘ino=Supplied.mo

B Write SQL statenenis for the followmg(any five) oy e
i the followmgdatabaSe :

ype, capacity) S
fid, from_city, to_city) B
etails of flights having capacity more than 300, £ o

(il List the details of flights having capacity more than 300.
SELECT * FROM flight
WHERE capacity>300

(i) List the flights between 'Surat' and 'Mumba'.

SELECT fid

FROM flight, route

WHERE

flight fid=route.fid AND

oite from _city="Surat' AND route£o_city= ‘Mumbai;

(i) List the names of the pilots who fly from ‘Pune’.

SELECT pname

FRom pilot,route ) )

WHERE, pilot.pid=route.pid . )
Toute.from_city="Pune’; .

T. Technical Ppublications  *
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’ r flies - car, who don't hay, N
med 'Mr Kapoo ] d the car, € total dam,
(iv) List the route on v_vhlch, pilot na Flnc'r License_no 39¢ of more than 7 1000,
SELECT from_city, to_City . [ M Car, Accident

FROM route, pilot )
WHERE pilot.pid=route.pid
AND pilot.pname ='Mr.¥(apoo( i » i3
starts with letter 'A’ %' but does not end with lette, "

#R0 RE Accident. damage_amt<10gg AND
License_! no= Accxdent hcence_no,

4 Find the cars sold in 2006 and whose owner are from

(v) List the pilots whose names, license_no 'Vadodara'
=}
SELECT pname . s SELECEE: Person
FROM pilot * gRaM =% SSN = Person, SSN AND
WHERE pname LIKE 'A% MINUS ~ ~ WHERE Car
SELECT pname FROM pilot : o caryeaz = 2006 and Person.city = Vadodara!
WHERE prame LIKE %A’ A di '
: ifferent models of car are used by 'Mr.abc'
) i ) 5, How many y 'Mr.abc'
(vi) List the name of pilots who fly 'boing 737" type of flights. SELECT count(model)
Person
SELECT pname FROM Car,
FROM pilot, flight, route WHERE Car SSN = Person. SSN AND
; o = 'Mr.abc";
WHERE flight.frype = 'boing 737' AND person.Name )
pilot.pid = route.pid AND :
rottefid = Hight id; - ) IR 6. Find the lucky persons who have not met any accident yet.

SELECT Name
FROM Person
WHERE person.SSN NOT IN (SELECT SSN FROM Accldem)

[ CE R EY We have fo”owmg relations :

Euppher (S#, sname, status, city)
Eﬁﬂs (P#, pnane, color, weight, czty)

9 GTU : Dec-06, Marks 10}

Soluﬁon :

1. Find out total no of cars that had accident in 1988,
SELECT count(License_no)

FROM Car, Accident Solution :
WHERE Acccxdent.acc:dentyear= 1988

. . i) Find name of supplier for city = ‘Delhi"
an accident in 'Delhi, SELECT sname

FROM Supplier

WHERE city="Delhi

2. Find the Name of driver who did not have
SELECT Name
FROM Person,Accident

WHERE Person.SSN=Accident.SSN AND Peson.city< > 'Delhi’

. ' — t for knowiedge
Technical N )

Publications An up thrust for knowledge
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s = e 9.2.7 jid havefouowmg relatiy - - SoL Com:eprrs
il) Find suppliers whose name start with "AB" ;Ex (S# sname, status, city) o i 2 TRy "
:'f{gi/[c;; ?:1:: {P#, pnmne, color, weight, czty) : et ]
WHERE sname="'AB%'

iii) Find all suppliers whose status is 10, 20 or 30.
SELECT sname

FROM Supplier

WHERE status BETWEEN 10 AND 30

* iv) Find total number of city of of all suppllers oo
SELECT count(*) FROM (SELECT DISTINCT CITY FROM Supp!

v) Find s# of supplier who supplies 'red’ part.
SELECT DISTINCT supplier.S#

FROM Supplier,Parts, SP

WHERE Supplier.S# = SP.S#

AND SP.P# = Parts.P# AND Parts.color = 'red’;

vi) Count number of supplier who supplies 'red' part. SELECT count(*)
FROM (SELECT DISTINCT Supplier.S#

FROM Supplier,Parts, SP

WHERE Supplier.S# = SP.S#

AND SP.P# = Parts.P# AND Parts.color = ‘red');

vii) Sort the supplier table by sname.
SELECT *

FROM Supplier

ORDER BY sname;

We have folltrwmg relatx )
Supplier (5# sname, status, city) <
Parts (P#; priame, color, weight, czty)
SP( S#, P#, quantity)

. Answer the following queries in SQL,
1) Delete records in suppher table whose status is 40
fl)Add one ﬁeld in suppher table,

» :.Déec.-09; Marks 2

Solutmn

i) Delete records in supplier table whose status is 40.
DELETE FROM Supplier
WHERE status=40

i) Add one field in supplier table,

ALTER TABLE Supplier
ADD(PhoneNo number);

~Anup thrust for knowledge

#, quantity)

4 following queries in SQ

name of parts whose color is "red’,

d parts narme whose weight less thay 19 kg.

all parts whose weight from 10 to 20 kg.
ind average wezght of all parts.

Solution :

i) Flnd' name of parts whose color is 'red'. ) ~.
SELECT pname

FROM Parts

WHERE Parts.color = 'red;

|]) Find parts name whose weight less than 10 kg.
SELECT pname

FROM Parts

WHERE Parts.weight < 10;

iii) Find all parts whose weight from 10 to 20 kg.
SELECT pname, weight

FROM Parts

WHERE Parts.weight BETWEEN 10 AND 20;

iv) Find average weight of all parts.
SELECT AVG (weight)
FROM Parts;

V) Find S# of supplier who supply part 'pZ".
SELECT S#
FROM SP
WHERE p# = 'p2
imum parts.
Vi) Find hame of supplier who supply maximum P
- SELECT sname, MAX(quantity)
- FROM Supplier, Parts,SP L
W!{ERE Supplier.S# = Sp.S#

T',.

] knowledge
Technical publications - AnUp thrust for
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AND SP.P# = P.P#
GROUP BY sname;

vil) Sort the parts table by pname.
SELECT *

FROM Parts

ORDER BY pname;

We have foIl wing 1 relah o1
Su;plxer (S# suame stntus, czty)
arls (P# pname color, x weight, cth_/)
SP(S# P# qurmtxty)

Answer the following queries in SQL,
)Deleterecords in parts table whose color,is 'blll?
i) Explam rollback command

" Solution : (i) DELETE FROM Parts
WHERE color="blue’

(ii) Refer section 9.4.

TU : Dec.-09; Marks 3 '

Consider followmg schema ‘and write SQLfor 8"’5” statements , ]

t(roIlna, name, branch)
'. (rolino, subject_code, obtained_marks, paper cade)
p-apers( paper_code, paper_satter_nante, university) ;
) Dlsplay name of student who got first class in sub]ect ’130703
l,’,) Display 1ame of all student with their total mark.

ui) Dsplay list number.of student in each: umverszty -
i) Dtsplay list of student wlm s ot givenany es

TU ' March-10,Marks 8 i

-i) Display name of student who got first class in subject "130703".
SELECT name

FROM student,exam

WHERE exam.obtained_marks>60 AND exam.subject_code=
student.rollno=exam.rollno

Solution :

"130703' AND

ii) Display name of all student with their tota| mark,
SELECT name,SUM(obtained_marks)

FROM student,exam

WHERE student.rollno=exam.rollno

lii) Display list number of student in each unj
SELECT COUNT(Rollno)
FROM student, exam, papers

WHERE student.rollno=exam.rolino AND eXam.paper coq,
e

_ =papers.paper_code;
.
N T , Technical Publications ‘

“ AN Up thrust for knowledge

versity,

pa [3' base Management Syster

y . ; 9-29
) pisplay list of student Who hag
SELECT name

FBOM student NOT IN

(SELECT rollno

SQL Concepts
Mot given any exam,

" FROM student, exam

WHERE sudent.rollno=exan Tollng)
ORI - Write down

th : e ———
e query for the following’ fable whare “primary kzyfﬁﬂ

(liéénse, date, driver)

ﬂ) Fmd the total nuumber of People whose cars were involyed in accidents in 2009.
?) Fmd the number of accidents in wluch the cars belongmg to

"S.Sudarshan”
3 Add a new customer to the database,

Add a new acczdent recorded for the santro belangng fo "KORTH" . “
N RaR
S GTU : Dec.-10, Marks 8 B

Solution :

1) Find the total number of people whose cars were involved in accidents in 2009.
SELECT count(ss#)

FROM person ,owns,accident,log
WHERE person.ss#=owns.ss# AND
owns.licence=log.licence AND

_log.driver=accident.driver AND
accident.date >= '01-jan-2009' and accident.date < ='31-dec-09;

2) Find the number of accidents in which the cars belonging to "S.Sudarshan”
SELECT COUNT(accident.date)

FROM person ,owns,accident,log

WHERE log.date=accident.date AND log.driver=accident.driver AND

own. licence =log.licence AND

person.ss#=own.ss# AND

Person.name = 's.sudarshan;

3) Add a new customer to the database. _
/INSERT INTO person (ss#, name, address) values (101, 'Madhav', Pune’);
INSERT INTO owns (ss#, license) values (101, 'L101Y; ‘
INSERT INTO car (license, year, model) values (L101: 2017, 'Honda)ar
INSERT INTO log (license, date, driver) valves (L10T: NULL, ‘Shankar');

d for the santro belonging to “KORTH" .

4) Add a new accident recorde e amount) VALUES (31-Dec 2016' Shankar' 10000

INSERT INTO accident (date, driver:

™
T. Technical Publications - An up thrust for knowledge
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INSERT INTO log (license, date, driver) VALUEZ ((~L111".'2005'.'SANTR0'F )
* INSERT INTO car (license, year, model) VALUE UES (111, Korth' ‘Mumbai');
- INSERT INTO person (ss#, name, address) VAL 111 -
ol L W}LU;Sd(nlilaLGive a‘iz"e‘xrrassion in SQL for the following query
ERNTIXRRRN Consider the eniployee (T NG :

~ . t : A Calculate and store tot
Employee(employee_nane, street,city. ) S : DATE Student_marks 2l and average marks from sub1, sub2 and sub3.
Works(employee_nane,compa: y_pameSalay) g;'r Total=subl+5ub2 +sub3
Company(company_name,city) 3 ! avarage= (subl+sub2-+subay3,
Maitages(employeg_name,manager_namte) 1 .

ianag ploye¢]
:'l) Find the name of all employees who work for 5'“;e Banu;ho work for State Bank : I;’E;L[;:::I;::,:me of students who got more than 60 marks in subject Sub1.
e 5 242 | employees Wl : ; »
?) ki henames il f’t_’es 7 m'dm;e gd 13 wr:)rl;/ for Stn-te Bank.. FROM Student, Student_marks

i in the database who do not Wort J« ? . Z

i; 1;""; :112 ‘"’Pi"}/"" ’:" the dal.abase who earn more than every employee of UCO bank. | ) WHERE Student.Rolino=Student_marks Rollno AND Student_marks.sub1>60
4) Find all employee in the : i BRI

B GTU : Dec.-10; Marks 8

iii) Display name of students with their total and average marks.
SELECT Name, Total, Average

FROM Student, Student_marks

1) Find the name of all employees who work for State Bank. WHERE Student.Rollno=Student_marks Rollno

SELECT employee_name

.
FROM Works iv) Display name of students who got equal marks in subject sub2.
WHERE company_name="State Bank’; - SELECT Name
. FROM Student S, Student_marks SM1, Student_marks SM2
2) Find the names and cities of residence of all employees who work for State Bank. . WHERE S.Rolino=SM1 Rollno AND SM1.sub2=SM2.sub2;
SELECT employee_name,city . ' We havefollowing relations. s ey USRIty
FROM Employee, Works s

[T 5 % : x
EMP (empno, ename, jobtitle, manager no, hiredate, sal, comm, dept.no) °
WHERE company_name="State Bank' AND RS

Works.employee_name=Employee.employee_name; .PEP T (dept no, dname, loc) ) TR i |
. i) The employees who are getting salary greater than 3000 for those persons belongings to 'thei,
3) Find all employee in the database who do not work for State Bank. i Eiepartment 20 : .|
SELECT employee_name . Ly

FROM Works :

l'_l') Employees who are not getting any commission.
,iii).v'f-‘ind hotw many job titles are available in employee table.

tﬁl) Display total salary spent for each job category. :
4) Find all employee in the database who earn more than every employee of UCO bank. | %)"D'isplay number of employees working in each department and their department name.
SELECT employee_name from Works fis .

WHERE salary>(SELECT MAX(salary) FROM Works ?l) ist ename whose manager is NULL.
WHERE company_name="UCO bank'); -

WHERE company_name< > 'State Bank'; .

nam E List all employee names and their salaries, whose salary lies bet‘gl{een,ISO()'/-" and 3500/—
Example 9.2.12 Consider follotwing schenia wnd writs S Diclusive. Gt A R : s

‘_i‘(RoIlnb}Nu;ng,Age,gexlcit;y)‘ Ao
Student_marks(Rollyo,Sub1,Sub2, Sub3 Total Average)

& : May-12, Marks 7 B}

Solution :

Pe)

i) ;I'he employees who are getting salary greater than 3000 for those persons belongings

| to the department 20
. in subject Sub1, &l SELECT ename
. ~ T =
W T‘ Technical Publications - An up thrust for knowedge

Scanned by CamScanner



SaL Concepys

Datab. AL 9}-32

Systems

FROM EMP
WHERE EMP.sal>3000 AND EMP.dept_no=20

i) Employees who are not getting any commission-
SELECT ename

FROM EMP -

WHERE EMP.comm IS NULL;

. i ble.
iii) Find how many job titles are available in employee ta

SELECT count(jobtitle)
FROM EMP

iv) Display total salary spent for each job category.
SELECT ename,SUM(sal)

FROM EMP

GROUP BY jobtitle;

v) Display number of employees working in each department and their department name,
SELECT COUNT(EMP.eno), DEPT.dname

FROM EMP, DEPT

WHERE EMP.dept_no=DEPT.dept_no

GROUP BY DEPT.dept_no;

vi) List ename whose manager is NULL.
SELECT ename

FROM EMP

WHERE manager_no IS NULL;

vii) List all employee names and their salaries, whose salary lies between 1500/- and
3500/- both inclusive.

SELECT ename, sal

FROM EMP

WHERE sal>=1500 AND sal<=3500;
EEUTTERRYY We have foll "o

FJMP (empno, ename, bmle, manger 1

DEPT (dqz! no, dnanse; loc) %

Answer the following querus in SQL

»,'-I-‘ the  employees working in the department 10 20 30 onl .
i) md employees whose nantes start with letter A or letter a.

the employees Yho are workmg in smlth s de;parfment
g the employees who get salary frore than Allen’

‘echnical Publications L AR up thrust for knoMedge

,éoludon LI

L5 Sl i e 1

i;ambase'Managemem Systems

SQL Concepts

) Find the employees working in the ¢
SELECT empno

FROM EMP

wHERE dept_no BETWEEN 19 m )

®partment 10, 20, 30 only,

ii) Find employees whose names start wigp |
SELECT ename etter A or letter a.
FROM EMP

WHERE ename="'A%' OR ename="a%;

jil) Find employees along with their department name.

SELECT EMP.ename, DEPT.dname
FROM EMP, DEPT
WHERE EMP.dept_no= DEP’I‘.dept_no H

jv) Find employees whose manager is KING.

SELECT ename

FROM EMP

'WHERE managemo = (SELECT empno FROM EMP WHERE ename="KING');

. v) Find the employees who are working in smith's department.

SELECT ename
FROM EMP,DEPT
WHERE EMP.dept_no=DEPT.dept_no AND ename="Smith';

vi) Find the employees who get salary more than Allen's'salary.

SELECT ename N
FROM EMP

WHERE sal> (SELECT sal FROM EMP WHERE ename="Allen");

vii) Display employees who‘ are getting maximum salary in each department.
SELECT ename, MAX(sal)
FROM EMP

GROUP BY dept_no;

Wrife quenzs far the followmg table
Tl (Empno, Ename, Salary, D eszgnatwn)

&‘2 (Empno, Deptno.)

‘)  Display all rows for salary greater than 5000

i:)‘ Dtsplay the deptno for the enamc; Z {hz;;

E wnn deptname in table

Ll) ::h{lg: i;f:::ignaﬁ of enarie= mm from clerk to semor clerk
d otal salary ofall the TowS.

i An up thrust for knowledge
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Solution :

i) Display all rows for salary greater than 5000 -
SELECT *

FROM T1

WHERE Salary>5000

ii) Display the deptno for the ename="shyam'.
SELECT deptno

FROM T1,T2 )

WHERE T1.Empno=T2.Empno AND T1.Ename="shyam';

iii) Add a new column deptname in table T2.
ALTER TABLE T2
ADD (deptname VARCHAR(20));

iv) Change the designation of ename="ram’ from ‘clerk' to ‘senior clerk'.
UPDATE T1

SET T1.designation="Senior Clerk'

WHERE T1.ename='ram';

v) Find the total salary of all the rows.
SELECT SUM(Salary)
FROM T1; :

vi) Display Empno, Ename, Deptno and Deptname.

SELECT E.Empno, E.Ename, D.Deptno, D.Deptname
FROMTI1E, T2D

‘WHERE E.Empno=D.Empno;

vii) Drop the table T1.
DROPTableT1; .
EERETRED Solve follswing qieries with foll
pimeyie
Person(SS#, name, address)

Car wertse,year, nodel)’
ébidénﬁdate,;dr_iuér,dqma’ge{qmount)

g table, where underlined attribute i’

03

Ouns($5tH license)

7 Technical Publications ™

= An up thrust for knowtedge

SQL Concepts
'_iakfl"'.;
Lt l - . S GTU :Winter-l, arks 7 _"j

1) find the name of person whose license number is
SELECT name )

FROM Person, Owns,Car

wi{ERE Person.SS#=0wns.SS# AND
Ca,,ncense:Owns.license AND

Car.license ='12345";

a new accident by "Ravi for 'BMMC;' :::S done by that driver.

on 01/01/2013 for damage amount of 1.5

SllltiOIl :

12345,

ji) Display name of driver with number of accidents done by that driver.
SELECT driver, COUNT(*)
FROM Accident

* GROUP BY driver

jiii) Add a new accident by 'Ravi' for 'BMW' car on 01/01/2013 for damage amount of
1.5 lakh rupees. '

INSERT INTO Person (SS#, name, address) VALUES(111,' Ravi', Mumbai');
INSERT INTO Car (license,year, model) VALUES('L111','2008, BMW");
INSERT INTO Owns(SS#, license) VALUES(111, 'L111');

INSERT INTO Accident('01/01/2013','Ravi’,150000);

INSERT INTO Log('L111", ‘01/01/2013' 'Ravi'); -

N ILK P RIA For Supplier - Parts database 3

Supplier(S#, sname, status, city)
‘i’arts(P#, pname,color,weight,city)

e-SP(S#, P#, quantity) .

lAhswer the following queries in SQL.

%‘)Display the name of supplier who lives in "Ahemdabad’.
ii) Display the parts name which is not supplied yet.

i) Find all suppliers whose status is either 20 or 30.

Solution :

‘ . P d'.
i) Display the name of supplier who lives in Ahemdabal

' SELECT sname

FROM Supplier

WHERE city='mdabad': dyet
. 5 i et.

.ii) Display the parts name which is not supplied ¥

SELECT pname ’

FROM Parts, SP h

WHRE Sp.p# <> ParisP#
: ‘ - Anup thrust for knowledge .

i
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r 30.
. i) Find all suppliers whose status s either 20
SELECT sname
FROM Supplier

WHERE status = 20 or status = 30; o

EERIOYIEERREY For Stupplier - Paris databas

RS,

s"Ppller(S# sname, status, city) AR 2 WG y
P P#, plmme,color,wmgm clty) P SR 1% |
SP(S# P#, quantity) Sk : PRSEN
Answer the following queries in SQL

) Fmd the name of parts having ‘Red' colour. .

g) DeIete parts wlwse welght is more !han 100 gmm
t)

ooty n gt

Solution :

i) Find the name of parts having 'Red' colour.
SELECT pname

FROM Parts

‘WHERE color="Red’;

ii) Delete parts whose weight is more than 100 gram.
DELETE FROM Parts
WHERE weight>100

iii) Count how many times each supplier has supplied part 'P2".
SELECT S#, COUNT(*)

. FROM sp
WHERE P#="P2’

iv) How much times shipment is for more than 100 quantities?

SELECT S#, COUNT(*)

FROM SP

WHERE quantity>100;

Example 9. 2 19 Co

;’1

y name and city of. students whose total murlrs are greater thtm 225
name of students who 8ot thore ihan 60 mar

:
ey e

~An up thrust for knowledge

i
bk v
TR

sclllﬂo'i :
DISP"V name and city of students w
I CT name, City

oM gtudent,student_marks
:;RHEBE student.RollNo =

ho:
Se total marks are greater than 225,

studen
"-20ks RollNO AND stugen _marks Total>225
0 Dis play name of students who got more
LCT name
F7OM student,student maxks
RE student.RollNo = student_marys RollNo AND
sudent. marks.Sub1>60 OR student _Marks.Sub2>60 OR Student_marks.Sub3>60;

ii) Display name of city from where more than 10 students come from.
SELECT city

FROM student
WHERE count(RollNo)>10

than 60 marks in each subject.

jv) Display a unique pair of male and female students '
SELECT S1.name

FROM Student S1, Student S2
WHERE S1.Name=52.Name AND §1
Example 9.2.20 [eHiV/zi7

Solution ;

1) Display all the details of the employee whose salary is lesser than 10 K.

SELECT *
FROM T1
WHERE Salary <10000

3 Display the Deptno in which employee Seeta is working.

PRLECT Deptno
OM T2, T1

='Seeta’;
WHERE Tl Empno=T2 Empro AND T1Ename= 'Seeta’;

u's

—chnical Publiations - An up thust[or knowledge
P

Scanned by CamScanner



: 9-38 - SQL Cop gibase Management Systems v
Database Management Systems &pts pl :
' T2. ind | Employees along with SQL Concepts
3) Add a new column Deptname In table T: : 5‘2 FG" EMP.ename,DEPT.dnam, eir departmen name,
ALTER TABLE T2
. 5 ad : EMP, DEPT
ADD (Deptname VARCHAR(20)); . 5;13 ! EMP.eptno=DEPT depino,;

y « 4o 'Senior Manager'.
4) Change the designation of Geeta from ‘Manager'to rt data In EMP tabi

UPDATE T1 ) |ns¢mo EMP( em] .

SET Designation ='Senior Manager' RT e PV ,pno  ename, jobtitle, mang
WHERE Ename="Geeta'; i gaLUES (E111AAR' Manager 1123, 01.01 50,

g:l;o » hiredate, sal, comm, depmo)

00,2000, D111"

» Find the Employees who are working in Smith's de, '
pa

i es. .
5) Fln:r the n:;al salary of all the employe A 415OT aname rtment
FROM T1 ) fROM il
. . ‘ WHERE EMP.deptno=DEPT.deptno AND ename="Smith’;
6) Display Empno, Ename, Deptno and Deptname vi updale Department name of Department No = 10
SELEGT T1 Empno,T1 Ename, T2.Deptno, T2.Deptname UPDATE DEPT

SET dname— 'Accounts’

FROMT1, T2
WHERE deptno= 10;
7) Drop the table T1. loyees wh ) .
DROP TABLE T1 A R vil) Display employ 0 are getting maximum salary in each department
" Ty SELECT ename, MAX(sal)
2o FROM EMP -
| GROU'P BY deptno; -

Example 9.2 22 Coﬁstder foIIawmg Hotel database, przmary keys are underlmed. :
0,name, type,price)

-rio,hotel no,type,price) -

hotel-na,guest 110,date-from,date-to,room- na)
guest-no name,address)

r': ﬂlefollozmngquenes in SQL . : FRE S :
& Employees working in the department 10, 20,30 anly 5

the details of all the rooms at the Grosvenor Hotel, including the nante of the gu
n the room, if the room is occupied.
ta guests currently staying a the Grosvenor Hotel.

Solution :

i) Find the Employees working in the department 10, 20, 30 only. the rooms that are currently unaccupxed at the Grosvenor Hotel.
ilc;EMc;;P " umber of rooms in each hotel in London. . .
£ all gues‘ who have baoked room for'three or more days

. WHERE deptno BETWEEN 10 AND 30

ii) Find Employees whose names start with letter A or letter a. Solution ;
SELECT ename i don, alphabetically ordered by
FROM EMP 1 . (1) List the names and addresses of all guests in Lon pl

name.

. WHERE ename="'A%’ OR ename="a%"; o
’ ECT name, address

FROM guest

T‘ 3 Technical Publications An

I* 3 e —TE
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'WHERE address LIKE ‘%London%'
ORDER BY name; )

s avallable
(2) List out hotel name and total number of oo

SELECT name, COUNT{room-no)
FROM hotel, room .
WHERE bnteLhotel_no:xoom.hotel_ﬂo
GROUP by hotel_no;

(3) List the detals of all the rooms at the Grosvenor Hotel, including the name of

guest staying in the room, if the room is occupled.

SELECT r.* FROM Room r LEFT JOIN
(SELECT g.guestName, h hotelNo, broomNo

FROM guest g, booking b, hotel b
WHERE g.guest_no = b.guest_no AND
b.hotel no = h.hotel no AND
hname= ‘Grosvenor Hotel' AND
date_from <= CURRENT DATE AND
date_to >= CURRENT_DATE)
AS XXX ON r.hotel_no = XXXhotel_no AND r.room_no = XXX.room_no;

ying at the G Hotel.

Y

(4) Listallg currently
SELECT * FROM guest
WHERE guest no =
(SELECT guest_no FROM booking

WHERE

date-from <= CURRENT_DATE AND date-to >= CURRENT_DATE AND
hotel_no =

(SELECT hotel_no FROM hotel
WHERE name = ‘Grosvenar Hotel');

(5) List the rooms that are currently pied at the Gr Hotel.

SELECT (rhotel_no, I.room_no, r.type, r.price)
FROM room r, hotel h .
WHERE r.hotel_no = h.hotel_no AND .
h.name = 'Grosvenor Hotel' AND .
 NOT EXIST '
(SELECT *
FROM booking b, hotelh
WHERE (date_from <= 'CURRENT DATE'
’ AND date_to >= ‘CURREN'I‘_DAT-E')
AND r.hotel_no=b.hotel no
AND r.100m_no=b.room_no
AND r.hotel_no =hhotel_no
AND name = 'Grosvenor Hotel);

.'Mmmlo,m,,m

- pase Management Systems
= 9-41
'( ‘L) Listthe number of rooms |, each hote) SoL 'Cam:e ts

1ECT notel_o, COUNT(toom no In London,

i 1h
M room I hotel
ﬂwl?ﬁl‘x r.hotel no = h.hotel no ANp
uRoUP BY hotel_no;

) AS coygt
18 = Londog
List out all guests who have booked roq,

CT guest-no, name
M guest g ,booking b

m for three or more days.

Solution :

(1) Find the names of all employees who work for First Bank Corporation.
SELECT employee_name
FROM works

WHERE company_name="First Bank Corporation’;

(2) Give all employees of First Bank Corporation a 10-percent raise.

. UPDATE, works

SET salary=salary*1.1 o
ERE company_name="First Bank Corporation’;

®) Find the names and cities of
Corporation.
LECT employee_name,city

PR.OM employee

RE employee_name IN

of all employ who work for First Bank

L 3 o mial Publications - A up thrust for kriowledge
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(SELECT employee_name
FROM works  tion’):
WHERE company-name="First Bank Corporation /s
e of all employe
sidenc ployees whe Wor

f re:
(4) Find the names and Street addresses: cities o

. 10,000
for First Bank Corporation and earn more than §
SELECT employee_name,city N .
FROM employee

WHERE employee_name IN
(SELECT employee_name
FROM works

‘WHERE company-name=
OR

SELECT E.employee_name, E.street, E.city

FROM employee as E, works as W +

WHERE

E.employee_name=W.employee_name AND
W.company._name="First Bank Corporation’ AND W.selary>10000

*First Bank Corporation’ AND salary> 10000);

(5) Find all employees in the database who live in the same cities as the companfes for

which they work.
SELECT E.employee_name
FROM employee as E, works as W, company as C
where E.employee_name=W.employee_name AND
E.city=C.city AND : .
W.company name=C.company_name;

(6) Find all employees in the database who do not work for First Bank Corporation.
SELECT employee_name ‘ i A

FROM works

WHERE company_name <> 'First Bank Corporation';

(7) Find the company and number of employees in’'company that has more than
30 employees
SELECT COUNT(empl ame)

FROM employee E, company C,works W . .
WHERE E.employee-name =W.emplayee-naﬁxe'AND
W.company-name=C.company-name i

CTe ) >
“ T - ec'flnlcaIPubhcal/cns_.A,.,upl fo knowledge

SQL Concepts

‘Write SQL query to create Instructor table
CRE ATE TABLE Instructor

“‘mam, VARCHAR(20),
popt_name VARCHAR(15),
olary numeric(8.2)

)

@ Find the average salary of the instructor in computer department.
SELECT AVG(Salary) '
FROM Instructor

| WHERE Dept_name="Computer’;

(3) Find the number of instructors in each department who teach a course in even
semester of 2016 ’ '

SELECT COUNT/(DISTINCT ID)

FROM Teaches

WHERE Semester="'even’ AND Year=2016

(4) Find the names of instructor with salary amounts between 30000 and 50000
SELECT Name

FROM Instructor

WHERE Salary >=30000{\NDSalary <=50000 S

tnowledge
T. Technical publications - An P thrust for
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Solution :
(1) SELECT name FROM Client_master;
- (2) SELECT * FROM Client_master
WHERE city="Mumbai'
(3) DELETE FROM Salesman_master
WHERE salary=3500;
(4) DROP TABLE Client_master;
'(5) SELECT name
FROM Client_master
‘WHERE name like '_a%";
(6) SELECT count(productna)
FROM product_master
.WHERE costprice <= 500
(7) SELECT AVG(sellprice), MIN(sellprice), MAX(sellprice)
FROM pxoduct_mast.er.
Example 9.2.26 A kt‘w‘r.’"’r“‘.“*“’ Tr;’ﬁ* ‘?ﬂﬁ"

Solution :

(i) SELECT C.degcode
FROM Candidate C,
‘WHERE NOT EXISTS
(SELECT D.degcode
FROM Degree D
'WHERE D.degcode=C.degcode)
ORDER by C.degcode

(i) SELECT C.name

- FROM Candidate C, Degree D, Marks M
WHERE

C.seatno=M.seatno AND C.degcode=D.degcode AND C.degcode=M.degcode AND M.marks <40

T Technical Publications - An up th p———

6

RO

HAWNG( SELECT count(*

p.degname="M5c" AND D subject="Maths

A palabase Management Systems
ﬁp BY C.seatno . 9-45

HAV‘“" count(D.subject)=3, SQL Concepts

(i) SELECT DinameD subject ¢y
0M degree D, Candidate ¢
RE D.degcode=C.degcode
) FROM Candidate <s);
) SELECT C.name
ﬂ\OM Candidate C, Degree D, Maxks M
WHERE

AND C.degcode=D.degcods AND C.seatno=M.seatno
M.marks= (SELECT max(M.marks .

oo )FROMMarksM
Example 9.2.27 Consider a' student yegismati :

Student Number | Student Name | 4ddress J TEIEPhO"é.

L‘icoumeNumberl Description ‘ Hours J I’I;J[esorNumﬁ‘

l P@fworNumber l Name l Office l

l Student Number rCowse Number l DateJ ;
er a suitable sample of tuples / records for the above mentwmxl tables and
tatements (SQL) to answer for the queries listed below.

ich courses doesa speaﬁc professor teach ?
ourses are taught by fwo specific professors 7 e
ecrﬁc course and where is hisher office?.
naumber, in which courses is the student 1eg15

Solution :

0]

SELECT P.name,C. descnpnon
FROM Professor P, Course C
WHERE P.ProfessorNumber=
HAVING count(DISTINCT Pnse)=2

C.ProfessorNuzmber

Technical publicatons -A7 up trustfor knoweds
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(i)
SELECT P.name,C.description
FROM Professor P, Course C g
WHERE P.P C.Prof
(iit)
SELECT P.name,P.office, C.description -
FROM Professor P, Course C "
‘WHERE P.P =C.P
) iption
SELECT S.StudentNumber,S. StudemNumber C.Descnp
FROM Student S, Course C, ie:-:su‘auon R N 6o er=R.CourseN -
WHERE S, - AND C. umb

\

v)

SELECT S StudentName, P.Name
“FROM Student S, Course C, Professor P, Reg]sﬂauoﬂ R

‘WHERE C =P.P
AND C.C =R.Cs
AND S.Stuc =R b
" GROUP BY P.ProfessorNumber
(vi)

SELECT S.StudentName, C.Description
FROM Student S, Course C, Registration R
'WHERE S.StudentNumber=R.StudentNumber
AND R CourseNumber=C.CourseNumber

* GROUP BY C.CourseNumber

Review Questions

1. Explain following terms with suitable example.
(1) Primary key (2) Candidate key (3) Foreign key (4) Check constraint
2. Explain aggregate functions of SQL with suitable example.

EEJ GRANT and INVOKE Commands

(1) GRANT Command

SQL GRANT i mman "
usm"T;Q is a co d used to provide access or privileges on the database objects to the
Syntax
GRANT privilege_name
ON object_name

Publications . P re——

‘ b

o st Management Systems

'fo e GRANT OPTION;

or_name |PUBLIC |role_name} SQL Concepts

anﬂege name is the access right or Privilg
ALL EXECUTE, and SELECT,

is the name of
. ob_]cct name ah database o; ect |
SEQUENCE Ject like TABLE, VIEW, STORED PROC* and

me is the name o
, user_na f the user to whom ag access right is being granted.

8¢ granted to the user. Some of the access rights are

o user_name is the name Of'he user to whom an access right is bemg granted.
v _PUBLIC is used to grant access rights to al| users,

; s OLES are a set of privileges grouped together,

. WITH GRANT OPTION - allows a user to grant access rights o other users.
gxample '
GRANT SELECT ON person_details TO useri
This query will grant the SELECT permission to person_details table to user named userl.

Similarly we can GRANT more than one privileges to user in a table
GRANT SELECT, INSERT,DELETE, UPDATE ON person_details TO userl

For granting all privileges to user we use sysdba. The sysdba is a set of priviliges which has all

the permlssxons init.
GRANT sysdba TO userl

(2) REVOKE
The REVOKE command removes user access rights or privileges to the database objects.

Syntax

REVOKE privilege_name

ON object_name

_FROM {user_name |PUBLIC |role_! name}

Example

"\ To remove access right for SELECT
REVOKE SELECT ON person._ details FROM userl;

Bl Review Question

- \:Jescribe GRANT and REVOKE commands.

to the table person_details for userl ' we wﬁte the query

er-18, Ma

rks k

: Summer-18, Wint

: ~chnical Publications - AT UP thrust for knowledge
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ds:
X Transaction Control (TCL) Comman
The COMMIT, ROLLBACK, and SAVEPOINT are co
Commands
(1) COMMIT : The COMMIT. command is US
database. '
When we perform, Read or Writ
undone by rollback operations. To make these changes p
commit
(2) ROLLBACK ": The ROLLBACK command is used to undo transactions that haye not
already saved to database. For example

GTU : Summer-18, Winter-18, Marl,q o

\lectively considered as Transactiop

ed to save permanently any transactio N

e operations to the database then those changes cqp be
ermanent, we should make yg, of

Consider the database table as

RolINo | Name

1 AAA
BBB
ccc
DDD
EEE

[V I KV XY

Fig. 9.4.1 Student table

Following command will delete the record from the database, but if we immediately performs
ROLLBACK, then this deletion is undone. .
For instance — ’
DELETE FROM Student
WHERE RollNo =2;
ROLLBACK;

" Then the resultant table will be

RolINo | Name

‘ ‘wab"” 'Management Systems

= .
SAVEPOINT §avepoint name,

* fhen we can ROLLBACK to savE
3 ROLLBACK TO savepoint_nag.

| For example — Consider Studepy tabl,

Consider Following commands

i

SQL> SAVEPOINT S1
SQL>DELETE FROM Student
Where RollNo=2;

SQL> SAVEPOINT §2
SQL>DELETE FROM Student
Where RollNo=3;

SQL> SAVEPOINT S3
SQL>DELETE FROM Student

. Where RollNo=4

SQL> SAVEPOINT $4
SQL>DELETE FROM Student
Where RollNo=5

SQL> ROLLBACK TO S3;

" Then the resultant table will be

Thus the effect of deleting the re

Review Question

1. Compare rollback with commit SQL com

SQL Concepts .

POIT a

€ as follows —

Fig.9.4.2 Student table

cord having RollNo 2, and RolINo3 is undone.

GTU : Summer-18. Winter-18, Marks 4

mands.

‘cal Publications - An up trustfor knowledge .
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X oral Questions and Answers
Q1 Whatis SQL?
Ans. : SQL stands for Structured Query Lao
companies use databases to store their data.
instruction given to the database management YS
would like to get from the database.
Q2 What are three categories of SQL?
Ans. : 1) DDL : Data Definition Language.

2) DML: Data Manipulation Language

3) DCL: Data Control Language
Q3. What is the purpose of SELECT statement ?

Ans. : The select statement is used to fetch the data from the database tablr._a.

tem. It

Q4  What is resultset ?
Ans. :
« The select statement is used to fetch the data from the database table.

6,5 Give the syntax of UPDATE query
Ans. : UPDATE table_name
SET coll=valuei, col2=value2,...
‘WHERE condition;
Q.6 What is the use of olrder by tag in SQL ?
Ans.: .

. » Many times we need the records in the table to be in sorted order.
order.

order.

» For getting the sorted records in the table we use ORDER BY command.

Q.7 How will you specify NOT NULL constraint ?

Ans. : We can set the column values as non NULL by using the constraint NOT NULL.
For example -

CREATE TABLE EMPLOYEE(
EmpID INT NOT NULL,

- AN Up thrust for knowtedge

SoL CO"CEpk

guage. It is he language of databases and almog al
SQL makes use of query. A Query is a go o
tells any database what informatiop we

o The result returns the data in the form of table. These result tables are called resultsets,

o If the records are arranged in increasing order of some column then it is called ascending

If the records are arranged in decreasing order of some column then it is called descending

pa

;' hase Management Systems

3 Name VARCHAR (20) o7
: Designation VARCHAR(ZO) NOfl"
| Salary DECIMAT, (12,2) Notr NULL,
*'. . PRIMARYKEY (Empp ,
%

What is the use of IN Operator ?

9-51

3 SQL Concepts

a8
ns. ¢ The IN operator is just similar to OR operator.

It allows to specify multiple valyes in WHERE clause,
a9 What is count function used in SQL?

Anf- : The c:unt funf:tlon 18 used to count the total number of values in the specified field. It
works on bot nufnenc and non-numeric data type. COUNT (*) is a special implementation of
the COUNT function that returns the count of all the rows in a specified table.

10 Whatls the use of Group by clause ?
Ans. : The GROUP BY clause is a SQL command that is used to group rows tha!‘ have the same
values. ’

The GROUP BY clause is used in the SELECT statement.

Q11 What is the purpose of GRANT command ?

Ans. : SQL GRANT is a command used to provide access or privileges on the database objects
to the users.

Q.12 What is the purpose of REVOKE command ?

Ans. : The REVOKE command removes user access rights or privileges.to the database objects.

Qaa
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Basics of PL/SQL

« PL/SQL stands for Procedural Language €
« PL/SQL is a combination of SQL along W1
It was developed by Oracle Corporation in
« Oracle uses a PL/SQL engine to processes the PL/SQL statements.

ditions and loops. It allows deg,
i | language elements like con iy
¢ PL/SQL includes procedura cgedugres and functions, types and variable of those s g

xtensions to the Structured Query Language (SQL)
ith the procedural features of programming languag
the early 90s to enhance the capabilities of SQL

of constants and variables, pro
triggers. .
¥ How to Set Environment for Executing PLISQL Scripts ?

We need to install Oracle for executing the PL/SQL script. The latest edition of Oracle j g
We can install it on Linux as well as on Windows (32 bit or 64 bit) platform

Following steps can be followed for installing the Oracle

Step 1: Open the web page https://www.oracle.com.
The scroll down to Oracle 11g Release 2 and download two files Filel and File2, for the
Operating system on which you work.

Step 2: The Filel and File2 are Zip files, hence extract them.

Step 3 : Open File2 folder, go to the folder stage->Components. Copy all the files and 20 to the
Filel directory, Locate stage folder and open it copy the contents which you have copied.

Step 4 : Open the folder for Filel, locate setup.exe file. Double click it to start installation. Go on
selecting the Next button to proceed the installation.

Step 5: Select the installation option as follows —

/ IgR ,\ —— ? .
Oracle Ditabie Vg Relase 2y S b
£ T LISQL Concepts
,.uctlnmllmnn Option . ) = K —
s T . Sce e
I Gonfigre Securky Updeles ““""%m% (. _DATAmase
DATanase RNT |
# Installetion Option e et
Geld insiaation Ogtions.
,r AT 3 ON“’““W‘W;M
))F i Ow«.\.@m,‘m
i
[ — -
~ &
i
e T . |
et vl e o) ()
Then Select Desktop Class installation. Click Next button.
howctltgnr}‘;:\:V"g‘-ewu.t stalles - Instzlling database - Stey
g
i N@ DATABASE 11
1 st Upst (@ esktop Closs
S5 1 gt op cass systom, astater
istoletion Oction, :‘;:ulﬂﬂuwsmm\folm
)l‘ System Class O s
. Licalnsataton s y i st

[
|
| B S

st Ty [em ] (o]
r—

e
s v e
eSS SRR e

jons - An up thrust for knowledge
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D N 10-4 . PLISQL Cop,
gement Systems 15 e
u] & om e Datatase 119 Beleste 2iruta, 1hstaling g :
5 Oracle Datebase 11g Release 2 nstalle - nstalling databose - Step 4 of8 X m““ o Fbe Sy 1ot PL/SQL Concepts
| Typlcal Install Configuration DATABASE 11& Srint
x ; = Corvient Tinty Upeiiges
—

S mstedation Csten

»wﬁaes@hlwe: % thdygn

Driapp Puntambeker
T

ﬁ,m ¢ eyt X 5rupp Puranbekor proguci1 20uthome

Typicsl Insteilstion . -

ot icnoe S | SRR S ——
;" . 1

C—(“'f(—(

T e
S - il

I

s

step 6 : Now following window will appear. Here you have to set the password for the databases
by clicking the Password Management button. '
1t

(3 Ditabase Configuration Asistant . X_\
At this stage, you have to set administrative password for global database name. Note that the
global database name is ‘orcl’. You can set the password as per your choice.
Just click Next button.

Database crealion complete. For details check the logfiles at
DAapp\Puntambekancfgtoollogsidbeatore).

Database Information:
Global Database Name: orel
Syslem |dentifier(SID): orcl
Server Parameler File name: DAapp! 1.2.0\dbhome_!

Finally just click Finish button. It will then proceed for actual installation of copying of files The Database Control URL is htps lacalhost1158em

step.

tep . Management Repository has been placed in secure mode wherein Enterprise Manager data will be
encrypted. The encryption key has been placed in the file: CJapp/Puntambekariproducti1t 20
Idohome_1/localhost_orclisysman/configiemkey.ora. Please ensute this fllels backed up as the
encrypted data will become unusable if this file Is lost. \

M, DBSNMP, and SYSMAN are locked. Select the

16 list of locked accounts of to manage the database
the Password Management windaw, unlock only the
\ds changing the

Note: Al database accounts except SYS, SYSTE
B . Password Management button 1o view a complel
' accounts {except DBSNMP and SYSMAN). From
) accounts you will use. Oracle trongly
jmmediately after unlocking the account.

. : Password Management...

oK)
Technical Puby m
L fealons” Anup thrust o knowogga S el Pabatons -Anup st o noMedGe .
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EM dat
Scroll in the list that appears, Set the password for SYS and S:’ST » la abases Thaye Sety PUSQL Concepts
passwords as “oracle”. You are free to set any desired password of your ¢ | ce.
i ouee ’
Then click OK button. . ands at fho prgimpt @ N C' o
. 1 M m)]
Open command prompt window and issue the following com! promp & A:J-G TE—
Set ORACLE-SID=orcl . _ Dofh,. Control
sqlplus /as sysdba

s follows -

The command prompt window will display SQL P“’mpt 2 .

Connect As | SYSDBA v

Logn .

G- 3 1206, 2010, Orace. Alighis eserved. B —
wﬁ"‘ o

m.m. Pennlesm and Retek are ragastered tr — —_—

rademal
strictly prohbled. m"m“‘c"wmm“"mmmmmmmﬂmmwm

e Database 11g Errterprise Edition Release 11. 1. Production R
I Partitioning, OLAP, pata’ nining and ‘Real Application Testing ptiuns

|

Username as Sys

Password as oracle(you can choose any password of your choice)
Connect as SYSDBA )
Click Login button and then the Web page appears as follows -

@ £, prosteanest 1165 e~

ORACLE tateiprise Manager 119
Oriabane Cuntrnl
—_—

Database Instanca: orcl — —
T e | etvmcs gty e Giaia Gnwmres Steitoed

T S S L
o Rt o 1,191 AT PUST ) Vo Ot Rt 8 1 <)

Actve Sesviom QL Respome Time

Oeneral . HostCPU pi—
1} (Ersine ) (BiE 64 p—— — L " -
I»:'.HJ:-H 2019 11:15:08 P IST L S i o
Wtance Nems orc [
. : i e . - R
- Then type quit and then exit at the SQL prompt to close this command prompt window. We ¢ o LA ot g o 192 et N o=
also check the installation is correct or not at GUI level as follows — ’ L =
Space Summary
Just open the Web browser and type the URL as gt ey o chi
s machine.
https://localhost:1158/em That it!!. Your Oracle is installed o Yur

Following type of web page appears in your browser.
»

i — w
T Technical Publicatons -

ical Publications - ANYP
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stallation itself, it give error about CRE, AT
t disable your Antivirus Software durip

PL/SQL Concepts
E fj, — .
g the

Troubleshooting : Sometimes at the start °f““
on Command prompt, to resolve this €rror, Jus
installation process.

Writing First PL/SQL Script

(1) Writing and Executing the PLSQL script on SQL PLUS
d-line interface for executing SQL statement and PL/SQ[, blogkg

SQL Plus, which is a comman
provided by Oracle Database.
Open SQL PLUS command prompt.

_» Type user name and password. I am using the user name: sys as sysdba and Passworg o
oracle(This is the password which 1 set during installation. Refer i“Sta“a‘i_ﬁ“ Procedyr,
described in section 10.2, Step 7).

Then the SQL prompt appears. Now we can execute our PL/SQL code from here.

user-n‘ame: sys as sysdba
password: . L

Bmnected to: -, - LI e e
Oracle Database 11g Enterprise Edition Release 11.2.0:1.8 - Production
“the Partitioning, OLAP, Data Mining and-Real Application Testing options

.s;nvénqp'rmou; N R S ; 5 ‘\

==
\ ‘ password as follows. You can give Connection Name of your

name and .
You can store the script in separate file and Now Enter user R
' g n. On successful connec

(2) Writing the PL/SQL script on Oracle SQL Developer

You can write PL/SQL script at the SQL Prompt or
execute it. ' choice. Then click Test buttol
For storing the script in separate file we need to uge dracle SQL D?veloper * Connect button. .

/After installation of Oracle Pac@ge, this developer too] comes integrated with it. Click onit

T \ Cere—— e

'A“"pw“ﬂ"”kmwledge ; T. X R Technical
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u s oo o PLSOL COnce,, mbase‘Managemenzs tems l
s —

'ia New / Select Database Connection x

g ey PSR E  —— ||

e e S -

PLISQL Concepts

@ Detase o

S e MR ’
Role SYSDBA ¥ [ 05 Authentication Fr @fﬁm\—
. ; Create
— o Type [ Kerberos Authenticaton ; ""'*kws&:‘"’:‘“‘ h"“"“"""sﬂ(sd)ﬁe.m i |
 [JProxy Connection !
Hostname
Poct
®sp -
(O Service name

R | | | e |

Now Click on File=>New.

Following window appears. Click-on SQL File and then Click OK button Set the filename of your choice. For instance- 1 have created a PL/SQL file as follows -

= Create SQLFile X

Creates a new SQL Saiptand opensit for editing and exeaution.

Directory: - Browse...
C:\PLSQL Programs

T J
The script is as follows ~
SET SERVEROUTPUT ON:

BEGIN
DEMS_OUTPUT.pus ine(H

ello World):

5 i y .
T Technical Publications ~ - An up thrust for knowled
; Ige
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Systems

Explanation of Sci
cript. PL/SQL Concepts

(1) The first line of PL/SQL script is
SET SERVEROUTPUT ON:_
This allows the user to see the output, when

(2) Then BEGIN statement indicated the beginning of the execution block.
the BEGIN and END statements You can write any

,nonymous block complete 4

the script is executed on specified connection, Hello World

. (3) The execution block is within
executable PL/SQL statements here.
(4)For displaying the - desired message We use DBMS_OUTPUT.PUT_LINE. T,
DBMS_OUTPUT is a built-in package that allows us to display output.

w Block Structure of PLISQL
, PL/SQLisa procedural language,
. ‘The code is written in small blocks in PL/SQL,
3 Brpadly there are two types of blocks —

Execution of Script
(1) Anonymous Block

Click on Execution Script

Click here to

execute the o A block without a name is an anonymous block.

o An anon‘ymous block is not saved in the Oracle Database server, so it is just for one-time

use.

o PL/SQL anonymous blocks are useful for testing purpb.ses

SET SERVEROUTPUT ON:

BEGIN (2) Named Block
DBMS_OUTPUT. put line('Hello Uozld' )2 i
EmD ;| - o APL/SQL block has a name.

o A Functionora Procedure is an example of a named block.

saved into the Oracle Database server first and then can be reused.
declaration, executable, and exception-handling
mandatury while the declaration and exception-

o A named block is
« A PL/SQL block consists of three sections:

sections. In a block, the executable section is
handling sections are optional. This structur® of PL/SQL block is as follows

BEGIN
EXCEPTION
END;

The wigdow for Select Connection will appear, Select thé' Connection and click OK button.

ra Select Connection X

Sded:themmechmywwd'lhusefmn&xelist,or
ueatzanewcnmedmn

The output will be displayed at the bottom of the Editor window as follows

.

.

T : -" Technical Publications -Anupllnlst!orknavwrad ‘ |
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1) Declaration section

A PL/SQL block has a declaration section where you declare variables, allocate memory ¢,
ctujsoxs,'and define data types. A
2) Executable section

A PL/SQL block has an executable section. An executable section starts’ with the keyworg

BEGIN and ends with the keyword END. The executable section must have a least one executapje
statement, even if it is the NULL statement which does nothing.

3) Exception-handling tion

A PL/SQL block has an exception-handling section that starts with the keyword EXCEPTIQN.

The exception-handling section is where you catch and handle exceptions raised by the code in the
execution section.

PL/SQL Data Types
Following are the types of PL/SQL data types

1. Scalar : These data types don’t include any internal components. It includes data types such
as NUMBER, DATE, BOOLEAN, etc.

'2. Large Objects (LOB) : This type of data type stores objects that are relatively large in size

and stored separately from other data types such as text, graphic images, video clips, sound,
etc.

3. Composite : These type of data types have internal components that can be accessed
individually. It includes records and collections. '

4. Reference : As the name sounds, it includes pointers that refer to the location of the other
data items.

Following are some commonly used data types in PL/SQL

Data Type Description

Numeric Numeric values on which arithmetic operations are performed. It includes sub
types such as number, decimal, real, float, etc.

Character - Character values on which character operations such as strings are performed-
It includes sub types such as char, varchar, varchar2, nvarchar?, etc.

Date and Time This data type is for displaying the date and time values. The default date
format is DD-MM-YY .

Boolean These include logical values on which logical operations are performed. The
logical values are the Boolean values TRUE and FALSE and the value NULL-

T' Technical Publications

AN up thrust for kitowledge

Number(Precision, Scale) P

t0 thy

the numbey of digits
Or variables t, specify
2

re
To de i E
clare ﬂoahng~po'mt Rumbers, for

scale because th N which yg .

form without py Aecmal point can ot gy e PO PreiSomor
out precision and scale - any position, use the following

NUMBER

The maximum preis;
. Precision that can b, ifi
decimal digits. I Joudong © Specified for a NUMBER value is 38
N not specify Precision, it defaults to 39 or 40, or the

PPorted by your syster, whichever's less,
SC al A . )

e, which can range from -84 to 127, determines where rounding occurs
ANSI ifi i i
' and -IBM specific ﬂo.ab:\g-pomt type with maximum precision of 126
binary digits (approximately 38 decimal digits).

Integer

ANSI and IBM specific integer type with maximum predision of 38 decimal
digits

Real Floating-point type with maximum precision of 63 binary digits

(approximately 18 decimal digits).

Varchar2 l Variable-length character string with maximum size of 32,767 bytes.

Rowid l Physical row identifier, the address of a row in an ordinary table.

Blob This data types is used to store large binary objects in the database. Memory
Capacity: 8 to 128 TB.

Clob This data type is used to store large blocks of character data in the database.

Memory Capacity: 8 to 128 TB.

PL/SQL Variables

+ The variables in PL/SQL are declare
is as follows -

d in declaration section. The syntax of variable declaration

Symax N X
Variable-Name DaiaType(P’eds“’“/Dlméns’on)

Example

D dimension.
Person_name varchar2(30): nd varchar2 is the data type with 302
me 3 .

. iable nas
Here Person_nameis2 variabl

Tachnical Publcai01®
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.+ Constraints are associated with the variables defined in the code block. A constrain is o
condition that is placed on the variable. Two commonly used constraints are —

o Constant — This constraint will ensure that the value is not changed after a value ig mma“
assigned to a variable. If a statement tries to change the variable value, an error wjy be
displayed.

o Not Null — This constraint will ensure that the variable always contains a value, |¢ the
statement attempts to assign an empty or a null value to that particular variable, the Program,
will be error prone and will get abnormal termination of the program or the eXCeption

" section will execute, if included in thé program code.

o For Example —

PI constant number(5,2)=3.1415

 Variable Initialization : Variable can be initialized using :=. This sign includes a ‘colon’ with
a succeeding ‘equal to’ sign. This particular sign assigns the parameter on the right hand side of
the sign to the parameter or the variable on the left hand side of the sign.

Programming Example

SET SERVEROUTPUT ON; ’

DECLARE

X integer := 100;

y integer := 200;

z integer;

treal;

BEGIN

z:=x+VY; ‘

dbms_output.put_line('‘Addition of Two numbers: ' || z);

= 15.0/3.0;
_dbms_output.put_line(Division of Two numbers: ' | | t);
END;
o i

Following Screenshot demonstrates above program

T ' 7 Technical Publications . - An up thrust for knowledge -

N M‘Magemem Systems

z
db!é output.put_ line(
©i= s 0/3.0;

'Addition of Tuo nuubers; 1 .)
: z);

,",_————‘ @ Saript mtth]ngxpnam | Autotace
v, ) E E l

anonymous block completed

Qe output | Qowa output

addition of Two numbers: 300

pivision of Two numbers: 5 This is the output

There are tWo types of variable scope.

1\. Local Variables 2. Global Variables
For example

DECLARE

.=- Global Variables
ainteger := 100;

. binteger := 200;
dbms_output.put_line(a:' || a\
dbms_output.put_line(b:' | | b)
BEGIN
- - Local Variables -
cinteger := 300;
dinteger := 400;
dbms_output.put_line(c:' [l ek
dbms_output.put_line(d: lan
END;

Technical Publiatons
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PL/SQL Constants

Constant is a value that remains unchange!
requires initial value that does not get changed.

Syntax
constant_name CONSTANT datatype := VALUE;

Example
PI CONSTANT NUMBER :=3.1415;

Control Statements

The control states determiné the flow of execution of PL/SQL block. The control statements are

of two types — conditional statements and loop statements.

IF Statement

The If-then-else type of statement is used to specify the condition in PL/SQL block. There are
various ways by which the if statement can be written. Their syntaxes are as given below

(1) Syntax- IF-THEN
" IFcondition

THEN
Statement: {when condition is true, this statement executes}
END IF; '

(2) Syntax- IF-THEN-ELSE
IF condition
THEN

{statements to execute when condition is true}

ELSE '
" {statements to execute when condition is False) 4
END IF;

(3) Syntax- If-THEN-ELSIF
IF condition#1
THEN

T . ’ Technical Publications

4. It is declared using the keyword CONSTANT_ it

\
GTU : Winter-14, Marks 7

-Anup thrust for knowledge

¥ swements to execute whep conditiopy

1
Bwn: condition#2 b T“‘e_)

J (stat ements t0 execute when congiy;

g0

h synfa* If-THEN-ELSIF -ELSE

on#? ig Tme)

F condition#1

THEN

~ (statements to execute when condition#] i True)

FLSIF condition#2
THEN

{statements to execute when condition#? is True)

ELSE

{statements to execute when condition#1 and Condition#1 is False}
END IF;

Programming Example

SET SERVEROUTPUT ON;

DECLARE

mark NUMBER :=50;

BEGIN X

dbms: output.put_line(Displaying Grades');

| F(mark >= 70) THEN '

. “dbms_output.put_line('Grade A');

ELSIF(mark >= 40 AND mark < 70) THEN
dhms_butput.put_line('(}xade BY);

ELSIF(mark >=35 AND mark < 40) THEN
dbms_output.put_line(Grade C);

ELSE .

dbms output.put_line(No Grade');

END IF; '
END; -
s,

knowledge
— ™ Anupthrustor
- iblications
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Scanned by CamScanner




Datab A ) . .
Systems 10-20 PL/SQL Conceps Management Systems

10-2;

Output(Using SQL PLUS) i every Loop, the statements gy, exe

B0 Cltey
“utll a certain condition is satisfieq. d and thep ontol e g
M from the

top of the loop

i Y smtememl;

Statement2;

| EXIT;

END LOOP;
m’gramming Example
T SERVEROUTPUT ON;
DECLARE
g integer:

BEGIN
a=&a; : ,
. LOOP
dbms_butpunput_li_ne(a);
a=a+1; .
. EXIT WHEN a>10;
END LOOP;
END; ) .
/ S )
Output (Using ORACLE SQL DEVELOPER) ’

line('Grade . B ), 5
'¢"4@) THEN
)3

Output(Using Oracle SQL Developer)

anonymous block completed
Displaying Grades
Grade B

Enter Substitution Varizble
anonymous block completed

General Loop

e A General Loop in PL/SQL is used to execute a set of statements at least once before the
termination of the loop.

0

\._..-q.\m

« An EXIT condition has to be specified in the loop; otherwise the looping process will get into?
never ending loop, also known as an Infinite Loop

« On encountering with EXIT statement, the loop exits. »

« InaPL/SQL Loop, the statements are enclosed between the keywords LOOP and END LOOP

- . :
T . ! Technical Publicalionsm - An up thrust for knowledge
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Output(Using SQL PLUS)

8 - — .
XX While Loop

For Loop

» For loop executes sequence of statements for specific number of times

a

0 Thls is a kind of loop that repeats the sequence of statements while given condition is true.
+ Before entering the loop the condition is tested and if it i true then only the control executes the

e There are starting and énding values in between which the statement executes. 8 riuép body. It executes until the condition becomes false.

o The counter is incremented by one each time.

) ‘Syntax
Syntax 45

: : ' ~ WHILE <condition>
FOR counter IN numl....num2 LOOP ) -
o s ~ LOOP statement];
statement]; . : .
. - ' statement2;
statement2; . b
END LOOP;’
Programming Example
DECLARE
iinteger;
BEGIN . . :
FORiIN1.5LOOP
DBMS_OUTPUT.PUT_LINE(i);
END LOOP; B
END; |

/

o

T ) , Technical Publicallons’»u - An up thrust for knowiedge
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END LOOP;
END;
/
* Output

T L A S e T S
WHILE(i<=5) HRR T
00P-“ visr. ¢ N A
DBMS_OUTPUT.PUT LINE(i); -

s S IS E R s T

1K X} CASE Statement
- o The CASE statement is just similar to switch case statement in C.

o It allows you to execute the sequence of statements based on selector. The selector can be
variable, or a function or some expression.

o A CASE statement is evaluated from top to bottom. If it get the condition TRUE, then the
corresponding THEN clause is executed and the execution goes to the END CASE clause.
Syntax
CASE [expression]
WHEN conditionl THEN statement]
WHEN condition2 THEN statement2

WHEN conditionn THEN statementn

Technical Publications - An up thrust for knowledge

¢ Management Systems

/ ‘é 1SE someStatement

_gramming Example
gss'l‘ GERVEROUTPUT ON;
f“?f,,de CHAR(1) = ‘A
BgélN
~ CASE grade
~ WHEN 'A' THEN
- pBMS_OUTPUT.PUT LINE(Distinction},
WHEN '‘B' THEN
DBMS_OUTPUT.PUT._LINE(First Class);
WHEN 'C' THEN
DBMS_OUTPUT.PUT_LINE(Higher Second Class);
WHEN 'D' THEN
- DBMS_OUTPUT.PUT_LINE(Second Class);
WHEN 'F' THEN :
) DBMS_OUTPUT.PUT_LN'E(’P&SS‘);
ELSE
DBMS_OUTPUT.PUT_LINE(Fail);
~ END CASE;
END;
N,

Output

Distinction

Solution :

SET SERVEROUTPUT ON;
DECLARE
. nNUMBER; C
fNUMBER:=1; : ) A
. iNUMBER;

BEGIN
n=&n;
* FORiIN 1.n
LOOP '
=ty
END LOOP;

Scanned by CamScanner
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DBMS_OUTPUT.PUT_LINE(The factorial of | [n|['is ='I19:
END;
/
______’_’——':___'/’__‘——_
X

Enter Substitution Variable

D>Resuts [%s::pmml explain ]gmmaae | @oeMs output

¢B88 |

anonymous block completed
The factorial of 5 is =120

L block to dtsplayﬂ multipli watum table

Solution :

SET SERVEROUTPUT ON;
DECLARE

n NUMBER;

i NUMBER;

BEGIN
DBMS_OUTPUT.PUT L]NE('MULTIPLICATION TABLE');
n:=&n;

FORiIN 1..10
-LOOP 8 :
DBMS_OUTPUT.PUT_LINE(| |'x'|[i[ |' =] |nti);
END LOOP;
END;
i
T : .. Technical Publications " - An up thryst for knowtedge

\mt
éEEI lehmmlﬁn&sw
MULTIPLICATION Ti::gleud
3x1l=3
3x2=6
3x3=9
3x4=12
3x5=15
3x6=18
3x7=21
3xB=24
3x9 =27
3 x 10 =30

Solution :
SET SERVEROUT ON;
DECLARE - ‘
n NUMBER:=&n;
BEGIN
*  IF MOD(n,2)=0 THEN
DBMS_OUTPUT.PUT_LINE('Number is Even));
_ELSE
DBMS_OU'I'PUT.PUI‘_LINE('Numbe: is 0dd);
_ENDIF;
END;
/

R ——

Ouﬂ//—

X

Enter Substitution Variable

M

anonynous block completed
gupber is Even

,//

™
Technical Ppublications -
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xample 10.8 !

Solution, :

DECLARE
iinteger;
sum1 integer;
BEGIN
i=0;
sum1 :=0;
WHILE i<=100
LOGP
sumli=sum1+i;
=i+
END LOOP;
DBMS_OUTPUT.PUT_LINE(sum1);
END;
/

Output
2550

TN - Wit a PL/SOL block 5 siap o riimberss T
‘Solution :

SET SERVEROUTPUT ON;
DECLARE

b NUMBER;
temp NUMBER;

BEGIN
a:=&a;
b:=&b; i
DBMS_OUTPUT.PUT_LINE(before swapping:');
DBMS_OUTPUT.PUT_LINE(a="| |a| |'b='||b);
temp:=a;
a:=b;
b:=temp; y
DBMS_OUTPUT.PUT_LINE(after swapping:');
DBMS_OUTPUT.PUT_LINE(a='|[a||'b="| |b);

"END,
/
T' * Technical Publications ™. g —————

oS, ~Anup thrust for knowledge

(anagement Systems

1=i+2;
DLOOP; . .
DBMS_OUTPUT.PUT_LINE(suml);

h
2500
Example 10

; T 1 for knowledge
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Solution :

DECLARE
n NUMBER;
i NUMBER;
rev NUMBER:=0;
T NUMBER;
- BEGIN
n:=&n;

WHILE n>0
LOOP
1:=MOD(n,10);
rev:=(rev*10)+r;
n:=trunc(n/10); :
END LOOP; .
DBMS_OUTPUT.PUT_LINE(The reversed number is '| |rev);
END; .
/

Output

Enter Substitution Variable oox| bnﬂmfasmw]mmlwuanmm
¢a8|
| 3 o Rl r et : anonymous block completed
The reversed number is 4321

\

We can create a database table in Oracle database using two ways either using SQL prompt or
using Oracle SQL Developer.

R o and as follows =
(1) Creatlng a ngtal;ase Table Using SQL PLUS , Thetable can then be displayed Wi SELECT comm
Open SQL PLUS window, type the user-name and password. I am using HR schema under S
which the table will be created. The password which I have set during installation of ORACLE is
HR. So by entering correct user name and password the SQL prompt will appear. Just give the

CREATE table query for creating the table.

Following screenshot illustrates creation of table named T with two fields — roll and name. s '

™ ]
® Technical Publications - An up thrust jcati
T ) 4 P ’Wkl!oudedge Tocprical publications
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(2) Creating a Database Table Using SQL Developer
Open Oricle SQL Developer and follow these steps -

Step 1: Expaixd your Dmb;se Connection node. Find out the node Table. Just Right click on it

click on New Table. Here 1 have already created a comnection by name MySys
(Refer section 10.3(2) to know how to create a connection), so I am creating a table under this
schema. Here is the screenshot.

Import Data
Help

T . ) Technical Publications - Ap up thrust for kno wWledge

Step 2:Add the each
column name and size

Step 3: Click
OK button for
Creating table |

Now you can see your table structure by Selecting Student Table from Table node of your
database Connection List. Just refer following screenshot

e o

y jon  Joois Help
BEBE H & KR O-0- 18-

R R ) @ Dy [Elstuven ) - Y
“\’Cﬂlﬂu_»h@,[:@ﬂ%ﬂ%{@mjlsugﬂImnsslwlmndsmlwisliﬂ|!1

| @ [ sTREAMSS _PaTH_BOTTLENECK_~ || AP i @) Ackors...
- {0 STREAMS$_PATH_STAT_OUT 1l coumpame § pataType

[§ e peaeiz § cousnim[§ mmaryeey [} cowens|
1 ) nd)

E5) STREAMSS_PREPARE_DDL B0 NIERG) Yes () N
- STREAMSS_PREPARE_OBJECT VARGURETE) Yes o) 2 () ()
- STREAMSS PRIVIEGD_USR ~ ([0 F - Ye ) 3 ) ()
@-{5) STREAMSS_PROCESS_PARAMS | | MARS NEER(0) . AR P
& {7 STREAMSS$_PROPAGATION_PRO! £ i
-6 sTREAMSS_RULES . %

Table Structure

i rliatinns -Anllﬁ””"5"'7'kmmlmg’3 )
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Just click on Data tab for insertion of data into the table —

S

owsr | [EowoBta]
| Colunns [Data| Constrains | Grants |statstics |rig
§ | Sort... |Fiter:|

(taRx®8

The data can be inserted into the table by clicking to enter the value to each column —

Dwsye [Eswoanr|
Colums |Data) Constraints | Grants |Statstics [Trig
ARERDEQ | sort. [Fiter]

i ~>*_.‘RE_N;EIEI—M’AR%I

+1 1 Ankita A
+2 2Rupali 80
3] 3Swat 75
oy 4 Ashwini 8
+5 5 Aditya 7
+6 6 Suhas :

Then click Save button. The data will be inserted in_to the table.

j['5['] Cursors GTU : Summer-17,-Winter-15, 17, Marks 4
e

When an SQL statement is processed, Oracle creates a memory area known as context area. A
" cursor is a pointer to this context area.

It contains all information needed for processing the statement. ,
In PL/SQL, the context area is controlled by Cursor. .
A cursor contains information on a SELECT statement and the rows of data accessed by it.

The cursor is' used to fetch and process the rows returned by SQL statement one at a time.
There are two types of cursors —

o Implicit cursor

o Expiicit cursor

Techriical Pubfications - . A Up thiust for knowtedge

L enever Oracle executes an SQL Statep,
. . €]
DELETE’ it creates an implicjt cursor 0t Such a5 SELECT NTo
The Jmplicit Cursor is the Defay; Cursor
: ovides some attri

, Orcale Pr ibutes knoyp 5
U .operﬂtions‘ Some of them are a5 follows _.

_ o,ROWCOUNT : It Re
o % turng T of rows inflye,
an INSERT statement, 1¢€d by an UPDATE, ppy g

4 or

%NOTFOUND : It Returns TRUR if an
influenced zero rows or a SELECT INTO
FALSE.
2%FOUND : It Returns TRUE
_ influenced one or more rows ora §

it returns FALSE.
. %ISOPEN : It Retlllms.FALSE for Implicit cursors ag Oracle clo

default after processing its associated PL/SQL statement.
Programming Example :

» INSERT, Upp, ATE, 1
in PUSQL block. .

Implicit eypg
O'S attribyteg
10 check the sty
. Atus of DML
the numbe,

" .
stmDATE, DELETE o an INSERT Statement
ement retumed ng Tows. Else, it Returns 2

i .
lIEL ;érUPDAT'E, DELETE or ap INSERT statement
INTO statement returned one or more rows, Else

ses the PL/SQL cursor by

Following is an example program that uses attributes of implicit

| cursor to demonstrate number of rows affected when SELECT query is executed for Student table
. 'SET SERVEROUTPUT ON;

DECLARE

* s_name student.name%type;

BEGIN

SELECT name INTO s_name

- FROM student

WHERE marks>=70; . .

‘DBMS_OUTPUT.PUT_LINE(Number of rows processed: '| | sql%rowcount);

END; : g

12

Output
‘Number of rows processed:5

(2) Explicit cursor

. . that will return
_ Explicit cursors are used when you are executing @ SELECT statement query

L more than one row. 2 thouigh it stores more than one

v Cure ) int of time eve
- Cursors can process one record at a given poil
“ Iecord,

e Anup trustfor knowedse
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=3

declaration section of the pL/SQL Block.

o An explicit cursor is defined in the - the Context Area via Ol

o Explicit cursors are used if you need to have better control oV!
Synﬁ( for Declaration of Explicit Cursor
CURSOR cusnsor_\;xame
IS
* SELECT statement
For example

CURSOR MyCursor
Is
SELECT * FROM Student;

The eﬁq:licit‘cumr works in four stages —
1) Declaration of cursor : The declaration of cursor is in declaration section of PL/SQL block.
The name of the cursor requires to be defined along with the SELECT Statement.

Syntax
CURSOR cursor-name IS
SELECT statement;
2) Open the cursor : Opening the Cursor also means allocating the memory for the Cursor in
the Context Area which thereby makes it sufficient to fetch and store records in it.
Syntax
OPEN cursor-name; A
3) Fetch the cursor : Fetching the Cursor involves retrieval of data using the Fetch statement.
It is used to help the Cursor process and access records or rows at a time.
Syntax
FETCH cursor_name INTO variable_list;

4) Close the cursor : Once the work associated for a Cursor to be completed is accomplished,

it is necessary to release the Allocated Memory of the Cursor to let other tasks occupy
memory. :

- Syntax
" Close cursor_name;

Now let us understand how to wﬁte a simple explicit cursor and execute it.

/

o U A
) Technical Publications -An up thrust for knowledge
)

T

]

st 2 ¢ Under your current Connection type(in my case it is MySys ), Open File->New File,
Give suitable name to your file which stores the Cursor program. [ have given the name as

1 mmrl)en}o.sql ‘

£ step 3 Write the program as follows .
&7 SERVEROUTPUT ON;
DECLARE -
‘g pame VARCHAR2(30);

_Beclare Cursor

CURSOR My_Cursor IS

SELECT name FROM Student

WHERE Marks>70; '

BEGIN

OPEN My_Cursor;

Loop

FETCH My_Cursor INTO s_name;
DBMS_OUTPUT.PUT_LINE(s_name);
\EXIT WHEN My_Cursor %NOTFOUND;

r by Run Seript

by either flitting F50
s

B¢

S’:’p 4: Save your file and execute script

SEeT

u'msm'-Aﬂ w W{o{kﬂamﬂgel

Technical Publica!
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output

--Declare Cursor

CURSOR My Cursor IS

SELECT name FROM Student

WHERE Marks>70:

BEGIN

OPEN My_Cursor;

Loop
FETCH Hj_l:uzsuz INTO s_name;
DBMS_OUTPUT. PUT_LINE(s_name);
EXIT WHEN My Cursor %NOTFOUND:

ERD Loop:

CLOSE My_Cursor;

EHD ;

D SR

anian | SR avtotrace |@05Msomput | @ owa output

Program Explanation : In above code,

The cursor is created to display the names of students who have scored more than 70 marks.

The name of the cursor is My_Cursor. The SELECT query associated with it is
SELECT name FROM STUDENT WHERE Marks >70;

Then we open the My_Cursor.
Inside-the LOOP, we fetch students’

time the s_name is displayed. This loop is exited when no record is fo
attribute % NOTFOUND is used,

Finally the cursor is closed.

und. For that purpose the

T

Technical Publications . A Up thrust for knowledge

The output will be obtained as a list of names of those students who have marks>70. Here jg

name from Student table into variable s_name and each

mstr C, fd_dtls F,acct_fd_cust . dtls A
c. custnO"A custNo AND F.fd no=Aacct _fd_no
SC:
pY amt DE
owER

v ARCHARZ(SO)
Ao fd_dtls fd_no%TYPE;
1d_dtls.amt%TYPE;

. LOOP FETCH My_Cur INTO s_name,s_fd_no,s_amt;
ﬁ " DBMS._( OUTPUT.PUT_LINE(s_name ||' ‘||s_fd_no||"* ‘| |s_ams),
mwﬁEN (My_Cur%ROWCOUNT-1)=5 OR My_Cur %NOTFOUND;

TU : Winter-15, Marks 4 §

$8T SERVEROUTPUT ON;
DECLARE

8.name VARCHAR2(30);
'hranch VARCHAR2(20);

bxanch
11 s_bmnch)?

My Cursor INTO s_name,s_

for knowledge

™
; thrust
Technical Ppublications - Anup
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_ u Explain Cu;rsormP;/SQL. | GTU : Winter-17, Marks 3]

" o CREATE keyword is used to develop a new procedure and [OR REPLACE] option allows -

E pafab"se Management Systems

10-4;

: o PL/SQL ¢
Datahase M: 10-40 Oncepts -
Systems " : ., Thereare three ways to pass Paramefers
o IN represents that argumepg value wil]
only parameter. Parameters are pas passed from gy

CLOSE My_Curser;

in Procedures -
END;

Output

ide the Procedure, 1t is a read-

sed by reference, Inside

. an IN Parameter acts a5 5 constant. It canno be gsq; the procedure or 5 sub-prograr,
AT = N SRk by 1 i assigned s
> Resits EW Output] TgEplan Bmmmlﬂlﬁ“s omputl ‘ 3 parameter passing. ) gned a value. It ig the default mode of
d =° ShE : ; ¥ An OUT parameter
_O E E | i 9 . ‘retur‘ns 2 value to the calling pro,
: parameter will be used to return 4 val . gram. OUT represents that this
Rupali  Mechanical N OUT ue outside of the procedure,
. Electrical o An parameter passes an initja| value to the sub-
Ashwini Civil value to the caller. We can reaq and write values thi ‘Program and returns an updated
Aditya IT | . .. ) using this parameter,
Suhas Electronics . .+ The Executable part is included in the Procedure Body,
Suhas Electrenics . We can create a procedure without passing the parameters or by passing the paramete
: eters.
» WE can execute the procedure using Execute keyword.

A standalone procedure can be called by using the EXECUTE keyword or by calling or
. mentioning the procedure by its name from a PL/SQL block.

Review Question

Syntax

Execute [Procedure-Name];

I REN Stored Procedures GTU : Summer-18; Wintei-18, Marks 7

« Stored procedure is a type of subprogram in PL/SQL block. It is a group of statements that can
be called by its name.

o This is a subprogram that does not return a value directly.
o A procedure is created with the CREATE OR REPLACE PROCEDURE statement

A ECEEE] Procedures without Parameter

4

Let us write a simple procedure for displaying some welcome message.

Step 1 Create a simple sql file that contains a procedure
| SET SERVEROUTPUT ON;

Syntax : CR/EATE OR REPLACE PROCEDURE MyMessage « Creation of procedure
- CREATE or REPLACE Procedure Procedure_Name I:EG N '
[(Parameter Name [IN |OUT | IN OUT ] Type[...])] dbms_output.put. line(Welcome friend!!!);
(1| AS] Mg
.BEG]N ;‘.}CECUTE MyMessage; ¢ Thisis for executing the procedure
END?"M“‘C_MY Step 2: Save above outpixt and compile the code. The output will be as follows -
. When‘;

| PROCEDURE MyMessage Compiled-

b d
| anonymous block complete:
 |Velcome friend!!!

o Procedure_Name is used to specify the name of the procedure.

us to modify an existing procedure.

o The optional parameter list contains Name and Types of Parameters.

T - Tecknical Publications - An up thrust for knowledge

p 1 up thrust for WV{WW

Technical Publications A

ISR e

Scanned by CamScanner




Zin :

, 10-43
F step3* The output will be ag follows— - PL/SQL Concey

onymous block completeg
Addiﬁion of two numbers:3g

. PL/SQL Concepts
e 10-42
Systems

<3

Another way of execution of procedure
SET SERVEROUTPUT ON; . :
' pm.dum
CREATE OR REPLACE PROCEDURE MyMessage ¢ Creation of
s
BEGIN
dbms_output.put_line(Welcome friend!ll'):

END;

/

BEGIN « This is for calling the procedure
MyMessage;

END;

/

Save and compiler above code to get the output.

Stored Procedure for Handling Database Tabje

sing 2 stored proc dure we cai he da
tabase
€ | 0 access the table and can perform inser tion, deletion

Following is a simple example of procedure usin, i 4
’ g which we insert soj i
table. me record in Student

'sup 1 : Write a procedure as follows
CREATE OR REPLACE PROCEDURE InsertStudent(roll IN NUMBER,

[TREW] Procedures with Parameters
Following example show the procedure for addition of two numbers. The result is stored in

. . L . pame IN VARCHAR?,
third variable which is an output variable. By =
Step 1: We will create a procedure and store it in an sql file as follows pranch IN \(ARCHARZ)
CREATE QR REPLACE PROCEDURE AddProc(x IN NUMBER, y IN NUMBER, z OUT NUMBER) 1S n
BEG!
1S
BEGIN INSERT INTO student VALUES(roll name,marks,branch);
=xty END;
E:mx N Two Input and One 7
/ ' output parameter

Save and compile the above code.
Bave and conigElRbove;coti. step2: Now call the procedure. The code is as follows

SET SERVEROUTPUT ON;

Step 2 : The call to the procedure can be made from ‘another file. The code for calling the
. ' BEGIN

procedure for execution is as follows —

SET SERVEROUTPUT ON; InsertStudent(7,'Akash', 78, CIVIL);
. ‘One row inserted in Student Table!ll);

DECLARE DBMS_OUTPUT.PUT_LINE(One 1o

a NUMBER; fN‘D,
b NUMBER; i .
CBEREER Save and compile the above code.

Step 3 : an be as follows

BEGIN p 3 : The outputc

e anonymous block completed -

o One row inserted in Student Teble!!!

AddProc(a,b,c); o

dbms_output.put_line('Addition of two numbers:'| [c);
END;

Save and compile above code

< P for knowledge
T Tectical Publications . - An up thrust for " - Anup thrst
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¢ the student table. 1t should display

ey Systems - 10-44

" Step4: You can cross-verify the above execution by openin

new row inserted into it.

I Inserted new row ]

GTU : Summer-18, Winter-18, Marks 7
[TRP] Stored Functions

« Stored function is a named block or subprogram in PL/SQL.

o InPL/SQL, a function takes one or more parameter and returns one value.

¢ The main differe;xce between a PL/SQL function and a PL/SQL procedure is that a function
returns the value while a procedure does not.

o The syntax for a function in PL/SQL is as follows:
CREATE [Or REPLACE] Function Function Name )
[(Parameter,..)]
Return Datatype
IS | As] .
[Declaration Section]
" BEGIN ‘
[Executable Section]
END Function_Name; ’

Review Question

1. Explain stored procedure with proper example

Let us now understand how fo write a function in PL/SQL with the help of example

Step 1: Open New file in Oracle SQL Developer and write following code for creating a simple
function for addition of two numbers. '

AdditionFunction.sql

CREATE OR REPLACE FUNCTION Addion_fun(a IN NUMBER, b IN NUMBER)
_RETURN NUMBER IS

c NUMBER;

T' . Technical Publizations " - An up thrustfor knowledge

) \ ‘
step 3 : Create another sql file for calling the above fur;ction in an anonymous block.
7 ' ous bloc

callAdditionFun.sql

S£T SERVEROUTPUT ON;

BEGIN . _
 pBMS_OUTPUT.PUT_LINE(addion_Fun(10,20))
END; ¢ .

M

Save above code and compile it.

Step 4 : On execution of the above code you get the output as

dests | Bl st output] (exiai | Bautotrece | @oems output | @ owa ouput

¢B 8 |

monymous block completed
300

o )
; hPJ : The PL/SQL block that creates a function is a5 follows —
CREATE OR REPLACE FUNCTION Max_Fun(a IN number, b IN number)

N number

- An up thust for knowiedge
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¢ number;
BEGIN
IF a > b THEN
c:=a; :
ELSE
‘c:=b;
END IF;
RETURN c;
END;
/

Step 2 : The PL/SQL block that calls the above created function is as follows
SET SERVEROUTPUT ON;
DECLARE

a NUMBER := 100;

b NUMBER := 20;

c NUMBER; ’
BEGIN -

¢ := Max_Fun(a, b);

DBMS_OUTPUT.PUT_LINE( Maximum of (100,20):" || o)
END;
/

Step 3 : The output can be obtained as —

B> Resis | Elsorotouput eian | 3 utotrace | B0ss Output | @owaouput -
¢85

- * 1l
anonyrous block completed . N
Haximum of (100,20): 100 |

[[XPX] PL SQL Stored Function For Table -

We can write PL/SQL stored Function can be used to perform some functionality on the

database Tables. Following example shows that we can write a function to find total number of
students from STUDENT table. Here is a stepwise illustration —

o z " Technical Publications " - An up thrust for knowledge

sep 2: Now create an sql fi
ﬁ|,p|ay7°ta'F“"-sql

ATE OR REPLACE FUNCTION Tota]
Rc;m - _Students

¢ NUMBER(2) := 0;

le and create a function in j¢

pEGIN
sELECT COUNT(*) INTO t
FROM student;
RETURN t;
END;
7 3 .
Save and compile above program

FONCTION Total_Students Compiled.

Step 3 : Now we will write sql file for calling the above function
CallFun.sql
SET SERVEROUTPUT ON;
DECLARE
tNUMBER(2); -
BEGIN . -
ti=Total Students(); '
DBMS_OUTPUI‘.RUT_LIN'E (Total Number of Students in Table Student' 15

l;: et
Save above code and compile it.

it
Technical Publications - An up thrust for kno! wledge
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anonymous block conpler,edA L soadent B
Total Number of Students in Table :

Example 10.12.2

Solution :

i llows —
Step1: Create a Student table. The sample table is as fol

Step 2: Write a function for retrieving the name of the student from the STUDENT table
CREATE OR REPLACE FUNCTION Display(roll NUMBER)
RETURN VARCHAR2 IS
s_name VARCHAR2(20);
BEGIN
SELECT name INTO s_name
FROM student
WHERE ROLLNO=roll;
RETURN s_name;
END;
/

Save and compile above code.

Step 3 : now call the above function
SET SERVEROUTPUT ON;
DECLARE .
s_name VARCHAR2(20);
BEGIN
s_name := Display(2);
DBMS_OUTPUT.PUT_LINE(Name Student with Rollno 2 is:
END; :

/

' || s_name);

(

Technical Publications | - An up thrysy for knowledge

{ onYﬂous block completed
| ;:’ gtudent with Rollno 2 ig, Rupali

e —————

Database Triggers

. GTU : Summer-l& Winter-.
. rigeer is something that is invoked automatically when some

) PL/SQL triggers are block structures or pre-defined Programs, which may be in-built or even
explicitly developed by the programmers for a particul

ar task,
. Trigger is stored into database and invoked repeatedly,

14. 17, 18, Marks'q
event occurs.

Wwhen specific condition match,
. Triggers are stored programs, which are automatically executed or fired when some event
occurs.

_» Triggers are associated with response-based events suchasa

o Database Definition Language (DDL) statement such as CREATE, DROP or ALTER .

O'_ Database Manipulation Language (DML) statement such as UPDATE, INSERT or DELETE
‘o Any other database operation such as a Startup, Shutdown, Logging in and Logging Out.
Syntax ’

CREATE OR REPLACE TRIGGER Trigger Name
BEFORE or AFTER or INSTEAD OF
INSERT or UPDATE or DELETE
. of Column_Name : .
‘ ON Table Name
[REFERENCING OLD AS O New ASN]
FOR EACH ROW
WHEN (Condition)
DECLARE

~ Declaration Section

Technical Publications - An up thrust for knowledge
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Execution Section
END;

Where .
CREATE [OR REPLACE] TRIGGER trigger ™
trigger with some trigger_name.

{BEFORE | AFTER | INSTEAD
The INSTEAD OF clause is used for creating trigger on a view.

{INSERT [OR] | UPDATE [OR]| DELETE}: This specifies the
[OF col_name]: This specifies the column name that would be updated
[ON table_name]: This specifies the name of the table associated with the trigger.

[REFERENCING OLD AS o NEW AS n: This allows you to refer new and old values for
various DML statements, like INSERT, UPDATE, and DELETE. .

ame: It creates or replaces an EXisting
) |

OF} : This speciﬁ'es when the trigger would be executeq,

DML operation.

o o0 o0

statement is executed, which is called a table level trigger.

clause is valid only for row level triggers.
Advantages and need of trigger

1) Triggers can be used for implementing referential mtegrlty constraints.

2) By using triggers, business rules and transactions are easy to store in database and can be |

used consistently even if there are future updates to the database.
3) It controls updates allowed in a database.
4) When a change happens in a database a mgger can adjust the change to the entire database
5) Triggers are used for calling stored procedures.

Programming Example

Let us now see how to use tngger wnh the help of some example -

Solution :

CREATE TABLE PersonTab (
).pnm VARCHARZD) wt&re‘ table named PersonTab is created I

.

T

" Tectnical Publcations " - An up thrust for knowledge

[FOR EACH ROW]: This specifies a row level trigger, i.e., the trigger would be executed
for each row being aﬁ"ected Otherwise the trigger will execute just once when the SQL

WHEN (condition): This provides a condition for rows for which the trigger would fire. This :‘

base Management Systems

SERVEROUTPUT ON;

RE ATE OR REPLACE TRIGGER M
FORE INSERT ON PersonTay,
FOREACH ROW

VTrigger

DE CLARE
r name VARCHAR2(20);
BEGIN
. SELECT user INTO ust_name FROM gy,
DBMS OUTPUT.PUT _LINE(Inserteq anew row 1,
END:
/

Y user:'| |“5Y_uame);

SQL query on execution of

INSERT INTO PersonTab VALUES(Sharda), which the trigger et f
ets fired.

Output

TCause:
sAction:

| TRIGGER MyTrigger Compileci.

1 rows inserted

Inserted & new row by user: HR

- You can cross-verify the insertion of data into the table by opening the corresponding table
-For instance - .

Review Questions

s

Write a note on trigger.

GTU : Summer-18, Winter-18, Marks 3
2. What are triggers ? Explain the advantages and the needs of mggezs

-
jm Oral Questions and Answers

| @1 What is PL/SQL ?

| Ans, ;

1 L).

|* PL/SQL stands for Procedural Language extensions to the Structured Query Language (SQ )

4 mming
|* PL/SQL is a combination of SQL along with the procedural features of poee

fons.” - Anup st o knowiedse
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| An anonymous block is not saved in the Oracle Datab

10-52 PL/SQL Concepts

gement Systems |
_ o
« It was developed by Oracle Corporation n the early 90’s to enhance the capabilities of SQL.

Datah. V7

Q.2 What is anonymous block ?

Ans.:

o A block without a name is an anonymous block. . .

ase server, so it is just for one-time use.
« PL/SQL anonymous blocks are useful for testing PHIPOSCS-

Q.3 What is named block ? '

Ans.:

« A PL/SQL block has a name.

o A Functionora Procedure is an example of a named block. R
Q.4 Enlist vari tions of PL/SQL prog

Ans. : A PL/SQL block consists of three sections :
handling sections. In a block, the executable section is mandatory while the declaration and

declamtlon, executable and exception-

exception-handling sections are optional.

Q5 What is Cursor in PLSQL ?

Ans. : ) . )

o When an SQL statement is processed, Oracle creates a memory area known as context area. A
cursor is a pointer to this context area.

o It contains all information needed for processing the statement.

» In PL/SQL, the context area is cout.rolled by Cursor.

Q.6 What are types of cursor ?

Ans. : There are two types of cursors — 1) Implicit cursor and 2) Explicit cursor

Q.7 What is implicit cursor ? ' .

Ans. :

o Whenever Oracle executes an SQL statement such as SELECT INTO, INSERT UPDATE,
and DELETE, it creates an implicit cursor.

o The implicit cursor is the default cursor in PL/SQL block.
Qs Wilat is explicit cursor ?
Ans. :

o Explicit cursors are used when you are executmg a SELECT statement query that will retun
more than one row.

cms‘;rs gan process one record at a given point.of time even though it stores more than one
Tecor

, :
Technical Publications - An up thrust for knowledge
y: i

Management Systems

t is stored

(s What I stored procedne i sy

| AnS. - - .

Bl gtored procedure isa type of Subpro, . '
 can be called by ts name, B i PLISQL bock 11

; of statementg
+ This is a subprogram that does not reyry 5 value direct] b
Y.

A Procedure 1s created with the CREATE OR REPLAC
" For example - £
} CREATE OR REPLACE PROCEDURE MyMessage
| IS
| BEGIN
1 dbms_output.put_line('Welcome friend)! ),
| END;
- .10 What is stored function in PL/SQL ?

PROCEDURE styteery

| Ans.: .
o Stored function is a named block or subprogram in PL/SQL.

3 In PL/SQL, a function takes one or more parameter and returns one valye,
For example - ,
.CREATE OR REPLACE FUNCTION Addion_fun(a IN NUMBER, b IN NUMBER)
, RETURN NUMBER IS
c NUMBER;
BEGIN
¢ = a+h;
RETURN c;
END:

>

[ @11 What is the difference between procedure and function in PL/SQL ?
Ans. : The main difference between a PL/SQL function and a PL/SQL procedure is that a
i f““Cthn returns the value while a procedure does not.

; Q12 What is database iriggm ?

: *Ans. 8
1>I/SQL triggers are block structures or pre-defined P“’g'm"s whict oAy
CXplxcltly developed by the programmers fora particular s
Trigger is stored into database and mvoked repeatedly,

e ia-built or even |

when Speclﬁc condition match.

for knowledge
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Q.13 Give some advantages of having triggers ind
l;ns';';'iggers can be used for implementing referential integrity c0
2) By using triggers, business rules and transactions are easy 10 §

used consistently even if there are future updates to the database.
3) It controls updates allowed in a database.
4) Whenach b m a datab

) 124

nstraints.

tore in database and can be

a trigger can adjust the change to the entire database,

X
PL/SQL Concepts

]

Qoa

T ™
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" Instructions :

Q.

1
Time : 2 2 Hours]

[Total Margs , 7
1. Attempt all questions.

2. Make suitable assumptions wheneyer necessary.

3. Figure to the right indicates ful] marks,

1 (a) Whatis DBMS ? Enlist applications of DBMS, (Refer section 1.1)
(b) Explain data abstraction in detail. (Refer section 1.2) (j)
(c) Explain network model, Give advantages and disadvantages of it @
" (Refer section 2.3) ™
Q2  (a) What is relational algebra ? Definé relational algebra Operation cross product with
X example (Refer section 3.2) (€]
(b) What is the difference between open source DBMS and commercial DBMS,
(Refer section 3.8) ) 0)
(©

Solve the queries for the following database using relational algebra

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

customer (customer-name, customer-street, customer-only)

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

loan (loan-number, branch-name, amount)

depositor (customer-name, account-number)

borrower (customer-name, loan-number)

(1  Find all loans over $1200 ,

(2) Find the loan number for each loan of an amount greater than $1200

(3) Find the names of all customers who have a loan, an account, or both, from
the bank

(4) Find the names of all customers who have a loan and an account at bank.

(5) Find the names of all customers who have a loan at the Penydr?ge b;aanh B

(6) Find the names of all customers who have a loan at the Perryridge bran

""" do not have an account at any branch of the bank. T

(i 7) Find the names of all customers who have a loan and an acco M
Perryridge branch. (Refer example 3.2.7)

s-1)
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Q3

OR

(c) @) Compute the closure of R(ABCD.E) with ‘the following set of functional
dependencies
A->BC, CD->E, B->D, E->A
List the candidate keys of R (Refer exampl
(ii) Consider Schema R = (AB,C.G.Hl) an
{A->B, A->C, CG->H, CG->1, B~ >H]). Use
(Refer example 4.2.9)

(a) Write a note on query evaluation plan. R

(b) Consider the relation R = {A B C D,
dependencies
F={{A.B}— C, A~ {D.E} B> F, F{G, H}, D11, J}}
1. What is the key for R ? Demonstrate it using the inference rules.

2. Decompose R into 2NF, then 3NF relations. (Refer example 4.1.2) @)

(c)-What is the use of an index structure and explain the concept of ordered indices.

42.8)
d the set F of functional dependencies

B+ Prove (4G)+->1

efer section 5.1) . 3)
E F G H, I J} and the set of functional

(Refer section 6.1) (@)
- OR
(a) Give dlﬁ’erence between B and B+ Trees. (Refer section 6.2.2) 3)
(b) Explain steps of query processing with the help of neat diagram. -
@

(Refer section 5.1)
(c) What is normalization ? Why normalization process is needed ? Explain INF, 2NF,

3NF with example. (Refer section 4.7) (Y]

(a) Explain the term - transaction (Refer section 7.1)° A)
(b) Explain various states of transaction with suitable diagram.

“@

(Refer section 7.3) _

(c) Consider the following two tmnsacnons and schedule (time goes from top to bottom}.

Is this schedule conflict-serializable ?Explam why or why not ?

(Refer example 7.5.1) - (@)
V Tl TZ
R(A)
W(A)
R(A)
, R(B)
RB) |
W(B)

" w, - -
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o - Solved M 3
OR lodel Question Paper
(a) Discuss the following with relevant exam :

: ’ iples : (Ref
1. A read only transaction * . (e crmmple 38
2. A read write transaction
3. An aborted transaction '

(©)]

(b) Enlist .advantages and disadvantages of two phase locking (Refer section 7
(© What is concurrency ? What are the three problems due to con
problems can be avoided, explain for one of the three problems.
(Refer section 7.6)
(a) What is the difference between authentication and authorization ?
(Refer section 8.2) .
: n 8.2) 3)
(b) What is SQL injection ? Explain it with suitable example. (Refer section 8.5) :4;
(c) Explain aggregate functions of SQL with suitable example. (Refer section 9.2) [©)

13) @)
currency ? How the

M

OR
(a) What is cursor? Explain its types briefly. (Refer section 10.10) . @)
(b) Write a PL/SQL cursor to display the names and branch of all students from the
STUDENT relation. (Refer example 10.10.2) @)
(c) Explain stored procedure with proper example. (Refer section i0.11) . (75

QaQ
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