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database systems it is hard to maintain that huge amount of data that

keeps updating every milli second.

2. Industry: Where it is a manufacturing unit, warehouse or distribution
centre, each one needs a database t keep the records of ins and out.

3. Sales: To share customer information, production information and
invoice details.

4. Airlines: To travel through airlines, we make early reservation, this
reservation information and invoice details.

5. Human resources: To keep database of employee records, salaries

and tax deductions.

Objectives

I A database should provide for efficient storage, update and retrieval of
data.

2. A database should be reliable-the stored data should have high
integrity and promote user trust in that data.

3. A database should be adaptable and scalable to new and unforeseen
requirements applications.

4. A database should identify the existence of common data and avoid

duplicate recording selective redundancy is sometimes allowed to
improve performance of for better reliability.
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Data abstraction in DBMS
stems are made-up of complex data structure. To case the user
the developers hide internal irrelevant details from

Database sy
s from user is called abstraction.

interaction with database,
users. This process of hiding irrelevant detai

I Logical Level
l Physical Levell

Fig: Three levels of data abstraction.
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Data Independence

Data Independence is defined as a property of DBMS that helﬁs you tg
change database schema at one level of data base system without requiring tq
change the schema at the next higher level.

Logical/Schema

Physical Schema )

Logical Data Independence

Logical Data is data about database, that is, it stores information about how
data is managed inside. For example, a table (relation) stored in the database
and all its constraints, applied on that relation.

Logical Data
Independence

Physical Data
Independence

Logical data independence is a kind of mechanism which liberalizes itself
from actual data stored on the disk. If we do some changes on table format it
should not change the data residing on the disk.
Physical Data Independence
ﬁ%” the schemas are logical and the actual data is stored in bit format on the
dz_sk. Physical data independence is the power to change the physical data
without impacting the schema or logical data.

Database schema

A database schema is the skeleton structure that represents the logical view of
the database. It defines how the data is organized and how the relations
among them are associated. It formulates relations among them are
associated. It formulates all the constraints that are to be applied on the data.

Student Logical Schema —‘
_Name|Proj ID

(C——7 Physical Schema
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A database schema can be divided broadly into two categories:

Physical Database schema: This schema pe.rtai’ns to the Proci
storage of data and its form of storage like files, indices etc. It defin
the data will be stored in a secondary storage.

actual

Logical Database schema: This schema define all the logical

constraints that need to be applied on the data base stored. It defines

tables, view, and integrity constraints.
Database Instance
It is important we distinguish these two terms individuals. Databas:z schema
is the skeleton of database. It is designed when the database doesn't exist at
all. Once the database is operational it is very difficult to make may changes
toit. A database schema does not contain any data or information.
A database instance is a state of operational database with data at any given
time. It contains a snapshot of the database. Database instances tend to
change with time. A DBMS ensures that its every instance (state) is in a valid
state, by diligently following all the validation, constraints and conditions

that the database designers have imposed.

SQL commands

Structured Query (language (SQL) as we all
known is the database languages by the use
of which we can perform certain operations l l l l

on the existing database and also we can
use this language to create a database. SQL. DDL DQL DML DCL
uses certain commands like create, Drop, insert etc. to carry out the required

tasks. )
DDL - Data Definition Language

Consists of SQL commands that can be used to define the database
schema. It simply deals with description of the database schema and is
used to create and modify the structure of database objects in the

SQL Commands

database.

E.g:

. Create - is used to create the database or its objects.

. Drop - is used to delete objects from the database.

. Alter - is used to alter the structure of the database.

. Truncate - is used to remove all records from a table, including

all spaces allocated for the records are removed.

. Comment - is used to add comments to the data dictionary.

D
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DQL (Data Query Language)
DQL statement are used for performing queries on the data within
schema objects. The purpose of DQL command is to get some schema

relation based on the query passed out.

DML (Data Manipulation Languages)
The SQL commands that deals with the ‘manipulation of data present
in the database belong to DML or Data manipulation language and

this includes most of the SQL statements.

Examples of DML:
Insert - is used to insert data into a table.

Update - is used to update existing data with a table.
Delete - is used to delete records from a data base table.

DCL - Data Control Language
DCL includes commands such as GRANT and REVOKE which

mainly deals with the rights, permissions and other controls of the

database system. y

Example of DCL command:

. GRANT - gives user's access privileges to database,

. REVOKE - withdraw user's access privileges given by using
the GRANT command.,

Old Question Solution

Differentiate between schema and instances. What are the
disadvantages of conventional File system? [2076 Baisakh]
The difference between schema and instances are as follows:
.Schema [ Instances
I It I the  overall[1. It is the collection of
description  of the information stored in a
database, database at ga particular
moment,
Schema is same for whole|2, Datg instances ‘can be
database. changed using  addition,
deletion, updation,
Change F requently.

2,

3. Does not change| 3.

frequently.
Defines the basic structure |4. It is the set of information
of the database. stored at a particular time.
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Disadvantages of Conventional File system

Data Redundancy

(i)
It is possible that the same information may be duplicated in

different files, this leads to data redundancy results in memory

wastage.
(ii) Data Inconsistency
Because of data redundancy, it is possible that data may not be in
consistent state.

Difficulty in Accessing Data
Accessing data is not convinent and efficient in file processing

(iif)

system.
(iv)  Integrity Problems

Data integrity means that the data contained in the database in

both correct and consistent. For this purpose the data stored in

database must satisfy correct and constraints.

(v)  Security Problems
Database should be accessible to user in limited way.

Each user should be allowed to access data concerning his

requirement only.
Define data independence and Explain its significance What is

importance of aggregation in ER design? Discuss with an
[2076 Baisakh]

example.
Definition: See in Page no. 4
Significance of data Independency:

. Helps you to improve the quality of the data.

Database system maintenance becomes affordable.

L]
Enforcement of standards and improvement in database

security,

. You don’t need to alter data structure in application programs.

. Data in congruity is vastly reduced.

Aggregation: See in Page no. 21

S
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3.

What are the drawbacks of file system to
Disadvantages of Traditional File System :

What do you mean by schema and instances? Mention the
different levels of data abstraction and explain. [2075 Bhadra]

1% part: See in old question solution Q no 1

2™ Part:See in page No.3

Define Data Abstraction. Explain its different levels with example.
[2075 Baisakh]

See in page no 3

Mention the advantages of the DBMS over the file processing
system and explain briefly. [2074 Baisakh)

See in page no2

Why is data independence important in data modeling?
Differentiate between schema and instances. [2073 Bhadra]

1" part:See in old question no2

2™ part :See in old question no.

What do you mean by data abstraction. List the various levels of
data abstraction and briefly explain. [2073 Magh|

See in page no: 3

Why is data independence is

: | importance in data modeling?
Differentiate between physical an

d logical data independence.

[2072 Ashwin]

See in page no:4

store data? [2072 Magh|

Data redundancy and inconsistency.
Difficulty in accessing data,

Data isolation — multiple files ang formats
Integrity problems
Unauthorized access is not restricted.

It co-ordinates only physical access

10.

11.
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What difficulties would you face if you used file system directly to
implement a database application? What is physical data

independence?

1 part:

2" part:

[2071 Bhadra]

0ld question no.9

See in page no.4

Distinguish between a database and a DBMS. What is the
advantages of separating the logical level and physical level in

database design?

[2071 Magh]

Database
. The database includes the actual data you save.
. The data base is any collection of data whenever you are

writing it on the paper or storing it in the digital format.

There are types of database:

. Online transaction processing (OLTP)

. Online Analysis processing (OLAP)

DBMS
L]

DBMS stands for database Management system.

DBMS is a kind of software that helps you to retrieve, edit, and
store structured data in the database.

Data Independence is the property of DBMS that helps you to
change the Database schema at one level of a database system
without requiring to change the schema at the next hi gher level.

Two levels of data independence are 1) Physical and 2) Logical

Physical data independence helps you to separate conceptual
levels from the internal/physical levels

Logical Data Independence is the ability to change the
conceptual scheme without changing

When compared to Physical Data independence, it is
challenging to achieve logical data independence

Data Independence Helps you to improve the quality of the
data

1
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12.  Briefly explain different levels of data abstraction in a database
[2070 Bhadra]

DATA MODELS

system.

=  See in page no. 3.
13. Explain the difference between DDL,DML,DCL along with Data Models

examples. [2070 Magh] )
: Data Models defines how the logical structure of a database is modeled. Data
=  Seein page no. 5. - ) o
14. Briefly highli o ; models are fundamental entities to introduce abstraction in a DBMS. Data
) w .hlghhght Jaur sgmiceat, ditlescaees: helwesn o ﬁle. models define how data is connected to each other and how they are
processing system and a DBMS. |[2069 Bhadra] | i
. processed and stored inside the system.
=  Seein pageno. 2
| Basically Three Types of Data Models:

ooo
(i)  Conceptual Model

(i)  Physical Model

(iii)  Logical Model

Conceptual Model

| Established the entities, their attributes and their high - level
relationship.

. It is also called domain model.

. There is a little detail.

. If there is attributes defined, there are loosely typed and connectors
between entities do not define relationship to specific attribute.

. It is also called entity - based or object based data models (like; ER

models, 00 models)

e.g

Time Product

Sales

Store
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Physical Data Model

Physical data model represents the model where it describes how data are
stored in computer memory, how they are scattered and ordered in the
memory. and how they would be retrived from memory. Basically physical

data model represents the data at data layer or internal constraints like

Comparison between data models:

Feature Logical

Entity Names Ve
Entity Relationships v
Attributes

Primary key

Conceptual

A&

Data Models ... 13

I Physical

primary key, foreign key, etc. It basically describes how each tables are built

and related to each other in DB.

Student Class
[Stu_ Id INTEGER | [CLASSIFIED: INTEGER

tu _ Name: VARCHAR (30 CLASS NAME: VARCHAR
ADDRESS: VARCHAR (30) =

AGE: Number

SUBJECT

[SUB ID: INTEGER

SUB _ NAME: VARCHAR (30)
CLASS _ ID: INTEGER

’

Logical Data Model

Logical Data Model is fully - attributed data models that is independent of

DBMS technology, data storage or organizational constraints. It describes the

data requirements form the business point of view.,

Product
]fmduct ID

Created

Foreign key

Table Names
Column Names
Column Data types

'E - R Model

Entity Relationship model is a high level conceptual data model diagram. ER
modeling helps you to analyze data requirements systematically to produce a
well - designed database. The E - R model represents real world entities and
relationship between them.

SAKSK

ER - diagrams

E - R diagrams displays the relationship of entity set stored in database. In
other words, we can say that ER diagrams help you to explain the logical
structure of database. At first look, an ER diagram looks very similar to
flowchart. However, ER diagram includes many specialized symbols, and its
meaning make this model unique.

Purpose of ER diagrams:
Helps you to define terms related to entity relationship modeling.

Provides a preview of how all tables should connect, what fields are

going to be on each table.

. Helps to describe entities, attributes, relationship.

. ER diagrams are translatable into relationship tables which allows you
to build database quickly.

. ER diagrams allowed you to communicate with the logical structure of

the database to users,
Components of ER - diagram
(i) Entities
(ii)  Attributes
(iii)  Relationship

E.g: For e.g: in a university database, we might have entities for
students, course and lectures. Students entity can have attributes like
Roll No, Name and Deptip. They might have relationship with courses
and lectures. :
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5 Weak Entiti
ivi i i i i eak Entities
IS orld living thing or non - living thing that is easily recognizab) . . ‘ .
T k entity is a type of entity which doesn't have its key attribute. It can be

ity person. object, event or a concept, which stores data in 't} A wea : ’
ey . P identified uniquely by considering the primary key of another entity. For that,

database. . R
weak entity sets needs to have participation.

Examples of Entities

Person: Employee, Student, Patient

Place: Store. Building
Object: Machine, Product and Car
Sale, Registration, Renewal

Weak Relation

Event:
Concept: Account, Course

Entity Set

An entity set is a group of similar kind of entities. It may contain entities wit
attributes sharing similar values. Entities are represented by their propertieg
which also called attributes. All attributes have their separate values. For e g

a student may have a name, age. class, as attributes.

In above example, "Trans No" is a discriminator within a group of
transactions in an ATM.

Attributes
It is a single - valued property of either an entity - type or a relationship -

type. For example, a lecture might have attributes: time, date, duration, place,

etc. An attribute is represented by an ellipse.

E.g of entity set:
A university may have some departments. All these departments employ
vanious lectures and offer several programs. Some courses make up eac
program. Students register in a particular program and enroll in various
courses. A lecturer from the specific department takes each course, and each

. Attributes

lecturer teaches a various group students.

Relationship
Relationship is nothing but association among two or more entities E.g: Tom
works in the chemistry department.

Entiti : St y
ities take part in relationship, We ofien identify relationship with verbs or

verb phrases,
Transaction

ForE.g:

. You are attending this lecture,
Types of Attributes:

1. Simple Attributes
Simple students can't be further divided. For example, a student's

contact numbers. It is also called an atomic value.

. I'am giving the lecture.
L A student attends a lecture,

1 e
A lecture i giving a lecture,
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X g A Many - To - One - Relationship
' si . site attribute. For example ) _ _
R i powiible s hoosk 40w, ccu:n;‘)om c y P’ ¢ When more than one instance of the entity on the left, and only one instance
student's full name and last name divided into first name, second nam : _ _ ‘ _ o i
of an entity of an entity on the right associates with the relationship then it is

and last name. i i
" - known as many - to - one relationship.
Derived Attributes o N
. . . . : ¢ Student enrolls that only one course, but a course can have many
This type of attributes does not include in the physical databast For e.g: Stu Y 7
However, their values are derived from other attributes present in th

database. For example. age should not be stored directly. Instead, i
M >

should be derived from the DOB that employee.

fad
‘

students.

4. Multivalued Attributes
Many To Many relationship

Multivalued attributes can have more than one values. For examples, ;
When more than one instance of the entity in the left and more than one

student can more than one mobile number, email address etc.
instance of an entity on the right associates with the relationship, then it is

Cardinality
known as many - to - many relationship.

Defines the numerical attributes of the relationship between two -entities g
For e.g: Employee can assign by many projects and projects can have many

entity sel.

Different types of cardinal relationship are: employees.

(1) One 1o one relationships

Employee

(i)  One to - many relationship

(111)  Many 10 one relationship
Notations in ER - diagrams

(1iv)  Many to many relationship
Meaning

One to One Relationship

When only one instance of an entity is associated with the relationship, ther Entity

it is known as one to one relationship. For e.g: A female can carry to on
male. and a male can marry to one female. Weak entity

1 |
1 Male Relationship

One To Many Relationship

:"hen on’ly one insl{ince of the entity on the left, and more than one instanct
an entity on the right associates with the relationship then this is known

For e.g: Scientist can i .
. m . bu
only specific scientist, t the invention is done b}

one - to - many - relationship.
Weak - Relationship i:
L

Invention
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Attribute
Types of Key

(i)  Primary Key

B

e It is the key which is used to identify one and only one instance
of an entity uniquely. An entity can contain multiple keys are
we saw in PERSON table. The key which is most suitable from
those lists becomes a primary key.

. In the employee table, 1D can be primary key since it is unique

i for each employee. In the employee table, we can even select

Composite Attribute i i
DRREORINE SR i license - number and passport - number as primary since they

' Kev Attribute

Muluvalued Attribute

are also unique.

!. . . For each entity, selection of the primary key is based on

L # requirement and developers.

| Derived Attribute ; _ ‘ EMPLOYEE i

! L Employee _ID 2h

S Employee _ Name
| One ___'. Employee _ Address
I. — ] —1: Passport _ Number
) —_— .

- License _ Number

‘ One ( and only one) ——H_ SSN

Jj_ Zero or many “0_}. (ii) Candidate key
’ One or many L ) A candidate key is an attributes or set an attribute which can
| i~ uniquely indentify a tuple.
| Zero or many _ | —h e The remaining attributes expect for primary key are considered

Keys as a candidate key. The candidate key are as strong as primary
; key.

*  Keys play an important role i oJati :

] -t . p - in the relational database. For e.g: In the employee table, id is best suited for the primary
g UISE' to uniquely u‘jennfy any record or row of data from the table. key. Rest of the attributes like SSN, passport Number and
. also used to establish and identify relationship between tables. License - number etc are considered as a candidate key.

,_.::h:f; dln :!l;de;;slable, ID is used as a key, because it is unique for (iii) Super key

cnt. In a ' o
and SSN are very m::cseol: e, passport _ number, license _ number Super is a set of an attribute which can uniquely identify a tuple.
€y are unique for each person, Super key is a super set of a candidate key.
PERSON For e.g: In above employee table, for (employee _ ID employee _
Name name) the name of two employees can be the same, but their
%OB EMPLOYEE _ID can't be the same.
as
L_hspon_ ~ Number The super key would EMPLOYEE _ ID (empLOYEE - ID, EMPLOYEE - NAME)
SN~ umber
ele.
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(iv) Foreign Key
" Rusiin b o il i ol Specialization
orel eys are the co the t ‘hich i ;
. N e column of the table which is used to poj Specialization is s top - down approach, and it is approach opposite 1o

generalization. In specialization one higher level entity can be broken down

into two lower level entities.
For e.g: In an employee management system EMLPOYEE entity can be
ESTER or DEVELOPER based on what role they play in the

10 the primary key of another.
. In a company. every employee works in a specific departmey,
and employee and department are two different entities. So y

can't store the information of the department in the employ specialized as T

1able. That's why we link these two tables through the prima °°'“p““‘_"
key of one table.
. We add the primary key of the DEPARTMENT tabl
Department - ID as a new attributes in the EMPLOYEE table,
. Now in the EMPOYEE table, department - ID is the foreig
key. and both the tables are related.
:Mf;LOYEE [DEPARTMENT |
mplovee _ ID
Emgiloyor ~ Name: Department _ 1D
Employee _ Address Department _ Name -
Passport _ Number Aggregation
License _ Number In aggregation, the relation between two entities is treated as a single entity.
SSN In aggregation, relationship with its corresponding entries is aggregated into a
Department _ 1D higher level entity.
Generalization For example: center entity offers the course entity acts as a single enfity in
. Gancoilization i ke & bokiom _ the relationship which is in a relationship with another entity visitor. In the
e N - up approach in which two or more real world, if a visitor visits a coaching center then he will never enquiry
| : . combine to form a higher level entity if th about the course only or just about the center instead he will ask the enquiry
have som y It
¢ attribute in common. about both

For e.g: Facult
. y and student entities
: can be generali
higher level enti —— generalized and create
v [ o |
-
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Alternate Data Models

1) Hierarchial Model
In hierarchial model, data is organized into a tree like structure with
each records is having one parent record and many children. The main
drawback of this model is that, it can have only one to may
relationship between nodes.
e.g: Let's say we have few students and few courses and a course can
be assigned to a single student only, however a student take any

number of courses so this relationship becomes one to many.

Java

C21| Javal

Coures _id I
Coures _ Name

Network Model

This is a extension of the Hierarchial model. In this model data is

organised more like a graph and
are allowed to have
N more than one

In this d i nsnip
atabase mode] data is more related as more relatip hip are
established i i ol re Sl'eI ate
ed in this database model, AISU, as the data iIs m lated
ence accessi i i | tde,
h Ing the data 1s also casier and fast his database mo
y NIp.

This was the most widely ysed datab

model was introduced, 45¢ model, before

relational

.

\
,«j \;

3)
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o
D

(B2)
Graph Model

A graph model, also referred to as a semantic database, is a sofiware
application designed to store, query and modify network graph. A
network graph is a visual construct that consists of nodes and entity.
Each mode represents an entity (such as a person) and each edge
represents a connection or relationship between two nodes

Listens to
Works For

Old Question Solution

What is importance of aggregation in ER design? Discuss with an

example. [2+2] [2076 Baisakh]

Aggregation represents relationship between a whole object and its
component. Using aggregation we can express relationship among
relationships. Aggregation shows 'has - a' or 'is - part - of' relationship
between entities where one represents the 'whole' and other ‘part'.

E.g. consider a ternary relationship works - on between employee,
branch and manager. Now the best way to model this situation is to
use aggregation. So, the relationship - set works - on is a higher level
entity - set such an entity - set is treated in the same manner as any
other entity - set. We can create a binary relationship manager
between works - on and manager to represent who manages what

tasks.
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[3 /
.» 2

Job

Work
"ON | Branch

Employee

Manages

Manager

Draw an E-R diagram for the given case. [8] [2076 Baisakh]

A company having a chain of pharmacies wishes you to design a
database for the company. Patients are identified by as SSN, and
their names, addresses, and ages must be recorded, Doctors are
identified by an SSN. For each doctor, the name, specialty, and
years of experience must be recorded. Each pharmaceutical
company is identified by name and has a phone number. For each
drug, the trade name and formula must be recorded, Each drug is
sold by a given pharmaceutical company, and the trade name
identifies a drug uniquely from among the products of that
company. If a pharmaceutical company
keep track of its products any longer, Eac
address, and phone number, Every
physician. Every doctor has at Jeast one
sells several drugs and i

at several pharigmacie:a::dp:l:: r;:'i::(:h. S g Hoieie
pharmacy to another, Doctors v
doctor could prescribe one or mo

is deleted, you need not
h pharmacy has a name,
patient has g primary
patient. Each pharmacy

. vary from one
preseribe drugs for patients. A

re drugs for Several patients, and

Data Models ... 25

stored. Pharmaceutical companies have long-term contracts with
pharmacies. A pharmaceutical company can contract with several
pharmacies, and a pharmacy can contract with several
pharmaceutical companies. For each contract, you have to stm’e. a
start date, and end date, and the text of the contract. Pharmacies
appoint a supervisor for each contract. There must always be a
supervisor for each contract, but the contract supervisor can
change over the lifetime of the contract.

B

Identify relevant attributes and construct an ER diagram with
proper mapping constraints for a university which has many
departments and each department has multiple instructors; one
among them is the head of the department. An instructor belongs
to only one department, each department offers multiple courses,
ecach of which is taught by a single instructor. A student may
enroll for many courses offered by different departments.

16] (2075 Bhadra]
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o]
Define unary relationshj
an ER relationship into
of different cardinalities,

Unary relationship

When there is only on enti icipati

: ty set participation j i i
such type of relationship s called unary rerl,ationsl:?pa S
E.g. A person has only one '

only one person and hence

p alo.ng with example. How you convert
relation schema? Explain with examples

[2+4] [2075 Bhadra]

1. Entities and si :
: ple Attributes: A .
diagram i : - AN entity ¢ ik R
ool nan;se ;';‘;“;de :::3 - la.bl-e' Y‘?“ may Przgeerab;‘;’nll::;p 513
M ty or given it 4 sensible nam

S reserved v
characters, sy
Each attribygeg fumns i

key attrity 0l a colump (attribyte) :
of the entj © Of the entiry i the prima ute) in the table, The

Entity s the py: Iy key of th o
underlined, ¢ i blzrlmary k?}, ?f e talis Whie }:a!}]e whlﬁ

null, - Composite if required 1 ch is usually
j ut can never be

e but avoid

wel :
I as ayoig the use of special
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Per;.;on

Lastname

N

Relational Schema -

Persons (Personid, name, lastname, email)

Multivalued Attributes:
Person

If you have a multi - valued attribute, Take the attribute and
turn it into a new entity or table of its own. Then make a 1 : N
relationship between the new entity and the existing one. In
simple words.

1 Create a table for the attribute.

2. Add the primary (id) column of the parent entity as a
foreign key within the new table as shown below.

1 : lrelationship

?

Wife

1

Person

f

Person (personid, name, last name, email, wifeid)
Wife (wifeid, name)
Here, wifeid is foreign key.
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1 : N relationships

Persons (personid. name, lastname, email)
House (housed. num, address, personid)
N : N relationship

Person

)
£

Yag y '
Persons (persanid, nme

' Email
Phone

lastname, email)

rtrpg o
Ies (country, name, code)

t "
at (hus relaeq, Personid, counypy id)

i, b b

Country Num
N .
N 6.

=
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Explain strong and weak entity sets along with erample.
[2975 Baisakh]

(a) Strong Entity: A swrong enty = oot dependent of =y oer

entity in schema. A strong entity will 2l%23% bove primay E25.
Strong entities are represenied by 2 single rECED

Weak Entity: A weak entity is dependeat on 2 sToog &=y 2
ensure the its existence. Unlike 2 swong eoifly.
does not have any primary key.

(b)

Example:
(S,
Buildins-No ) DOr-0
Student *

Building is a strong entity because it has a primary key 2 mbue caliad
building number.

Apartment is weak entity because it does not have any pamary key
and door number here acts only as a discominator.

Construct an ER-Diagram for the following NFL datsbase.|207S Baixakh!
You are given the requirement for a simple database for the
National Football League (NFL). The NFL has many teams, and
each team has a name, a city, a coach, a captain and a set of
players. Each player belongs to only one team and each player has
a came, a position (such as left wing, mid fielder or a goalkeeper) a
skill level, and a set of inquiry records. A team captain is also a
player and a game is played between two teams (referred as host
team and guest team) and has a match date (such as June 11,
2018) and score (such as 2 to 5).
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=

7. Define discriminator in ER diagram. Explain different keys used

in datab i
abase design. [4] [2074 Bhadra)

=  The discrimi / i i
]. 1scnm1rjatf)r of a weak entity set on is a set of a attributes thal
allows the distinction be made, For €.2. payment number acts
i acts as
discrimination for payment entity set.2" part see on page no.19
0.

* Draw- the Entity-Relationship Diagram (ERD) with a .
mapping cardinalities for the following scenario pproprint

A -

pm:l““lﬂn company consists of a machining, fapricat d
assembly ) ricatio

¥ department. Employees are assigned to g e

0 different

departments. Each d
rtments. ch epartment iS managed b
Y 2 manager, Each

ed Sk.l" b“t .
possessed by several employee js - 'J’pe“:‘ given skill may be
A€ a given machine-

e (e.g. lat i i
:«: l( g. lathe, grinder, welding) of egopy depart
5 p og:es are paid overtime ang Some of th, ment, Some of the
asis. i ir desj m i
ccording to their designatiop (eg. m ‘:’e Paid with daily
& Mechanie, v,
s elde:-) are

department. R : N mach;
- aw materialy are poygy o 0P of gheir
m diffe,
ent vendors

and fetched to the machining depary,
ent, p,y
Its )

fom -
P > . Machining

employee has at most one recogniz

supposed to maintain at least
0
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department are fetched to fabrication department and so on.
Many parts are assembled together to form a product. The final
products from assembly department are stored in the ware house.

Products are labeled with different specification (e.g., Product_Id,
(8] [2074 Bhadra]

Product_type, MRP, etc.)

[Production
Company

Department
(Machnery, Fabrication, assembly)

Designation

Differentiate total and partial participation with suitable example.
[2073 Bhadra]

=  Total Participation:
Total participation is when each entity in the entity set occurs in al

least one relationship in that relationship set.
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For instance, consider the relationship borrower betwy
=

customers and loans. A double line from loan to borrower, as shg,
i

in figure below indicates that each loan must have at least

associated customer.

SN~

Partial Participation:

Partial participation is when each entity in the enlilty set my
not occur in at least. one relationship in that relationship set. Fgl
instance, if a company policy states that employee (manager) milm
manage a department, However every employee may not manage
department, so the participation of EMPLOYEE in the MANAGES

- Time of Flight

relationship type is partial, meaning that some or part of the set o

employee entities are related to some department entity vi 12

MANAGES, but not necessarily all,
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What is the difference between strong and weak entity sets?

[4] [2072 Ashwin]

The differences between strong entity and weak entity are as follows:

lﬂ. i

Weak Entity

Strong entity always have

[2073 Magh| 1.
* one primary key

= Seein page No:11

—

Weak entity have a foreign
key referencing primary of
strong entity.

11.  Design an E-R diagram for a dat —_—
database must keep track of c:::::e:r *" altlines system, The 2. Strong entity is independent|2. ~ Weak cntity_ is dependent
flights and their status, seat agsj g “Hpryations ot o S z -
) gnments op individyg,j flights and 3. A strong entity is|3. A weak  entity IS
it represented by single represented by double

the schedule and routing of future flights

Apply

all the database rectangle.

rectangle.

design constraints as much ag possible,
Relationship between two

strong entities is represent
by single diamond.

8] 12073 Magh] 4,

Relationship between a
strong and weak entity is
represented by  double

diamond.
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13. Draw an ER-diagram for the following mini-case. Patients ,
15

treated in a single ward by the doctors assigned to the th,
Healthcare assistants also attend to the patients; a number
these are associated with each ward. Each patient is requireq,
take a variety of drugs a certain number of times per day and |‘I
varving lengths of time. The system must record dety
concerning patient treatment and staff payment. Some staffs y
paid part time and doctors and healthcare assistants work varyj
amounts of overtime at varying rates, the system will also neeq,
track what treatment are required for which patients.

[2072 Ashwj,

1

[4] [2072 Magh

nd relational data mode

The distance between net

work data
are as follows: i
Network Data Mode]
It organizes records to one
another through links or

It organizes records in the

pointers. form. of table and
relationship between
It organizes records i 3 tables are g using,

It organ;
Banizes oo :
0
fﬂnnoflables rds in

Retrj eval pe e
Simple apg

form of directed graphs,

Retrieval algorithms are
complex but symmetric,
4. There is partial data
independence  in g
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o be designed for keeping the records of

An information system is t
e are 10 teams practicing

Universe Cup Cricket Tournament. Ther
in the tournament. Each country sends 15 players and 4 other
members. For players, the runs he scores and the number of
wicket taken (so far) are to be recorded. For non-players, the role
(manager, coach etc) and the number of years of experience are
recorded. There are matches scheduled among the teams on
several grounds on fixed dates. Each ground has fixed ‘seating
capacity and a size. For 38 matches, 11 referees have been
assigned. Each match will have 3 refries. The performance of

every player in every match is to be recorded in terms of runs he

scored and wicket he took. Draw E-R model of the system.
[8] [2072 Magh]

&..

What is the difference between the degree
relationship?

Degree: This is the number of entities inv
it is usually 2 (binary relationship) however unary an

relationship can be exists.
Cardinality: This specifics the number of each entity that is involved
in the relationship there are 3 types of cardinality for binary

relationship.

and cardinality of a
[8+4] [2071 Bhadra]

olved in the relationship and
d higher degree
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B One to One (1: 1) g One to Many (1 : n)

. Many to Many (n : m)

18.  Draw a complete ER-diagram for the following case: [2071 Bhag
h

A Bus Company owns a number of buses. Each bus is allocat
particular routte, although some buses may have several buse -
rate passes through a number of towns. One or more drivs. N
allocated to each stage of a route, which corresponds to a o
through same or all of the buses on a route. Some of the mwnél 'I’:"'llq
garage where buses are kept and each of the buses are idenﬁﬁe:[“?
|

the registration number and can carry different numbers
0

19.

passengers, since the vehicles vary in size and can be single or doyy,
b .

d-?cfced. Each route is identified by a route number and informat;

ay a[:lable on th-e average number of passengers carried per dj o
eac E'oute. Drivers have an employee number, name, add Y
sometimes a telephone number." ’ o

(Avcrage No™\

of Passengers

‘number of modules. We also store t
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Draw a complete ER diagram for the following case.

«A lecturer(having an ID,name and room number)is responsible

for organizing a number of course modules. Each module has a

unique code and also a name and each module can involve a

number of lecturers who deliver part of it..A module is composed
of series of lecturers and sometimes lecturers on 2 given topic can
be part of the more than one module. A lecture has a time,room.
and date and is delivered by a lecturer and a lecturer may deliver
more than one lecture..Students,identified by number and name

,can attend lectures and a student must be registered for a
he date on which the student

a lecturer acts a tutor for
has any one tutor. Explain
agram along with

[2071 Magh]

first registered for that module. Finally
a number of students and each student
generalization and specialization in ER di

example?
) . Name of
legture
Lecturer b Course

O

Acts as-tulo

Student

e

For Second Part: See in page no 20
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ER-diagram for the following mini ~case. Wiy .
difference between strong and weak entity sets?Each i lfﬂ

an engineering company has at most one recognizeq SkilI!;JEEI
oiven skill may be processed by several employeeesA empy. u
g A

20. Draw an

able to operate given machine-type(e.g.lathe,grinder)if ke h“?eg-, =

of several skills,but each skill is associated with the Opera:;:h
0

only one machine type.Possession  of 5,
skifl(e.g.mechanic,electriciau]allows an employee t, maig“"
several machine-types,although maintenanace of S n.tal
machine-type requires a specific skill(e.g. a lathe musgtl\-r
maintained by a mechanic) 2070 Bhadh

=  For 1" part see in old question no 12

grinder

Mechanic

Assume that ¢ p:
at p
Product No,, D e Valley g Urniture each l"‘ociuct(described b

escriptip .
Cﬂmponfn{s(dEScribEd b';: acnd Cﬁst)ls compriSEd of at least

0f Measure) om _ )
nd Ponent NO, and

Products(i., mustc abmp""ents are used to [r)neaS;ZIPJ::Lﬂ or ma

tahss;ume that cumpon:n'::fad In at least gpe product).In additiﬂf’d'
o AW materig '€ used to mgq ents

Is are g Considereq tcl: ‘:Jgt::;;z':el:;: In ’

% ng use ! L Wl

kog md to make other cOmpone[ﬂSv w

Ny components go into M

thré

Primary valley
Furniture

i

22,
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Draw an ER-diagram for this case. Describe what is total
participation using an ER-diagram example.

[2070 Magh]

Product

.

Raw Materials

For 2™ part: See in old question no. 9.

Draw an ER-diagram for the following mini-case. Wh.at is the
difference between cardinality and degree of a relationship?

A university registar's maintains data about the following entities:
(a) Course, including number, title, credits, syllabus and
prerequisites; (b) Course offerings, including course number,
year, semester, section number, instructor(s), timings and
classroom; (c) Students, including student-id, name, and program:
and (d) instructors, including identification number, name
department, and title. Further, the enrollment of students il
courses and grades awarded to students in each course they ar
enrolled for must be appropriately modeled. [8+4] 12069 Bhadrs
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Relational Model

Relational model can represent as a table with columns and rows. Each row is
known as a tuple. Each table of the column has a name or attribute.

Domain

It contains a set of atomic values that can attribute can take.
Attribute

It contains the name of a column in a particular table.
Instance

In the relational database, the relational instance is represented by a finite set
of tuples. Relational instances do not have duplicate tuples.

Relational Schema

A relational schema contains the name of the relation and of name all
columns or arributes.

Relational Key’

In the relational key, each row has one or more attributes. It can identify the
row in the relation uniquely.

e.g:
STUDENT relation
Name | Roll No | Age | Address
Diwash 12 32 Btm
Pradeep 21 30 | Damak
Bikash 10 54 | Dharan
Prabin 22 24 | ltahari
® In the given table, NAME, ROLL NO, age and address are
attributes.
s The instance of schema student has 4 tuples.
. t; = < Bikash, 10, 54, Dharan >
SQL

SQL stand for structured Query Language. It is standards computfer language
for a accessing and manipulating database system. SQL works with database

program like MS Access, MS SQL server, oracle etc.
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Feature of SQL
. Render independent
. High level language

.
e  Provides multiple views of data
v Extensibility and object technology
SQL Data Type
(1) Int — Store integer value
(1)  Float — Store float value
(111)  Double — Store characters and integer
(1v)  Varchar — Store char values
(vi) Date — Store data values.

SQL commands

SQL commands are instructions. It is used to communicate with the database  2)

It is also used to perform specific tasks, function and queries of data.
1) DDL (Data Definition Language)

s DDL changes the structure of the table like creating a table,

deleting a table, altering a table.
Here are some commands that comes under DDL

(@)  Create: It is used to create a new table in the data base.

syniax:

CREATE TABLE NAME (COLUMN-NAME DATA TYPES '

)

E.g:
g CREATE TABLE STUDENT (Name VARCHAR (40)

Roll No int)

(b) DROP: |t j
OP: It is used to delete the structure and record stored in

the table,
syntax;
DROP TABLE;

© A LTER: It is used to alter the

h___

Easier to understand and comprehensive too for manipulating data_
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Syntax:

To add a new column in the table

ALTER TABLE table _name ADD column _ name column _
description;

To modify existing column in the table

ALTER TABLE MODIFY (COLUMN DEFINATION.....)
E.g: ALTER TABLEE STU-DETAILS ADD (ADDRESS

VARCHARS (20);

ALTER TABLE
VARCHARS (20);
TRUNCATE: It is used to delete all the rows from the table

and free the space containing the table.

STU-DETAILS MODIFY (NAME

(@)

Syntax:
TRUNCATE TABLE table _ name;
E.g: TRUNCATE TABLE EMPLOYEES;

Data Manipulation Language

DML commands are used to modify the database. It is responsible for

all from of changes in the database.
(a)  Insert: The insert statement is a SQL query. It is used to insert

data into row of a table.

Syntax:

INSERT INTO TABLE _ NAME

(Col 1, Col 2, .... Col N)

VALUES (Value I, Value 2, .... Value N)

E.g: INSERT INTO STUDENT

(Name_ Roll No) VAKUES ("Bikash", 3);

UPDATE: This command is used to update or modify the
values of column in the table.

(b)

Syntax:
UPDATE table-name SET [Column-name 1 = Value 1

column-name N = Value N]
[where condition]

For example:

UPDATE students

SET user name = 'ustav'
where student id = '3'

.....
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() DELETE:lItis used to remove are or more row from a tab|e
Syntax: '

DELETE FROM table _name [WHERE condition];
Fore.g:
DELETE FROM students
WHERE Author = "Bishal";
Data Query Language
DQL is used to fetch the data from the database.
. Select: This is the same as the projection operation g

relational algebra. It is used to select the attribute based on
condition described by WHERE clause.

Syntax:
SELECT Expressions
FROM TABLES
WHERE conditions;
Fore.g:
SELECT emp name
FROM employee
WHERE age>20
SQL Operators
(i)  Arithmetic operators

+ Adds value of both operands

Subtract the right hand operand from lefi-hand operand
. i s
Multiplying values of both operands

/

Divide the lefi-hand i
y operand by the right hand operand

Itis used to divide

the lefi-hand operan i

ik hand operand and returns remainderp e th'e 5
(i)  Comparison operators

i Equal to
= Not Equal to
Not Equal to

Less than

<>

Greater than
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>= Greater than equal to
= Less than equal to
1<  notless than
: I> ot greater than.
4)  SQL Logical operators

All = compares a value to all values in another value set.
AND —» It allows the existence of multiple conditions in an SQL

statement.
ANY - It compares the values in the list according to the condition.

BETWEEN - It is used to search for the values that are within a set of

values.

IN - It compares a value to that specified list value.

NOT - It reserves the meaning of any logical operator.

OR - It combines multiple conditions in SQL statements.

Exists - It used to search for the presence of a row in a specified table.

LIKE - It compares a value to similar values using wild card operator.
Set Operation

The SQL set operation is used to combine
statement:

the two or more SQL select

Types of set operation

(i)  Union

(i)  Union All
(iii)  Intersect
(iv) Minus
Union

1bine the result of two or more SQL

The SQL Union Operator is used to con
s from its

SELECT queries. The Union operation eliminates the duplicate row
resultset.
Syntax:

SELECT column _ name FROM tablel

UNION
SELECT column _ name FROM table 2;
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E.g:
SELECT * FROM table |
UNION
SELECT * FROM table 2;
Union All

Union All operation is equal to union operation. It returns the set i
- . - w
removing duplication on and sorting the data. &

Syntax:
SELECT column _name FROM table
UNION ALL
SELECT column _ name FROM table 2
Interest

}; 015 u;z:ih ttc;] ccsmhine two SELECT statements. It returns the common roy
m e SELECT statements. It has icati

‘ . no duplicat i
data in ascending order by default. o L amngest

Syntax:
SELECT column _name FROM table |
INTERESECT

SELECT column _ name FROM table;
Minus- |

It combines t
Silay e m}::sres;]u.llhof two SELECT statement., Minus operator is used
which are present in the fj "
very, | ) € first query but a : J
query. It has no duplicates and data arranged in asczld' wisice
1

Syntax: ng order by default.

SELECT column —name FROM table |

MINUS
SELECT column
_nameF
Relations € FROM table 2;
0] Join

d t 1 T
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E.g:
EMPLOYEE
EMP _CODE | EMP _ NAME
101 Stephan
102 Jack
103 Harry
SALARY
[EMP_CODE | SALARY
101 50000
102 30000
| 103 25000
Operation: (Employee D<] salary)
EMP _CODE | EMP _ NAME | SALARY
101 Stephan 50000
102 Jack 30000
- 103 Harry 25000

Types o Join operations:
Join Operation

|

Outer Join

Equi Join
Left Outer Join
Right Outer Join
Full Outer Join

Natural Join
Inner Join

1. Natural Join:

. A natural join is
that are equal on their common attrib

. It is denoted by Dﬂ
Let's use the a

that of tuples of all combinations in R and 8
ute names.

E.g: bove EMPLOYEE table and SALARY
table:

[1Emp _NAME, SALARY (EMPLOYEE [><| SALARY)
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Qutput: -
EMP _CODE | EMP_NAME
Stephan 50000
Jack 30000
Harry 25000

2. Quter Join

The Outer join operation is an extension of the join opep:
It is used to deal with missing information. Penly

Eg
EMPLOYEE
EMP _NAME| STREET CITY
Ram Civil Line Mumbai
Shyam Pam street Kolkata
Ravi M.G street Delhiﬁ
Har
arl Nehru Hyderabad
FACT _ WORKERS
EM -
_j[;a_%»_\_mi BRANCH [ sALARY |
T____lifgsg__ 10000
Y Wipro 20000
Kuber C e
.y HCL 300
i L T
S A TCS __5@90__]

Input: Em o
- Employee [><] fa
t
Output: - Workers

B0 v |
mm%m SALARY

% Park sheet 10000
2 a
N | Wi |
An outer Join s Hyderbag m
50000

(@ ree types:

basica]y
y of th
Left Outer Join

L]
Left "
Outer join

w I e Contaj
Ombinationg in R ang S the get of tuples of all

attributes S that are
am €qua .
%( d = qual on thejr common
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e Inthe left outer join, types in R have no matching tuples

in S.

. It is denoted by N
E.g: Using the above EMLPOYEE table and FACT _

WORKERS table.
Input:
empLOYEE DAFACT _ WROKERS
EMP NAME | STREET CITY | BRANCH | SALARY
Ram Civil Line | Mumbai | Infosys 10000
Shyam Park street | Kolkata Wipro 20000
Hari Nehu street | Hyderbad TCS 50000
Ravi M.G street Delhi NULL NULL

(b)  Right Outer Join:
. Right outer join contains the set of tuples of all
combinations in R and S that are equal on their common

attribute names.
In right outer join, tuples in S have no matching tuples

inR.
. It is denoted by Dd:
Eg Using the above EMPLOYEE table and FACT_WORKERS
Relation.
Input:
EMPLOYEE MFACT _ WORKERS
Output:

EMP _NAME BRANCH | SALARY | STREET CITY
Mumbai

Ram Infosys 10000 | Civil line
Shyam Wipro 20000 | Park street | Kolkata
Hari TCS 50000 |Nehru street Hyderbad
Kuber HCL 30000 NULL Null

(¢)  Full Outer Join:
. Full outer join is like a left or right join except that is
contains all rows from both tables.
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. In full outer join, tuples in R that have on
and tuples in S that have no matching t
common attribute name.

¢ It is denoted

ples in R [::

Eg: Using the above EMPOYEE table and FACT wq
RK

table.
Input:

Employee D{ FACT _ WORKERS
Output:
| EMP_NAME | STREET | I
|__Ram | CivilLine | Mumbai |
/ Shyam Park street ’ Kolkata I
|
I

L Hari Nehu street ) Hyderbad

|
|
E Ravi | MGsweet | Delhi
Kuber | NULL | nuLL J
Inner Join

An inner join is a join i
rjomn is a join in which the DBMS selects records from two tab)
o table

table,
Equi Join

Itis a_join in whi ‘| ini c
which the ommg condiliun is based on equa]ity bet I
ween vaiug

in the common
columns, ¢o
result table, » “Ommon on columns appear redundantly in th

Embedded SQL

Views in SQL are i
Tows and colymp,

J

idered as 3 yi
a Virtua] tapje. A view also contain
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To create the view, we can select the fields from one or more tables
present in the database.

Sample Table:
Student _ Detail
STU ID | Name Address
1 Stephan Delhi
2 Kathrin Noida
3 "David | Ghaziabad
4 Alina | Gurugram
"EU _ED | NAME | MARKS | AGE
1 Stephan 97 19
2 Kathrin 86 21
3 David 74 18
E Alina 90 20
5 John 96 18

Creating View

Syntax:
CREATE VIEW view _ names AS

SELECT column 1, column 2 ...
FROM table _ name
WHERE condition;
Creating view from single table
Query:
CREATE VIEW Detail AS
SELECT NAME, ADDRESS
FROM Student _ Details
WHERE STU _ID <4,
Just like table query, we can query the view to view t
SELECT FROM Details view;

Creating view From Multiple tables

he data,

. It is known as complex View.
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Query:
CREATE VIEW MARKS view AS
SELECT Student _ Detail . NAME, Student _ Dety;]
ADDRESS, Student _ Marks . MARKS
FROM Student _ Detail, Student Mark
WHERE Student _ Detail . Name = Student  Marks N
To Display view N
SELECT * FROM Marks view;
4. Deleting view
A view can be deleted using the Drop view statement :
Syntax:
DROP VIEW view - name;
Example:
If we want to delete the view Marks view, we can do this
' as

DROP VIEW Marks view:
Relational Algebra

Operations op Relational Algebra

I Select Operation

T .
he select Operation selects f

Itis denoted by sign (0)

. Where,

ples satisfy a given predicate.

Gisy
sed for selection Predicatig
| n
I'1s used for relation

6‘
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Relational Langu
Project Operation
. This operation shows the list of those attributes that we wish to
appear in th result. Rest of the attributes are eliminated from
the table.

. It is denoted by .
Notation: 7t Ay, Az, Aq (1)
Where;
Ay, Ay, A; is used as an attributes name of relation r.

E.g:  TINAME, CITY (CUSTORMER)
UNION operator

. Suppose those are two tuples R and'S. Th
contains all the tuples that are either in R and S or both in R

and S. It is denoted by L.

e union operation

Notation: RUS
E.g: TCcuSTOMER NAME (BORROW)U TLCUSTOMER_NAME (DEPOSITOR)

Set Intersection
° Suppose there are two tuples R and S. The set interaction
operation contains all tuples that are in both R and S.

e Itisdenoted by intersection N.
Notation: RN S

Example:

TLCUSTOMER_NAME (BORROW) n TICUSTOMER _NAME (DEPOSITER)

Set Difference

. Suppose there are two types R and S. The set intel
operation contains all tuples that are in R but not ins.

rsection

e It is denoted by intersection minus (-)-

Notation: R—S

E.g: TcusTOMER NAME (BORRW) _ TlcUSTOMER _ NAME (DEPOSITER)
. Cartesian Product
. The Cartesian product is used to combine each row in one table

with each row in the outer table. It is also known as a cross

product.
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The rename operation is used to rename the output relatig
denote by rho (p). o
E.g:  We can use the rename operator to rename STUDENT re]

. It is denoted by X.

Notation: EXD :
Eg EMPLOYEE x DEPARTMENT

Rename Operation

I,

to STUDENT 1. g

p (STUDENT 1. STUDENT)

Aggregate Function Operations

10.

. ; : .
;l\:greganon Function takes a collection of values and ret
single value as a result. o

*  avg Average value
. min: Minimum value
. Max: Maximum value
. Sum: Sum of values
. Count: number of values
Aggregate operation in relational algebra
01,6 Gy IF(A), Fy(A,..... Fi(A,) (E)

Where E i i
? fsr: f is any relatlonal - algebra expression and G,. G

n 1S a list of attributes on which o group (can be em ,t, ) a
Each F, is an aggregate function e

Each A, is an attributes name

Delete Operation

i ; pressed simj
nstead of displaying tuples ¢ o
Temoved from the daty base

Y to a query, excep!
0 X :
the user: the selected tuples ar

Can. delete only whole ¢
particular attribyteg
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. Delete all account record in the New road branch.

Account ¢ Account - Obyranch _name = "New Road" (account)

. Delete al account at branches located in KTM

Ep<— 6hrar|ch _ city = "Need ham” (account [><] Branch)
& Haccnunl _ name, branch _ name , balance (rl)
I3 €= T customer_ name, account _ name (2 <] depostter)
Account ¢ account — 1
Depositer <— depositer — 13

Insertion

. To insert data into a relation, we either.

. Specify a tuple to be inserted.

. Write a query whose result is a set of tuples to be inserted.

In relational algebra, an insertion is expressed by:

e rruUE '

Where r is a relation and E is a relational algebra expression.
The insertion of a single tuple is expressed by letting E be a
constant relation containing one tuple.

Insert information in the database specifying that smith has Rs.
1200 in account A - 973 at the Patan branch.

Account ‘« account U [("A - 973". "Patan", 1200)]

Depositer < depositer U [("Smith", A - 973)]

Provide as a gift for all loan customers in the Patan branch, Rs.
200 savings account. Let, the loan number serve as the account

numbers for the new saving account.

r & (Gbmnuh _mame = "Patan” (borrow N loan)

Account < account U Ijgun number branch_name,200 (1)

Depositer < depositer U [Mustomer  name _ loan number (r1)
Updating

. A mechanism to ch

values in the tuples. ‘
ed projection operator (o do this task.

ange a value in a tuple without charging all

s Use the generaliz

r< g F20 - 10
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Binary Relational Operations JOIN

Relational Languages and Relational Model ... 57 %g

i |

Each F, is either

5 - th . .
o The I"attribute of 1, if the I" attribute is not Updy,, Domain Relational Calculus
« If the attribute is to be updated F; is an ey, | The second form of relation is known as Domain relational calculus. In

il?vohfing only constants and _thc aftributes fo, % domain relational calculus, filtering variable uses the domain attributes.
gives the new value for the attribute. Domain relational calculus uses the same operators as tuple calculus. It uses

Pay all accounts with balances over $ 10,000 6 percent illn logical connectives A (and), V (or) and (not). It uses existential (3) and

and pay all others 5 percent. .universal quantifiers () to bind the variable.
Account €= Maccount  number, branch _ name, balance * 1.06 (UBAL by Notation:
* Dy, g
1000(accounty) Y Taceount _ mumber, branch _ name, balance * 105 (g {a),a,83...... a,/ plapazas...... a}
lﬂﬂﬂtaﬂ:nunt]) ™
Where,

a,, a, are attributes

The general form of a join operation on two relations R (A} P stands for formula buit by inner attributes

An) and S (B|, Bl ...... Bm} is: .

R 1> < Join conditions > S Fore.g:

*  Where R and S can be any relations that result fi, (< article, page, subject > ¢ java point A subject = database’}

general relational algebra expressions. QBE (Query By Example)

The join condition is called theta. QBE is a query method implemented in most database system, most notably

Theta can be any general Boolean expression on attributes off for relational database. QBS was created by Moshe Z 100 F at IBM in the

a3 1970's in parallel tp SQL's development. It is a graphical query language
° Most join conditions i where users can input commands into a table like conditions and exam le
el involve one or m : " sers can inp p
AND" ed together. ore equality condiio %lements. It's a common feature in most database.
N - Joi ; ) ]
atural - Join Operation _QBE is a query language used in relational database that allows users to

search for information in fields and tables by providing a simple user
interface where the user will b, able to input an example of the data that he or

Let r and s be relatj
M sisa relati;e atlon; on schema R and § respectively. Thes she wants to access.
Il 0N s¢ emaRUSObta. !
S Consider each paj tned e fullow Old Question Solution
pair of tuples t, from r and t, from s :
' 1. Write SQL query. [Consider following relations]

If't, and 1, have ¢h
. - e sa
INRNS, add a tuple Product (Pid, Pname, Price, description)

Notation r M s

me value on each of the attribute
to the resul, where

.
t
o t::: g:e amevalueas , onr, Customer(Cid, Cname, Address)
Eg: € Same value as ¢, o Sells(Pid, Cid, quantity)
. ’ ns, " X
S-(4.Bc D) (a)  Retrieve the record of product who were sold to customer
S=(,8,D) id 12,
=g - (A,B,C,p,E (b)  Create above table product as indicated.
I gig defined ag: e (c)  Find the product whose sells quantity is maximum.

o (d) Find the total number of customer whose name start with

LB, GELE "
CEDSE (6rB = g n S. [8][2076 Baisakh|

rD= S.D[r 5))
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(a) SELECT + FROM PRODUCT WHERE Pid = 12;
(b) CREATE TABLE product
Pid int NOT NULL,
Pname varchar (50),
Price Float,
Desription varchar (255),
PRIMARY KEY (Pid)
):
CREATE TABLE Customer (
Cid int NOT NULL,
Cname varchar (50),
Address varchar (50),
PRIMARY KEY (Cid) -
):
CREATE  TABLE Sells (

quantity int,

FOREIGN :

o, KEY (Pid) REFERENCES Proi
FOREIGN :

Cid KEY (Cid) REFERENCES Custor

)»
(¢c) SELE il
ECT Pid Max (quantity) FROM Sells;

(d)  SELECT

Co 3

('S%'); UNT (Cid) FRoM Customer where cname LI
Write relatig

nal algep
Emp @l‘g E gebra, ICOIISid ’
s Ename, Aq er following relati

Depa,-@m, D dress, Salary, Dptid| iRl
(@ Ingert 9

a ;
(100, " Single
(b) Retr,iel::m"’l Balaju' 1999 s)l'ec_u 'd in  Emp tabl
e ¥
10000 ecord of
9 I““"-‘a;: :!0? puter depar :n“:ﬂltﬂyee Who earns more
{d) DE[E(Q all u'::lafy of all emph}:yee b
b departmeng t" ord of empq Y 10 percent. |
(b) i Emp U?(ld:lELx' Yee Who are from EV
. 100, Rapm, 1y, 18] [2076 Baiss¥

Eig, Ename, A B |
.  Addresg, ' Salagy', 1 -
Compmer“ [E;:] i Dpuig (Usalar‘ > 000’ 5}}
p > ¥ = 1000 and Dpame

Emp
— "0 opa Depart)
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(C) Emp « [ T4, Ename, Address, Salary * L.O1, Dpitd (Emp)
(dy Emp< Emp - Oppid="ELX" (Emp)
Consider the following relational data model. [2x4]
Student (crn, name, address, phone, dob)
Course (courseid, crn, duration, fee)
Enroll (enrolled, cname, courseid, enr
(i)  Write the SQL statements re
relations, including appropriate versions

foreign key integrity constraints,
(i) Write an expresion in SQL to find crm, names and enroll

data of all students who have taken the course 'java'

olldata, completedata)
quired to create the above
of all primary and

(cname)
(iii) Write SQL to find the names and address of all the students

who have taken both course java and linux.

(iv) Write an expression in SQL to Create 2 view
'student_course' having the attributes crn, name, phone,
coursename, enrolldata 2075 Bhadra|

(i) Create Table Student (

crn int NOT NULL,
name varchar (50),
Address varchar (200),
Phone varchar (20),
dob varchar (20),
PRIMARY KEY (crn)
);
Create Table Course (
Course — id int NOT NULL,
duration int,
Fee Float
FOREIGN KEY (crn) REFERENCES student
{crn),
FOREIGN KEY (course id)
Create Table Enroll (
Enrolled int NOT NULL,
cname varchar (50),
enroll data varchar (50),
complete data varchar (200),
FOREIGN KEY (courseid) REFERENCES course

(courseid)
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SELECT cm, name, enroll data FROM Student Iony

ON Studentcrm Z Course.crn JOIN ENROLL ON p 5
course id = ENROLL . course id WHERE cname = » i A‘f ¢
SELECT name, address FROM Student JOIN COURS&‘
Student . cm = Course . cm JOIN ENROLL ON ¢, X
course =_id = Enroll . course id WHERE cname = u;‘:f

(i)

(1)

AND cname = "Linux"

CREATE view Student _ Course
SELECT cm, name, coursey
enrolldata FROMI Student JOIN course !;
Student . cm = Course.crn JOIN Enroll,

Course . course id = Enroll . course id

(iv)
phone,

Consider the following relational database
sailor (sailorid, sname, rating, age)
boat (boatid, boatname, color)
reserves (sailorid, boatid, date)
Write relati
5 :nadtu::al algebra expressions for the following:
e names of sail, .

) or who has reserved boat numb:
(i)  Findt
pr "l:e names of sailors who have reserved a red boat.

€ names of all sajl -
or
S— who have reserved either art

G].“'E an ex "
Pression in QBE
] to F
who have reserved a red boat et e anblory mamae 2018

(iv)

[2x4] [2075 Bhadr! 6.

M 1
sname (g Vi y
id = 105 (Sail
boat be o Dqsallm'””mld = reg R e
ﬁ]) n lr 3 Jand"rﬁcn'e.bgaudbﬁal)) erves . sailorid eseny
sname (Ogyy = er
or edll (Sa]]o
r I ><}
Re:serves[)q » Sailor . Sailor )
(Ill) niname (6 T-bnetid=rcszl'\‘85, boang b orid = reserves . S
R wID':'th;OR Cﬂinr“'ﬁ (S . oat))
- on Reseryes [ = "Green” (Sailor | >
fiv) SELECT Stiain boat. boatig -, Sailor . Sailorid = res¢™®
: e ESEIVes , hyagi
hiloriq = pe, » age FROM Sﬂilors_,:)md boat))
i IN reserves ON Sailo’

. boatid *

Consider the following r
tblsalesman(s id, name, city,

tblOrders(ord no, prch_amt,
tbICustomer (cid, name, city,
write SQL query expression to

(a)

(b)

(c)

(d)

Consider the following relational database

Author(a_name,

Relational Languages and Relational Model ... 61

elational schema:

commission)
ord_date, c_id, s_id)

grade, s_id)
[2x4] [2075 Baisakh]

whose name

h all information
character is

Find those salesmen Wit
and the 4"

g the 1™ character is 'N'

containin
haracter.

'R and rests may be any ¢
Find the highest purchase amount 0
for each salesman with their ID.

count the customers with grades

n a data 12017-07-17"

above Kathmandu's

average.
are from

Increase commission of salesmen by 2% if they

RE name LIKE ("N_

humla.
SELECT * FROM tbl salesman WHE
R"%);
amt) FROM tbl orders WHERE

SELECT s_id, MAX (prch _

ord _date ="2017~ 07-17"
SELECT COUNT (c _id) FROM tbl customers WHERE grade

> (SELECT grade FROM) tbl customer WHERE City =

"Kathmandu")

UPDATE tbl salesman

SET commission = CASE
WHEN City = "humla"

THEN

Commission = 1.2 * commission

END
model

citizenship, birth Year) Book(isbn, title, h_name)
Branch(libname, city)

Topic(isbn, subject)

Instock(isbn, libname, quantity)

Write relational algebra expressions for the following: [2x4]

(a)  Give the cities where each book is held.

(b)  Give the title and author of each book of which at least two
copies are held in a branch located in Kathmandu.

(c)  Delete those books that are from author 'xyz'

(d)

List total no. of available books of each subject.
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. g m - i} " I]l‘\.l "
" Bl\l\k N Instock . ishn ook . ishn N “lk .-
—— { Bt I A Relational Languages and Relational Model ... 63
e . "B CREATE table WOpks (
=~ J \ "R | 1 nok
® Tl e (Ciquantity 2 AND 1t Kathmandu l"“’u hours int,

Book . 18 lll.\‘lm‘k l><] Instock . Tibmame = Branch . libname anc h]
(c) BOOK ¢ BOOK — 0, - pame = "XYZ" (BOOK)
(@ title G count (isbn) (BOOK)
Consider the following relational data model |[2x4] 2074 K
4

Employee (empid, ename, age, salary)

Department (deptid, dname, budget, managerid)

Works (empid, depid, hours)

(M  Write the SQL statements required to éreate th
relations, including appropriate versions of aj] prim: ,al
foreign key integrity constraints. il

(i)  Write an expression in SQL to find the name of depgy,
whose employee earns the maximum salary, "

(iii) Write SQL to find the name of the employee, depart,
name and the number of hours they work, E

(iv) w.n'nf an expression in SQL to give every employee 3 )
_ raise in salary whose age is in between 45 to 50 years,
(1) CREATE table Employee (

empid int NOT NULL,

ename varchar (30),

age int,

Salary F loat,

PRIMARY KEy (empid)

)i

CREATE tabje Department (

depitd int,

dname varchar (30),

budget Float,

FOREIGN Ky (empid) REFERENCES Employee
(empid)

FOREIGN  Kgy (deptid)  REFERENCES
Department (deptid)

)

(i)  SELECT dname, Max (Salary) FROM Employee JOIN ON

Employee . empid = Works . empid Works
JOINS Department ON Works . deptid = Department . depitd

(iti) SELECT ename, dname, hours FROM

Employee JOIN Works ON Employee . emid = Works .
emid JOIN Department ON Department . deptid =

Works . deptid

(iv) UPDATE Employee

SET Salary = CASE

WHEN age BETWEEN 45 AND 50

THEN

Salary = 1.2 * Salary

END
Consider the following relational database
Account (account-number, branch name, balance)
Branch (branch name, branch city, assests)
Customer (cust name, cust street, cust city)
Loan (loan number, branch name, amount)
Depositor (cust name, account number)

Borrower (cust name, loan number)

Werite the relational algebra expressions for the following:
(i) "Koteshwor"

[2x4]

Find the names of customers who has loan at

branch.

(i)  Find the largest account balance. |
(i) Find the names of all depositors along with their account
number, street and city address.
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(iv) Givean expression in QBE to find the cugg, :
Mer ! Relational Languages and Relational Mo

pumber and amount for all customers Who amﬁl
from the "Koteshwor" branch. ha"“ 4 iiiy Increase the salary of each employees by 25% whose salary
is less than 3000. [2x3] [2073 Bhadra]

del ... 65

= (1) [T - name ( Obranch - name = "Kathmandu" (LOBH Dq
Lom. = (i) CREATE TABLE Employee (
Joan - number = Borrower . loan _ number BOI‘I‘
. = Ower)) Ename varchar (255)
(i)  Max (balance) (Account) , ’
i Streef varchar (255),
m - name, account = num Cusl - i
ke, s ~cry (Customer i>-<] o City varchar (255),
Depostter . cust _name DEPDSIIEI' ) - b ’ PRIMARY KEY (Ename}
iv) 11 :
( ] cust, - no. loan - number, amount (LUER Nhlﬂ.lm _ ey FORE]GN KEY (Ename) REFERENC ES
mumber Borrower Nﬁmrwer +Cust _ name = customer. cust  pap, (:“ll‘;:?f l F WORKS (Ename)
— name CUstqp,
)

9. Consider the following relational schema:

Employee(Enam e,street,city)

(i) SELECT Ename, company — name, city — name FROM,

Employee JOIN Works ON Employee . Ename =

Works
o fEftame,mmpan_v_ name,salary)
» pany(company_name,city) Works . Ename WHERE Ename Like ‘1% pur’
;] anages(Ename,manager__na'.ne) . (iiiy UPDATE WORKS
a)  Writ . : =
; rite the queries jp Relational algebra L
Find aj| ) WHEN Salary <3000
hank_a the employees name who work in NM “THEN ry
i) Fing all _
the emplo Salary = 1.25 * Salary
; Yee names PR i
ci ; who live
ui) Fty as theijr E{Impany is lﬂcated in the san END
l . . . 1
salnd tf"-‘ fame and city of ¢ : (i) SELECT ename FROM Employee JOIN Works — on ON
Aty is greater thap 30000 0s‘e en.]p loyees whos Employee . empid = Works — on . empid JOIN Project ON
< and lives in ‘ktm’city. project . Pid = Works —on . Pid WHERE balance > 50000
Mo (O . = " - [2x3] [2073 Bhadn (iii) SELECT dname, count (Pid)
ename E B Bank'
(i me EMployee, = (Worksbq Siiplteo. daie o0 FROM DEPARTUREMENT JOIN Project on
5 e (Employee ><] department deptid = Project . deptid GROUP BY deptid
1 emply; : . .
) T (9 s mpl YEE - Cly = company , gy company) .11, Consider the following relational data model. [2%3]
10, (Bmp) AND Salary > 3909 Employee(empid, name, address, manager_id')
. - 3 0 ’
\ Tite SQ, queries fo, thp yee E—— " Department(deptid, dname)
I ; e fi : +€MaME = works | ename WOTKS : ;
f ¢ate Employee Ollowing; i Project(pid, title, budget, deptid) .
and ;
" Oreigy key constraims“’ﬂrks relatiop with 4 J Works_on(empid, pid, hours)
n;:: the employeq na' Primary key 82 Write down the relational algebraic expression for the following:
e AMe #hae "
which ends w; ¢ their Ompany name s (i)  Find the names of all employee from computer department
_ ame and cif) along with their manager name.

Pur ag substring
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=

12.

(i)  Find the names of all the employees who work
with budget more than 50000. e "3

(iii) Find the total number of projects from each ¢
along with the department name. [2;;} X
. ; IM
%

(8)  Toame, manager - rame (Cdname = "Computer (DEpartment Dq
dept - id = Employee . deptid Empfoyce))‘ .
(b)  Toame (Obudger > s000 (Project < project . pid = Works - on . pig Wi
on M employee . empid = Works - on . empid Employee') o
(¢)  H & Geounpig) (Project)
Ans « Iy, dance (Department)
Write down the SQL queries for following:
i Fi
) : :;:e:; ::;'::. of employees who works on project with
ilj Create a view with empid,name,project title and budget =
iii)  Update the budget of all project by 20% where 1
employee works for more than 12 hours. (2073 Msg;

(i)  SEL
worfsCTO:-:ame, max (budget) FROM EMPLOYEE JO
o ON Employee . empid = Works — on . emid JO!
) ject ON Works — on Pid = Proect Pid
(i)  CREATE view viewl

SELECT empid, name

EMPLOYEE JoiN woy project title and budget FRO'

RKS ~ ON on Employee . empid®

Works — on :
. empid i
on . Pid pid JOIN project ON Project . Pid = Works*
i) UPDA’I‘E i

Project
ON Pig JOIN Works — ON Project | pid = Works-
WHEN hours > 12
THEN
blldge1 =

1.2* bUd
END get

m

Write relational algebra queries for(a,
for(i,ii,ii)

a)

b)

c)

(b)

(c)

(ii)
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b,c).Write the SQL queries

Relational Lan

Retrieve the detail of employee with eno,add,dob,phone

with highest salary.

Create above table Emp as indicated.

earns
t and name contains

)
ii) Find the employee
50000,works in CS departmen

more than

who

alphabet a.
iii)  Increase salary of those employee who earns less

than average by 25%.
Find total amount spent by ECON department for its

employee salary

Find total number of post in CS department. [2072 Ashwin]

Relational

Here,
Hl= Maxmim)
i (Employee)

Ans: o, add, dob, phone,
H1= Sumysaiary) Employee
Ans: Ty (Ogep = con (Employee))
H1 = Countypos (Employee)
Ans: Ty (Caept = .o (Employee))
CREATE TABLE Emp (
"eno int NOT NULL,

add varchar (255)

dob varchar (255)

phone int,

salary int

)

SELECT emp
department’ AND Salary > 50000 AND emp — nam

0/ .
/6,

_ name FROM Employee WHERE dept = 'CS
e LIKE % a
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i)y UPDATE Employee -
SET Salary C 'ASE 3 Relational Languages and R
b 15.  Consider the following relational database model  [2071 Bhadra]
eid)

Employee(eid, name, address, supervisor_

WHEN Salary < AVG (Salary)
‘Department(dept id,name)

THEN
=175 % ;
Salary = 1.25 * (Salary) Project(pid, title, dept_id)
Works_on(eid, pid, hou rs)
wing: [2x4=8]

relational algebra expresions for the follo
List the name of all employees from computer department
along with the name of their supervisor.

Find the name of all employees who work o
more than 15 hours.

END
14.  Consider the following relational scheme: [2+6] 1207 Write
b}
\ (a)

Account (account number, branch_name, balance)
Branch (branch name, branch city, assets)
: ()

n the "Network

Custom
o er (Customer name, customer_street, customers city) monitoring" project for
an (loan number, branch_name, a oy
’ A , amount) - . . " oy L
Depositor (customer name (¢) Delete all projects which belong to the Electrical
ame
Borrower (cust baceat e department. :
(customer name,
¢ loan number) (d) Find the total number of projects from each department,
along with the department name.
(Department |><|

r — name (Udept _ pame = "computer”

N project . Pid = Works - ON . Pid

= (a) SE
LECT * FROM customer JOIN Depositer ON cus
Slom:

customer — pame = r :
e = De
positer . customer — Name Jg = (&)  Thame, superviso

(. dept — id = Project . dept - id Project

Account ON
Bexteh ON B::z;c::nl ; n0h= depositer . account — no Jj departmen
. branch — = :
name. name = Account . brangt Works ON Dq employee . eid = Works = ON.ed Empioyee)}
(b) SE ‘ .
LECT branch - name FROM (b) e (Oritte = iNetwork Monttory” AND hours = 15 (Project N Works - on
Branch - name = A Branch JOIN Account (
50000 ccount b]’anch WHERE AVG (ba]' ] pid= project . Pid WO['kS__DHM Employee . eid = Works — on . eid Employee)l
ancel
() UPDATE e (c) Project— Project — Thpid (Gpame = ‘Electrical Department
co
WHEN SET bajum [><]dupanmcm. dept_id = projéct . dept - id project)
: ance =
balance > 10gp THEN CASE (d) name g counlpg (Department |><ldep.mmem  deptd
b?i]am;e =1 project.dept :dFrOjch
05 * b |
ELSE alance 16.  Consider the relational schema given below. [2x4=8]
balance = 06+ Project (pid, name, price, category, maker-pid)
END alance Purchase (buyer-ssn, seller-ssn, quantity, pid)
Company (cid, name, stock price, country)

city)

(d) SELECT
Person(ssn, name, phone number,
d the name and price of all

WHERE = Citieg
assets > COUNT
©  Coup accoung i fassts) FROM Brar’ (a)) Write an SQL query (0 fin
=N
““mrBranch} 0 (Accoypt D.<] products of neamera" category made in "Japan'. -
Account . brang, i
- (Loan) . h—"a‘T'HBrnnc!Lbﬂ!d (b)  Write an SQL query to create a view to expose only the
amoun (0 Buyer name, Seller name and product name from all
transactions.

1w <1000 (Loan))

T | |
-
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(¢ Write a query in SQL to increase the price of all
from DELL company by 5%. p"”d,
n tables in QBE to find the name 5
who purchased products :d
ter than 80,000. [y,

=

(@ Write skeleto
pumber of all persons
category with price grea
SELECT name, price FROM product

JOIN company ON
Product. cid = company . cid
WHERE category = "Camera” AND Country = "Japan"

(b) CREATE VIEW expense As
SELECT Buyer — ssn, seller — ssn, name FROM
Product JOIN purchase ON product . pid = Purchase . pid
JOIN person ON purchase . ssn = person . ssn
(c)  UPDATE Product
JOIN company ON product . cid = company . cid
SET price = 1.05 * price |
WHERE company . name = "DELL"

Ph
one number / Price ’ CategofL]
| PY
Conside i -
Emplwere th'e following relational datq base mod ’
Deparl‘me@'-q’ name, address, supervisor eid .
o ‘nt(degtid, name,) - )
" Ject(pid, title, dept_id)
Wo.;ks_on eid, pid, hu;rsj

rite r
o Lellationnl algebra eXpressj

M, " ons for the fnllnwing:

Names,
() F
Find the Name
§  of

iﬂ"Kathm
_— ﬂndu!s
In* Kalhmand“aand

Laptop J

all projec [2x4=
[‘
Jects along with the departmen!

all

e : '
Are superyige Mployees  who  liv¢

() d b
t Y employee who live
€ “vote N 2 hoyrs
Fiﬂd th X reg‘Stratfonnp::::& ﬂf a" em
Project © otal pypyy, 1ectby shr,
3|ﬂng with the er of Emplo
tle,

sPloyEes who work it

(d)

4 )’[‘ & ’
Project g, - inVolved in each
17071 nMach!

18.
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(@)  Tite, name (Project Npmjcct deptid Department - dept — id
Departmem}
(b)  Toname (Cuaddress = "Kathmandu" AND supervisor ~ address =
"Kathmandu” Employee) _
(c) Works — On ¢~ Teeid, Pidhours S+ 3 (Works —on [><] project pid =
Works —on . Pid project)
(d) H1 = Geount (eid) (Works — on)
Total No ¢~ T, titte (Project)
Consider the following relational database model:

product( gid,name,price,
purchasetguger ssn.seller SSI
company(pid.name,

person(ss

)

b)

c)

d)

(a)

(b)

(c)

category,maker_cid]
quantity,pid)
stock—price,country}

number,city)
nd the names of all Jap
«Computer”category

se only the

n__name,phone,
anese

write an SQL query to fi
companies which sell products of
Write an SQL query to create a view to expo
product id,name,category and marker country.
Write a query in SQL to decrease the stock price of all

markers of"LCD”category products by 1%.

n tables in QBE to find the na
o said products of

me and phone
«Automobile”
[2071 Magh]

Write skeleto
pumber of all persons wh

category.
SELECT name FROM
Company JOIN product ON
Product . Pid = company . Pid
WHERE country = "Japan" AND category = "Computer”
CREATE VIEW expose As
SELECT Pid, name, category and
Country FROM

Product JOIN company ON
Product . Pid = company . Pid
UPDATE company

JOIN product ON Product . Pid = compan
0 * stock price

y . Pid

SET stock — price = 0.9
WHERE category = "LCD"
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(d)

Now, QBE

’P |
Join | PX

Consider the following relational database model;

19.

» Management System

Here, name = X, Phone number =y

id | Name Phonenumbcr’ Category

PY

’ Automobile

employee(cmplovee-name,street,city)
works(emplovee-name,company-name,salary)
company(company-name.city)
manages(emplovee-name,manager-nanmie)

Write SQL queries for the following needs:

i) Give all employees of “Nabil Bank”

a 10 percent raise,

i) Give all managers of “Nabil Bank® a 30 per
cent ry

unless the salary

iv)

(i)  UPDATE employee
SETCITY = "Pokhary"

WHERE employee name =

(1)  UPDATE Works

SET Salary = ]-i *

" il ones"

Salary:
(!l!j UPDATE Works ary,
JOIN man
a
emp}, &5 ON' Works ¢

. = 10000{],

empjoye.e = name

Sa!ary

€mployee jopN s

- becomes greater than 100,000,
clete employee who has maximum amount of saj
alary,

[2070 Bhady 21.

=I]n§lt:}’ee . Name = manag
3 * Salary WHERE Salary*

rks ON employee
name WHERE Salan

Consud:rhf: ' :Salary) Works . employee
e
Pmduct@,n:!:nw"fg relatmnal dat ba
Pun:llnm(buyer elpi‘we,cdtegﬂry’cl d) S¢ mode]
Cumpﬂny@l Ssn,seller-sm’quami )
anages MAME,SHock price ty,pid)

@4 a ’cnuﬂtry)

¢)

d)

(a)

(d)

Consider the relational schema given below
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Find the ssn and name of all people who have purchased
products of category”telephone”.
List the pid and name of all product

expensive than $500 and made in China
“television”category by

s which is more

Increase the price of all products of

10%

List the ssn and name of each seller along with the total

quantity of products sold. [2070Magh]

= "telephone' (Product D<] product . Pid = purchase .

Tssns name (GCategow -
Pid PllfChaSﬁ N purchase . buyer — §sn = person . buyer - ssn Person)

(Product D<] product . Cid =

“pid: name (Upims > 500 AND Country = 'China’
company . Cid Compaﬂ)’))

Tprice * 1.5 (G category = "Television" Pl'UdﬂCl)

Tlssn, name, COUNT (quantity) (PE[‘SOI’] D<1 person, ssn = purchase . seller - ssn

Purcase))
[2x4] [2070 Magh]

Hotel (Hotel No, Name, Address)
Room (Room No, Hotel No, Type, Price)

Booking (Hotel No, Guest No, Date From,
Guest (Guest No, Name, Address)

a)

b)

¢)

d)

(a)

Date_To, Room_No)

Write an SQL query to list all guests who have booked

rooms at the Himalayan hotel.
Write an SQL query to create view to expose only the
Hotel_No,GucstﬁNo,Ronm_Nu,and Price of the room of all

booked rooms.

Write a query to offer 5%
types”Delux”for the Everest Hotel.

es in QBE to find the Check-in date and
booked for Everest hotel.

discount on all rooms of

Write skeleton tabl
Name of all guests currently
SELECT * FROM GUEST JOIN BOOKING ON GUEST.

Booking . Guest NO JOIN Hotel ON Hotel . Hotel

Guest no. =
ERE Hotel Name = 'Himalayan'

NO = Booking . Hotel NO WH
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(b) CREATE VIEW EXPOSE AS

SELECT Hotel - NO, Guest — NO, Room — NO,
Hotel . Hotel - NO = Room . Room - NO JOrN
Booking ON Room . NO = Booking . Hotel — N

JOIN Guest all Guest . Guest — NO = Booking 93,

Guest - NO WHERE Room . Type = 'Booked'
(c) UPDATE ROOM

SET CASE =Price °

WHEN TYPE = "Delux"

THEN

Price = 0.95 * price

END

(d)

m - Hotel No
m - Guest No
- Date-From
- Date-To
LoD |

By

Now,
SE[EC[i{m

Here,

p = diSp]ay
= Varia|e

Y= varigpe
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Thus,
Guest - NO
Join . P.X PY
employee(empname, street, city) [4%2] [2069 Bhadra]
works(empname, companyname, salary)
company(companyname, city)

manages(empname, managername)

For the case of above database schema:

Name Date — From

0] Write an expression in SQL to create the table employee.

(i) Write an expression in SQL to inset a row into the table
works.

(iii) Write an expression in SQL.to find the name and cities of
resident of all the employees who do not work for XYZ Pvt.
Ltd. .

(iv) Write an expression Relational Algebra to find the
company name that has the highest number of employees.

(i) CREATE TABLE employee (
empname varchar (255)
street varchar (255)
city varchar (255)
(i)  INSERT INTO WORKS (empname, company name, salary)
VALUES ('XYZ', 'ABC', '$4500"

(i) SELECT * FROM employer join works ON employer.
emphane = Works . empname WHERE company name ! =
"XYZ pvt. Ltd"

(iv) HI:. Count(Empname) (Works)
H2: Max (Count) (HI)

Ans: TMeompany name (Compﬂny D<] works . company name = employee .

company name HI )

ooo
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P iSE CONSTRAINTS AND NORy
_ T

: |

Integrity Constraints
Intecrity constraints are set of rules. It is used to maj
. = : - ma .
of information. , i
o Integrity constraints ensure that the data deletion, updat;
processes have to be performed in such a wa , )
affeced. Y that data ity

*h

. Thus. integrity constraints is used to . [
g ard i
guard against accidenty) dy 3

to the database.
Types of Integrity Constraints

Intergrity constrain
Domain Constrainf
_ Key C i
” . 'y Constraint
. nggml?ntfmry Referential b
Domain Constraints Iﬂteglly e
]
Domain copstra;
traints cap b,
. ::Of values for an azm‘bufedeﬁ“ed as the definition of a vl
e data type of '
: domaip in ;
time, date, ¢, Main in inclyd i
: o es st i
availzble ﬂ]efzency etc. The vaJye 0;1;;5; Cl:[a{:cter, mleg;
attribute must?

Ep: Orrespondin g domain

Mgy
Yoy value can't be null

in refai ey v
(W alue ]
tideggin, 2 i Ue is used to identif

1
e
the Tows, Primary key has a v

Database Constraints and Normalization

Eg:
Emp _ id | Emp_name Salary
B e R e o
123 Jack 30000

,__.———-—'-'-:v———
456 | John 40000
o SR B ]
146 Harry 5000
____-——'—-'_'_- e
Jonila 15000

S

't contain a Null value.

Not allowed as primary key can

Referential Integrity Constraints,

| integrity constrains is specified between

. A referentia
tables.

In the referential integrity constra
refers to the primary key of Table

foreign key in Table 1, must be null or be available in Tab

Table 1
e | =
Emp _Name | Name Age | D-No
1 Jack | 20 11
2 Harry | 40 24
3 John | 27 18
4 Devil | 38 13 -

Not allowed as D - No 18 is not defined as a primary key or t
and intable 1. D-Noisa foreign key defined.

Table 2
D-No | D- localio_n_|
11 Mumbai
14 Delhi
13 Noida

Key constraint

. Keys are the entity set that is used to indentify an entity

its entity set uniquely.
. An entity set can be multiple keys, but

~ will be the primary
and null value in the relational table.

T

two

ints, if a foreign key in table 1
2, then every value of the

le 2.

able 2

within

out of which one key

key. A primary key can contain a unique
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[ [ Name | Age
[H}OO! Tom ‘ 12 [
Wﬂl IJohnson] 14 ]
I[’wn: ‘] Suman,/ 20]
LIO{}ZI Diwash I 221

Not allowed because all row must be unique

Trigger

A trigger is a stored procedure in
u.h?ne\ er a special event in the data
be invoked when arrows is inserted
table columps gre being updated
Svntax: |

Create rigger [rigger _Name]
[before;’a&eq
“nsem"pdalﬂf'dele[e}

on [table name]

[For each low]

[trigger _ body)

-2 Giw
e e;}n €N student Teport
COr In
- In such gep,
ecif; ' — '
ed marks 18 automgy; i
ca

llyi
,as trj - Y Inserteq
- gger wij| voke befors ; W
gger to Problen, st €cord jg j
ale trigger stud Mark ol
ore INSERT °
ent
ach roy
dent totg] =

da '

b tabase which automaticafjy ; i
ase occurs. For example, a g |
. > . ’ ;

Nt a specified table of When o
0

databge
5€, In whj
. g which Student markg assessmen!
€r sp
: that the total and average!
Cver a recorq is insert.

n
*erted so, BEFORE tag is us*

9 Sub'
Ject + student . subjecl ]
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\ssertions

\n assertions is a predicate expressing a condition we wish the databa
Iways satisfy. Domain constraints, functional dependency and referential

se to

ntegrity are special forms of assertion.

Nhere a constraint cannot be expressed in these forms, we use an assertion

E

’ Ensuring the sum of loan amounts for each branch is less than the sum

of all account balances at the branch.
Ensuring .every loan customer keeps a minimum of $1000 in an

account.

Create assertion _name check predicate.

E.g:
Create assertion sum _ constraint check
Functional Dependency
The functional dependency is a relationship that exists betwee:
attributes. It typically exists between the primary key and non - key attribute

within a table.

X=X
The left side of FD is known as determinant, the right side of production is

n two

known as dependent.
For E.g:
Assume we have an employee table

Emp _ Address.

id attributes can uniquely identify the Emp _ Name attribute of
id we can tell that employee

with attributes Emp _ Id, Emp _ Name,

Here Emp _
employee table because if we know the Emp _

name associated with it.

Functional dependency can be written as:
Emp _id — Emp _ Name

Types of Functional Dependencies

(i)  Multi - valued Dependencies

d dependency occurs in the situation on whe
butes in a single table.

Multi value re there are
multiple independent multivalued attrl



and R, are a lossless decom
o hold over a relation R if Ry,
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E.g '
FCar_ Model I Year { COIOL/ . Database Constraints and Normalization ... 81
r 01 , 2017 ‘ MetaM oin Dependency
r 02 l 2018 ’ Green , ' Join dec?mposition is further generalization of multivalued
|03 |209] silver | dependencies
, 01 I 2017 ‘ Gree 1 . If the join of R, and R, over C is equal to relation R, then we can say
I 02 ’ 2018 ’ G - I that a join dependency (JD) exists.
' ke ) Where R, and R; are decompositions R (A, B, C) and Rz (C,D)ofa
given relations R (A, B, C, D).
position of R.

03 [ 2019 | Green |
In this ex
s example, year and color are independent of cach ) Alternatively R
C
Ol A ID {R|,R2,R3 .....

R,} is said t
decomposition.

dependent on car ;
to be multivalued Eer;g:;l'nino:]hfa: Xﬂ;:g;e} pRSIAERD co'“mnss'm’
This dependence can be Fepresemed_- el ' | R, is a lossless - join
car _model — year ) ’ The * (A, B, G, D), (C, D) will be a JD of R if the join of join's
car_ model = colour attributes is equal to the relation R.
Trivial Functional Dependency . H:z;’; %,0;{; R;) is used to mdlacate that relation Ry, Rz, Rs and so
* A~ Bhas trivial funcio - ’

nal dependgncy iEB 55 il Ui:Normahzahnn

Normalization is the process of 0{ganizing the data in the database.

- relation or

sed to minimize the redundancy from a

¢ The followin
g dependenci 2 Y
es are also trivial like: A — A, | :
Normalization is u
he undesirable characteristics

BB
. [ ]
set relations. It is also used to eliminate t
d deletion anomalies.

Exam PIE,‘ ;
" like insertion, update an

the larger table into the smaller table and likes

Consider 1
ble with .
Nam two col
{ Eme]. unns Employee _ Id and Emplog, . Normalization divides
Ployee _ jd | .
functiong] de}:en:j eﬁ:lypioy e them using relationship.
E""an)/eeqld is a subs ) al form is used to reduce redundancy form the database

Also, Enm etof {Emplo |
Empl ployee _ld— Em yee Id, Emp]cwee Name)
_ 7 Employee |4 and Bmp] = There are four types of normal forms:
o, T

A - B h
33 @ non - rjy;
g =
ubset of A_ Vial functiong) 4
. ependency if B is 1 @ @ @ @

_ Name}
Emplo : '
yee Idisalm The norm
table.

ersect;

comp] tion B ;

Ee Pletenon _ jyjgy, Uk then A _, p Jled
— B is ca
ID
i ~ Description

Name _, DO . i = . |

. A relation 18 1D 1 NF if it contains an atomic
value. .
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A relation is in 2NF if it s in INF ang g
key attributes are fully functional depend! g
f the primary key. "
A relation will be in 3NF if it is in 2NF
transition dependency exists. S

4. 4NF A relation will be in 4 NF if it is in Boyc
normal form and has no multi - p
dependencies. .
’5_ SNE |A relation is in SNF if it is in 4NF ang
contains any join dependency and joini |
' be lossless. e
First Normal Form (INF)

. A relation will be INF if it contains an atomic value,

e : nslt;t:;et:: ;in attribute of a table cannot hold multiple attribute,
Emp_ id ‘ Emp Name I Emp Nﬂ

14 John | 7892, 5052 |

20 | Hay [ 20m1 |

[ ] | 7871, 9990 |

Sam

Relation emplovyee .
ployee is not in INF because of multivalude attribute in EmpN Teacher _ Subject table

g.
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Teacher | Subject | Age
25 Che 30
25 Bio 30
47 Eng | 35
83 Math | 38
83 Com | 38

O In the given table, non - prime attribute Age is dependent on Teacher _ 1D
which is a proper subset of a candidate key. That's why it violates the rule for

2NF.

To convert the given table into 2NF, we decompose it into two parts:

Teacher._ Detail table:

Teacher 1D | Age
25 30
47 35

1 83 38 B

The decc:::osrt'ion of employee table into INF is: Teacher _ID | Sub
Emp No. | 25 | Che

23 . Bio

47 Eng

-_;_83___ Math

S 83 Com
P Korms (2NF) Third Normal Form (3NF)

A relation is in 2N
ﬁl“y dependem on

Conversion from
L]

Fif, and if, jt js
the primary key
INF and 2NF

in IN ,
F and every non - key attribute’

L.

A relations is 3NF if it holds at least on
non - trivial function dependency X = Y.

A relation will be 3ND if it 2NF and not contain any transitive partial

dependency.
¢ of the following conditions for every

X is super key

Y is a prime attribute i o cach element of Y is part of some candidate
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Employee _ detail table: ’ . . ’ Boyce - codd Normal Form (BCNF)
m
Emp _ Name ’ 2](3} __OZIP ’ Emp _ State G BCNF is the advance version of 3NF.It is stricter than 3NF.
I ;
‘ ] . A table is in BONF if every functional dependency X — Y, X is the
333 I faze ' super key of the table.
[ w | Lm &0 | | Ghos  For BCNF, the table should be in 3NF, and for every FD, LHS in
55| Kathrine | 0630 | S aperkey.
et | Jom | 4620 | -
Super - Key in the above table: ' Employee table
Z:]»E%{P - id} {Emp _ id, Emp _ Namej, {emp _ id, emp _ name, g, Emp _id [Emp _country | Emp _dept | Dept _type Emp_de‘pt‘
pl......S00D. : =
Candidiate key: {Emp _id) 264 India Designing D334 283
. ; . . y i i 9 300
Non - prime attribute: In the given table, all attributes except emp s - s i
non - prime. P_N, 364 UK Storing D283 232
: 364 UK Developing D283 549

d':;f]'d fr:‘:l:m-;‘a‘f a{;‘i Emp - city tfiepende'n on Emp _ Zip and Emp

transitively deP:I]!Egnlt (.)!;n;fl "Oﬂk' B e (Er?]p _ State, Emp j!

M s per key (Emp _ ID). It violates the rule of ¢ Emp _id — Emp - country
Emp _Dept — {Dept _ type, Emp _dept _ no}

Candidate key: {Emp _id, Emp _ dept}

The table is not in BCNF because neither Emp _ dept nor Emp _ id alone are

In the above table functional dependencies are as follows:

That's why we need to m

. ove the Emp _ city and E
Employee _ Zip> table, with Emp _Zip as_brim);ry ke P R
Employee Table: &

keys.
To convert the given table into BCNF, we decompose it into the tables:

Emp _ country table
Emp _ID | Emp _ Country

264 India

264 India
Emp _ Dept table
Emp _dept | Dept_type [ Emp _ dept _no

Designing D394 283
Testing D394 300
Storing D283 232

Developing D283 549
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Emp _Dept _mapping table

' Emp_ID ‘ Emp _ Dept
| Dios | 283

[D3os | 300 T’

| pas3 | 232

D3 | 59 |
Functional Dependencies
Emp — ID — Emp _ country
Emp _ Dept — {Dept _ type, Emp _ dept _ no}

Candidate keys
For first table: Emp _ID

For second table; Emp _ dept
For third table: {Emp _ID, Emp _Dept}
Fourth Normal Form (4NF)

e A relation will be in 4NF if it is in Boyce Codd Normal form and ha
no multi - valued dependency. S

. For a dependency A — B, if for a single valued of A, multiple values |

of B exists,, then the relation wi i
e ation will be a multi - valued dependency.

STUDENT

= l : |
d, 21 contains two courses

®pendency on Sty IDni;‘.]dh Singing. So, there is 4 |
- s Which leads to | |
nnecessary
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S0, to make the above table in 4NF, we can decompose it into two tables:

Student _ course

m id | Course

__2 1 Computer
21 Math
34 Chemistry
74 Biology
59 Physics

Student _ Hobby

stu_id | Hobby

21 Dancing
21 Singing
34 Dancing
74 Cricket
59 Hockey

Domain Key Normal Form (DKNF)

Decomposition

DKNF stands for Domain key Normal form requires the database that
contains no constraints other than domain constraints and key

constraints.

In DKNF, it is easy to build a database.

It avoids general constraints in the database which are not clear

domain or key constraints.
The 3NF, 4NF, 5NF and BCNF are special cases of the DKNF.

hieved when every constraint on the relation is logical

It is ac
consequence of the definition.

When a relation in the relational a model is not appropriate normal

form then the decomposition of 2 relation is required.

In a database, it breaks the table into multiple tables.

If the relation has no proper decomposition, then it may lead to

problems like loss of information.
liminate some of the problems of bad

Decomposition is used to €
tencies and redundancy.

design like anomalies, inconsis

e
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Lossless Decomposition
If the information is not lost from the relation g,

decomposed, then the decomposition is lossless.

U]

.

will result in the same relation as it was decomposed.

Thus, it is lossless
(ii) Dependency Preserving

. It is an important L
constraint of the database,

In the dependen
: Cy preservatio :
must satisfy every dependencyn, at least one decomposed table

The relationa] R
R is de '
dependenc Composed into R
Y ; A
(ABQ), Preserving becayge FD A ;( BiC? and R, (AD) which
IS part of relation R

h___

The lossless decomposition gurantees that the join of rej,,
"‘JQ
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Old Question Solution

Wit do you by closure of functional dependency? What is trigger
in DBMS? Is it or risky to use trigger? Explain (2076 Baisakh)

A closure is a set of FDS is a set of all possible FDS that can be
derived from a given set of FDS. It is also referred as a complete set of
FDS. If F is used to denote the set of FDS for relation R, then a
closure of set of FDS implied by F is denoted by F".
Let's us consider:
F={A—B,
B—C,
C—Dj}
A"=ABCD
Since,
A—>A [Self Determination]
A—B Given
A—C Rule 3 Transitively
A—D Rule 3 Transitivity
B"=BCD :
C'=CD
D'=D
. The candidate key is {A}

Triggers are the procedures stored in the database that are executed
when the content in the database table is modified. To design a trigger

we must meet two requirements.
(i)  Specify when a trigger is to be executed.
(i)  Specify the actions ta be taken when the trigger is executed.

Trigger may be risky sometimes when:
. You use BULK INSERT to insert data into a table, triggers are
not fired unless you include the FIRE TRIGGERS option in

your bulk insert statement. This may lose data consistency.
o Recursive triggers ar¢ €ven harder to debug than nested

triggers. .
If there are many nested trigger it could get very hard to debug
and troubleshoot, which consumes development time and

resources.
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malization and levels of mormalization 1NF2Np

} Define nor
2 e s of BCNF over 3NF (2076 B aisa:q
]

3INF.Compare the advantage
First part:see in theory page no.81

3NF states that no non - prime attribute must be transip,
dependent on the candidate key of the relation on the Ol]i'
hands. BCNF states that if a trivial functional dependency X
Y exist for a relation then X must be as super key. N

BCNF is much restrictive than 3NF which help. in normg]y;
the table more. ’ &
(iii)  The relation in 3NF has minimum redundancy left whic ;
further removed by the BCNF. “

3 Wh_t‘ do we need normalization? Differentiate primary key ap
foreign key. Differentiate between 3NF and BCNF (2075 Bhadr

(1)

(1)

= Needs of normalization;
(i) Greater overall database organization
(i) Reduction of redundant data
(iii) Data consistency within the database
(V) A much more flexible database design
(V) A better handle on database security

FOREIGN KEY

A foreign key is a column or
group  of columns in a
relational database table that
Provides a link between data in
two tables, '

A primary key is used to
ensure data in the specific
column is unique,

It uniql.lely identifies ,
record in the relationa)
databage table,

Lthlteicérs to the field in a table
Ich is the rim k f
another tab|e, ey €

Only one pyi
© Primary key ;
allowed i 4 lable,y €Y 15 | Whereas more than one foreign

key are allowed in 4 table.

It is 2 o

Mbination of

It ¢ F
an contajn duplicate values

and a t .
able in :anal
a
databage. relationa
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3NF BCNF

For any trivial
dependency in a relation
R say X — Y should be a
super key of relation R.

—

1. No non - prime attribute
must be transitively
dependent” the candidate
key.

2. 3NF can be obtained|?2.
without  sacrificing  all
dependencies.

Dependencies may not be
prepared in BCNF.

Lossless decomposition is

3. Lossless  decomposition | 3.
hard to achieve in BCNF.

can be achieved in 3NF.
Consider the relation Treatment with the schema. Treatment

- (doctor ID, doctor Name, Patient ID, diagnosis) and functional

dependencies:
doctor ID — doctor Name

— diagnosis.

Describes different types of problem that can arise for this
(2075 Bhadra)

anﬁ (doctor ID, Patient ID)

relation with records.

E.g:

doctor ID | doctor Name | Patient ID diagnosis
001 XYZ 123 Fever
002 ABC 110 Cold
003 PQR 112 Allergy
002 XYZ 121 Fever

Anomalies |

(i)  Insertion anomaly
atment we cannot insert the doctor information like

doctor ID and doctor Name without an patient. That is, we need
at least one patient to include the doctor information into the
table. For e.g. if Dr. XYZ is appointed we need to allocate at
least one patient to insert Dr. XYZ information.

(ii)  Deletion Anomaly |
Deleting patients diagnosis could delete the name of their

doctor. For e.g. Dr. ABC has only one patient 110 registered
for him. If we delete the patient 110, we need to delet.e Dr.
ABC details as well. This is deletion anomaly present in the

treatment table.

For tre
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Modification Anomaly

A doctor may have more than one patient, so gy

anomaly may result if a doctor’s name is changed fo, aupi

doctor ID for only one patient. For example in our tabjy.
e

XYZ has two patients. Suppose that we need to changeg i
name from XYZ we need to OXYZ. This changes - t%.
 has ¢,

(iii)

done on two records.
What is functional dependency? List the various jpg, .
constraints and explain about the referential integrity along
an example. . 12075 Bais:kl"
1¥ part See in theory page no 79
™ part see in theory page no 76

Define INF,2NFand 3NF.Illustrate your answer with Suita}

exampl
e [2075 Baiy

See in theory page no 82
What are triggers? Define Domai i
. : m constraint i
Integrity constraint with an example. a]:gﬂ‘;ega::m
adn

1% part see on page no 78
2" part see on page no 76

1" part see on page no 86 (2074 Bhadr:
nd
2d part see on page no 80
E’V part sec on page no 85
hat do you
You mean by functigng) dependencies? What is BCNF?
(2073 Bhadr!

l 51
o Part see on page ng g6
part see¢ op Page no §5
What is nopp
Bhadra)
See on page ng g

Deﬁn.e functiong)
functiong) depende

alization? .
on? Explain INF2NF3NF and 4NF?(20"

dependep
Ccy, i .
Y- Explain Partial and transiti"

ney wi
¥ part see o o ;’6Wlth example, ot
Partia] Depye; 73 Ma
pend
dependen CUC}’ CICCLIrs “"heﬂ a nan )
" Prime attribyte i ionall
e is functional)

to
N part of 3 Candidate key

| T

12.

E.g:
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Student Project )
Student IP | Project No. | Student Name | Project Name
501 199 (0),4'¢ Geo super
. 502 200 ZMO Sony

The prime attributes are student ID and project NO. Non, prime

attributes are student Name and project Name should be functionally
dependent on part of a candidate key to be partial dependent.

The student Name can be determined by student ID, which makes the

relation partial dependent.
The project Name can be determined by project No. which makes the

relation partial dependent.

Transitive F.D
A transitive F.D is a type of F.D which happens when it is indirectly

formed by two functional dependencies.

E.g:
Company CEO Age
Microsoft | Satya Nadella | 51

Google | Sundar Pichai | 46
Alibaba Jack Ma 54
Company — CEO
CEO — Age

Therefore accordance to rule of transitive F.D.

Company — Age
Define decomposition and its desirable properties.

Explain 3NF
(2073 Magh)

and BCNF.
When a relation in the relational model is not appropriate normal form

then the decomposition of

a relation is required. In a database,
Itiple tables termed as decomposition.

breaking down the table into mu
al decomposition are listed below :

The properties of a relation
1.

ion: Using functional dependencies the

algorithms decompose the universal relation schema R in a
set of relation schemas D = { RI;R2, Lo R r_elat:onal
database schema, where ‘D’ is called the Decomposition of R.

The attributes in R will appear in at least one relation schema
i.e., no attribute is lost. This is called

Ri in the decomposition, 2 h
the Attribute Preservation condition of decomposition.

Attribute Preservat



04 ... Database M
P

anagement System
Dependency Preservation: lf‘cach ﬁmctimal de
X->Y specified in F appear‘s‘dlrectly in one of fpy
schemas Ri in the decomposition D or could be infe, rSIQ
¢

the dependencies that appear in some Ri. Thig ;"

Dependency Preservation. is|
If a decomposition is not dependency preserviy
g 3

dependency is lost in decomposition. To check this ¢y,
take the JOIN of 2 or more relations in the decomposi??d[m'
0n,

For example:
R=(A,B,(C)
F={A ->B, B->C}
Key={A} i
R is not in BCNF. 13
Decomposition R1 = (A, B), R2 = (B, C) | |
g: ar;d R2 are in _BCNF, Lossless-join  decomposity
speiieff;ejn'cy}: Prlfsethg. Each  Functional Depende;u

in F either a i i ]
o e ppears directly in one of the relations,
It is not necessa

ry that all d ies fi '
S s ependencies from the relation!
It is sufficient tha i
_ t the union of the d i

= ; e

relations Rj be equivalent to the dependel:}i?gse 2?:33 a4l

Non Additi i
ditive Join Property: Another property ¢

-

decompoeir: sless joj
ensurr:p?l::tm: Sipported bYJ Egmz?p erty is a feature
ny i 1Zat] ] B
Y Instance of the origlj?l';-! Ii‘:;; ;]_w abmtyl::
elation can

identifieg fi
. rom
relations, €omesponding
tances in the small®
=

se .
alled a lo €composition {R1, R>
RY,  oless decomposition

» "0 produces exactly

For example: p

i R relatig ;
X, Y decomposit?;)lf o'

g Rﬂ} of a

: Ielation R ;
4 ]f.the Natural jo; il
relation g Join of Ry
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A decomposition is lossless if we can recover: R(A, B, C) -=
Decompose -> RI(A, B) R2(A, C) -> Recover -> R'(A, B, €)
Thus, R’ = R. Decomposition is lossless if:
X intersection Y -> X, that is: all attributes common 10 both
X and Y functionally ‘determine ALL the attributes in X.
X intersection Y -> Y, that is: all attributes common to both
X and Y functionally determine ALL the attributes in'Y
If X intersection Y forms a superkey of either X or Y, the
decomposition of R is a lossless decomposition.

2" part see on page no 83

Suppose that we decompose the schema R = (A, B, C, D, E) into
(A, B, C) and (C, D, E). Is it lossless decomposition? It is
preserving? Consider that following set F of

dependency
functional dependencies hold.
A—-BC
CD—-E
-B—D
E—A (2072 Ashwin)
A B C D E
Ri oA ol oc Bmm B
R: Baa Boas oOc oD OlF

There a.re not any rows containing all a. So, it is not lossless and not

dependency preserving.

Suppose that we decompose the scheme R = (A, B, C) into Ry = (A,
tion is a lossless join

B), R, = (A, C). Show that decomposi
ency preserving if the F={A—>B

B—C

}
(2072 Magh)

decomposition and not depend

To find lossless or not

A B C
Ri oA as  Bic
R: Oa (033 oc

Now, using B — C have all ain column.



96 ... Database Management System
So. .
Database Constraints and Normalization ... 97

Now, it is lossless ‘ - .
A B C Cascading refrential integrity constraint allows to define the actions

R:- oar OB oc Microsoft SQL server should take when or user attempts to delete or
R: oa OB .0C update a key to which an existing foreign keys points.
For example, If you delete row with ID = 1 from the @ gender table,

Now, to find functional dependent or not ;
then row with ID = 3 From The @ person table becomes an orphan

Ri(A,B) | Ri(AB) record. You will not be able to tell the gender for this row. So,
A—B A—Cx cascading refrential integrity constraint can be used to define actions
B—Ax C—Ax Microsoft SQL. Server should take when this happens. By default, we
get an error and the DELETE or UPDATE Statement us rolled back.
RiUR,=A—B#R 6. Explain the necessary condition for decomposing a relational
database table into two table (2070Magh)

So. it is not functional dependent preserving.

Ri (A, B, C) R:(A, B, C
A—B B—A ’C .( = ,C) P The attribute in R will appear in at least one relation schema R,
AB—C. C—»AB * >Ly D>, in the decomposition i.e. no attribute is lost.
] > E > D k
AC—B A (i) Dependency Preservation

= (i) Attribute Preservation

BC— A, E—CD,EC—D
A—(C D—-EC, DE—-»C: If each functional dependency X — Y specified I F appears
~ D—DE directly in one of the relation schema R;in the decomposition D
Ri=A-BC . or could be inferred from the dependencies that appear in some
R:=CD<E ' ' R;
R/UR, #R i (iii) Non - Additive join property
So, not dependen S — This ensures that no spl‘mou‘s tuple_s are genell"ated wher‘L a
15 Explainc g 2 NATURAL JOIN operation is applied to relations resulting
ascading actions in refrentia i . . from the decomposition.
ial integrity constraints.
(iv) NO Redundancy
= . (2071 Bhad L R,
: Decomposition is used to eliminate some of the problems of
The@person bad design like anomalies, in consistencies and redundancy.
(v)  Lossless Join
Isw':me Email G Lossless join property is a feature of decomposition supported
EﬂN :5;%3”0'“ e“dzer 1D by normalization. It is the ability to ensure that any instance of
RAN ?no@é?c{:,n;, ? the original relation can be identified from corresponding
J\nwﬂu 1l instances in the smaller relations.
The@Gender 17. When database de - normalization is preferred? (2069 Bhadra)
]]D - = Conditions: '
3 KT,:';, ’ (i)  Retrieving data is faster since we do fewer joins.
Vaknown _ ' (i)  Queries to retrieve can be simpler since we need to look at
fewer tables.

; ) oo
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Query processing is the activity performed in extracting data from "
It takes various steps for fetching the data from the databage Th

involved are:

].  Parsing and transaction
2. Optimization

3. Evaluation

Block Diagram of Query processing is as:

L Passer /Trans]etoq
Optimizer DATABASE
CATALOG

o
Parser and
translater Relanonal Algebra
Expression

g

Juery Outpu
Optimizer

Statistic abo
data

QLR PROCESSING AND OPTIMIZAmp
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Detailed Diagram is drawn as:

J SQL Query| _

r Syntax Check l

[ Sementic Check ‘

[ Shared Pod Check |

Soft |
Pt Optlmtzer

r Row source generatiorﬂ

'

Hard Parsing

,l Execution Engine |

It is done in the following steps:

. step 1:
Parser: During parse call, the database performs the following
check.
(i) syntax check
(i)  semantic check

&(iii) shared pool check, after converting the query into

relational algebra.

parser performs the following checks as:
(1)  syntax check - concludes SQL syntactic validity example.

SELECT * form EMPLOYEE
Here error of wrong spelling of FROM is given by this check.

t is
2, Semantic check - determines whether the statemen

meaningful or not.

Example: Query contains
checked by this check.

a table name which does not exist 18
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3. Shared pool check - Every query possess a has cog
execution, so, this check determines existence of ;duﬁﬂg
i

code in shared pool, if code exists in shared po]] th T,
will not take additional steps. for optimization and exen .
E(:uh- 1

0

10

Hard parse and soft parse
If there is a fresh query and its has code does not exist in h
s

then tha:‘query haslto pass through from additional steps kp }
hard parsing otherwise if has code exists then query doe O
through additional steps. It just passes directly to S- 0!
ou . Yy €xecution ap .
This is known as soft parsing. g
Hard parse includes following steps-
(i) optimizer
(ii)  Row source generation.
Optimizer -
Duri .
onin?[i iopumjtl)zauor1 stage, database must perform a hard pars
e ngl;eo I;\dl._ sFalement and perform optimization durt?na”{li
i li hmlzatmn never optimize DPL unless it include %m
as sub query that required optimization .

H iS a pl’ocess ill W i 1 l ]Ig
E

query are examined
and :
execution, mot efficient query plan is satisfied f

Database ca
talog stores th : '
the low € execution i
¢ lowest cost plan for execution s Al dieg optimizel pa

Row source Generation-

dalabaSe The i
- The iteratjy, -
by the . € plan is the pj

4l engine produces ghe ,esuh];]:t’)’ Program that when execut

F}naﬂy ru ;
ns the que,
: 1y and d;
Query Cogt Estimation display the required result

The query evaluation
(.l) Disk accesses
(.ll.) CPU time -
(iii) Cogt of data ¢

P

cost js d
e
Pendent opy different resou
Ices:

Xec
ute ﬂ]e tury St

Tansmissijop i
(for dlstﬁbuted/parall ]
el svetem)
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(i) Disk accesses
The c.JOSt to access data from disk is most important for large
database since the disk accesses are slow compare to main memory

access
(ii) CPU time

Time to execute the query code.

Generally disk access time>>CPU time, hence we ignore cpu
time and consider only disk access costs to measure the query

evaluation cost.
Disk access: To measure the cost of data access from disk we

consider :
Number of block transfer and number of disk seeks form disk.

tr. Avg. time to transfer a single block of data (in sec)
ts: Avg. block access time (disk seek) plus rotation latency (in sec) let

go of blocks be b¢ and no of seeks be se, then
The cost = (bI*I; + Se & tr) sec moreover, block access = block read +

block write

tor < tow
The cost of all the algorithm that we consider deepens on the size of .

the buffer memory.
Best case: when all data (all tables) reside into main memory.
Worst case: store few blocks or parts of the block and were Ned many

swaps.
nce we consider

Practically,
~ worst cases most of the time.

actual disk access < estimated disk cost. Si

Query operation
1. Selection operation
"File block and test all rec
selection condition.
—  Cost estimat
br denotes n

ords to see whether they satisfy the

¢ = b, block transfers + I seek

umber of block containing records from

relation r.
can stop ion finding record.

— If selection is an key attribute,

cost = (br/2) block transfer = 1 seek
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_s linear search can be applied regardless of

(i) selection condition, or
(ii) ordinary of records in the file or
(iif) availability of indices.
(b) A2 (binary search)
If the file is ordered on an attribute, and the selectiq
kg an equally comparison on the attribute, we can use a b_n Cong,
on the blocks of the file. hary se
(c) Index scan
Search algorithm that use index.
= search - key of index.
(d) A3 (primary index, equality on key)
Retrieve a single record '
il rd that satisfies the corresponding equ;
=2 COStz(hr + ” ¥ (tr + ts]
(e) Ay i :
. Rm:ecﬂ"da’y index, equality on non key)
eve a single record if the
search key i i
= cost=(h+ 1) * (tr +1,) B8 cancidateey

Retriev ] i
eve multiple record if search - key is not 4 candidate k
ndidate key

— each of n matexhj
ng records m, '
= cot=(h;+n) * (t; + L) ay be on a different block
0 : Caj.? be very expensiye
( S/primary index, comparison)
8) A7 (conjuctive selecti

on usi .
(h) A10 (disjunctive using one index)

electi i
€ction union of idemiﬁer)

Is usefy
Ibecause some of the queri®

Urn sorted

records i

rted rec Or in operat i :
ords, ons like joins will ¢

QuiCk SOrt §

. It I8 y

Partition; a hi .

Moning of gh’é’a*:afﬁfcrem Sorting algor

armays one of - aler i ;f:hﬂ; and is based 0"
3 01 whj " s

Y PIVot, bageq Onhlsh- olds values sni‘:l.lge :;lrmythie

er than
1€ partition j
€ Pivot valye on is made and

(i)

3)
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Quick sort pivot algorithm

Step 1 - choose the highest index value has pivot.

Step 2 - .Take tow variables to point left and right of the list excluding
pivot

Step 3 - left points to the low index

Step 4 - right points to the high

step 5 - while value at left is less than pivot move right.

step 6 - while value at right is greater than pivot more’ left.

step 7 - 1f both step 5 and step 6 does not match swap left and right
step 8 - If left * right, the point where they met is new pivot.

Step sort algorithm

step 1 - Make the right-most index value pivot

step 2 - partition he array using pivot value.

step 3 - quick sort left partition recursively.

sep 4 - quick sort partition recursively.

Merge sort

For the larger tables
memory, this type of sorting is used. It has better p

compared to quick sort.

which cannot be accommodated in the current
erformance

Join operation
A join operation combines rel
and only if a given join condition is sa

ated tuples from different relations, if
tisfied. It is denoted by e

Types of join operation.
Join Operation

Quter Join Equi Join

Natural Join
Left Outer Join

Right Outer Join

Full Outer Join
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Natural join:
o A natural join is the set of tuples of all combinatiop j, R
that are equal on their common attribute names, g,

. It is denoted by =

Quter join:
The outer join operation is an extension of he join opery:
is used to deal with missing information. ay
An outer join is basically of three types.
(a)  Left outerjoin
(b)  Right outer join
(c)  Full outer join
(a)  Left outer join:
L] Le 101 7
. ft :uter Jom contains the set of tuples of all combinatiops ;
and S that are equal or their common attributes name "
. In the left outer joj i i
Jomn, tuples in R have no i
mati i
¢ bl a Ch_m_g tuples in §;
(b)  Right outer join: -
. R! - .
ight outer join conta;
ins the
B I .set of tuples of all combination in
*  Ing €Ir common attribute
ﬂg_h[ OUI.CTJ.O]‘[], ﬂlples in Sh s
_ ay ;
. It denogeg ) € no matching tuples in R.
(©  Full outer join:
*  Ful outer join is Jike Jef;
rows frg or nghl 01
C o M both tabjeg, Join except that in contains al
n full outer jo;
Jor 4 .
and tuple g o \UPles in R thay hay
attribute *InS have ng mMatch; © 110 matching tuples in S
E ’ Name, g in R i their mon
Itis denoteq by x i
Equi join; T
tis also kng
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Evaluation of Expression
For evaluating an expression that carries multiple operations in it, we can

perform the computation of each operation one by one. However, in the
query system, we use to methods for evaluating an expression carrying

multiple operations. These methods are:

1. Materialization
2. Pipelining
Materialization

In this method, the given expression evaluates are relational
operation at a time. Also, each operation is evaluated in an appropriate
sequence or order. After evaluating all the operations, the outputs are

materialized in a temporary relation for their subsequent uses. It leads

the materialization method to a disadvantage.

The disadvantage is that it needs to construct those temporary
relations for materializing the results of the evaluated operations,
respectively. These temporary relations are written on the disks unless

they are small in size.

Pipelining i

Pipelining

is an alternate method or approach to the
n method. In pipelining, it enables us to evaluate each

materializatio
on of the expression simultaneously in a pipeline. In

relations operati

this approach, after evaluating one operation, its output is passé don to

the next operation, and the chain continues till all the relational
d thoroughly. Thus, there is no requirement of
jorf in pipelining. Such an advantage of

proach as compared to the approach

operations are evaluate
storing a temporary relat
pipelining makes it a better ap
used in the materialization method.

Even the costs of both approaches ca
n-between. But, both approaches perfo
Thus, both ways are feasible at their place.

n have subsequent
rm the best role in

difference i
different cases.
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Query optimization
timization.

There are two
1.

method of query P

Cost based optimization (physical)
This is based on the cost of the query. The query
an

sed on indexes, constraints, sorting method et h
Ll

different path ba
istics like record size, number of
c

kind mainly uses the stati
number of records per block number of blocks, table size wh
' g

o

whole table first in a block, organization of tablés, unique,
column value, size of column etc. Even the costs of both appr €ss ¢
can have subsequent difference in-between. But, both ap rﬂachrs
perform the best role in different cases. Thus, both ways are fej; S{[_}:Fh&;

€q

their place.
Heuristic optimization (logical)
This melhqd is also known as ruled based optimization, T,
Gbasedf on the relational expressions, hence the number of ccnml;i 0
queries get reduces here. Hence the cost of the query too redu ooy
" : ' ces,
. I:j alﬁ!onthm have polynomial time and space complexiy
i ﬂ:;; an the exponential complexity of exhausted s'].:r xj]?
a eV 5 i
el o s. However these algorithm do not nec i ¥
o essarily produce
Some of the common heuristic rules are -

o Perform se] i
This is donee;; :’d Project operations before join operations
the query tree Th,?vmg the select and project operations dowi
ol - 1is reduces the number of tuples available for

J E”Oﬂn [he .

before the other Operations

o )
A\’ﬂjd Cros
: S-product o 2
siviad : 'Peration sip ;
ed intermedjage tables, ce they result in very large

)
uery decomposition

The que;
Ty decompogifin. :
Whose aimg Position is the f;
are to ISt phase i
and transform a high,feye of query processing
n ¢l query into a relational

algebry
query t
Cally correg ether tha¢ ;
t query is syntactically

to 2
: 1’:‘;.’)’ graph of Jow-level
Ich satisfieg he query.
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pistributed Query Processing Step
— Calculas Query on Distributed

Control Site

Local Site

Relations
|Query Decomposition| giggl:lm

Algebraic Query distributed
Relations

[ Data Localization | g?lge';‘;m
Fragment Query

G: b T Stats on
I obal OTmlzauon|

Optimized fragment Query
with communication operations

——— N Local
Local Optimization

Mapping of calculus
projects join, rename).
global relations, without

L, Optimized Local queries
query (SQL) to algebra operations/select,

° Both input and output queries refer to
knowledge of the distribution of data.
d in the sense

The output query
that redundant work is avoided.

is semantically correct and goo

Steps of Query decomposition

Query decomposition consists of 4 steps.
Normalization - Transform query to a normalized form.

I
2,

Analysis: Detect and reject incor
subset of relational calculus.
Elimination of redundancy: Eliminate redundant predicates.

Rewriting: Transform query t0 RA

rect queries, possible only for a

and optimize query DDB.

I — T ]
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Step i: Normalization

Normalization 1€

L]
facilitate further processing.

Jit consist of mainly two Step:
Lexical and syntactic analysis

i)
i)
Lexical and syntactic analysis:

Check validity (similar to compilers)

Put into Normal form

—

L ]
s Check for attributes and relations.

C Tpe checking on the qualification.
Step ii: Analysis
. It aims to indentify an reject type i -
! pe incorrec -
incorrect queries. e Semantig
. Tvpe incorrect;

. Check whether the attribute i :
: and relat;
defined in the global schema. e

M Check whether the o :
peration on attri )
the tvpes of the am‘l‘butesj : attributes do not conflict i

€.2. a comparison > operation wj
peration with an attrib :
*  Semantically incorrect ute of type string

- Check whether
_ the componen i :
generation of the results_P 's contribute in any way to

= Only a sup
set ;
of relational calcylys queries can be tested

correctness, |
. Le. th
negation, ose that do not contain disjunction
. ;
Typical da
1a structy
queries are; ° re used to detect the semantically incorm

Conjunction gra,
. “Omjunction graph (query graph)

2 Join graph
Step jij:-
E - L .
limination of Reduudancy
Eliminatjop of red

Simplify the
Predicateg

Undancy:

m Nate ; l
i I.ES, e.g ledllﬂdan[

P

fors to transform the query to a normalize
fo
N

1.
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Redundancies are often due to semantic integrity constraint
expressed in the query language e.g. queries on view are
expanded into queries on relations that satisfy cetin integrity
and security constraints.

o pApp ¢ PAP&false

pVpep @ PeAV [Pestrue

L]
e  plA(PivPz) UP*

e  plV(PLAPZ)UPI

It convert relational calculus query to relational algebra query an find

an efficient expression.
Transform query to RAQ and optimize query.

Old Question Solution

Explaih the basic steps in query processing W
ry evaluation. Explain with an example.

[5+3] [2076 Baisakh]

ith diagram? What is

pipelining in que

1# part See in theory Page No. 98
2™ part see in theory Page No.105
What is the task of evaluation engine in query processing?

Explain cost based query optimization and Heuristic optimization.
[4+4] [2075 Baisakh]

Query evaluation engine is important part of SQL structured query
language) because all the query evaluated in SQL with help of query
evaluation engine it executes low - level instruction generates by
" complier and provides specific output. '

For Second Part: See in Theory 106

Explain with diagram about process of query prpcessing in
RDBMS. 151 12075 Bhadra]

Consider the relational algebra
names of all customers who have an accoun
KTM"

Then relational algebra for this is:
K TM"(branch account depositor)

expression for the query "Find the
t at any branch located at

ncusl _name (mench _city
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This expression constructs 4 large intermediate relatj
account depositer. BY reducing the number of tuples off
relation that we need to access, We reduce the size of the i e,
result. Then the query is now represented by the refation;;
%

i

expression.
Mecomer _name (Obranch _city = "KTM" (branch ) (account deposi{cr))

This is equivalent to our original algebra expression b
U

generates smaller intermediate relations. This can be depjc, ty
Cte

diagram which is as follows: "
i:]_ " I-Innl_ namg
|
|'
6Bt e kT A
|
II
/,x 6 Branch _ ey = KTM $
Branch I }i
A Sl Account Depositer
e A Fig (b) Transforred expression
Fig ta) Imnial Expression
4, How are equj
equivalence rules for relati
e ; elational ajge
Plimization? Explain with example, 4 hra[;;l{g;l'l;;;r -
: hadn

= Seein internet

5. Explaj volv, How
plain ab, i

out the steps involyed in query optimizati b

1zation. How!

Pipelining 4 i
PProach differen¢ from the materialization b
1 approaci.
& :
See in theory page no 106 ace
The differences

as follows:

between piner:
Pipelin;
pelining and Materialization approach &

Materialization

11(: i$ a traditional approa
evaluate  multipt
Operatiops.

fl‘t Uses temporary relatio’
or storing results of

€
Valuated operations. |
: |
—

" relation to be joined.
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o G ;
3. It is a more efficient way | 3. It is less efficient as it
of query evaluation as it takes time to generate the
quickly  generates the query results.
results.
4, Poor performance  if|4. No trashing occurs in
trashing occurs. materlization.
5. It optimizes the cost of|5. The overall cost includes
query evaluation. the cost of operations plus
the cost of reading and
writing. results on the
temporary storage.

[5] [2071 Bhadra]

How can you optimize the following query?
(Teaches

Tname, title (adept__ pame = "MUSIC" (lnstructur N Teourse _id , title

<] course)))

Tlname, title (Cdept _ name = "MUSIC" (Instructor N Teourse _ id , title (Teaches

><] course)))

Here, dept _ name is a field f only the instructor table, Hence, we can
select out the music instructor before joining the tables, hence

reducing query time.

Optimized Query

Rule

o102 (B [5<] oE2) = (Gn ) > o (02 (E2))

ing the selection as early as possible reduces the size of the

"Music" (instructor) N (tencher ? M Teourse _ id, ntle

Perform

Tlhame, title ((Udepl _ pame =

(course))
How can pipelining approach improve query evaluation
[4] [2070 Bhadra]

efficiency?

Pipelining helps ery evaluation b
decreasing the productio les. Actually we
reduce the construction of the temporary file by merging the multiple
operations into a pipeline. The result of one m}n-ently executed
operations passes to the next operation for its execution, and the chain
continues till all operations are completed, and we get the final output
of the expression. If we combine the root operator ?f a qli?ry :
evaluation plan in a pipelin€ with its inputs, the process of generating
it L beneficial for the users

query results becomes quick. As a n_asult, it_ is
us they can view the results of their queries as soon as outputs get

generated.
ooo f

in improving the efficiency of the qu
1 of a number of temporary fi
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Let assume
I char =1 byte
File I Real = 8 bytes
A file is name collection of related information that is recorded oy, " So our one records becomes
0 Account _ Numb char 10 x 1 = 10 byte

storage such as magnetic disks, magnetic tables and optical disks,
Branch _Name char 22 x 1 =22 byte

Records
The g:tahm i:d stored as a colle;tion of files. Each file is a sequeng, Balance Real 8 x 1 :f—‘}bl%
records. A record is a sequence of fields. , ;
Logical Structure of  file Then we can follow an approach
Think o tie dlisios ol aikes o Al _s  Use a first 40 bytes for the first record.
(i) Field : s _, The next 40 bytes for the second record.
Smallest (Fixed) individual logical of fi But there are two problems with this simple approach.
data value. gical of fle. A filed holds  part ofsp, 1.  Deleting the record from this will create an empty block which may
(i)  Record - occur waste of memory space. So to overcome this problem we must
A fill the block with record of the file, or we must have way of marking
A set of logically related fields. Si deleted records so that can be ignored.
variable size. telds. Size of the record may be fixed .
A-101 | Perryridge | 400
E EN‘NmeJAgefPhone_] A -302 | Round Hill | 350
A record A-101 | Mianus | 700

A -201 | Downtown | 500
A-218 | Redwood [ 900
A -420 | Perryridge | 750

Approaches for deletion

wo

! ‘);::{:::: : (i) Moverecordsit+ I ...... n - 1(Requires more access to
) Variable - Jep - ) move than record) | e

ted - Length R gth records (i) Don't move records, but link all free recordst on a free list.

i i (iii)  Store the address of the first deleted record in the file header.

(iv)  This first records to store the address of the second deleted record and

ne w
f5et to be a certajp maximu}:;:ﬂ]ilengm of the fields in each rd 15 'so on.
Table Name 1S of characters long N Variable - Length Records
Type deposit = e Variable length records arise in database systems in several ways:
account _ nympe. char ' s Storage of multiple records systems s
Branch flame: char ( > . Record types that allow variable length for one or r.norel -
2): o Record types that allow repeating fields (used in some older data

Balance: rey).
models)

S
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Mainly two approaches

].  Bytesning Representation

2 Fixed-length Representation
Byte - string Representation

Attach a special end - of - record (1) symbol to the end o feCom

L
Disadvantage:
Not easy to reuse space occupied by deleted record

]
.

Y

longer it must be moved.

Modified form of byte - string representation on called slotted
Ry

structure.

Slotted page header contains:
. Number of record entries

End of free space in the block

Location and size of each block ,
0 Penyridge [ A-102 [ 400 | A-201 [ 00 |

o
[1] Brend il |A-305[350] |

A-218 [ 700];

1_7

Fig: Byte - sprj
- 8tring Representat
Block Header o

Size #
Location

und withip , p
tWeen thep,

98¢ to keep them contiguo®

m, :
t “0lry in the header must
Point direcy)
y t ;
record jp heade;,) Tecord - ingteqq they should poift

Updated.

:’oimers should no
0 the entry for the

—

No space for the records to grow longer. If the record be
Coy
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Fixed - Length Representation

. Use one more fixed length records:

Reserved Space

1.
Can use fixed - length records of a known maximum length,
unused space in shorter records filled with a null.
T peyridge | A- 102 ] 400 | A-201 | 900 | A-218 | 700 |
1 |Round Hill | A-305 | 350 1 1 1 1
2 Mianus A-215| 700 1 1 1 1
3 | Downtwon | A -103 | 500 | A-110 | 600 600 1
4 | Redword | A-222 | 700 1 1 1 1
5 | Brignton | A-217 | 750 1 1 1 1
2 List representation represent by a list of fixed. Length
records chained together.
0 Perryridge |A-102]400°
1/ Round Hill [A-305] 350
2 | Mianus A-215]700
3 | Down Town|A - 101 | 500
4| Reed Wood |A -222| 700
5 A-2011900
6|Brightoh  [A-217]750
7 A-110]600
8 A-2181700

Disadvantage to pointer structure; space is wasted in all records

except the first in a chain.

Solution is to allow two kinds of blocks in a file.

Another block: Contains the first records of chain.

ins records other than those that are the

Overflow: Conta
first records of chairs.

Records Organization in a File
()  Sequential File organization

This is the simplest method for fi
are stored sequentially. This method ¢

le organization. In this method, files
an be implemented in two ways:
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1. File method
It is a quite simple method. In this methoq
] We §

record in @ sequence, i.e. one after a N
: . & nothEr
record will be inserted in the order in whi "+ ey,
inserted into tables. ch ﬂl&-".
In case of updating or deleting of any recorg
will be searched in the memory blocks ‘;:}l:e .
found. then it will be marked for deleting - and e
2 rh&&

record in inserted.

[RI[R3]....._.[R9]RS|

Starting the File  End of the File
Insertion of the new record

.Suppose we have four records Ry, R,, and so on upto Ry
::b; .se;;;en;:. Hence, records are nothing but a row am”d:
ok p;enekwellwant to insert new record R, i ¢
e an; e will be pl?ced at the end of the file. Hy
g but a row in any table, |

New Record

Starting the Fije End of the Fj]
Sorted File Method )

sort
the file, ang lastly the updat®

recﬂl‘d j‘s p]ac "
ed in the fi
fight place

S ‘ .

(i)

File Structure and Hashing ... 117

Insertion of the new record

Suppose there is a preexisting sorted sequence of four records Ry, R;

and son on upto Re an::l R;. Suppose a new record R; has to be inseﬂeti

in the sequence, then it will be inserted at the end of the file, and then

it will sort the sequence. ’
[R1[R3 [ [Re[R7] ~_—[r2]

New Record

Starting the File End of the File

[RI[R2[R3] ... [R6[R7|

Starting the File  End of the File

Advantage of Sequential File Organization
It contains a fast and efficient method for huge amount of data.
In this method, files can be easily stored in cheaper storage

mechanism like magnetic tapes.
It is simple in design. It requires no much effort o store the

data.
s This method is used for
calculations.

Disadvantage of Sequential File Organization
annot jump on particular record that
y which takes our

report generation or statistical

It will waste time as We €

L ]
is required but we have to move sequentiall

time.
. Sorted file method takes more time and space: For sorting the
records.
Heap File Organization _
. It is the simplest and most basic type of organization. It works
nization the records are

eap file orga
d. When the record
d ordering of records.

with data blocks. In h ; _
s are inserted, it

inserted at the file's en
doesn't require the sorting an
. When the data books is full, the new record is stored in some
other block. This new data block need not tq be the very next
data block, but it can select any data block in the memory 10
‘ le is also known as unordered file.

store new record. The heap fi

e——— ]
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e In the file, every record has a unique id, and eve

file is of the same size.
and manage the new records.

Insertion of a new record
Suppose we have five records Ry, Ry, R3 Ry and Rs in a
;“?POSE we want to insert a new record R; in a heap. If the ¢ 3 g
is full then it will be inserted in any of the database se] ata bly,
DBMS let's say data block 1. elected byy

Data block in memory

(iii) Hash File Organization

Hash file
filed of th
of disk block where the records

When 3 T_Bcord has to
€SS 1s generated,

E—

Tess. In the

the addregs ; same way, v,
SS is pen > WAIeN a neyy

and update, generated, The s Teécord hg,

Organization ys,
es .
the computation of hash function on som

nctiun's Oulput d A
etermines the locatio!
are to be pace.

Data Blocks Memory

be received yyc:
d usin
and the who) 8 gl key columns, then th*

€ record ; t
d is retrieved using the'|

€ Process i« .. o> [0 be inserted, the?
S 18 applied in case of delet?

It is the DBMS responsibij, l;ageb
to 5
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In their me:thod, there is no effort for searching and sorting the enti
file. In this method, each record will be stored randomly in II}::

memory.
Data Records Data Blocks in Memory
R1 AA4BF
R3 »| GDSKA
R6 ABTHL
HDSLE
SGI9KA
SV4HD
New Record—>
B’ File Organization

B* tree file organization is the advanced method of an indexed

sequential access method. It uses tree - like structure to store

records in file.

It uses the same concept of key - index where the primary key
is used to sort the records; For each primary key, the value of
the index is generated and mapped with the record.

The B tree is similar to a binary search tree (BST) but it can
have more than two children. In this method, all the records are
stored only at leaf node. Intermediate nodes acts as a pointer to
the lead nodes. They do not contain any records.

[1012]15]

The above B tree shows that

The is one root node of the tree ie 25

ith nodes. They do not store
he leaf node.

w
ly pointers t0 t
ode contain the pr

ght contain next value of

There is an intermediary layer
the actual record. They have on
The nodes to the left of thf: root n
the root and nodes to the Il
15 and 30 respectively.

ior value of
the root i.r.
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IN— 3 A
o leaf node which has only vajye, i

s \n]\ on
' rm 0.27,ad . ! g FskMemory
PRI - ives despite of power failure. Data can be written at a
) ) - record is easier as all the jey Data survives
e  Searching for an f n%l Jocation only once, but location can be erased and written to
halanced. . again. It can support only a limited numbers (10 K - 1 M) of
e In this method, searching record can be traverseq thro, " write/erase cycles. Erasing of memory has to be done to an
single path and accessed easily. b entire bank of memory. Reads are roughly as fast as main
s = DBMS memory. It is widely used in embedded devices such as digital
Storage Svstem in VD!
) : . cameras.
A database svstem provides an ultimate view of the stored data. Sevem] by ) fic - Disk
of data storage exist in most computer systems. The storage Hledi; (i) Magne - e
classified by the speed with which data can be accessed, by ¢ This type of storzfge media is also known as online g
; ' ; . b, media. A magnetic disk is used for storing the data entire
per unit of data to buy the medium, and by the mediums reliahi: ; e ——
Among the media we classify them as: 9 database. It is the responsibility of the computer system
T ' make availability of the data from a disk to the main memory
I. Primary Storage for further accusing. Also, if the system performs any operation
It is the primary area that offers quick access to the stored dat, | on over the data, the modified data should be written back to
also know the primary storage as volatile Storage. It is because ¢ the disk.
pe of memory does not permanently store data. As sooq as | Tragk ¥ e 05
system leads 10 a power cut or crash, the data also get lost. My
memory and cache are the types of primary storage. : : +—Am
. v
(U }[m Mrenwr-‘ ! ' Assembly
It is the i : 1 !
b7 one that is responsible for operating the data that! : | Sectors
available by the storage medi "
. : 2 um. The main memory handk
each instruction of a compute, ; ;
N I machine. This type of memor
" Bigabytes of data o System, but is small enought
carry the entire database. z
A last the majp ' i | '
memo, Cylinder C —— . 2
shuts down becayge ofry loses the whole content id the syste? ! | s
Wi
(ii)  Cache Power failure o other reasons
It is one of th Platter
€ Costly sto,
fastest one, 4 cache jfsage méd]a on the other hand, it is ¥ ~
Maintained by the PO tiny Storage medja which * Rotation
Secondary Storage T hardwgpe usually, Read - write head imost touching it
. ¢ (almost tou
Seco“d"’f}’ Slorage jg also ¢g) . Positioned very close to the platter surface ( ;
Reads or writes magnetically en

that allow. in
s the uger € Storage, |t is the storage 3’?8,' ’.

to save a
nd st
ore ¢ to circular tracks.

memory does at, :
crash, Thagy ;Ot lose the data dye ¢, y Permanently, This type® ~  Surface of platter divided in . [ hard disks.
7 litnon- vojg, g PO1E filue or syst? Over50K - 100 K tracks per platier on PICH
Storage

‘ )
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~+ Each track is divided into Sectors Flle Structure and Hashing ... 123
‘ A sector is the smallest unit of data that can be Tead o 2 Seoks DOV
1% Wi time required by the read/write h '
s, L Eaes e The ead to move from the
M Sector size typically 512 byt track to the requested track. S—_—

Typically sectors per track: 500 (on inner tracks) ¢, 10g Rotational Latency
{

.
3
ter track) 3 . ,
i The time required by the read/write head to move from the current
= Toread/ Write a scctor sector to the requested sector.
. Disk arm swings to position head on right track. 4 Data Transfer Time
. Platter spins continually; data is read/written as Sector Data transfer Time is defined as the time required to transfer data
understood Ry between the system and the disk.

g Mean Time To Failure (MTTF)

—  Head - disk assemblies
The measure of how reliable a disk or component is.

. Multiple disk platters on a single spindle (1 to § usually)

. One should per platter, mounted on a common et Memory Hiearchy
o : ) ‘ : :
*  Multiple disk platters on a single spindle (1 to 5 usually) %’ ?
. One head per platter, mounted on a common arm. :-.:? §* % Level 0
= Cylinder [ consists of i® track of all the platters, ?’; =1ED Level |
—  Disk controller - interfaces pe 5 2|2 Main Memory \ Level 2
drive hardw. fween the computer system and the di g8 E|& / Magnetic Disk \—Level3
are. @ 2 : =
5 &[5 /  Optical Disk \?__, Level 4
. Accets hieh - 8] Magnetic Tape
P lllgh level commands to read or write a sector. 3: v /_ i L

Initiates actions g i
ch as moving the disk arm to the right tw Remote Backup System

and actually rea;
Ing and writing t, : ;
" Computers ang aftache h e Remote backup provides a sense of security in case the primary location
S C i
that data is reaq back cor, SCk SUmS to each sectors to veri  Where the database is located gets destroyed. Remote backup can be offline
eedy., or real - time or online. In case it is offline it is maintained manually.

b
it & by reading b sector after wrill"
¢ Performs remarn:
pping of
Performance Factors i bad Sectors, EB e
== —

Remote Date Backup

1, .
Disk Access Time:

The tota] ;.
me 1
and g required by

1

the Com
en retrieve g £ Puter to
ere PI‘ OCESS 1 ;
quir a read/write requ® Local Data Backup

I D—])
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ns are more real - time and life savers o
T

Online backup systel
administrative and InVestors.
every bit of the real - time data 1

s backed up simultaneously at , W
places. One of them i directly connected to the system and the Othu ‘
&, 8

kept at a remote place as backup.
As soon as the primary database storage fails, the backup syster, i
5

failure and switches the user system to the remote storage. Sometime %1 pave t
St

so instant that the users can' even realize a failure.
Indexing in DBMS

Indexing is used to optimize the performance of datah
minimizing the number of disk access required when

2 Quen

.| The lﬂd

_01.“ which 18

e
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An online backup system IS a Mechap, y A jored In dices
M, OF

ices are usually sorted to make searching faster. The indices which

e sorted are known as ordered indices.

: Suppose We have an employee table with thousands of records and each -
10 bytes long. If their IDS start with 1,2, 3, ..... and so on and we
o search with ID - 543.

[n the case of a database with no index, we have to search the disk
block from starting till it reaches 543. The DBMS will read the record
after reading 5443 * 10 = 5430 bytes.

In the case of an index, we will search using indexes and the DBMS

will read the record after reading 542 * 2 = 1084 bytes which are very

processed.
N P . Jess compared to the pervious case.
d?;:‘mde; is : type ;’lf data structure. It is used to locate and acces; | primary Index
in a database table quickly. ¢ :
Index Structure Lo If the index is created on the basis of the primary key of the table, then

Index can be created using some database columns.

@mh Key lData Refere_n;;l
Fig: Strucuture of Index
The first column of the database
of‘ the primary key or candida
primary key are storeq in gq
can be accessed easily,

is the search key that contains a oop
rtedte key of the table. The values:
order so that the corresponding dz

: ' d.
ndexing methods
/Indexing Methods
Ordered
Indicies
Secondary
Primary | -
ry Index |
Cluster Index

Denge |

€ Index Sparse Index

‘-____

it is known as primary indexing. These primary keys are unique to
reach record and contain 1 : | relation between the records.

As p'rirﬁar'y keys are stored in sorted order, the performance of the

_ searching operation is quite efficient.

The primary index can be classified into two types. Dense index and

[ ]
Sparse index:

Dense Index
ontains an index record for every search key value

The dense index ¢
this, the number of

in the data file. It makes searching faster. In

records in the index table.
store index record itself. The index records

It needs more space to X
cords on their disk.

have the search key and a pointer to the actual re

UP I R ) Agra 123
usa —— USA Chicago 422 }
Nepal «——>  Nepal Kathmandu %‘;2
UK +—— UK Cambridge =-=

Spare Index
In the data file, index records appears only for
points to a block.

In this, instead of pointing to €ac
points to the records in the main ta

" a few items. Each item

h record in the main table, the index

ble in the group:



126 ... Database Management System

UP , UP Agra 512 File Structure and Hashing ... 127

tepal USA Chicago 42>
S:Pﬂ ’\,Nepal Kathmandu 24¢ -
f X
Clustering Index ‘
.. e 2| Record
. A clustering index can be defined as an ordered data fije. Son. | 2
the index is created on non - primary key columns whjch mam b - %
unique for each record. Yoy _j
. In this case, to identify the record faster, we wil] £roup ty, L 21 Record
columns to get the unique value and create index out of th, o
method is called a clustering index. o T‘. -
. _The records which have similar characterstics are groy 13| Record
indexes are created for these group. Ped, 4 3
Example: 3. X]
—— (4| Record
4
x|
>15] Record
5
5
X |

Secondary Index -

In the sparse indexing, as the size of the table grows, the size of mapping also
grows. These mappings are usually kept in the primary memory SO that
address fetch should be faster. Then the secondary memory searches e
actual data based on the address got from mapping. If the mapping size grows
then fetching the address itself becomes slower. In this case, the S?arsc ‘mde.x
will not be efficient. To overcome this problem, secondary ingexing ¥
introduced.

In secondary indexing, to reduce the size of mapping, another llve\.re]s (::
indexing is introduced. In this method, the huge range for ks 'msj::lall
selected initially so that the mapping size of the first level bccon.165 of r.he-
Then each range is further divided into smaller ranges- i malpi}‘“%cr The
first level is stored in the primary memory, SO that address ﬁ?tChﬂis a:cml.da:y
Mapping of the second level and actual data are stored in. the S

memory (hard disk)

*
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0P o—o» UP Agra 512 File Structure anq Hashing .., 127
Nepal USA Chicago 423 . : ] '
U;pa .\-Nepal Kathmandu 24 Pointer 1 Record
" UK Cambridge 232 | T
[X]
Clustering Index ST—————
. 2|  Record
*  Aclustering index can be defined as an ordered data fjj,, So 4
the index is created on non - primary key columns whjcp, i Mg, %
unique for each record. y oy i -
. In this case, to identify the record faster, we wil] group tw, 2—Record
columns to get the unique value and create index out of tbeor »
method is called a clustering index. 0 ‘ : %3
*  The records which have similar characterstics are groypeq >131 Record
indexes are created for these group. e, 4 3
Example: 3 X
] J
Suppose a co, i
mp:any fﬁomams several ! Record
4
X |
*[5] Record
5
5 7]

T

Secondary Index .

In the sparse indexing, as the size of the table grows, the size of mapping also
grows. These mappings are usually kept in the primary memory so that
address fetch should be faster. Then the secondary memory sea}'ches the
- actual data based on the address got from mapping. If the mapping size grt:l“'s
then fetching the address itself becomes slower. In this case, the sparsel in eI:
| will not be efficient. To overcome this problem, secondary indexing

irl[rodu(:ed. | | f
i i i mapping, another level 0
In secondary indexing, to reduce the size of ppge Tipguolidgs

indexing is introduced. In this method, the huge ran N i ML
selected initially so that the mapping size of the first leve

Ciaod _ The mapping of the
Then each range is further divided into smaller randg;ris e

first level is stored in the primary memory, SO that a iored in the secon fars
Mapping of the second level and actual data are -
Mmemory (hard disk)

L
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o—x UP- Agra 512

Clustering Index

. A clustering index can be defined as an ordered data
the index is created on non - primary key columns
unique for each record.

file, go,

. In this case, to identify the record faster, we wi
columns to get the unique value and create
method is called a clustering index.

. The records which have similar
indexes are created for these group,
Example:

index out of the, h

characterstics are groupeg ,

T

g Ause one g; .
il | cl . 1sk by . b
S mlled bette Uster, If We use = 18 Shared 3

t que Separate djsk plock

which may nc"l .

1l 8roup tyy, orp,

: . level beco
Selected initially so that the mapping size of the first

File Structure ang Hashing ... 127
¢ ID| Pointer 3—{_——&@1@___
De ____-_—___
1 1] L
2 | I—
__————_ e o v
3 s 21 Record |
_2_‘_"__——-—-—___
2
i 2 Record
X
—|3 Record
3
3. ]
] Record
)
X
> 5 Record
5
5 v
Secondary Index .

In the sparse indexing, as the size of the table grows, t.he size of mappi:‘f :}1::
grows. These mappings are usually kept in the primary memory e
address fetch should be faster. Then the secondary i (s o <
actual data based on the address got from mapping. If'thc mapping ::;gi:; :X
then fetching the address itself becomes slower. In this case, the S Sl s
will not be efficient. To overcome this problem, secondary in
introduced,

; i other level of
In secondary indexing, to reduce the size of mapping, an

: . e for the columns is
indexing is introduced. In this method, the huge rang e ]

A ! The mappmg of the
Then each range is further divided into smaller ranges it The

s fetch is f
first level s stored in the primary memory, so that adsdt:ed in the secondary
Mapping of the second level and actual data are
Memory (hard disk)
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1ona USA Chicago 427 . - I Record ]

Nepal .\Nepa] Kathmandy 240 I Dej ID @J

Record
UK i UK  Cambridge 232

1]
t 1]
I 1]
2 | ® n——— 1
Clustering Index . 4 ] 2] Record
. A clustering index can be defined as an ordered data file. Soi | 5 = ,2_“.________
the index is created on non - primary key columns which mafnem. %
unique for each record. o E
o In this case. to identify the record faster, we will group two o : 2| Record
columns 10 get the unique value and create index oyt of the "
method is called a clustering index. o L
*  The records which have similar characterstics are gro —13] Record
i uped, , 3
Indexes are created for these group. 3
Example: x|
t————[4] Record
4
X |
"[5] Record
5
5
X]

Secondary Index .

In the sparse indexing, as the size of the table grows, the size of mapping also
grows. These mappings are usually kept in the primary memory so that
address fetch should be faster. Then the secondary memory seaf‘chcs the
actual data based on the address got from mapping. If the mapping size gmws
then fetching the address itself becomes slower. In this case, the sparse.mde.x
Will not be efficient. To overcome this problem, secondary indexing is
introduced,

In secondary indexing, to reduce the size of mapping, another llf:\.rf:lS (::

indexing is introduced. In this method, the huge range for the co lmlsll;1 .

Selected initially so that the mapping size of the first level beCOn:rTS 5

f Then each range is further divided into smaller mng;ris;[?:t:lﬁgpfas%er- The

i k'; lf]'l]f:t lt?vel is stored in the primary me,m"”l” ::t;h :tr:ds'tored in the secondary
e disk block| PPIng of the second level and actua

- | Memory (hard disk)
_I

I
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l
b,

Clustering Index

> UP Agra 512
USA Chicago  42p .
Nepal Kathmandu 24
UK  Cambridge 232

. A clustering index can be defined as an ordered data

the index is created on non - primary key columns
unique for each record.

file, g,

which may, :

In this case. to identify the record faster, we wi
columns to get the unique value and create
method is called a clustering index.
The records which have similar

indexes are created for these group,
Example:

‘ 11 &roup twyg ory,
index out of then, T
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Secondary Index .

In the sparse indexing, as the size of the table grows, t‘he size of mapping :}l::
grows. These mappings are usually kept in the primary memory so g
address fetch should be faster. Then the secondary memory. seaf'chcs Z
actual data based on the address got from mapping. If .lhe mapping size gﬁ;\;x
then fetching the address itself becomes slower. In this case, the SPTein i
will not be efficient. To overcome this problem, secondary indexing
introduced,

. : er level of
In secondary indexing, to reduce the size of mapplﬂﬂ;ﬂ?“ﬂ‘:‘: Kol
indexing is introduced. In this method, the huge range '

. becomes small.
Selected initially so that the mapping size of the first level

ing of the
Then each range is further divided into smaller ranges. :t;:fcmha‘i‘;ljt‘lasgter The
first level is stored in the primary memory, so that addresd in the secondary
Mapping of the second level and actual data are store
Memory (hard disk)

E.



126 ... Database Management System

File Structure and Hashing ... 127
UP o— UP Agjm 2 : | (1] Record
Il USA Chicago 422 - | Pointer TR
Nepa '\Nepal Kathmandu 249 ' 1
UK —~—ro UK  Cambridge 232 X
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. A clustering index can be defined as an ordered data file, Soﬂletg . Pl
e inder i creted o non - pimary key columns which % 2 »
unique for each record. |__ 2] Record
*  Inthis case, to identify the record faster, we will &roup twg o, |
columns to get the unique value and create index out of they, p X]
method is called a clustering index. i
> d
. The records which have similar characterstics are groupeq , :; R
indexes are created for these group. 4 X |
Example; ]
Suppose a mmp@y contains severa] employed in each department. Supml R 3 Recond
W€ Use a clustering index, where ] employees which belon to th )
Dept - ID are considered withip g < : y . ' X
b 10 a single cluster, and index pointers poin/
uster as a whole, Here, Dept - ID is 2 pop ) i ¥
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Secondary Index . - -
In the sparse indexing, as the size of the tablf’: grows, l.he size 0 m;pp o 75
grows. These mappings are usually kept in the primary mem r);c e
address fetch should be faster. Then the secondary ey o ows
actual data based on the address got from mapping. If.the mapti::nf ::;gm s
then fetching the address itself becomes slower. In this case, l}; o i
I will not be efficient. To overcome this problem, secondary

introduced, ! ek of
f} In secondary indexing, to reduce the size of mappmg}oﬁzlhzro]umns is
indexing is introduced. In this method, the huge rar;gfe s el
Selected initially so that the mapping size of the firs The mapping of the
us I Then each range is further divided into smaller randg;rtss fetch is faster, The
Cluster, I:‘ 2:]: i block is shared by  first level is stor ed in the primary memory, ;:t;h :tr: stored in the secondary
ter technigyq U5¢ Separate disk block|  ™apping of the second level and actual

i Memory (hard disk)
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. A clustering index can be defined as an ordered dat,

unique for each record.

In this case, to identify the record faster, we w
columns to get the unique value and create in
method is called a clustering index.
The records which haye similar
indexes are created for these group.
Example:

ill 8roup twyq orp
dex out of them

characterstics are 8roupeg, ,

_ fle. S
the index is created on non - primary key columns which May,
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In the sparse indexing, as the size of the table grows, t_he size of mappl:fi:;s;
grows. These mappings are usually kept in the primary memory hes the
address fetch should be faster. Then the secondary memory' Seaf‘c Les
actual data based on the address got from mapping. If'the maplf:f s;::;:i'ndcx
then fetching the address itself becomes slower. In this r:ase;i i};dexing e
will not be efficient. To overcome this problem, secondary

introduced,

. . ther level of
In secondary indexing, to reduce the size of maPPl:g;b:ntEe ielumns ¥
Indexing is introduced. In this method, the huge rang

L
: el becomes smal
Selected initially so that the mapping size of the first leve

¢ mapping of the
Then each range is further divided into smaller randg:rse-s’sntl‘emh il
fstlevel s stored in the primary memory, so that 2 stored in the secondary
Mapping of the second level and actual data are

Memory (hard disk)
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Secondary Index .

In the sparse indexing, as the size of the table grows, the size of mapping also
grows. These mappings are usually kept in the primary memory so that
address fetch should be faster. Then the secondary memory. seafches thre
actual data based on the address got from mapping. If the mapping size grc;: :
then fetching the address itself becomes slower. In this case, the s;mme_m ;

Will not be efficient. To overcome this problem, secondary indexing is
introduced,

: f
In Secondary indexing, to reduce the size of mapping, a“lﬁngl::;ils (i}s
i"dﬁxing is introduced. In this method, the huge range folrb :omés -
Selected initially so that the mapping size of the first le'[\: ,:a e Sl
| = - Then each range is further divided into smaller mng;iss f:tch iF; sy’
Calleg p, Cluster, 1p We disk block g shared by If first level s stored in the primary memory, so that adstmed i
! N te‘-'hniquf, - “eparate disk bloci‘f Mapping of the second level and actual data are
g . Memory (hard disk)
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Secondary Index .

In the sparse indexing, as the size of the table grows, t!1e size of mappl:f 3:]!19;:
grows. These mappings are usually kept in the primary memory ks
address fetch should be faster. Then the secondary HEMOKY Searcys o
actual data based on the address got from mapping. If‘the mapping S;rz;gl; e
then fetching the address itself becomes slower. In this case, the spi

: indexing is
will not be efficient. To overcome this problem, secondary
introduced.

_ ; ther level of
In secondary indexing, to reduce the size of mnpplgg}ofn;e columns is
indexing is introduced, In this method, the huge rariglevel becomes small.
Selected initially so that the mapping size of the firs

a m,g of the
hen each range is further divided into smaller ranf;is:?:lcmh i!:ﬁ‘aster. The
. ?:e disk block is shared by l first leve] s stored in the primary memory, S0 that a

g
1

tored in the secon
Separate disk block Mapping of the second level and actual data are Stol
Memory (harq disk)
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unique for each record. Ll

. In this case, to identify the record faster-
columns to get the unique value and crea
method is called 3 clustering index.

. The records which have similar characterstjcg are

indexes are created for these group.
Example:
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Secondary Index .

In the sparse indexing, as the size of the table grows, the size of mapping also
grows. These mappings are usually kept in the primary memory so that
address fetch should be faster, Then the secondary memory sealrches lhre
actual data based on the address got from mapping. If the mapping size gr':j\; :
then fetching the address itself becomes slower. In this case, the sparse in

: indexing is
Will not be efficient. To overcome this problem, secondary g
introduced,

: f
In secondary indexing, to reduce the size of mapping, a“tﬁmiglfr‘;ils Ts
indexing is introduced, In this method, the huge range folr bczﬂmes small.
Selected initially so that the rhapping size of the first Iev:l: e
Then each range is further divided into smaller ranges. Tfetch is faster. The
first leve i stored in the primary memory, so that aildress efn the secondary
"3pping of the second level and actual data are stored i
memory (hard disk)
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. A clustering index can be defined as an ordereq

data fije, Shurico]

the index is created on non - primary key columns Which May W

Moy
unique for each record, “;
In this case, to identify the record faster,
columns to get the unique value and
method is called a clustering index.
The records which have
indexes are create for these
Example:
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create index out of then, E

&r Ol]ped, &._!
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Secondary Index .

In the sparse indexing, as the size of the tablf: grows, t‘he size of m;ppn:(,;g e:ll::
grows. These mappings are usually kept in the_-pnmary memory o
address fetch should be faster. Then the secondary memor}t sea}-c\ rows
actual data based on the address got from mapping. [f‘the ma}iﬁ::fpsz:::egindex
then fetching the address itself becomes slower. In this case, ST
Will not be efficient. To overcome this problem, secondary

introduced.

: level of
In Secondary indexing, to reduce the size of mappmg}_;iﬁ?z;lumns is
ndexing is introduced, In this method, the huge fa“{gfevcl hoctoies il
Selected initially so that the mapping size of the firs s. The mapping of the
Then each range is further divided into smaller randg;r;ss fetch is faster. The
first level is stored in the primary memory, so that a tored in the secondary
pping of the second level and actual data are s

Memory (hard disk)
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columns to get the unique value and create index out of them, ;/ : X
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Secondary Index .

: ing also
In the sparse indexing, as the size of the tablfa grows, t.he size I::nr?(?fyp':f 9
grows. These mappings are usually kept in e peimary ory searches the
address fetch should be faster. Then the seCfJ"da’Y hiiin ryl ng size grows
actual data based on the address got from mapping. l]f'the ’;alil;é sparse index
then fetching the address itself becomes slower. In this caon:iary indexing is
Will not be efficient. To overcome this problem, sec
introduced,

X ing, another level of
In secondary indexing, to reduce the size of map:‘zggor e Eotons 3
indexing is introduced, In this method, the huhge {;:stglevel secames Al
Selected initially so that the mapping size of the

he mapping of the
: toidod | ller ranges. The ma

i o. ' | Then each. range is further -d1v1ded ;:sr:m:{) that address fetch is faster. The
Cluste If ne disk block is shared bY|  first level 1s stored in the primary m 7 )

e

; dary
ed in the secon
' ¢ Use k| Mapping of th ond level and actual data are stor
ter ‘ﬁt‘hm‘% Separate djsk bloc Ping of the sec
=1 Memory (hard disk)
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Clustering Index

. A clustering index can be defined as an ordered data fj
the index is created on non - primary key columns whi

unique for each record,

le, Som,

ch Tnay Iy,

In this case, to identify the record faster, we wil]
columns to get the unique value and create index
method is called a clustering index,
The records which have similar
indexes are created for these group.
Example:
Suppose a company contains severa] e

gmup tWO or mll
out of they,

characterstics are 8roupeg, ,

|
mployed in each department, Suppml

mployees which belong to the sa

We use a clustering index, where aJ] ¢

se :
:2: disk block js shared by
se Separate djsk block

E‘Im_,
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Secondary Index - ; :

In the sparse indexing, as the size of the tabif: grows, t.he size of m::pl:!!:f ‘:::['
grows. These mappings are usually kept in the primary mem ryches e
address fetch should be faster. Then the secondary FGARy oi rOws
actual data based on the address got from mapping. [f‘the ump;;ﬂfpsa‘;z gindex
then fetching the address itself becomes slower. In this case{.j O
Will not be efficient. To overcome this problem, secondary

introduced,

: level of
In secondary indexing, to reduce the size of mppmg;bfn;:lilunms is
indexing is introduced. In this method, the huge mr;gfevel become‘s small.
Selected initially so that the mapping size of the ﬁrss The mapping of the
Then each range is further divided into smaller rang;réss fetch is faster. The
first level is stored in the primary memory, so that o red in the secondary
Mapping of the second level and actual data are sto
Memory (hard disk)
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In this case, to identify the record faster, we will £roup twg |
columns to get the unique value and create index oyt of thep, 0
method is called a clustering index. I
The records which have similar
indexes are createq for these group.,
Example:

characterstics are groupeg ,

H
!
I

o
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| e :}ne digk block i shared b}’;
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file, So .:
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Secondary Index -

In the sparse indexing, as the size of the table grows, the size of mapping also
grows. These mappings are usually kept in the primary memory so that
address fetch should be faster. Then the secondary memor){ ma@es "hre
actual data based on the address got from mapping. If the mapping size g::l\; :
then fetching the address itself becomes slower. In this case, the S_Pzrse.‘ i‘s
Will not be efficient. To overcome this problem, secondary indexing
introduced,

: i level of
In secondary indexing, to reduce the size of mapping, another

Indexi : for the columns is
indexing s introduced. In this method, the huge range Ligiity

apping of the
Then each range is further divided into smaller ranges. The mapp

tch is faster. The
fistlevel is stored in the primary memory, so that ad(:;erzilfinc the secondary
Mapping of the second level and actual data are s

Memory (hard disk)
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Secondary Index -

In the sparse indexing, as the size of the table grows, t.he size of m;lpp‘:f ‘::z
grows. These mappings are usually kept in the primary memory B
address fetch should be faster. Then the secondary memoy seaf'c rows
actual data based on the address got from mapping. If the mapl:ﬂf i:::egindex
then fetching the address itself becomes slower. In this case, the l[:l e
will not be efficient. To overcome this problem, secondary :
introduced,

: i other level of
In secondary indexing, to reduce the size of mapping, an

7 olumns 18
indexing is introduced. In this method, the huge mrigfe::; lzzzoines small.
Selected initially so that the mapping size of the firs The mapping of the
Then each range is further divided into smaller rangj 255 fetch is faster. The
first level is stored in the primary memory, so that " tl” red in the secondary
Mapping of the second level and actual data are sto
Memory (hard disk)
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¢ A clustering index can be defined as an ordered datg file, Sony; |I

the index is created on non - primary key columns which Mmay :zq .

unique for each record.

. In this case, to identify the record faster, we wil] &roup twg g, |
columns to get the unique value and create index out of them, 7,

method is called a clustering index.

o The records which have similar characterstics
indexes are created for these group.
Example:
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%€ Separate gisk block
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Secondary Index . .
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In the sparse indexing, as the size of the table grows, [.he size of mjppl:c? ?hat
grows. These mappings are usually kept in the primary et U
address fetch should be faster. Then the secfmdaf)’ memol'yin size grows
actual data based on the address got from mapping. If.the map(f\e fparse index
then fetching the address itself becomes slower. In this casc‘.:la i
will not be efficient. To overcome this problem, secondary
introduced. f
; . ther level o
In secondary indexing, to reduce the size of map:lzg};:ze columns is
indexing is introduced. In this method, the huge rang small.

— t level becomes
Selected initially so that the mapping size of the firs

ing of the
S nges. The mapping 0
Then each range is further divided into smaller rang fetch is faster. The

address
first leve] is stored in the primary memory, S0 ot stored in the secondary
Mapping of the second level and actual data are

Memory (hard disk)
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St; :Te disk block is shared by
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In the sparse indexing, as the size of the tabl.? grows, t'he size rﬁi ::;?1:51?
grows. These mappings are usually kept in the primary m e
address fetch should be faster. Then the sec?ndaw memory.n g
actual data based on the address got from mapping. If .thc H_Lap;; fpam o
then fetching the address itself becomes slower. In this cas ;1;, o
will not be efficient. To overcome this problem, secondary

introduced,

i i nother level of
In Secondary indexing, to reduce the size of mapping, a

he columns 1s
indexing is introduced. In this method, the huge ;antgfe vler ;ewmes o
selected initially so that the mapping size of the 1r.:>3 o i b
Then each range is further divided into smaller 1'and,g(dre:sS fefch B T
fist level is stored in the primary memory, so that 2 stored in the secondary
Mapping of the second level and actual data are
Memory (hard disk)
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Secondary Index - ) ;

In the sparse indexing, as the size of the table grows, l!'le size of mzppn:og.::tlz
grows. These mappings are usually kept in the primary memezc g
address fetch should be faster. Then the secondary memory § ize grows
actual data based on the address got from mapping. lf.the maﬂz?g:megin dex
then fetching the address itself becomes slower. In this cas";i indexing is
will not be efficient. To overcome this problem, secondary

introduced.

: r level of
In secondary indexing, to reduce the size of mapplgg%;r:fl::hzolumhs is
indexing is introduced. In this method, the huge ffantgmvel becomes small.
selected initially so that the mapping size of the firs s. The mapping of the
Then each range is further divided into smaller ran{;g;re'sS fetch is faster. The
first level is stored in the primary memory, SO that a vored in the secondary
Mapping of the second level and actual data aré s

memory (hard disk)
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Selcctedginitially so that the mapping size oi thianlges. The mapping of ‘Ee
Then each range is further divided into smaller t address fetch is faster. The
CCause o . | first level i d in the primary memory, so tha tored in the secondary
ustey ; ne djsk b]Ock is shared by Irs {.:ve 18 stored 1n o 5ctual data are sto
er tech' .f' ¢ use Separate gisk block Mapping of the second leve
Mque, memory (hard disk)

~
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‘ USA Chicago 427 - T (1] Record
L]\;;pal \Nepal Kathmandu 24¢ -, Dept ID| Pointer | 2 _LI—____L__
" UK Cambridge 232 | ] b e —
X
. 3 .
Clustering Index i 4 —— | 12| Record |
. A clustering index can be defined as an ordered datg file. g, | > 2 —
the index is created on non - primary key columns Whj'ch mame ¥ - % ]
unique for each record. : y Ty, C -
; - . | 2 LR
s In this case, to identify the record faster, we will group two o, | i
columns to get the unique value and create index out of the mp:
method is called a clustering index. s TL[ X1
. The records which have similar characterstics are groupeg Ii ' ' 3| _Record
indexes are created for these group. o ) 3
Example; - i i X
—>[4 Record
4
X |
"[S] _ Record
5
5
X ]
Secondary Index .

In the sparse indexihg, as the size of the table grows, the size of mapping also
grows. These mappings are usually kept in the primary memory so that
address fetch should be faster. Then the secondary memory seaf'ches the
actual data based on the address got from mapping. If the mapping size grows
then fetching the address itself becomes slower. In this case, the sparse.lnde.x
Will not be efficient. To overcome this problem, secondary indexing is
introduced.

In secondary indexing, to reduce the size of mapping, another level (.Jf
indexing is introduced. In this method, the huge range for the °°1-“"msallls
Selected initially so that the mapping size of the first level becon?es sn;‘llhe.
Then each range is further divided into smaller ranges. Th.e ma.ppflng 5 o
first leve] js stored in the primary memory, so that address tc?tch is faster.
"apping of the second level and actual data are stored in the se
Memory (hard disk)

condary
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Clustering Index
A clustering index can be defined as an ordered data file, SOmeIim

n non - primary key columns which may ot

L ]
the index is created 0
unique for each record.

In this case. to identify the record faster, we will group two of ’
columns to get the unique value and create index out of them, T

method is called a clustering index.
The records which have similar characterstics are grouped o

indexes are created for these group.
Example: = 2
Suppose a company contains several employed in each department. Suppog —|4l__Record
we use a clustering index, where all employees which belong to the sap, 4
Dept - ID are considered within a single cluster, and index pointers point ¢ . x|
the cluster as a whole. Here, Dept - ID is a non - unique key. ;
. 15| Record
Dept ID' Pointer 1| Record
e g
[ 2 3 1 X]
( 3 1 ] I
'& ;1 [I' 3 L - '~ Secondary Index -
R ; . : : :
3 ecord In the sparse indexing, as the size of the table grows, the size of mapping also
ﬁ ' gows. These mappings are usually kept in the primary memory so that
address fetch should be faster. Then the secondary memory S“fthes e
M Record actual dag based on the address got from mapping. If'the mapping size g“;::
3 lhf’" fetching the address itself becomes slower. In this case, the Sparse 1
__3] Will not be efficient. To overcome this problem, secondary indexing 18
Infroduced.
! : el of
g Record | _ F“ Secondary indexing, to reduce the size of mappiné a“[;mir{ﬂk:umis is
indexing :c :
5 WeXing i introduced. In this method, the huge range for small
G Selected init; STl e he first level becomes = -
The previous schema js Jjt) : en nitially so that the mapping size of the The mapping of the
: e confusin _ each range ; e maller ranges. ;
records which belong to the djffe 8 because one disk block is shared bY | firs leve] ; kK ls_ fumther Gividesd e & t address fetch is faster: The
rent ¢ 1 stored in the primary memory, S0 tha : condary
P rored in the ¢

luster, If we ; .
' use separate disk block Mappin ‘

er techp; g of th | data are S
Chm_que. ™eMory (harg gisie)cond level and actua

-

for separate cluster, then it js called bett,




Data block

i‘nmar_\- Level
Index (RAM)

Secondary Level
Index (Hard disk)

Fore.g:
If you want to find the of roll 111 in the diagram then it will search
highest entry which is smaller than or equal to 111 in the first Jeyg
index. It will get 100 at this level.
Then in the second index level, again it does max (111) < = 111 and
gets 110. Now using the address 110, it goes to the data block and
starts searching each record till it gets 111.

This how a search is performed in this method. Inserting updating or
deleting is also done in the same manners.

Hashing
Ina huge database structure, it is very inefficient to search all the index values _
and reach the desired data. Hashing technique is used to calculate the direct
location of a data record on the disk without using index structure.
In this technique, data in stored a
by using the hasﬁjng fu
stored is known as data

: t the data blocks whose address is generated
netion. The memory location where these records are
bucket or data blocks In this records, a hash function
Most of the time,
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Data Bucket in Memory

Data Bucket Actual Data in
Address Memory

103 [John US|
104 [Kathrin| U
105 [Honey {C

hina
| 106 [Jackson| Delhi

=

The above diagram shows data block address same as.plrimary ke.y \'311.12.
This hash function can also be a simple mathematical funcmn‘ like
exponential, mod,’ cos, sin etc. Suppose we have mo.d (5 ‘f’lash funcflon o
determine the address of the data block. In this case, it applies mod (3)}1.35}_1
dunction on the primary keys and generates mod 3,3, 1, 4, and 2 respectiv ely,

and stored in those data block addresses.
Data Bucket in Memory

. Data Bucket Actual Data in
Address Memory

1

Data records

o\u..pwm

Types of Hashing

' . mic Hashing
Static Hashing Dyna

s be the same

Static Hashing
the hasl

ket address will alway

In static hashing, the resultant data buc EMPp 1D = 103 using

Thot o . v S [F [ 7.1 -] For



function mod (5) then it will always re K . Cre, |
will be no change in the bucket address. Hence, in this static hashin& tlr " Open Hashing
number of data buckets in memory remains constant throughoy I t When a hash function generates an address at which data Iread
s - 15 2
example, we will have five data buckets in memory used 10 store the daty stored, then the next bucket will be allocated to it. This mecha:: "':1 ;
3 . . X 3m 15
Data Bucket in Memory called as linear probing.
' l For E.g _Slitppose R; is a new address which needs to be inserted. the
Data Bucket Actual Data in hash function generates as 112 for Ry. But the generated address is
et anoinil Address Memory already full. So the system searches next available data bucket, 113
106 [James | Delhi | and assigns Rs to it.
| 102 [Kathri | US
98 |Alia UK . Data Buckets
| 104 JJackson| China |
Data Record
(i)  Operations of Static Hashing New Record
Searching a record when a records needs to the searched, then the| 2 Close Hashing
-same hash function retrieves the address of the bucket where the daty When buckets are full, then a new data bucket is allocated for the
i sorod. same hash result and it linked after the previous one. This mechanism
(i) Insert a Record is known as overflow chaining.
When a new record is inserted into the table, then we wil I generat For E.g: Suppose Rsis a new address which needs to be inserted into
£} ean N . .
address for a new records based on the hash key and record is stored the table, the hash function generates address as 110 for it. But this
; F 0 v .
in that location. r bucket is full to store the new data. In this case, a new bucket is
(iii) Delete a Record inserted at the end of 110 bucket and is linked to it.
To delete a record, we wi
. we will first fetch S
e el s i i thv;ho: record which is supposed to Data Record 110 % [110]
e ; - .. 10
memory. _ € the records for that address in @ 13|
IT") Update aR . E:-
) — New Record [ 165 |
0 update a record i .
then d » we will first search jt using a hash functi d
€n data record |s updated, If we want to ash function, an Dynamic Hashing
the file but Insert some new ri nto o roblems of
) the address of a data bucket generated b Pk . The dynamic hashing method is used to overcome the p
Dot empty, or data already exictc ; y the each function ) o
e stagi . Y exists in that addre. . static hashing like bucket overflow. -
\¢ Statichashing is known as pyck . This situation hrink as the records nCreases or
Situation in this method Ckel overflow. This is a critical ’ In this method, data buckets grow ors " dable hashing method.
. : : xtenda
To overcome this gityas: decreases. This method is also known as € .
& S situation, there gpe , ; ic. ie. it allows insertion
mmonly used method are s fojj, various methods. some | °*  This method makes hashing dymapais, =
Ws: . s ance.
deletion without resulting is poor perform
y - ' ' -_

130 . Database Management Systerm
sult in same bucket addregg 3

h__
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How to search a ke

ash address of the key.

. First. calculate the h

(Check how man) bits are used in the directory and theg, k
: Ity

called as 1.
e  Take the least significant i bits of the hash address. Thjg i
‘r
index of the directory. iy

«  Now using the index, go f0 the directory and find bucket
where the records might be. add"?
How to insert record
«  Firstly, you have to follow the same procedure for retrieval eng;
in some bucket. o
. If there is still space in that bucket, then place the record in it
. If the bucket is full, the we will spli
plit the bucket and redistri
records. T
ForEg:

Consider the followin; ; s
g grouping of k e
of their hash address: g of key into buckets, dependirig on the prefy

Hash

Key.|

" bucket By, The last two
- The last two bits of 1 and
s of 7 are 11, 5o it will g0

L
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Data Records Data Buckets
00 — BO
01 —— 56 Bl
02 —_— 13 B2
03 7 | B3

Advantages of dynamic Hashing

1. Performance does not decrease as the data grows in the system.

In this method, memory is well utilized as it grows and shrinks with

2.
the data.

3, This methods is good for the dynamic database where data grows and
shrinks frequently.

pisadvantage f dynamic Hashing _

|, Inthis method, if the data size increases then the bucket size is also
increased. :

2. In this case, the bucket overflow situation will also occur. But it might

ime to reach this situation than static hashing.

Old Question Solutio

take little t

1. What do you mean by hashin
between densé index and sparse index?

-  Hashing is an offective technique to calculat
data record on the disk without using index structure.

Indexing is a data structure technique to efficient
from the database files based on some attributes on W

has been done.
Dense Index VS Sparse Index

Dense Index Spare Index
1. Index size is larger. |, Indexsizeis smaller.

2. Rec'ords in data file need|2.
not be clustered. '

3. Timer to locate data s

to be clustered.

3. Time to locat
more.

Records in data file need

e data is

less. —

4. Computing time in RAM|4. Computing time 10 RAM
) is less. is more. :

5. Overhead for insertions Overhead for lmsemon
and deletions are more. and deletions aré ess.

g and indexing? Differentiate
(2076 Baiskh)

e the direct location ofa

ly retrieve records
hich the indexing
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he difference hetween 0

rdered indices and hag, ;
2 What is the advantage of using sparse indey, ng:. |

2 What is t k\l
|

in a database.
(2071 R
Ordered Indices /E%! %
'l A data structure technique I An effective technigy,
| o efficiently rtrieve calculate the direct [Gca{,' o=
records from the database of a data record on the diﬂn
files based on Ssome without  using indsk [
| attributes on which the structure. g
f indexing has been done.
]2. Uses data reference that|2. Uses mathematica|
} holds the address of the functions  called  pyg
disk block with the value functions to calculate direg >
[ corresponding to the key. records on the disk. :
ﬁ Does not work well for|3. Works well for [a ”
large databases. database. -
Advantages of sparse Index
1. It reduces the size of the i i
: index, saving s i
maintenance of the index. KR decreasmg
2 ]
- Not necessary to generate unnecessary index entries
'hat is the use of RAID stora i '
ge device? i
from a sparse sequential index? SIS rt;(::];c; s;arched
i hadra
The use of RAID storage device are s follows: ra) )
. An improvement in ' .
' cost - effecti
disks are used in large numhersecw"HESS because lower priced
. The use of multj '
ple hard drives ¢ ;
PR o sl Hard drl'Mzable RAID to improve on the 1.
. Increased computer spee

_ d and relighjf;
depending on configuration, re“abmty afler a crash -
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China China |Besing 3705
Russi | Canada| Ottawa 3800
USA Russia [Moscow 6928

USA | Washington [3712

What is RAID? Which RAID level woul
. d yo fi
safety of application and why? you pre er(;l:; 3big;; gr.l)].;

RAID or Rec‘lundant Array of independent Disks is a technology to
connect mu.IUple secondary storage devices and use them as a single
storage device. )

[ would prefer the RAID 6 level because:

. It gives more unable capacity the more disks you add.

. It required more processing power.
. It can always protect against two simultaneous disk failures.

How would you choose the best RAID level for your database
server? (2071 Bhadra)

The best RAiD level 1 would choose for database server are:

1. RAID level 0 (Disk stripping)
The data is divided into blocks and spread among all the disks

in an arrau.
2. RAID level 1 (Disk Mirroring)
Provides a redundant identical copy of a selected disk.

3. RAID level 5 (Stripping With Parity)
The parity is also written across all the disks, which also means

the data is redundant.
Write the SQL syntax to create an index.
CREATE INDEX index _ name
ON table _name (columnl, column2, .. T
What are the advantages and disadvantage

(2071 Magh)

s of mirroring?
(2070 Bhadra)

Advantages
|, Database mirroring Supports full text catlogs. -
5 Database mirroring architecture is more robust and efficien

than database log shipping.

require special ha
) and

uch as shared storage,

dware (s
nligge potentially has

3. Does not
clusterware, thus

heart - beat connection
lower infrastructure cost.

4. It has automatic server fail

ure and client failover mechanisim.

I ]



]

E.g: Consider the followi
owing groupi 5
on the prefix of their hash adi:ssp ing of keys into buckets, depending

Key | Hash Address

h___

or shrinks as the record increa
ses or d : .
as extendable hashing method, ecreases. This method is known

Disadvantages
Mirror server / data
tomatic server failover may n

in not available for user :
" base Operatj on

2, A
using multiple database.

Potential data lost is possible in asynchronous operation i
tic hashing. How extendable has:e
i

(2069B|,adr:

"ai

Explain limitation of sta
overcome such limitation.

Limitation of static hashing
Static hashing is not a good option for largely sized databgg,

Time taken for this function is higher than normal, as the hag
function has to go ﬂlrougﬁ all the addresses of the stor b
memory in order to perform operations in the BDMS systen 2

o Itdoesn't work well with scalable database.
¢ The ordering process is no efficient compared to other hashj
techniques. ; "

T:eI d;n@cs ‘hashing method is used to overcome the problems of
static hashing like bucket overflow. In this method data buckers grow

ot be suitable for app;
ey,

N
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Data Records Data Buckets
00 EE— 24 B0
0l 5% |8
10 e & e i B2
1 > 7 B3

[nsert key 9 with address 10001 into the above structure:

Since key 8 hash address’ 10001, it must go into the first

. bucket. But bucket Bl is full so it will get split.

The splitting will separate 5, 9 from 6 since last three bits of 3,
9 are 001, so it will go into bucket B1, and the last three bits of

6 are 101, so it will go I int bucket B5.

Key 2 and 4 are still in BO. The record in Bo pointed by the
000 and 100 entry because last two bits of both the entry are
00. '

Keys 1 and 3 are still in B2. The record in B2 pointed by the
010 and 110 entry because last two bits of both the entry are

10.
Key 7 are still in BB3. The record in B3 pointed by the 111 and
001 entry because the two bits of both the entry are 11.

Data Records Data Buckets
i itich i

000 L ———[2 4] B0
001 BI
010 ' [T__3]B2
ol | 78
100 | [ 6 1B5
101 '

110

mL_

ood
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¥ PROCESSIN
TRANSACTION PROG ol

Transaction :
A wransaction is  single logical unit of works which accesses and pogyy,
modifies the contents of @ database. Transactions access data using reaq ag
WTite aperations.

ACID properties of transaction
A transaction in a database system must maintain Atomicity, cgns,'stency

Isolation and Durability - commonly known as ACID properties.
Atomicity

This property states that a transaction must be treated as an batomic
unit, that is, either all of its operations are executed or none.

(i)

Consistency

(ii)
The database must remain in a consistent state after any transaction,

Isolation

(iii)
Transaction should be executed in isolation from other transactions
(no locks)

Durability
After successful completion of a transaction, the changes in the

database should persist.
E.g: Transaction to transfer 50 from account A to Account B,
read (A)
A:=A-50
Write (A)
read (B)
B:=B+350
" Write (B)
Atomicity

If the transaction faj
ails after step 3 and b
’ efore st
ensure tha ep 6, the d
Al t Jts'updates are not reflected in th system shoul
onsistency will result. ¢ database, else an

Cnnsistency

(iv)

A .
and B is unchanged by the execution of the try "
nsaction.

T

[

(iii)

(iv)

Tr

T
Fansaction Processing and Concurrency Contral ... 139

Isolation: If between ste

P 3 and 6, another transaction i
| _ s tion is allow
access the partially updated database, it will see an inconsisto“e:am
base (the sum A + B will be less than it should be) e

purability
One the user has been notified that the transaction has completed, the
update to the database by the transaction must persist despite failures.

ansaction States
T,-ansaction goes through many different states throughout its life cycle. This

gtates are called as transaction states.

Tmn;action States are as Follows:

@

(ii)

(iii)

(iv)

(v)

(vi)

Active State
. This is the first state in the life cycle of a transaction.
. A transaction is called in an active state as long as its
instruction are getting executed.

Partially Committed State
. After the last instruction of transaction has executed, it enters
into a partially committed state.
Committed State
. After all the changes made by the transaction have been
successfully stored into the database, it enters into a committed
state.
Failed State
. When a transaction is getting executed in the active state or
partially committed state and some failure occurs due to \'vhich
it becomes impossible to continue the execution, it enters into a
failed state.
Aborted State
After the transaction has failed and entered into a failed. state, all the
changes made by it have to be undone. After the transaction has rolled
back completely, it enters into an aborted state.
Terminated State )
state, the transaction

: itted state or aborted
After entering the comm! h its life cycle finally comes

finally enters into a terminated state whic

to an end.



{ System
m,whlumﬂ“'
famslh Committed
Committed) State
Store
aw /. e
/ Qperations
) Failure
\ State_/
Failure

Failed state

Concurrent Executions
ltiple transactions in the system is known as

The allowance to run mu
concurrent executions.
Advantages of Concurrent Executions
(i) Increased processor and disk utilization

(ii)  Reduced average Response Time

Concurrency control

It is the process of managing simultaneous execution of transactions in a

DBMS without having them interfere with one another.
Problems of Concurrency control

Three major Problems: ,

I Lost updates
2. Dirty Read (or Uncommittéd data)
3. Unrepeatable Read {{;r inconsistent retrievals)
Lost Update Problem

A lost u
jambaselzldate prubiem‘occurs when two transactions that access the samé
s ems have their operations in a way that makes the value of some \
e i i e of s
item incorrect. In other words, if transaction T and T» both read 2
1 2 both re

ecord and then update it
. , the effects of .
= second update, the first update will be overwriting by

\

i

Transaction Processing ang Contes
renq cm
ol

ctions Time T ~

Trans® : ransaction - Y

el b —

— E Read A

Updﬂtﬂ A e

ts Upd
e ts ate A
_.'-F".-F T

X reads A's value.

e Attime ta, transaction -
' time b transac:icm - Y reads A's value.
At y . . I ‘
l g time 4 gransaction - X writes A's value on the basis of the value
At time
' et time t2- |
At time &5 transaction - Y WrItes A's value of the basis of the value

' eenattime s

gt time Ts, PGALE
% y overwrite 1t without 1

problem is known as los U

the update of Transaction - X is lost because
ooking at its current value.

Transaction
pdate problem as update mage

Guch type of :
' by oné {ransaction 18 lost here.
irty Read . -
: ‘lé_ny read occurs in the case when one transaction updates an item of the
Et:haise and then the transaction fails for some reason. The updated database
em is accessed by another transaction before it is changed back to the
original value.
Transactions Time Transaction = Y
_— t _—
—_ t2 Update A
t PR
Riaii A t: Rollback
e t; B
If T, aborts

v A transaction T, updates a record whilch is read by 13'0
then T, now has values which have never formed pa

database,
*  Attime t,, transaction - Y writ

f the stable

es A's vallue.

' Attime t, transaction - X writes A's value.

L] ; .
A's value back to that of prior to -

[ ]
So, transaction - x now contains & value W
i ro
Such type of problem is known S Dirty Read pd
not been committed:

hich has never pecome part

plem, as on¢

.

transaction reads a dirt value which

__..‘
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Inconsistent Retrivals Problem

Inconsistent Retrievals problem
wransaction calculates some sum

is also known as unrepeatable po,
mary function over a set of datad

other transactions are updating the data, then the t‘T"J(iﬁrlsistem

~curs. A transaction Ty reads a record and then doeg sop. ™

during which the transaction updates the record, Noy, . . %
2 oW yp |

record, then the new value will be incongjg, ey
et
b

Whil,

problem
processing
transaction T, reads the
the previous value.
E.g: Suppose two transactions operate o those accounts.

Account - | Account - 2 Account - 3
Balance = 200 Balance = 250 Balance = 150
Transactions Time Transaction - Y
F—=— ] —_—
Read Balance of Acc - |
Sum <--200 t: _
Read Balance of Acc - 2
Sum < - - sum + 250 = 4
450 ; £ R
- L
Read Balance of
Acc-3 )
= . U]gdate Balanc of
Acc-3150-->
Ay 150-50 ---100
ts
= Read balance of
z Acc- ]
Update Balanc of
Acc -] 200--»

fggf:' ?an‘ance of 200 + 50 --- 250
N—
250 = SSOSum # ) mit

0 from A
: : ccount -
Were, transaction - X produces
€ write thjg
- : pljoduced result in
Me an inconsistent state beca e o ’

T 5 &
.

e
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ncy control Protocol

Ccnl"“rre
ncy control Prot ;
CallCl‘ffcm tﬁansactions 'I?I:OI ensure atomicity, isolation and serializabili
cU"cmTe e + 1N€ concurrency control protocol ¢ za ility of
e categories: an be divided into
Lock based protocol

Time - Stamp protocol
yalidation based protocol

pock - Based Protocol
is type of protocol, any transaction cannot read or write data until it

In th :
Joquires an appropriate lock on it. There are two types of lock.
L Shard Lock

= !t is also known as a read - only lock. In a shared lock, the data
jitem can only ready by the transactions.

. It can be shared between the transactions because when the
transactions holds a lock, then it can't update the data on the
data item.

2, Exclusive Lock .
as well as

In the exclusi_ve lock, the data item can be both reads
written by the transaction.
This lock is exclusive and in this lock, multiple trans

not modify the same data simultaneously.
able:

L]

. actions do
There are four types of lock protocol avail
Simplistic Lock Protocol

It is the simplest way of locking

lock - based protocols allow all t
data before insert or delete or update on it. It wil

completing the transaction.
Pre - Claiming Lock Protocol

Pre claiming lock protocol evalu

the data items on which they need locks.
execution of the transaction, 1

on all those data items.
rated then this protoco
he transaction is comp

1.
the data while transaction. Simplistic

he transactions to get the lock on the
| unlock the data item

o
ate the transaction to list all

L
t request

Before initiating an
DBMS for all the lock

If all the locks are gene
transaction to begin when t

all the lock.

] allows the
Jeted then it
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. 1f all the Jocks are not granted then this protocol allowsg th
yransaction to rolls back and waits until all the lock
granted. &

Lock 1s attained—" Lock’s Rt‘laled

T Begin

TEnd  Time
3. Two- phase Jocking (2PL)
. The two - phase locking protocol divides the execution ph
of the transaction into three points. i
. In the first part. when the execution of the transactions starys ;
seeks permission for the lock it requires. .
. In the second part. the transactions acquires all the locks The
third phase is started as soon as the transaction releases its f;
lock. =
*  In the third phase, the transaction cannot demand any ney
locks. It only releases the acquired locks.

Lock is attained “—Lock's Related
T Begin T End ﬁrﬁc
Growing Phase

In the growin
€ phase, a new lock on th .
the transaction, but none can pe releasede data item may be acquired by

Shrinking Phase

In the shrinkin
2 phase, existin
s g lock '
released, but no new Jocks cap . acqu:]:f by the transaction may be
Ted,

Tran
saction Processing and Concurrency Control
ontrol ... 145

0 T

| Lock - S (A)

% Lock - X (B) Lock-$ (A)
‘Sl Unlock (A)

g Unlock (B) .
8 Unlock (A)
9 . Unlock (C)

The following way shows how unlocking and locking work with 2 -

PL:
Transaction Ty

. Growing Phase: From step 1 - 3

Shrinking Phase: From Step 5 - 7

. Lock point: at 3

Transaction T;:
Growing Phase: From Step 2 - 6

Shrinking Phase: From Step 8 - 9

L]
) Lock Point: at 6

Strict Two - Phase Locking (Strict - 2PL)

The first phase of strict - 2PL is similar to 2PL. In the first

L ]
phase, after acquiring all the locks, the transaction continues to

execute normally.
The only difference between 2PL and strict 2PL is that strict -

2P| does not release a lock ata time.

. Strict - 2PL waits until the whole transactions to commit and

then it release all the locks at a time.

¢ Strict - 2PL protocol does not have shrinking phase of lock

release,

Release at commit

Lock is attained /
Time

T End
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Lock C ompatibility Matrix

k Compatibility Ma
;’cocuire Jocks on the same resource

rix controls whether multiple tran

at the same time, Sactig,

.
H
&

Jocked by another transaction, thep i
request can be granted only if tf}e _mode of the requesteg T'“‘i
compatible with the mode of the existing lock. t,
Anv number of transactions can hold shared locks on an item,
anv transaction holds an exclusive lock on item, no other H“anwhu!“

" may hold any lock on the item. iy

Time Stamp Ordering Protocol N
The time stamp - ordering protocol ensures serializability among transgy;

in their conflicting read and write operations. This is the responsibility o
protocol system that the conflicting pair o_f tasks should be exe.:ui]dE
according to the timestamp value of the transactions.
. The timestamp of transactions T; is denoted as T,(T;)
. Read time - stamp of data item X is denoted by R - timestamp X)
*  Write time - stamp of data - item X is denoted by W - time stamp )
Time Stamp ordering protocol works as follows:
(1) Ifa transaction T, issues a read (X) operation;
¢ IfT,(T)<W- timestamp (X)
= Operation rejected
¢ IT(T)>=W- time stamp (X)
. e — Operation executed
ala - item timestamps
Ifa transaction T, issues 5 wﬁtep(xlf}p:;::{ion
* IT(T)<R- timestamp (X)
= Operation Reje,
. IFT(T)<w- !imestali:t(e)?)
- Opetion rjected and T, rojleg el

. Otherwise o, eriti
Val_ldaﬁon Based Pmmcét; tion executed

Validation Phase is a

If a resource is already

(i)

In this phase
, the transact i
g _ on T is read '
alue of various dagg items and s::}?'ezxticuwfj' A g ;0 b?
m in temporary loca

variables It cap
: ! perform ) ;
variables withoyt the write operas: ,
2 Validation Phase " Update to he actua] dam&?tlons on temporary

In this phase, the lemporary variab]
e

€ actual data to gep ; i

. val
fthe Violates the seri

;

€ will be vali inst
alizﬂbﬂity. idated agal
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write Phase

E2 if the validation of the transaction is validated, then the temporary

results fy v lUm, then.the temporary results are written to the
database or system otherwise the transaction is rolled back.

sche‘i“le
ue,nces o0
actions are executed.

izability

dule S is serial if, for every transactions T participating in the
all operations of T is executed consecutively in the schedule A
f n transactions is serializable if it is equivalent to some serial

¢ same n transactions.

f instructions that specify the chronological order in which

gerial

sche
schedule 0
schedule of th
Two Types of Serializability

0 Conflict Serializability

(i)
Conflict Serializability |
ed conflict serializability if after swapping of non -

it can trafisform into a serial schedule. The schedule

View Serializability

A schedule is call
conflicting operations,
equivalent t0 @ serial schedule.

Conflicting Operations

(i)  Bothbelong to separate transactions
(i) They have the same data item

(i) They contain at least one write operation |
2 are logically equal.

Eg: Swapping is possible only if S1 and S
. T, Read (A) T;: Read (A)
B T2 i

Read (A) éll W

Read (
Schedule Si .
Here, S; = S,. That means it is non - conflict.

L T, Read(A) Ty Write (A)
T] T3 Swa.p;ﬁd “W
REAC(F) — [Read(A)
Write (A

Schedule Sz
Schedule Si

Here, S, # S,. This means it is conflict.

Schedule S2
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Conflict F,qui\'alcm
e can be transformers
to anmh

In the conflict equivalent, On
swapping non - conflicting operations. Ip the given eXamp, g
conflict equivalent 10 S; (S, can be converted to S;by S“’appifl % S:]:
conflicting operations) 8y,
Two schedules are said to be conflict equivalent if and only jf.
|, They contain the same sel of the transaction,
2. Ifeach pair conflict operations are ordered in the same v,
a
E.g: Non - serial schedule L
[ [ | [o |n .|
Read (A) Read (A)
Write (A) Write (A)
Read (A) Read (B) |
" Write (A Write (B)
“f'a.‘d (B) Read (A)
rite (B) Write (A
e Read (B)
|Write (B Write (B
Schedule S,

performed b : )
il i‘;ﬁ’]’z :‘;am_lﬂg any operation of T, are Schedule S, can be
rial schedule by swapping non - conflicting operations

OfS 1=
Afier swappi i
pping of non - conflict operations the schedule S ; becomes

Ti

Read fA} Tz

Write (A)

Read (B)

Write (B)
Read (A
Write (A’}}
Read (B)
Write (B)

since, S, is conflict serializable
‘Tew Serializability

A schedule wil] vi
will view e 1) A
schedule, ew serializable if it is view equivalent to a serid
alent to a seria

hlmd wﬁtﬂs_

v jew E
Two S¢

Tran
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quivalent
dules S; and § : =
he I 2 are said to be view equivalent if they satisfy the

fallﬂ“’ing conditions:
[nitial Read
An initial read of both schedule

, must be the same. S j
schec'iule S and S_u- In schedule S,, if a transaction T isurizg?e “1;10
data item A, then in S, transaction T, should also read )‘; e

Th T2 [ T.

Read (A) i
Write (A Read AWI-me W
Schedule St Schedule S:

Above two schedules are view equivalent because initial read
operation in S, is done by T and in S; it is also done by T,.

Update Read

In schedule Sy, if Ti is reading A which is updated by T; then in S;

ated by T;.

also, T;should read A which is upd
T2 Ts | i T: T
Write (A
~ |Read (A Write (A) Read (A)
Schedule S:

“Schedule Si
Above two schedules are n
updated by T> and in Sz, Ts
3, Final Write ’
A final write must be the same

schedule Sy, if the transaction T, up
writes operations should also be done by Ti.

ot view equal because in Sy, T, is reading A
is reading A updated by Ty.

betw'een both the schedules. In
dates A at last then is S,, final

z RN
Write (A) e Read (A)
e
t Write (A)
Schedule Si Schedule Sz | |
e final write operation on 1n

ual becaus
oo done by T3

the final write operation is also

" Above two schedule is vi
S, is done by Ty and in S2

| R
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Schedule's |

With 3 transactions. the total number of possible schedule.

= 37 =6

§=<T.Ts> $,=<T) T3 T,>
I 213

§y=<HTT> §=<Ty Ty Ty>

§;=<BTiT2> S;=<T; T,T;>

Taking first schedule Si:

*

Schedule S;:

Step 1:Final updation on data items

In both schedules S and Sy, there is no read except the initial read that's
y

we don’t need to check that condition.

Step 2: Initial Read

;hm; I;rn;lln r:la: I;;::ralion in S is done byT; and in S, it is also done by T,,
;h&csﬁ;nacll ;Eree?ﬂ::vat;:i hi:; ]ini: done by T; and is S, it is also done by Ts.
g}:; kﬁ;tﬂz;::regcuéeed ii] Efan's.fif:s all the three conditions so we don’t need to

T| =% Tg = ; T3
Recovrability of Schedule

Tis buffer space | Database
A=6500
A=6500
A=6500
A =6000
A = 6000

Read (A);
A=A+1000: A=6000
- ? - A —
Write (A); i_ 7000 7000
Commi[; = 7000

ommit;

Transaction p
rocessing ang Concurren C
¢y Control .., 15)

ve table 2 shows a schedule with
4 a 0 . 2 tWO [ran .
Th nd writes A, and that value is read ap, d Wﬂn::cl:mm_ Transactio T,
Y transaction T.
2. But

§ : : ;
n:ﬂﬁdr o, T fails Due to this, we havé to roll back 1
r;ca”se T, has read the value written by T,, 1- T2 should be rol] back
Ast has ﬂot‘c{.)mmmed befof‘e T, commits so we can o} back .
well. S0 it is recovered with cascade roll back, transaction T,
ewverable with cascading roll back

Schedule will be recoverable with cascading rollback if T eadla:y

j Teads the

e of T; commit of T; is delayed till commit of T,

g pdaied valu
a ’ - =
Refa- 500 A=6000 o
Write (A); A =6000 A=6500
Commit; A=6000
; A=6000
Read (A); A= 6000 -
A=A+1000;  A=7000 | A=5000
Write (A); | A=7000
Commit;
ows a schedule with two transactions. Transaction T

The above table 3 shy

reads and write A and
thisis a cascade less recoverable schedule.

commits, and that value is read and written by T2. So,

Deadlock in DBMS
a condition where two or more transactions are waiting

¢ up locks. Deadlock is said to be one of the

In deadlock is
MS as no task ever gets finished and is in

indefinitely for one another to giv
most feared complications in DB
waiting state forever.

Request
Fig: Dead lock in DBMs

Consider the following two transactions:
T, : Write (X) T,: Write (X)
Write (Y) Write (Y)
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. Management System For example, Suppose

that transactions T,, T; and T,

Schadule with deadlock: Ti have lim'-'“mm.PS 20, 30 and 40 respectively. If T,
. . fequest a data item helq by T, then the data item will b
ka,xg'n,\ preempted from T, and T2 will be rolled back. If T,
Write (X) requests a data item held by Ty, then T, will wait.
L('df_'x.%“ Y . e Both in wait - dje and wound - wait schemes, a rolled
. Write ( }}( X back transaction is restarted with its original time stamp.
Wait for lock - X on Older transactions thus have precedence over newer
Wait for Jock - X on Y ones, and starvation is hence avoided.
Deadiock Preveation (c)  Time - Based Schemes
ill mever enter ion waits for a lock only for a specified
flock Prevention protocols ensure that the system wi Ity , . A transaction waits for a lock o y spe
Dfa"-;k‘ik o amount of time. After that, the wait times out and the
deadlock state. : e h
T : s is rolled back.
(i) First approach ensures that no cyclic waits can occur by ordering ¢y, transaction ‘
uests for locks, requiring all locks to be acquired together. |, . Thus deadlock are not possible. - ‘
:guircs that each transaction locks all its data item before €Xecutiop, . Simple to implement, but starvation is posmb.la Al:.ol
Moreover, either all are locked in one step or none are locked. There difficult to determine good value of the time ou
are two main disadvantages, interval.

*  ltisofien hard to predict, before the transaction begins, whgt Deadlock Detection . _ —
2 . W nsist of a paira = (V,
data items need to be locked. Deadlock can be described as a wait for graph, which co

. Data item wtilization may be very low, since many of the data B
items may be locked but unused for a longtime. Where,

implyi T
. isa di , T,and T,, implying that T
uses preemption and transaction roll back. These schemes use time 1T, T, is in E, then there is a dirccte 4 edge 0 ,

s inserted in
‘ . : the edge T, T is inserted
mps Just for deadlock prevention. s waiting for T; to release being held by T, thm\lvhen T, is no longer holding

. ; i oved only _ o
(@) Wait - die scheme (non - preemptive) the wait - for graph. This edge 18 szn:::‘ is in a deadlock state if and only if the
When transaction T, requests a data item currently held by T, adata item needed by Ti. The sy

: n) cle.
T,is allowed to wait only if jt has a timestamp smaller than that wait - for graph has a cy

Of T>- Otherwise T, olie back (gies) @ @_,__.

*  Forexample, suppose that transaction T, T, and T; have

lime stamp 20, 30 ang 4 respectively. If T, request
data item held by T, then T, wijy wait, If Ty requests a
data item held by T, then T3 will be rolled back. @
(b)  Wound- Wwait schema (Preemptive)
[ ]

A

i if i ; le
"t only if it has a timestamp T2 ait for graph with a 0%

Wait for graph without a cycle
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Deadlock Recovery

When deadlock 15 detected:
. Some transaction will have 10 rolled back (made a victim) -
transaction as a victim that will incyp i

i

deadlock. Select that
m.,,n

cosL

. Roll hac

k - determine how for 10 roll back transaction:
Total roll back: Abort the transaction and then restart it

.

. More effective to roll back transaction only as for as Necesg
dry

to break dead lock.
Starvation happens is same transactions is always chosen as v
Include the number of rollbacks in the cost factor to a avoid sta“’auum'
I,

Old Question Solution,

What is transaction? What are ideal properties of transaction?
[2076 Baisakh]

=  Seein page no.138

Describe strict two-phase locking protocol(2PL) (2076 Baisakh)

[

See in page no 145
3. i i

Def’m‘eltranfactmn and explain various states of transaction with a
transition diagram. Describe about two phase locking protocol for
concurrent transaction along with its limitations. [2075 Bhadra)

U

1* part See i '
part See in page No138. 2™ part see on pageno 144

U

4. Descri {
‘ran'::t?o:::;lg h-‘:; phase locking protocol for concurrent
with its limitations
. [2075 Bhadra]

=  Seein Page No. 144

wry

Explain the possibl
€ transaction states j
. “ in DBMS. i
concept of conflict searilizablity with an example M?ZO?; l;:’“_“ I::T
A aisa

Explain the A .

how conflict secr:lipm}?emes of a databage transaction. Describe
concur f{uablny differs from the vi s .‘ e

rent execution of transactions ettt ENpliy r

' [20074 Bhadra]

o .
1" part see in Page no 138
7 2o i

part see in page no 147

| S

=

10.

=
11.

12,

13.

Transacy
on Prm:essln;: and Concurrency Control __ 1

What are schedules?
b ? Describe the concept of view seri ;
ution of transactions TINTAZRILY for
# {2073 Bhadra]|

1% part see in page no 147
2™ part see in page no 148

How deadlocks arise whij
€ processi .

deadlock prevention strategiss. - transaCt'O“Tz;’;p;ain the
hadra)

See in page no 151 and 152

Deﬁn‘e ACI'D _Prﬂp'erties of a transactions. Describe the concept of

conflict serializablity for concurrent execution of transactionsp
120073 Magh}

1% part see in page no 138
2™ part see in page no 147

How two phase locking protocol helps in concurrency control?
Explain. 2073 Magh]

See in page no 144

Explain different states of a transaction along with state

transaction diagram. Explain conflict serializablity with example.
[2072 Ashwin]

1** part see in page no 139

2™ part see in page no 147

Explain briefly two phase locking protocol for Concurrency
[2072 Ashwin]

Control.

See in page 144

What is transaction? Explain ACID properties with examples.
[2072 Magh]

See in page 138
Describe the different types of locks u

Draw the lock compatibility matrix.

3; Second Part: See in page no. 146.

of database
ializablity for
[2071 Bhadra]

sed for concurrency control.
[2072 Magh]

First Part: See in page no. 14

Explain Atomicity and
transaction. Describe the concep
concurrent execution of transactions.

[solation properties
t of conflict ser

I part see in page no 138
2™ part see in page no 147



Management Syster!
l-“ - W - Sac, r = h
do you mean bY seriazablity of a schedule? Whag
6 Whatdo) v of looking for concurren 0
anderstand by granuiari €Y Cony, ™ CRASH RECOVERY
|* part sec 10 page no 147 ' 'gh]
= ) N : R ) sification
The granularit) of locks 1n database refers to how much of the . il classific | )
Jocked at one time. % 0 liﬂd that Wh{mf the problem has occurred we generalized a failure into the
(7. What is tr’n“gﬁon? What are the properties of a ‘“‘ﬂsaq- ol owing categories: ' |
should satisfy in a database system? (2071 Mag':a | Transaction failure
' )
~  Secinpageno |38 5. System crash
18 During its execution transaction passes through severy) state 3. Disk failure.
until it finally commits or aborts. List all possible sequence S [T psaction failure
- throug!h which ¢ transaction may pass. Explain Why g The transaction failure occurs when it foils to execute or when it
e (2070 Bhadraj reaches a point from where it can't go any further. If a few transaction
=  See mn page No 139 or process of hurt, then this is called transaction failure.
= ::.l ow two phase locking protocol helps in avoiding deadiock? Reasons for a transaction failure could be
xplain with examples. : ; :
= B N i (2070 Bhadra) (a) Logical error: If a transaction cannot complete due to some
z—uf § %'c In page no 144 code error or an internal error condition, then the logical error
) :‘ b;".d" ;‘;:' understand by the ACID properties of transaction’ oceurs.
Explain with examples, ! - bl )
- e (2070 Magh) (b)  Syntax error: It occurs where the DBMS itself terminates an
= ¢C IN page . }
2. E I .p"l-‘- no. 138 active transaction because the database system is not able to
- Explain conflict seriazablity with example.' (2069 Bhadrs) execute it. For example, the system, aborts an active
= Secinpageno. 147 transaction, in case of deadlock or resource unavailability.
22, Differentiate b
etween fine i tem crash
locking in multiple gra!mlm"'gr;ﬂ nularity and coarse granularity . o .
= ity locking protocol. (2069 Bhadra) . System failure can occur due to power failure or other
] hardware or software failure. Example: operating system error.
Fine Granularity . _ . cantorlis 6
Locking wh, Coarse Granularity . Fail-stop assumption: non-volatile storage ~contents
and unlocki oo o assumed not to be corrupted. '
o Ing as soon as
possible. 3 Disk failure.
They provide maximum |2 . It occurs when hard-disk drives or storage drives used t0 !at;
: i : S ’
parallelism, They  provide less frequently. It was a common problem in the early days
2 paralle]j )
rgjve”Te‘"d of taking and|3 N i technology evolution. )
Casing lock. ' 0 overh : : : ectors, dis
releagin ,eadk()fwkmg o . Disk failure occurs due to the formation of bad Shc S
OCK. ' H ther )
0oo : head crash, and unreachably 10 the disk or any ‘°
which destroy all or part of disk storage.
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Storage structure

The storage structured can be

Tl

divided into two categories,

Volatile storage

(n) Non-volatile storage
(i) Volatile storage: As the name suggests, a volatil,
cannot survive system crashes. Volatile storage are place Ry
close to the CPU, normally they are embedded opy, d‘qu
itself, For example, main memory and cache mem:h%

les of volatile storage. They are fast but can store N

exam 3
4 mly,

small amount of information.

(i) Non-volatile storage: These memory are made tq -
system crashes. They are huge in data storage capaciy, ;;

[ Note:

slower in accessibility. Example may

*  amythical form of storage that survives all failures.

Stable storage:

o Information residing in it never lost

——e—

Let's assume there is a transaction to modify the city of a student Th
following logs are written for this transaction. e

When the transaction is initiated, then it writes 'start' log
<Tn, start> |

Wh ¢ .
g en] lh:: lransaction modifies the city from 'Noida' to
ngalore’, then another log is written to the file

<Tn, city, 'Noida!, Banglore'>

When then 1 ion i

Wh ransaction is finishe it wri

indicate the end of transaction R paiputie e
<Th, commit>

There are two approaches to mo(

ify
Deferred database modif; ¥ the database:

cation;
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wg_Basecl Recovery

L]

The log i
g 1S sequence of records log of each transaction is

maintained in some stap)
. e stora i
then it can be recovered from thef: e

If any operation.is perfo .
recorded in the log, rmed on the debase, then it will be

If any operation is performed o
recorded in the log, on the database, then it will be

But the process of storing the logs should be done before the
actual transaction is applied in the database.

Immediate database modification

The _ imediate modification technique occurs if database
modification occurs while the transaction still active.

In this techr.lique, the database is modified immediately after
every operation. It follows an actual database modification.
Rectory using log records.

When the system is crashed, then the system consults he log to
find which transactions need to be undone and which need to

be redone.

If the log contains the record <Ti, start> and <Ti, commit> or
<Ti commit>, then the transaction Ti needs to be redone.

If the log contains record < In, start> but does not contain the
record either <Ti, commit> or <Ti, abort>, then the transition
Ti needs to be undone.

Recovery and Atomicity

When a system crashes, it may have several transaction being

d and various files opened for them to modify the data

execute
items. Transactions are made of various operations, which one
CID properties of DBMS,

atomic in nature. But according to A es Of
atomicity of transactions as a whole must be maintained, that
is, either all the operations are executed or none.

When a DBMS recovers from a crash, it should mainta
following -

It should check the status of all the t
being executed.

A transaction may be in the
DBMS must ensure the atomicity 0

It should check whether the transaction ¢
or it need to be rolled back.

in the
ransaction, which were

n the middle of some opz?rati?n: the
f the transaction In this case.

an be completed now



agement System ;
No U'aﬂSHCﬁDn wg]]]d be allowed to leave the DBMS
stent state. i

inconsi q

There are two [YPES of t
recovering as well as mal

+  Maintain the 102 of each
some stable storagé before ac
Maintaining the shadow paging, where the changes g, )
One

echniques, which can help , D
B

ntain the atomicity of Mg
a mﬂsacﬁ
o

transaction, and writing ¢
e

a volatile memory and later,

*  Check point

The check point is  type of mechanism where all the pre,:

logs are removed from the system and permanently Stﬂre:ju%ls
I

the storage disk.

The checkpoint s, like a bookmark. While the execution of

transaction, such checkpoints are marked, and the transactig IITE

executed the using the steps of the transaction, the log file n'ls

be created. o

. When it .reaches to the checkpoint, then thé transaction will
uEIcl!atecl into the database, and till that point, the entire log fi
:1 ill be removed from the file. Then the log file is updated wiﬂ:

e new step of transaction till next checkpoint and so on

. Th : g
e checkpoint is used to declare a point before which the

DBMP i i
" Was in consistent state, and all t i
-y ransaction were

Recovery using checkpoint

In the following manner
from this failyre:

Check Point

a reco
Very system recovers the database

Failure

i

h
tually modifying the databgg, Onyy

the actual database is updateq o

Shadow paging

" durability in database systems.

‘i
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The recovery system read |
og fil
Jog files from T4 and T1. g files from end to short. It reads

Recovery § intai i
ry system maintains two lists, a redo-list, and undo-list.

The transaction is put into redo state if the recovery system
sees a‘ log with <Tn, start> and <Tn, commit> or justyiT n
comm:t?. In this redo-list and their previous list, all tl;
transaction are removed and then redone before savi1ng their

logs.

For example: In the log file; transaction T, and T; will have
<Tn, sirt> El:ld <Tn, commit>. Th T1 transaction will have only.
<Tn, commit> in the log file. That is why the transaction is
committed after the checkpoint is crossed. Hence it puts T1, T2

and T3 transaction into redo list.
The transaction is put into undo state if the recovery system

s a log with <Tn, start> but no commit or abort log found.

see
ndone, and their logs

In the undo-list, all the transaction are u
are removed.

T4 will have <Tn, start>. So, T4 will

For example: Transaction
t yet complete

be put into undo list since this transaction is no

and failed amid.

Shadow paging 2 technique for providing atomicity and

_write technique for voiding in -

Shadow paging is a copy - 01
d, when a page 1$ 10 be modified,

plane updates of pages. Instea
a shadow page is allocated.
Since the shadow page has no references (from other page on
disk), it can be modified liberally, without concern for

When the page is ready to become
d to the original are updated t0

consistency constraints, etc.
e instead. Because the page is

durable, all pages that referre
refer to the new replacement pag

activated" only when if is ready, it is atomic.
y by avoiding many

ificantl
ost t0

erformances Sign
ntial hierarchy at the ¢

This increases P
fere:

writes on hotspots high up in 1€
high commit latency.

B
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Shadow paging considers:

1.
5 Page table has n entries - 0ne for each database page
3. Each contain pointer o a page on disk (1 to 1=
database and 5001 ....)- Page o
The idea is to maintain 2 pages tables during the ;.
transaction. © life
1. The current page table
2 The shadow page table. When the transactio
page tables are identical. Bl bug
. The shadow pager table is never chinned ove .
the transaction. T the duratio, of
2. The current page table may be changed ;
wh :
performs a write operation. . €N 2 transactjy,
3. All input and output operati
perations use the curr
locate database pages on disk. ent page table
\ l
\ 2
3
[ 4
L ] 5
6
U 7
) 8
ST 9
ng;dOw page 10
ta
¢ - : Current page
Advantages: Bk tal.)]e
*  Nooverhead s
. \ for writing log records
0 undo/No Redo ajoor: ’
” R . gorithm,
) ecovery is faster.
Dlsad"al]l‘ages

e

D

ata gets fragmenteq Or scattered
);sdﬁer CVery transactj
old version modifieq g

Hard 10 exteng al
concurrent]y,

The databases is petitioned into fixed length block -
e

on completj
at '0n database page s containing

an
: eed to be 8arbage collected.

Advance Recovery algorithm

Logical undo logging
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upport for high-
isg ﬁor gr-}t:gh concurrency lacking techniques, such as the .
e concurrency control, which release lack ear'-ys'E !'

Supports "logical undo"

Recovery based on "repeating history', whereby recovery
executes exactly the same actions as normal processing

Including redo of log records of i
in :
followed by subsequent undo. apleti: oo, r

key benefits
—s  support logical undo

—s easier to understand/show correctness

Operations like B* - tree insertions and deletion release locks

early.

—s  They cannot be undone restoring and values (physical
undo),since once a lock is released other transactions
may have updated the B’ - tree.

_y  Instead, insertions (resp. deletion) are undone by

exciting a deletion (resp. insertion) operation (known as

logical undo)

For such operations, undo log records should contain the undo

operation to be executed.

Such logging is called logical undo logging, in contrast

—3
to __physical undo logging.

—  Operations are called logical operations.

Other examples:

—. delete of tuple, to undo inset of tuple.

lock release on space allocation

—  allows early
information.
t amount deposited, 10 undo deposit.

— subtrac
ank balance.

o allows early lock release on b

Physical redo

. Redo information i logged P
each written even for operation
— Logical redo is very compl.i
disk may not be "operation consistent

hysical (that, PS: new value for

s with logical undo.
cated since database state O
" when recovery starts.

I — ]
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Operation logging

i

TXn Rollback

Rollback of transaction Tij ig done as follows:

Operation logging is done as follows:

When operation starts log <Ti, Qj, operation begin) He
a unique identifier of the operation instance.

While operation is executing, normal log records wig, Dhys

redo and physical undo information are logged. Wiy

When operation completes, <Ti, Oj, operahon-end Us -
logged when contains information needed to perform , logig .

undo information.
Example: insert of (key, record-id) pair (KS, RID7) inty inde

19
<TI, 01, operation-begin>

<Ty, X, 10, k5> } Physical redo of.steps in insert
<T,, Y, 45, RID7> '

<T. 01, operation-end, (delete 10, KS, RID7)>

If cash/rollback occurs before operations completes:
—  Ifthe operation - end log record is not found and
= the physical undo information is used to undo operation.
If crash/roll back occurs after the operations completes:

= the operation - end log record is found and in this case

*  logical undo is performed using U the physical undo
information for the Operation is ignored,

Bedo of operation (after crash) still uses physical redo
information,

Scan the logs backwards:
I. Ifa log records <Ti, X,v,, Vo>
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Ifa <Ti, 0j, operation - end, U> record is found.

R :
‘ollback the  operation logically using the undo
information U,

At the end of the operation roll back, instead of logging
an operation end record, generate a record.

<T1, Oj, operation - abort>

-3

6.

:: Some points to note:
ases 3 and 4 above can occur only it the database crashes

()

(ii)

Skip all preceding log records for Ti until the record <T i,
Oj, operation - begin> is found.
If a redo-only record is found ignore it
If a <Ti, Oj, operation - abort> record is found:
Stop the scan when the record [
<Ti, start> is found.
Add a <Ti, abort> record to the log.

while a transaction is being rolled back.

Skipping of log records as in case 41s important to prevent

multiple rollback of the same operation.

Crash Recovery:
The following actions are taken when recovering from system crash

1.

(Redo phase): Scan log forward from last <checkpoint L>

record till end of log ‘
(i) Repeat history by physically re-doing all updates of all

transactions:
(i) Create an undo-list during the scan as follows

e Undo-listis setto L initially.
list.
¢ Whenever <Ti start> is found Ti is added to undo— :‘l
h, with committed as

is bri tabase to state as of crash,
e ions having been redone.

i cti |
well as uncommitted transa .

ion that are incompletﬂ,

Now undo-list contains transactio o £
have neither neither committed nor been
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2)

At _ checkpojng

(Undo phase): .
Scan log backwards. performing undo on log recorqg o

transactions found in undo-list.

Log records of transactions being rolled bagk -
processed as described earlier, as they are found.

When <Ti start> is found for a transaction Ti in “nd0~list,
write a <Ti abort> log record.

Stop scan when <Ti start> records have been found fo, i
T, in undo-list.

This undoes the effects of incomplete transactions (those with
neither commit nor abort log record). Recovery is pgy,

complete.
1. Output all log records in memory to stable storage.

2. Output to disk all modified buffer blocks,

3. Output to log on sable storage a <checkpoint L> record.
Transaction are not allowed to perform any action while check
pointing is in progress.

Fuzzy_check pointing allows transactions to progress while the
most time consuming parts of check pointing are in progress

Fuzzy check pointing is done as follows:
1.~ Temporally stop all updates by transactions

2. Writea <checkpoint L> log record and force log to stable
Storage, -

Note list M of modified buffer blocks.

Now permits transactions to proceed with their actions.
Output to disk aj] modified buffer blocks in list M,

*  Blocks should not pe updated while being output,

*  Follow WAL: al| lo record o
be output before fhe b]ockgis outpuf. pert?,n!ng 10 a block must

6.  Store g pointer ¢
0 the : . 2
last _ checkpoint o disk, L record in a fix position

Yoa W

Explain checkpoint, How does it )
time required during recovery? elp in reducing the amount of

Checkpoints:
It is the mechanism where g1 the previous logs are
system and permanently in storage disg_ vl foom e

Before AR
Without Checkpoints:
db
T |/"" (Redo)
Ts
T4 - - - - {System Failure

—T) —=
need not Redo

Roll back
Extra-time in processing entire log file.
Redoing of unnecessary transaction.

Check Points (C1) _
y—Redo {Completed trasaction}
—T1 —

Redo
/7

T —»

Undo {Uncompleted ransactions}

L ! System Failure

Old Question Solution

L. Define term Recovery and Atomicity in database. Consider the
following log contents when a crash occurs. Explain how recovery

would be done for each state.

[2+4] [2076 Baisakh]

<Tystart> <T, start> <T, start>
<T:9 A, 1000, 950> <T,, A, 1000, 950> <T, A, 1000, 32(55;;
<Ty, B, 2000,2050>  <T,, B, 2000,2050>  <To, B, 2000,
<Ty commit> <T, commit>
<T), start> " <T, start> 1
<T,, C, 700, 600> <T,,C, 701?. 600
<T; commit>
(a) () ©

= First Part: See in theory 159




3.

=

1o
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ry actions in each case above as:

Recove

() Undo (To): B is restored to 2000 and A to 1000, ang |,
records. t
< To. B. 2000 >, < To, A, 1000 >. < To, abort > are Wl‘l'tten
out.

() Redo (To) and undo (Ty): A and B are set to 950 ang 208
and C is restored to 700. Log records < Ty, C, 700 > < T
- I!

abort > are written out.
(¢) Redo (To) and redo (Ty): A and B are set to 950 and 2050
respectively. Then C is set to 600.
Write the different types of failures that may occur in systep,
Differentiate between shadow paging and log-based recovery,
[3+3] [2075 Bhadra][2073 Bhadra]

=  For First Part: See in theory 157

The difference between shadow paging and log - based recovery are as
follows:

[ Shadow Paging Log-based Recovery
1. Rf:ct?\'ery is faster due to|l. Recovery process is slower.
elimination of overhead of

log - record output.

f Locality property islost (2. Locality ~ property i
: = retained.

Garbage collection is lost l 3. Garbage collection is not
necessary. necessary.

I |

Explain the idea of log based recovery

- [2075 Baisakh][2072 i
See in theory page no. 159 112072 Ashwin|

What is the purpose of implementin

recovery mechanism? g check points in data

[2] |2074 Bhadra]

amon mbuing a program
Quantities, and grew from the ideas used

Checkpoint - Re :
- Recovery is a common i :
or system with fault tolerant Sochuique for

in systems which employ

fail, or be aborted in some way

P

What are the recovery actions performed
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end of the given transaction states? if failure arises at the

<T, start> <T, start>
<Ty, A, 1000,950>  <Ty, A, 1000, 950>
<T, B, 2000, 2050>  <T,, B, 2000, 2050>
<Ty commit>
<T, start>

<Ty, C, 700, 600>

(a) Undo (To): B is restored to 2000 and A to 1000, and log
records. -
< To, B, 2000 >, < To, A, 1000 >, < To, abort > are Written
out.

'(b) Redo (To) and undo (T;): A and B are set to 950 and 2030
and C is restored to 700. Log records < T,, C, 700 >, < T,
abort > are written out.

What is stable storage? Explain the log based recovery

mechanism. [2+4] [2073 Magh]

Stable Storage
This is said to be third form of storage structure but it is same as non

emory. In this case, copies of same non volatile memories

volatile m
¢, in case of any crash and

are stored at different places/. This is becaus
data loss, data can be recovered from other copies. This is even
helpful if there one of non - volatile memory is last due to fire o

flood. It can be recovered from other network location. But there can
be failure while taking the backup of DB into different stable storage

devices.
For Second Part: See in theory 159

Explain redo phase and undo phas
(2072 Magh] |2

¢ of log based failure recovery
070 Magh][2069 Bhadra]

mechanism. .
. Undo of a log record < Ty, Tos V22 writes the old value Vi
X
| ‘ i lue V2 10
. Redo of a log record < Ty, Tos ¥77 writes the new vaiue %2
X
¢ Undo and Redo of Transactions.
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Undo (T,) restores the value of all data items updated
nac 1 =

Briefly explain the idea of

1 p a stable storape. Explain the
their old values, going backwards, from the last log recqpy % architecture of a remote backup system, (343, (2071 Bhadral >
y ‘ _,  For First Part: See in above Q.No. 6 =
_.  Each time a data item x is restored to its vajye vV, Remote Backup System -4
special log record (called redo - only) < T, X, Vbis Remote back.up system provides a sense of security in case the ! ,
written out. primary location where the database is located gets destroyed. Remote %
s ackup can be offline or real - t; i S .
BN When undo of transaction is complete, a log recorg <1 : maitftained ey real - time or online. In case it if offline. it is
abort > is written out.
. Redo (T,) sets the value of all data time updated by T, to the
new values. going forward from the first log record for T;, e 8
. The undo and redo operations are used in several differen E:-_-ﬂ—_—_] Py
ircumstances: et = — 1
o : T Remote Date Backup
. The undo is used for transactions roll. back during I | —
normal operations. Local Data Backup
. The undo operation are used during recovery from Architecture
“lien Client
failure. Client

. We need to deal with the case where during recovery from
failure another occurs prior to the system having fully
recovered. -

Server

I (!

o When recovering afier failure:

. Transaction T, needs to be undone if the log.
—  Comtains the to be undone if the log

—  But does not contain either the record <T,
commit> or < T, abort >

Transa'ction T, needs to be redone if the log 9, Dis;i};‘gl;i:i:n ;ett:se:omext e
modific -
is the significance of checkpoints in 2 log?

Client a .
immediate modification and differed
based database recovery. What

—  Contains the records < T, Start > (4+2] 12071 Magh]

. B;t d:,s oo s Ly Lot = The difference between immediate update :mdf iffe\fd - update in the
e s ¢ recovery are as follows:
. It may seem storage 1o redo transaction T, if th <‘ 2 context of loig) ::::: ef;'illatabas ry T o
+ @bort > record is in the log, To see wh or if the record < 3 B e o a;;asep
T, abort > is in the log, 50 are the red y this works note t.hat if I The :; in%medimely : fe_chogs,
the undo operatjon, T,hus th i Onl;,f records written by applie _
modification is this case. - - ef]d result will be to undo T, 's the database. ins all|2. Thelog file contains
fecovery algorithm an:[s:;-,Th]s Sighit redundancy simplifies the 2. The log file contain: be as well as new values.
ables faster overal] recovery time. the changes that are 0
‘ applied to the database.
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[T In this method one roll|3. Concept of shadow pagi
f 3 . e £1n
| back is done all record is used in immediate Updatg ADVANCE DATABASE CﬂNCEP’[’S

of log file are discarded method. %
; and no changes are
| applied to the dat_abase. , An object oriented database is a collect; _
'3, Concept of buffering and |4. Concept of shadow paging programming and relational datab ion of objected-oriented
.i caching are wused in used in immediate update ) . ase.
[| deferred update method. ok , An Objgct-orlented database is a database that is based on object

o . . A Ccl-
For Second Part: See in above Q.No. 4. 0';‘“;.6 tspmbl'ammmg. The data is represented and stored in the forms
of objects.
ooo

. A database is data storage. A software system that is used to manage
database called a database management system (DBMS) )

, Object database are commonly used in application that requires high
performance, calculations, and faster result. Some of the camm;n
applications that use object database are real-time system,
architectural and engineering for 3D modeling telecommunications,
and scientific products, molecular science, astronomy.

. Object oriented database model is combination of OUP principles
(inheritance, Encapsulation, polymorphism) and Relational database
features (integrity, concurrency, Query processing).

Object-oriented database

Relation

Objectoriented
database

programming

- Polymorphism | - Integrity

+ Inheritance - Concurrency

- Encapuslation | -Query
processing

¥ Both data and their relationship are organized or conl_ainr.:d in a single

structure known as object.
relationship between the facts

Object includes information about .
P with other

within object, as well as information about its relationshi

object.

; : ¢ data model.
Object oriented database models also known s semantic da
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Components of OODM
«  Anobjectisthe abstraction of th real world entity.
. Attributes: It describes the property of object.
Person - object/class
Name

Age Properties i.e. Attribute

Date of bith

«  Class: Objcts that are similar in characterize are grouped in clagg %
class is a collection of similar objects with shared Structy,
{ Attributes) and Behaviour (Method).

Method:

Methods represents a real world action such as finding a selecty
person's Name, changing person name or printing a person address

(Methods) (Methods)

Class are organized in class hi.crarchy and it resemble son upside-

Down tree in which each class has only one parent (Head)
Inheritance |

Inheritance is an obj it )
ject ability to inherit the attri
ib
(messages) of the class above . utes and methods

Person (class)

SN

(class)

)}J]O{ customer
officer teller Secretory (class)
full time/\ g
part tim
Secretory secrctm;

Ad‘,,ntage of OODBM

. Advance Database C
UML and XML are mainly used t, et

> . O Tepresen
objects, attributes and methods present the structure of class,

Complex data sets can be save and retrieved quickly and easily

Objects IDS are assigned automatically.

Works well with object-oriented programming languages.

Disad\’antﬂges

*

Object databases are not widely adopte3d.

In some situations, the high complexity can cause performance
problems.

pistributed Database Model

Distributed database is a system in which storage devices are not
connected to a common processing unit. '

Common processing unit i.e. each storage devices has its own
processing unit.

Database is controlled by Distributed database management system
and data may be stored at the same location or spread over the
interconnected network. It is loosely coupled system.

D,

D;
N

. v
Distributed database system 18 loosely coupled system SO e

system can access data whenever it required. |
a based system in which

nication with the different

f database.

A typical example of distributed dat

communication channel is used to commu

' 5 0
locations and every systems has its OWD memory

I ]



gement System

Memaory

136 .. Database Mana

The fig. shows that each system has is own memory and locations,

Mainly two types of distributed data system.
1)  Heterogeneous Database
2)  Homogenous Database
° Homogeneous Database
= All the sits use identical DBMS and operating System
—  Thesites use very similar software _
= Much easier to design and manage.
= Itappears to users as a single system.
Advantages:
casy 1o use, manage, design

Disad Vﬂﬂtages:

OI'IIII)St 0 nza .|.|| i 0 V
1ro g
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Global user
\
Dlstnbuted
DBMS

\ Global Schema

|

| |
DBMS DBMS BMS
Software Soﬁware oﬂ\\ aie

Global user

DBMS
Software

Same software

Homogenous database

Heterogeneous DBMS
se. Different data center may run different

In this type of databa
DBMS products, with possibly different underlying dada models.

. Different sizes may use different sachems an

2)

d software

Advantages

. Huge data can be

i i bases
stored in one global center from different data

center.
bal schema.

’ Remote access sis done using the glo

Different DBMS may be used at each node.

Disadvantage

. Difficult to design & manage.
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I

2)
3)
4)

5)
5)

Dstshase Management System
Local user Gobal user Local user
-
Distributed 8
DBMS
' Global
Schema
] | | i
(bBMs-1] [pBMs-2]  [DBMS-3 DBMS - n]
i '
Sgl

Fig:- Heterogenous DBMS
Difference between Homogenous and Heterogeneous Distribute DiSMS

All site have same DBMS and 2)
operating system

Easy 10 instal] 2)
Easy to administrate 3)
Prqv_ides full data access 4)
facility

Updating data is easy 5)

Conceptual schemas is same  6)
Provides high performance 7)

Easy transaction processing 8)

Cpmmunication between two 9)
different sites is easy,

oracle ”

All sites does not have same
DBMS. '

Complex to install
Complex to administrate.
Provides limited data access
facility

Updating data is complex

Conceptual ~ schemas s
different

Provides relatively  Jaw
performance,

Difficult to process transaction.

S'ommunication between 'two
ifferent  typeg require

mao

1)
]

transaction,

|
Advance Datahase Concepts ... 17¢ '

mstributcd data storage

-
e
it is used to refer to distributed data base where users store information in =~

re than one site or node.

" wo approaches

Data replication 2)

Data fragmentation

Data replication

Data replication is the process of storing the same data in multiple
locations to improve data variability and accessibility and to improve
system reliance and reliability. It is simply copying data from 2
database from one server to another so that all the users can share the

same data without any inconsistency.
Full replication

Replication of whole database at every site in the distributed

L]
system. This will improve the availability of the system

because system can continue to operate as long as at least one

Original
Database

site is up.

/'

Full replication

Advantage of full replication

High avaiulability of DATA

he performance of retrieval of glob
ocal sites.

. Improves t

result can be obtained locally from any of |

o Faster execution of queries.

Disadvantage of full replication

s difficult to achieve in full replication.

° Concurrency i

I— ]

al queries as the



se Management System

180 ... Databa
No replication

1 Data '
-~ Origing]

Databag,

No Replicatio

—

[User 3/ Server

Advantage
The data can be easily recovered.
chieved in no replication.

L]
. Concurrency can be a

Disadvantage
The data is not easily available as there is no.

" Original

Database

Partial Replication

i

Partial Replication

Server

In this type of replicati
; plication some fraom
replicated whereas others may not S S e e

Advantages of partial replication

. The number of copj
. opies
Importance of data, pies of fragment depends upon the

Advantages of DATA REPLICATION

. T ' i
0 provide a consistent ¢o

nodes. Py of data across all the database

To increase the avajlah; lity of data
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< To remove any data redundancy, the databases are merged
solve databases are updated with outdated or incomplt::; dat:nd

. To perform faster execution of queries.

pisadvantage of DATA REPLICATION
More storage space is needed as storing the replica of same
data at different sites consume more space.

Data Replication becomes expensive when the replica at all
different sites need to the be updated.
Maintaining data consistency at all different sites involves
complex measures.
Data Fragmentation:
Data fragmentation occurs when a collection of data in memory is
broken up into many places that are not close together. It is typically
the result of attempting to insert a large object into storage that has
already suffered external fragmentation.
* Dividing the whole table data into smaller chunks and storing them in
different the distributed Database management is called data

2)

fragmentation.

Advantages
_s  Ttallows easy usage to Data

_ Tt makes mast frequently accessed set of data near to the user.

Fragmentation can be of three types.

1) horizontal

2)  vertical

3) hybrid (combination of horizontal and vertical)

Parallel database system
Parallel database system improves performance
multiple resources in parallel like multiple CPU an

‘of data processing using
d disk are used parallel.

It also performs may parallelization operations like data loading and query

processing.
Goal of parallel Databases
1. Improve performance

The performance of the
multiple CPU and disk in
connected in parallel.

can be improved by connecting

system,
4 essors can also be

parallel. Many small proc
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ability of data:

2. Improve avail
d to multiple locations to improve the a"ai]ability
of

Data can be copie

data.
For example: If a module contains a relation (table in database

which is available then it is important to make it availab]e fron,
another module.
3. Improve reliability: _
Reliability of system is improved with completeness, accuracy; 5, q
availability of data.
4. Provide distributed accesses of data:
Companies having many branches in multiple cities can acdcss data

with the help of parallel database system.

User

User

Inter commucation
channel

User

Parallel database syst
Parallel Database Architecture EEE

. Sha
red memory - processor share a common memory

. ;

Shared disk - Processor share a common disk
. Shared nothj

othing - processor share neither a common memo

hor common disk. i

L 3

Hierarchica] - hybrid of the above architecture

]

.

Shared memory
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Shared memory system uses multiple processors which is
attached to a global shared memory via intercommunication
channel or communication bars.

Shared memory system have large amount of cache memory at

w A B b, 2

each processors, so referencing of the shared memory is

S L
Al

.i'k';'

avoided.

|
.

AN

If a processor performs a write operation to memory location,
the data should be updated or removed from that location.

Processor Processor

~ Intercommunication Network

\ Global MemoryJ

D> Q@i Qi

Shared memory system in parallel database

Advantages of shared memory system

Data is easily accessible to any processor

d message to other efficiently.

L ]
. One processor can sen

Disadvantage of shred memory system.

ncreased due 10 more number of

. Waiting time of processor 18 1
processor.

. Band width problem.
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iy Shred Disk System |
Ghared disk system USES multiple processors igi

. tercommunication ¢

accessible 10 multiple disks via in
and every processor has local memory.

Each processor has its own memory s that data Sharin,
I

Y

efficient.
The svstem built around this system are called as clusters,

Memory
\Processor Processor . Processor -

s
N

Intercommunication Network

LGlobal Memory !

AN

Shared disk system in parallel database
Advantages of shared djsk system

Fault tolerance jg achieved using shareq disk system
Fault tolerance: [f a processor

or its memory fails, the oth

5§ €T proceésso;
This is called as falt (o] T can complete the tasks.

€rance,

Advance Database
cwm 192
Jvantage of shred disk system,
s

Shared disk system has limited scalability as large ame ¢
' B Wt o
data travels through interconnection channe|

= If more processors are added the existing processors are slowed

down.

5 ghared nothing disk system

(it . |
. Each processor in the shared nothing system has its own local

memory and local disk.

Processors can communicate with each other through

intercommunication channel.

Any processor can act as a server to serve the data which is

stored on local disk.

Intercommunication Network

Processor

Processor

|
o
;

Shared nothing disk system in Nepal Database
Advantages of shared nothing disk system.

k can be connected as Per the

*  Number of processors and dis
k system. :

requirement in share nothing dis
For mary processon

which
. Shared nothing disk system can support.

makes the system more scalable.
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antages of shared nothing disk system

Disadv g .
shred nothing disk system,

Data partitioning is required in

Cost of communication for accessing local disk is much higher

Hierarchical system or Non-uniform Memory Architecture,

o  Hierarchical model system is a hybrid of shared memory

shared disk system and shared nothing system. )’ste,lL

] Hierarchical model 1s also known as Non-uniform M
Architecture (NUMA) My
. In this system each group of processor has a local Mﬂmory

processors from other groups can access memory which is agg oy u
with the other group in coherent. &
. NUMA uses local and remote memory (Memory from other groy
hence it will take longer time to communicate with each other, P
Advantages of NUMA
. Improves the scalability of the system
. Memory bottleneck (shortage of memory) problem is minimized
this architecture. n
Disadvantages of NUMA
The cost of the architecture is higher compared to other architectures,
* Concept of data warehouse database.
What is Data Warehouse?

. A data ‘warehouse essentially combines information from severl
sources into one comprehensive database. For, ex, in the business
world, a data v:varehouse might incorporate customer information from
‘cumpal?)."s point-of-sale systems (the cash registers), its website the
its mailing lists and its comment cards, A]tern;;tively it migh;
;ncorporate_ all the information about employs, including t,ime cards
emographic data, salary information, etc. ' |

A d ; ; )
ata warehouse is subject-oriented, integrated, time-variant, in

volatile collection of data i
in P ;
process, support of management's decision making

Characteristic o

- |subject oriented

> |[ntegrated

— i varan]
— o~ volatg

Advance Database C 3

Subject-oriented

).-\ data 'warehouse is always a subject oriented as it del

information about a theme instead of organizations currém i
1t can be achieved on specific them. That means the data “:rie;a “‘—1_“5;
process if proposed to handle with a specific them is more d‘:;::;
These themes can be sales, distributions, marketing etc. ‘

f\ data warehouse never put emphasis only current operations. Instead.
it ff)c?uses on demonstrgtmg and analysis of data to more various
decisions.

Integrated

. Data warehouse is constructed by integrating multiple
heterogeneous sources.

. Data processing are applied to ensure constancy.

° The data ware is a centralized, consolidated database that

integrated data derived from the entire organization.
« Multiple sources.
o Diverse sources
o Diverse formats.
Time-variant:

. In this data is maintained via differendt intervals of time such
as weekly, monthly, or annually etc. It founds various time
limit which are structured between the large data sets and are
held in online transaction process. (OLTP) . The time limits for
data warehouse are wide-ranged, than that of operation system.

. The data warehouse represents the flow of data through time.

. Can contain projected data form statistical models.

. Data is periodically uploaded then time-dependent data is
recomputed.

(iv) Nonvolatile

. Once data is entered it is never removed. That means the data

t. 1t also means that data

resided:in data warehouse is permanent. &
s inserted.

is not eronosed or deleted when new data I
nd refreshed at particular intervals.

o Data is read-only a
. Two types of data operations done in data warehouse are:
. Data loading

. Data Access.
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Function of path warehouse:
It works as a collection of data and here is organized by il
communities that endures the feature to recover the data function

The major function are:
1. Data consolidation
2, Data clearing
3 Data integration
Rules that define a Data warehouse
I.  Datawarehouse and operational environment are separate,
2. Data are integrated.
Contains historical data over a long time horizon.
Snapshot data captured at al given point in time.

3
4
5. Subject-oriented
6 Mainly read-only
;

Development is data drive: the classical approach is process

driven.

8. Contains data with several levels of details.

9. Characterized by read-only transactions to very large data sets.

10 Traces data resources, transformation and storage.

I1. Metadata are a critical component of this environment.

a2

Contains a charge-back mechartism for resources usage.

Phases of Data Mining

(@)  Data understanding: Review the data that you have, document

u,. identify data Management and daa quality issues, Tasks for
this phase include.:

®  Gathering data

. Describing

= Exploring
Verifying quality

(b)

(©)

(d)

(¢)

Need for data warehouse:
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Data preparation: Get your data
: : ready to use for modeling
Tasks for this phase include. moteine

. Selecting data
L Clearing data

. Constructing

. Integrating

Modeling: Use mathematical techniques to identity patterns
within your data. Tasks for this phase include.

. Selecting technique

® Designing tests.

. Building models
. Accessing models
Evaluation:

Review the pattern you have discovered and assess their
potential for business use. Tasks for this phase include:

. Evaluating results

. Reviewing the process

L Determining the next process
Deployment:

Put your discoveries to work in everyday business. Task for

this phase include:

. Planning deployment (your methods for integrate data
mining discoveries into use)
. Reporting find results.

. Reviewing final results.

onal data. Knowledge
eful information. This
ort strategic decision

Industry have huge amount of operati
worker wants to turn this data into us
information is used by them 10 supp
making.

It is a platform for con
It is stores data of good quali

make correct decisions.

solidated historical data for analysis.

ty so that knowledge worker can
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= From business perspccli\'t‘.
- s Iatcsll marketing wcapbn
_s  Helps keep customers by learning more aboy -
needs.
_  Valuable tool in today's competitive fast evolyjy

world.
Application Area of Data warehouse.
. OLAP (Online Analytical Processing)
. DSS (Decision Support Systems)
. Data mining
" Data Warehouse Architecture.

Sources Warehouse

Users
. M f
rommtoer l\—j :
aliona b :
system 3 M Analysis
| —
1 ’ -—
( tional e
s:r:::?n 10N e e
data Reporting
Flat files
Mining

Operational system:

An operatio atia e
perational system is a method used in data warchousing to refer

to a system that is used to process the day-to-

- da acti
organization, y transactions of an

Flat Files:-

stored, and eve .
! ry ﬁle n the S .
ystem is must ha P
ve a different name

L
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Meta data: -

A set of data that defines and gives information about other data.

Metadata used in Delaware house for a variety of purpose, including:

Meta data summarizes necessary information about data, which can
make finding and work with particular instances of data more
accessible. Metadata is used to direct a query to most appropriate data
sources.

Clients:
e  Query and reporting tools ‘
e  Analysis tools !
e Data mining tools ‘.
Spatial Database System '

e A spatial database is a database that is optimized for storing and
querying data that represents objects defined in a geometne
space.

e  Spatial data, which means data related to space.
e  Spatial data includes location, phase size and orientation.
e A spatial database system is a database system with additional
capabilities for handling spatial data.
— Application area:
. Geographical information shyster
Eg. data: road network and places of interest.
uses: driving directions.
. Environmental system*

Eg: — data: land cover, climate, rainfall, and forest fire
usage: find total rainfall precipitation

. Corporate Decision - support systems

Eg— data: store locations and customer locations.

Usage: determine the Optimal location for a new store

. Battlefield soldier Monitoring systems

; el el
Eg: data: locations of soldier (wiwa medial equipmen 5)

er that may need help from gach on

Usage: monitor soldi

with medical equipment.
I ]
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) What is the difference between Database and Data warchoyggy
a o {

(i) Database 1s a collection of related data that represent Somg

clements of the real world whereas data warehouse is

information system that stores historical and commutative dat
form single or multiple sources.

(i) Database is designed to record data whereas the data Warehoyg,
is designed to analyze data.

(iii) Database is application - oriented - collection of data Wheregg
Data warehouse is the subject - oriented collection of data,

(iv) Data uses online Transactional (OLTP) whereas data warehoyge
uses online analytical processing (OLAP)

(v) Database tables and joins are complicated because they gare
normalized. Whereas Data warehouse tables and joins are easy
because they are demoralized.

(vi) ER modeling techniques are used for designing Database
whereas data modeling technique are used for designing Data
Warehouse.

Old Question Solutio

Write Short notes on: [2076 Baisakh, 2073 Bhadra)
Distributed databases
See on page No. 175

Write about data warehouse with its components.

[2075 Bhadra, 2071 Bhadra]
See on page No. 186

Write about spartial database,

12075 Bhadra, 2075 Baisakh, 2074 Bhadra, 2073 Bhadra]
See on page No, 19]

Explain homogenous angd heterogenous distributed database.

|12075 Baisakh]
See on page No. 176
Deseri ; :
escribe briefly ahoy¢ object oriented database, [2073 Magh|

See on page No, 173

10.
a)

distributed databage,

12073 Magh|

See on page No. 178

Explain the importance of data warehouse in decision making,

Write the application areas of spartial database. [2072 Ashwin|

See on page No. 189

Applications areas of spartial database

1. GIS (Geographic Information System)

2: MMIS (Multimedia Information System)
3. CAD (Computer Aided Design)

These can be used for capturing, storing, manipulating, analysing,
managing and presenting all types of spartial or geographical data.

What is the significance of object - oriented database? Briefly

explain parallel database architecture, 12072 Magh]
Significance of OOD are:

- Complex data sets can be saved and retrieved quickly and
easily.

- Objects IDS are assigned automatically.

- Works well with object oriented programming language.

2nd part: See on page No. 181

Werite short notes on the following

Types of distributed database |2071 Bhadra]
See No. 175
Write Short notes on the following.

[2071 Magh]

Object - relational mapping : -
When we work with an object - oriented s}'Stle'“’ there 15 a m RDMS
between the object model and the relat‘mnal d.ata:::ﬂl:;nguages,
represent data in a tabular format whereas object - o;le:a i
such as JAVA or C# represent it as an inte.rconnecte io :S o i
Consider the following JAVA class with proper

associated public function:
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public Class Employee {
private int id:
private string First - name;
private string last - name;
private int salary:
public Employee () { }
public Employee (string F name, string | name, int salary))
this First - name = F name;
this last - name = | name;
this salary = salary;

Public int get Id (){
return id;
/
Public string get First Name () {
return First - name;
Public string get Last Name ( ) {
return last - name;

1
i

Public int get salary () {
return salary:
}

)

Consider the above objects are to be stored and retrieved in to
the following RDBMS, table-

Create table EMPLOYEE (
id INT NOT NULL auto - increment,
First - name VARCHAR (20) default NULL,
last - name VARCHAR (20) default NULL,
salary INT default NULL,

primary key (id)
)i

b.

11.

12.

13.

14,

15,

. Advance Database Concepts
Parallel database architecture .

See in theory page No. 181 12071 Magh]

Briefly explain properties of distributed database
[ ]

. 12070 Bhadral
A collection of logically related shared data.
. n the data is split into a number of fragments.

. Fragments may be replicated.

. Fragments/replicas are allocated to sites,

a Each DBMS participates in at least one global application.

Briefly explain horizontal and vertical fragmentation in distribute

databases. I {2071 Magh]
Vertical Fragmentation

[n vertical Fragmentation, the field or columns of a table are grouped
into fragments. In order to maintain reconstructiveness, each
fragments should contain the primary key field (S)'of the table.
Vertical Fragmentation can be used to enforce privacy of data.

Horizontal Fragmentation

Horizontal fragmentation groups the tuples of a table in accordance to
values of one or more fields. Horizontal Fragmentation should also
confirm to the rule of reconstructiveness. Each horizontal fragment
must have all comes of the original base table.

Write Short notes on Data Warehouse and associated
applications.

See in page No. 186

What is object - oriented database? Explain briefly (2069 Bhadra)
See in page No. 173

Explain the benefit of parallel database?

See in page No. 181
oon
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