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BCS-501: Database Management Syétem

UNIT-1 : INTRODUCTION (1-1 A to 1-37 A)
Overview, Database System vs File System, Database System
Concept and Architecture, Data Model Schema and Instances,

Data Independence and Database Language and Interfaces,
Data Definitions Language, DML, Overall Database Structure.
Data Modeling Using the Entity Relationship Model: ER Model
Concepts, Notation for ER Diagram, Mapping Constraints,
Keys, Concepts of Super Key, Candidate Key, Primary Key,
Generalization, Aggregation, Reduction of an ER Diagrams
to Tables, Extended ER Model, Relationship of Higher Degree.

UNIT-2 : RELATIONAL DATA MODEL (2-1 A to 2-44 A)
Relational Data Model Concepts, Integrity Constraints, Entity
tegrity, Referential Integrity, Keys Constraints, Domain
Constraints, Relational Algebra, Relational Calculus, Tuple and
Domain Calculus. Introduction on SQL: Characteristics of SQL,
Advantage of SQL. SQI Data Type and Literals. Types of SOL
Commands. SQL Operators and Their Procedure. Tables, Views
and Indexes. Queries and Sub Queries. Aggregate Functions. Insert,
Update and Delete Operations, Joins, Unions, Intersection, Minus,
Cursors, Triggers, Procedures in SQL/PL SQL.

UNIT-3 : DATA BASE DESIGN & NORMALIZATION
(3-1 A to 3-27 A)
Functional dependencies, normal forms, first, second, 8 third
normal forms, BCNF, inclusion dependence, loss less join
decompositions, normalization using FD, MVD, and ]Ds,
alternative approaches to database design.
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UNIT-4 : TRANSACTION PROCESSING CONCEPT
4 (3-1 A to 4.3
Transaction System, Testing of Serializability, Serializahi)i 9 A
of Schedules, Conflict & View Serializable Schedy|,
Recoverability, Recovery from Transaction Failures, Log B;,S(,'(i
Recovery, Checkpoints, Deadlock Handling. Distributeq
Database: Distributed Data Storage, Concurrency Contrg|
Directory System. ’

UNIT-5 : CONCURRENCY CONTROL TECHNIQUES
(5-1A to 5-32 4
Concurrency Control, Locking Techniques for Concurremy )
Control, Time Stamping Protocols for Concurrency Control
Validation Based Protocol, Multiple Granularity, Multi Versior;
Schemes, Recovery with Concurrent Transaction, Case Study
of Oracle. : !

SHORT QUESTIONS L (5Q-1At0SQ-20

SOLVED PAPERS (2020-21 TO 2023-24)  (SP-1 A to SP-13
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PART-1

Overview, Database System US File .Systcm,
Database System Concept and Architecture.

—

Que 1.1. | What is database management system (DBMS) ? Wy,
are the tasks performed by users in DBMS ?

An
1.

3.

swer \

Database management system (DBMS) is a software which is use ¢,
manage the database. For example, MyS_QI.J, Qracle, are commercig]
database which is used in different applications.

DBMS provides an interface to perfonpyarli(')ﬁ_s opératim'ls like databage
creation, storing data, updating data, creating a table in the databage
etc. '

It provides protection and security to the database. In case of multiple
users, it also maintains data consistency.

DBMS allows users the following tasks :

1. Data definition : It is used for creation, modification, and removal of
database objects that defines the organization of data in the database,

2. Dataupdation : It is used for the insertion, modification, and deletion
of the actual data in the database.

3. Data retrieval : It is used to retrieve the data from the database
which can be used by applications for various purposes.

4. TUser administration :Itis used for registering and monitoring users,
maintaining data integrity, enforcing data security, dealing with
concurrency control, monitoring performance and recovering
information corrupted by unexpected failure.

Que 1.2. | What are the advantages and disadvantages of DBMS?
Answer |

Advantages of DBMS :

1. Database redundancy: It controls data redundancy because it stores
all the data in one single database file and that recorded datais placed
in the database.

2. Data sharing:In DBMS, the authorized users of an organization ¢&
share the data among multiple users.

3.

Easy maintenance : It can be easily maintainable due to the centra]ized
nature of the database system.
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4.
5.

G.

Reduce time : It reduces development time and maintenance need.
Backup : It provides backup and recovery subsystems which create
automatic backup of data from hardware and software failures and
restores the data if required.

Multiple user interface: It provides different types of user interfaces
like graphical user interface, application program interface.

Disadvantages of DBMS :

1.

2,

Cost of hardware and software : It requires high speed of data
processor and large memory size to run DBMS software.

Size : It occupies a large space of disks and large memory to run
efficiently.

Complexity : Database system creates additional complexity and
requirements. ‘ ‘

Higher impact of failure : Failure is hlgh]y impacted the database
because in most of the organization, all the data stored in a single
database and if the database is damaged due to electric failure or
database corruption then the data may be lost forever.

Q_ue 13 ;I What do you understand t)y database users ? Describe

the different types of database users.

Answer |

Database users are the one Who use and take the benefits of database The
different types of users. dependmg on the need and way of accessmg the

database are

1

Apphcatlon programmers s

a. They are the developers who interact with the database by means

- ».of DML quenes

b. ""“-;These DML queries are ertten in the apphcatlon programs like C,
C++, JAVA, Pascal etc.’ =7

c. These queries are converted mto ob_]ect code to communicate with
the database. ppats?

Sophisticated users : :

a. They are database developers, who write SQL queries to select/
insert/delete/update data.

b. Theydirectly interact with the database by means of query language
like SQL.

c. These users can be scientists, engineers, analysts who thoroughly
study SQL and DBMS to apply the concepts in their requirement.

Specialized users :

a. These are also sophisticated users, but they write special database
application programs.
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b, They are the developers who develop the complex PTogram,
according to the requirement. ‘
4. Standalone users:
a.  These users will have standalone database for their persona] Use,
b, These kinds of database will have predefined database packages
which will have menus and graphic sal interfaces.
5. Native users:
a.  These are the users who use the existing application to interac
with the database.
b.  Forexample, online library system, ticket booking systems, ATMq
ete.

Que 1.4. I Who are data administrators ? What are the functiong

of database administrator ?
OR

Discuss the role of database admin'isti'aigof.

Answer I

Database administrators are the personnel s who has control over. data and
programs used for accessing the data =

Functions/role of database adm1mstrat0r (DBA)
i. Schema deﬁmtlon
a. Original database schema is defined by DBA

b, This is accomplished by writing a set of definitions, which are
translated by the DDL compiler to ase f I: ___}els that are permanently
stored in the data dlctlonary

1 definition :
cture and access method.

b. This is accomplished by w 1t1ng a set of definitions, which are
translated by the data storage. and definition language compiler.

3. Schema and physical orgamzatlon and modification :

a.  Modification of the database schema or the description of the physical
storage organization.

b. These changes are accomplished by writing a set of definition to do
modification to the appropriate internal system tables.

4. Granting of authorization for data access : DBA grants different

types of authorization for data access to the various users of the database

5. Integrity constraint specification : DBA carry out data
administration in data dictionary such as defining constraints.
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Que 1.5. I What is data abstraction 7 Explain different levels of

abstraction.

OR
What is data abstraction ? How the data abstraction is achieved in
DBMS? AKTU 2020-21, Marks 10
OR

Discuss three level of abstractions or schemas architecture of DEMS.
AKTU 2023-24, Marks 10

Answer

Data abstraction is the process of finding irrelevant details from user i.e.,
hiding the background details from the users.
Different levels of data abstraction :

View level

View 1 View 1l | cooeeeane. View n

l

Logical level

Physical level

Fig. 1.5.1. The three levels of data abstraction.
1. Physical level :

i Physical level is the lowest level of abstraction and describes how
the data are actually stored.

ii. The physical level describes the complex low-level data structures
in details.
2. Logical level :

1L  Logicallevelis the next-highéi' level of abstraction and it describes
what data are stored in the database, and what relationship exists
among those data.

i.  The logical level thus describes the entire database in terms of a
small number of relatively simple structures.

3. View level :

L View level is the highest level of abstraction,; it describes only part
of the entire database.

i. The view level of abstraction exists to simplify their interaction
with the system.

fi. The system may provide many views for the same database.
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Que 1.6, ‘l Kaplnin the diffeyencen hotween phyalon) I"Vn"

conceptunl level and view tovel of datn ahatraction.

Ao+ @

Answer

B No| Aspoct T Physienl Concepiunl View

\ level level love]
L s , v

| 3 Focut How datn is Vaopienl Tniloroed

\ atored on disk  [structure of the| representation of

| (o, indexing, datnbnae data for ugery

Z files) (entities,

| relationships).

TR IR NESWSRSST e oy o I P

| 2 Ahetraction | Lowest lovel:  [Middle level; Highest leve):

? describes defines what - [shows data

| ctorage details, |datais stored  |specific to uger

, and how. needs,

e o e ) S

5 | Data Access |Describes data Defines Allows limited
| storage entities, access to certain

i mechanisms.  [relationships, data.
and constraints|

— |

4 | Complexity |Highly complex. [Medium - Simplified, user-

1 complexity. / |friendly.

5. |Security/  |Low-level Provides;q’i‘”‘”“ | Restricts access
Privacy control over unified logical |to sensitive

data storage.  |view bf-ﬂglaté-;.fﬁf linformation.

£.No.| Basis DBMS | File System

1. | Meaning In DBMS, the user is |In this system, the user
not required to write |has to write the

the procedures. procedures for managing
the database.

2. Sharing of | Due to the centralized | Data is distributed 11
data approach, data sharing | many files, and it may be

is cagy. of different formats, 5

it isn’t easy M

|
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ii. 2-Tier archltecture :

Databage Management System l-’IA C ‘Vl'l‘-"k'm H)

3. ] Data DBMS grives nn nhstract llw file qul:-m pruvul( 8
view of dnta that hides [the detail of the data
the detnils. representation and
storage of data.

Absatraction

DBMS provides a good | It isn't easy to protect a

4. Security and

Protection protection mechanism. | file under the file system.
5. Cost The database system is [ The file system approach

expensive to design.  |is cheaper to design.

Que 1.8. l Discuss the architecture of DBMS. What are the types
of DBMS architecture ?

Answer l

1.  The DBMS design depends upon its architecture. The basic client/
server architecture is used to deal with a large number of PCs, web
servers, database servers and other components that are connected

with networks. i
2. DBMS architecture depends uﬁbq how users are connected to the
database to get their request done.
Types of DBMS architecture :,*
i. 1-Tier architecture: , :
1. Inthis archltecture the database is dlrectly ava1lable to the user.
2. Any changes done are directly done on the database itself. It does
not provide a handy tool for end users.
3. The 1-Tier architecture is used’ for development of the local
application, where programmers can dlrectly communicate with
the database for the quick responlse

l

1. The 2-Tier architecture is same as basic client-server.

2. In the two-tier architecture, apphcatmns on the client end can
directly communicate with the database at the server side. For
this interaction, API’s such as : ODBC, JDBC are used.

2. The user interfaces and application programs are run on the
client-side.

3. The server side is responsible to provide the functionalities like
query processing and transaction management.

4. Tocommunicate with the DBMS, client-side application establishes
a connection with the server side.
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arver
Database Hyﬂl,(}n:‘ Serves

Application

Client,
User

Fig. 1.8.1. 2-Tier architecturo,

iii. 3-Tier architecture :

1. The 3-Tier architecture contains another layéf between the client
and server. In this ar chltecture chent cannot directly communicate
with the server. _ Wit

2.  The application on the chent end lnteracts with an application
server which further communicates with the database system.

3. . End user has no idea about the existence of the database beyond
the application server. The database also has no 1dea about any
other user beyond the application.

4.

The 3-Tier arch1tecture is used in case of large web apphcatmn

Dat 1base ‘
; Server

Applization serve:

Application client

Fig. 1.8.2. 3-Tier architecture.

Client

Que 1.9. I Discuss the role of database administrator and explain

the database architecture.

AKTU 2023-24, Marks 10
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Database Management System

Answer
Role of Database Administrator : Refer Q. 1.4, Page 1-4A, Unit-1.

Database Architecture : Refer Q. 1.8, Page 1-7A, Unit-1.

PART-2

Data Model Schema and Instances.

Que 1.10. I What are data models ? Briefly explain different types of

data models.

OR
What are the different types of Data Models in DBMS ? Explain
them. - [AKTU 2021-22, Marks 10
. [ARTU 2022-23, Marks 10
Answer

Data models : i _
1. Datamodels define how the logucal structure of the database is modeled

2. Datamodelsare a collect' nof conceptual toolsfor descnbmg dai:a data
relatlonshlps data sema.ntlcs and consistency constramts

3. Data -models deﬁne how data is connected toe ch o ermd how they
are processed and stored inside the system., :

’Iypes of data models

1. Entlty relatlonshlp model :

a. The entlty relationship: (ER) model consxsts of a collection of basic
objects, called entities a.ud of relatlonshlps among these entities.

b. Entities are represented by means of their properties, called

attributes.
Entity Relationship Entity

 Fig. 1.10.1. The ER model.
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9. Relational model :

a.  The relational model represents data and relationships among gy, :
by a collection of tables, each of which has a number ofcolum,;q
with unique names. '

b, Relational datamodel is used for data storage and processing,
c.  This model is simple and it has all the properties and capabilitieg
required to process data with storage efficiency.
3. Hierarchical model :
a.  Inhierarchical model data elements are linked as an inverted tree
structure (root at the top with branches formed below).

b. Below the single root data element are subordinate elements each
of which in turn has its own subordinate elements and so on, the
tree can grow to multiple levels. '

c. Data element has parent child relationship as in a tree.
4. Network model:
a. This model is the extension of hierarchical data model.

b. Inthis model there exist a parent child relationship but a child data
element can have more than one parent element or no parent at

all.
5. Object-oriented model:

a. Object-oriented models were introduced to overcome the
shortcomings of conventional models like relational, hierarchical
and network model.

b.  An objéct-oriented database is collection of objects whose behaviour,
state, and relationships are defined in accordance with object-
oriented concepts (such as objects, class, etc.).

Que 1.11. I Describe data schema and instances.

Answer l

1. The description of a database is called the database schema, which
specified during database design and is not expected to change
frequently.

9 Most of the data models have certain convention for displaying schem?
as diagram which is called as schema diagram.

3. A schema diagram displays only some aspects of a schema, such as the
names of record types and data items, and some types of constraints-

For example : Schema diagram for studentinfo database
Student (Name, Student_number, Class, Branch)

Course (Course_name, Course_number, Department)
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Instances :

1. The data in the database al a particular moment is called a database
state or snapshot. It is also called the current set of occurrences or

instances in the database.

2. In a database state, each schema construct has its own current set of
instances.

3. Many database states can be constructed to correspond to a particular
database schema. Every time we insert or delete a record or change the
value of a data item in a record, we change one state of the database into
another state.

PART-3

Data Independence and Database Language and
Interfaces, Data Definition Language, DML.

Que 1.12. , Describe data indepqndeﬁcé with its types.

Answer , e
Data independence : Data in'dependence isdefined as the capacity to change
the schema at one level of a database system without having to change the
schema at the next higher level. Y
Types of data independence :

1. Physical dataindependence:

a.

b.

d.

Physical data independence is the a_biliﬁy to modify internal schema
without changing the conceptual schema.

Modification at the physical level is occasionally necessary in order
to improve performance. !

It refers to the immunity of the conceptual schema to change in the
internal schema. |

Examples of physical data independence are reorganizations of
files, adding a new access path or modifying indexes, etc.

2. Logical data independence:

a.

Logical data independence is the ability to modify the conceptual
schema without having to change the external schemas or
application programs,

It refers to the immunity of the external model to changes in the
conceptual model.

. Examples of logical data independence are addition/removal of

entities.
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Que 1.13. ‘ Describe the classification of datnbase language, which

type of language is SQL. 7 on

Discuss the following terms (1) DDL Command (ii) DML commang,

Answer ‘
Classification of database languages @
1. Data Definition Language (DDL) ¢
4. DDL is set of SQL commands used to cr(,atc, modify and delete
database structures but not data.
b. They are used by the DBA toa hmlted extent a database designer,
or application developer.
c. Create, drop, alter, truncate are commonly used DDL command,

9. Data Manipulation Language (DML)

a. A DML is alangugge that enables users to access or manipulates
data as organized by the appropnate data model.

b. There are two types, of DMLS

i. Procedural DMLs It requlres a user to specify"What data
are needed and how to'get those data.

ii. Declaratwe DMLs (Non- procedural DMLs) It requires
a user to spec1fy ‘what data are needed w1 hout spec1fy1ng
to ge‘, those data. il

and to the database. | ;
b. Commlt rollback command ar
4. Data Query Language (DQL)

a. It is the component of SQL:: statement that allows getting data
from the database and imposing ordering upon it.

b. Itincludes select statement.
5. View Definition Language (VDL) :

1. VDL is used to specify user views and their mapping to conceptual
schema.

2. It defines the subset of records available to classes of users.

3. }t crizates virtual tables and the view appears to userslike conceptud
evel.

4. It specifies user interfaces.
SQL is a DML language.
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éwith their differences. AK'TU 2021-22, Marks 10
AKTU 2023-24, Marks 10

:Ancwer

;_Procedural and non-procedural DML : Refer Q. 1.13, Page 1-12A,
~ Unit-1.
- Difference:

S. No. Procedural DML ral I ;
1. It 1is command-driven |Itis aﬁiﬁct n-dff\lfen language.
language. ‘ ,/,’
2. It works through the state of It works through the
machine. Y ‘mathematlcal functions.
3. Its semantics are quite toug'h. Its semantics are very simple.
4. It returns only restricted data 1t can return any data type or
types and allowed values o | value. f
5. Overall efﬁc_lency is very,hlgh. Overall eff1c1ency, is 'low as
o, Womd compared to Procedural
s Language i, i

" Database languages Refer Q.
i Examples:
DDL:
CREATE, ALTER, DROP, TRUNCATE COMMENT GRANT, REVOKE
statement

DML :

INSERT, UPDATE, DELETE statement

DCL:

GRANT and REVOKE statement

DQL: ‘

SELECT statement

VDL:

create view empb as

select * from employee

where dno =5 ;

Creates view for dept 5 employees.
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2. create view empdept as

select fname, Iname, dno, dname
from employee, department
where dno=dnumber |

Creates view using two tables.

Que 1.16. I Explain DBMS interfaces. What are the various DBMS

interfaces 7

Answer I
DBMS interfaces : A database management system (DBMS) interface is
user interface which allows for the ability to input queries to a database

without using the query language itself.
Various DBMS interfaces are:
1. Menu-based interfaces for web clients or browsing :

a These interfaces present the user with lists of options (called menus)
that lead the user through the formulation of a request.

b. Pull-down menus are a very popular technique in Web-based user

interfaces. , 2
."}‘-:‘:: c. They arealso often usedm browsing interfaces, which allow a user
£ to look through the contents of a database in an exploratory and
unstructured manner::.;;-* ~ -
2 Forms-based interfaces : =

a A forms-based interface displays a form to each user.

b. Userscan ﬁll out all of the form entries 1;9_inseffi1ew data, or they
can fill out only certain entries, in which the DBMS will retrieve

: matching data for the remaining entries.

3. Graphical user interfaces (GUD : — s

-

z A GUI typically displays a schema to the user in diagrammatic

form. =

b, The user then can specify a query by manipulating the diagram. In :

many cases, GUIs utilize both menus and forms.

4 Natural language interfaces :

A natural language interface has its own schema, which is similar

to the database conceptual schema, as well as a dictionary of

important words.

b, The natural language interface refers to the words in its schema,
2= well as to the set of standard words in its dictionary to interpret
the request.

c. Ifthe interpretation is successful, the interface generates a high-

a

level query corresponding to the natural language request and

submits it to the DBMS for processing; otherwise, a dialogue 18
started with the user to clarify the request.
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b.

Speech input and output :
The speech input is detected using a library of predefined words

n. ‘. ‘.
and used to got up the parameters that are supplied to the queries.

b.  Foroutput, asimilar conversion from text or numbers into speech

takes place.

Interfaces for the DBA :

Most databage systems contain privileged commands that can be

used only by the DBA’s staff.

b. These include commands for creating accounts, sctting system
parameters, granting account authorization, changing a schema,
and reorganizing the storage structures of a database.

a.

PART-4

Overall Database Structure.

Que 1.17. | Briefly describe the overall ,,strilcture of DBMS.

= " OR.
‘Draw the overall structure of DBMS and explain its 'various

AKTU 2021-22, Marks 10

~ Answer Ity B o

A database system is partitioned into modules that-de‘éal with each of the

esponsibilities of the overall system. The functional components of a database

system can be broadly divided into two components :- 7

Storage Manager (SM) : A storage manager is a program module that

provides the interface between the low level datastored in the database

and the application programs and queries submitted to the system. The

SM components include : L e

a. Authorization and integrity manager : It tests for the
satisfaction of integrity constraints and checks the authority of
users to access data. e

b. Transaction manager : It ensures that the database remains in
a consistent state despite of system failures and that concurrent
transaction executions proceed without conflicting, |

c. File manager : It manages the allocation of space on disk storage
and the data structures are used to represent information stored
on disk.

d. Buffer manager : It is responsible for fetching data from disk
storage into main memory and deciding what data to cache in main
memory. The buffer manager is a critical part of the database
system, since it enables the database to handle data sizes that are
much larger than the size of main memory.
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Fig. 1.17.1. Overall daﬂtrabas;é'st:riliétiii"é.f' A\
2.  Query Processor (QP) : The Query Processor (Query Optimizer) s |
responsible for taking every statement sent to SQL Server and ﬁg_‘lfe
out how to get the requested data or perform the requested operation-
The QP components are :
. . the
a. DDLinterpreter:Itinterprets DDL statements and records
definition in data dictionary. \
. . ge
b. DML compiler: It translates DML statements in a query liﬂ%e |
into an evaluation plan consisting of low-level instructions ;1‘
query evaluation engine understands.




Database Management System 1-17 A (CS/I'T-Sem-5)
9 e §

e 2]

c. Query optimization : It picks the lowest cost, nvnlu.ltmn plan
from among the alternatives,

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

PART-5

Data Modeling using the Entity Relationship Model : ER Model Concepts,
e ‘Notation for ER Diagram, Mapping Constraints,

3
.3

3 Ague 1.18. | What is ER model ? What are the elements of ER model ?

= OR
What are the notations of ER diagram ?' ;

" 'Answer |

- Anentity relationship model (ER model) 1s a way of representing the entities
" and the re]atlonshlps between the entltles in order to create a database.

T,

Entity :

a. Anentityisa real World ob_}ect that can be eamly identifiable.
b. Anentity can be abstract j

c. An entlty 1s an obJect that exists and is dlstlngulshable from other
objects

Entlty set H ‘_i’\,y il
a. Entity set is a collection of similar type of entltles

b. An entlty set may contam ent1t1es w1th attrlbute sharing similar
values ‘ j -

i
g
i

Attribute : ‘
a. An attribute gives the charaéteris“f’ics of the entity.

b. Itisalso called as data element, data field, a field, adata item, or an
elementary item.

Relationship :

a. A relationship is the association between entities or entity
occurrence.

b.  Relationship is represented by diamond with straight lines
connecting the entities.

,Que 1.19. | What do you understand by attributes and domain ?

' Explain various typés of attributes used in conceptual data model.
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, Answer l /

Attributes: ’/
1. Aftributes are properties which are used to repregent the entitjeg f
. '
i 2.

All attributes have values. For example,

a student entity may haye /
name, class, and age as attributes. :

3. There exists a domain or range of values that can be assigned to attributeq
" 4 Forexample, a student’s name cannot be a numeric value, It hag ¢, be
alphabetic. A student’s age cannot be negative, etc, ’
Domain :
1. A domain is an attribute constraint which dét.ermines the type of dat,
values that are permitted for that attribute. ;
2.

Attribute domains can be very large, or very short.
Types of attributes used in conceptual data model :

1. Simple attribute : Simple attributes are atomic values, which canngt
be divided further. For example, as

tudent’s phone number is an atom;c
value of 10 digits.

Composite attribute : Composite attributes are made di‘f_mof'e than

one simple attribute. For example, a student's complet}; dgaine«ma}have
first_name and last_name. f ¥ wur

sl I, N 4‘}':’ 2 -
Derived attribute : Derived attributes are the attributesthat do not
exist in the physical database, but their values are derived from other
attributes present in the database. For example, average_salaryina

department should not be saved directly in the database, instead it can }:
be derived.

Single-value attribute : Single-value attributes contain single value.
For example, Social_Security_Number.

e

Multi-value attribute : Multi-value attributes may contain more than

one values. For example, a person can have more than one phone
number, email _address, etc,

Que 1.20, I What is ER diagram ? Explain different components of

an ER diagram with their notation, Also make an ER diagram for

employee project management system, [ AKTU 2020-21, Marks 10

OR
What is ER diagram ? Explain different components of an ER diagram
with employee project management system,

AKTU 2023:2%, Marks 10|
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e

ER diagram : An entity relationship diagram (ERD) is a graph based on the
R model. ER diagrams can be used to visually represent the structure of a

V. 3 . €

i\calue\a_‘é‘lht nbute

P
i

p
Key attribute

Composite attribute

Sl R T i
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ER diagram for employee project management aystem
»
g @ @ Works-in Department

Name .
Since

@——— Employee Managor

Gender

Prdjéct

Depend}7 ———{Dependent
of i, s
' ) (Genden) (Relationship

' Fig. 1.20.3.

Que 1.21. | What is purpose of the ER diaé’t"ém ? Coristruct an ER |

diagram for a University system which should include information |
about students, departments, professors, courses, which students |
are enrolled in which course, which pro_fessbrs are teaching which
courses, student grades, whithdbur‘sé‘a"‘department offers.

Answer
Purpose of the ER diagram :

1. ER diagram is used to represent the overall logical structure of the |

database. |
2. ER diagrams emphasis on the schema of the database and not on the
instances because the schema of the database is changed rarely.

3. It is useful to communicate the logical structure of database to end 1
users.
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4. It serves as a documentation tool.

5. It helps the database designer in understanding the information to be
contained in the database.

ER diagram :

Professor
name

Professors/— Department

enrolled in

Fig. 1.21.1. ER dlagram for Umversnty system

Que 1.22, I Draw an ER diagram for a small marketing compnny
database, assummg your own data requu‘ements.
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Answer ]

Payee name

Products purchased

Store No.

Efp-irj date

Product
Address C
#
b Store
Store name .

Shipping

1D

Employee }

i Employee

" items

“Nimbet of!

@ No. of items
Order
Promotion

Product
name

Fig.1.22.1.

Que 1.23. ‘ Describe mapping constraints with its types.

Answer ‘

1. Mapping constraints act as a rule followed by contents of database-

2. Data in the database must follow the constraints.
Types of mapping constraints are ;
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1. Mapping cardinalities :
a. Mapping cardinalities (or cardinality ratios) specifies the number of

entities of which another entity can be associated via a relationship
set.

b. Mapping cardinalities are used in describing binary relationship
sets, although they contribute to the description of relationship
sets that involve more than two entity sets.

c. For binary relationship set R between entity sets A and B, the
mapping cardinality must be one of the followmg

i. One to one : An entity in A is assocxated Wlth at most one
entity in B and an entity in B is assoaatedwmth at most one
entity in A. e U .

A B

1
B
()

ay

SHEE

Fig. 1.23.1.

ii. Onetomany : An entity in A is associated with any number
of entities in B. An entlty in B, however, can be associated with
at most one entity in A.

A B
bl
e
as \ b4
bs
Fig.1.23.2.

iii. Many to one : An entity in A is associated with at most one
entity in B, and an entity in B, however, can be assoc:ated with
any number of entities in A.
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A B3

il|
Ay I)‘
(ool
| a, | by
a5
Fig. 1.23.3.

iv. Many to many : An entity in A is associated with any numbey

of entities in B, and an entity in B is assocmted w1th any number
of entities in A. &

A B

Fig. 1.23.4.

2. Parﬁéipaﬁon constraints : It tells the participatioii of entity sets.
There are two types of participations :

1
ii.

Partial participation
Total participation

Que 1.24. | Describe the three-schema architecture. Why do we need

mappings between schema levels ? How do different schema
definition languages support this architecture ?

AKTU 2022-23, Marks 10

Answer

Three-schema architecture : The three-schema architecture is a widely

used framework for database design and management that consists of three
levels of schema :

1.

External schema : The external schema is the level of schema that is

closest to the end user or application. It defines how the datais presented
to users or applications and how it is accessed.

Conceptual schema : The conceptual schema is an abstract

representation of the entire database, and defines the relationships

R
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between different data elements. It provides a high-level view of the
database and serves as an intermediate layer between the external
schema and the internal schema.

3. Internal schema : The internal schema is the level of schema that is
closest to the physical representation of the data on disk. It defines how
the data is stored and accessed by the databaseenanagement system.

External view External view
user 1 user 2

L Users view External conceptual mapping
. (How user is viewing the data) '
‘ Conceptual level | Conceptual schema | (What data stored)

_1

Physical sci'l:erma (How data is stored &
i .Where it is stored)

&oee

Fig. 1.24.1.

"N eed formappmg The need for mappings between schema levels arises
7 "cause the different levels of schema are designed for different purposes
an 1d are optimized for different tasks. The mappings between schema levels

allow data to be translated between these different levels.
’_ hema definition languages Dlﬁ'erent schema definition languages

.~ SQL: It supports the three-schema archltecture by providing commands
. for defining tables, views, and other database objects at the external
.'_;g schema level, and for defining database structures and constraints at
- the conceptual and internal schema levels.

framework for defining data structures and hierarchies at the conceptual
schema level, and for mapping these structures to external and internal
- schema levels.

;; - UML : It supports the three-schema architecture by providing a set of
. diagrams and tools for defining the structure and behavior of a database

% at the conceptual schema level, and for mapping this structure to external
~ and internal schema levels.
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PART-6

Keys, Concept of Super Key, Candidate Key,
Primary Key, Generalization, Aggmgation.

Discuss the candidate key, primary key, super key,

composite key and alternate key.
xplain the primary key, super key, foreign key and candidate key
vith example. : = W 4
q OR =1

efine key. Explain various types of keys. <

nswer |

Key is a attribute or set of attributes that is used to identify data in
entity sets.

_ Key is defined for unique identification of rows in table.

onsider the following example of an Employee table :

Employee (EmployeelD, FullName, SSN, DeptID)

Various types of keys are :

Primary key :

a. Primary key uniquely identifies each record in a table and must
never, be the same fc- records. Here in Employee table we can
choose either EmploveelD or SS™N columns as a primary key.

b. Primary keyis aca..didute key thitis used for unique identification
of entities within thi= tab.e.

¢. Primary key cannot be null.
d. Any table has a unique primary key.
2. Superkey:

a. A super key for an entity is a set of ~ne or more attribute whose
combined value uniquely identifies t1e entity in the entity set.

b. For example: Here in employee table ( ZmployeelD, FullName) or
(EmployeelD, FullName, DeptID) is a super key.

3. Candidate key:

a. A candidate key is a column, or set of column, in the table that can

uniquely identify any database record without referring to any
other data.
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b.  Candidate key are individual columns in a table that qualifies for
uniqueness of all the rows. Here in Employece table EmployeelD
and SSN are candidate keys.

¢.  Minimal super keys are called candidate keys.

4. Composite key :

a. A composite key is a combination of two or more columns in a
table that can be used to uniquely identify each row in the table.

b. Itisused when we cannot identify a record using single attributes.

¢. Aprimary key that is made by the comblnatlon of more than one
attribute is known as a composite key. : , Il

5. Alternate key :

a. The alternate key of any table are those candldate keys which are
not currently selected as the prlmary key e

b. Exactly one of those candidate keys is chosen as the primary key
and the remainders, if any arelthen called alternate keys.

c. An alternate key is a functlon of all candldate keys minus the
primary key. T

d. Here in Employee table if EmployeeID is primary key then SSN
would be the alternate__key e

- 6. Foreign key: =
a. Foreign key represents the relatlonshlp between tables and
__ensures the referentlal integrity rule. e

b. A forelgn key is derived from the prunary key of the same or some
other table. gt RS

c. Foreign key is the combination of one or more columns in a table
(parent table) at references a pnmary key in another table (child
table). =

d A forelgn key value can bef'left null

, -rPrOJect (Pro_]ectName TimeDuration, EmployeeID)

a. Here, the ‘EmployeelD’ in the ‘Project’ table points to the
EmployeeID in ‘Employee’ table

b.  The ‘EmployeelD’ in the ‘Employee’ table is the primary key.
c. The‘EmployeelD’ in the ‘Project’ table is a foreign key.

i _ue 1.26. | Explain generalization, specialization and aggregation.

OR
Compare generalization, specialization and aggregation with
_sultable examples.
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| OR -
xplain the following with example : =
‘i, Generalization
ii. Specialization i
iii. Aggregation AKXTU 2020-‘21}-Ma’t@ %

oA ~ Generalization is a process in which two lower level entities combing
to form higher level entity.

b. Itisbottom-up approach.

c. Generalization is used to emphasize the similarities among lower leyg]
entity sets and to hide the differences.

For example :

—>
Generalization

I Saving I l Currentl
Fig. 1.26.1.

Specialization : 8

a. Specialization is a process of breaking higher level entity into lower . |
level entity.

b. It istop-down approach.

c. Itisopposite to generalization.

For example :

Person

e
Specialization

Employee| | Customer

Fig. 1.26.2.

Aggregation :

a. Aggx.'e gation is an abstraction through which relationships are treated
as higher level entities.

For example :

1. The _re]ationship works_on (relating the entity sets employee, pranch
and job) act as a higher-level entity set.
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2, We can then create a binary relationship ‘Manages’, between works on
~ and manager to represent who manages what tasks.

——
S R

TR,

Employee

=5

e
|
\\‘

' Branch

=4

Manages

Manager

1’:‘%.
A

by
o il

 Fig. 1.26.3. ER diagram with aggregatmn

/‘J
@
/i

Generalization

. s’p‘ec‘iauzaﬁox‘i e

| Aggregation

In generalization,
the common

attributes of two or
more lower-level,
entities combmesv
to form a, new

lngher-]eve] entlty """" i

In spec1ahzat10n an
entxty of higher-level
,entlty is broken down
mto two or more
entltles oflower level.

Aggregation is an
abstraction through
which relationships
are treated as higher
level entiﬁiéﬁ; -

.

Specializationisa top- |

down approach.

It allows us to
mdlcate that a

relationship set

participates in
another relationship
set.

It helps in reducing

It increases the size

It also increases the

the schema size. |of schema// size of schema.
Itisapplied togroup | It can be applied to a | Itis applied to group
of entities. single entity. of relationships.

I

b

PART-7

eductzon of an ER Duzgram to Tables, Extended ER Model
L Relatwnsth of H zgher Degree
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Que 1.27. l Explain the reduction of

on
ER model into table ?

I schema to tnbles.

" How to reduce an

. Answer I

In ER model, database are rej

diagrams, and these notations €
In the database, every entity setorre
in tabular form.

onsider following ER diagram :

yresented using the different notationg o,
an be reduced to a collection of tableg,
lationship set can be represente

Subject_Name )

Course_ID
Course_Name
Leé:turer D

Course_ID

Lecturer

Student_Name
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~ Rasic rules for converting the ER diagrams into tables are :
1. Convert all the entities in the diagram to tables :

a. All the entities represented in the rectangular box in the ER diagram
become independent tables in the database.

- b. Inthe ER diagram, Student, Course, Lecturer and Subjects forms
individual tables.

AR T o o N TR
| i e B ’ .

‘2 All single-valued attribute becomes a column for the table :

a.  All the attributes, whose value at any instance of time is unique,
are considered as columns of that table.

b. In the Student entity, Student_Name and Student_ID form the
column of Student table. Similarly, Course_Name and Course_ID
form the column of Course table and so on.

3 Akey attribute of the entity is the primary key :

a.  All the attributes represented in the oval shape and underlined in
the ER diagram are conmdered as key attribute which act as a
primary key of table =

b. Inthegiven ER dxagram Student _ID, Course_ID, Subject 1D, and
Lecture_ID are the key attrlbute of the Student, Course Subjects
and Lecturer entlty .

The multlvalned attn'bute is represented ara
: 'siudent table a hobby is a multiv ued attnbute

3
.

Soitis not possible to represent multiple valuesi ina single column
~of Student table. Hence we create a table Stud_Hobby with column

i tgihe column, we create a

e
e, P
e U

*_name Student_ID and Hobby Usin
composite key. :

Composue attributes are me ed into same table as different

"2 Inthe given ER diagram, student addressis a composite attribute.
j It contains City, Pin, Door_No, Street, and State.

b. In the Student table, these attributes can merge as an individual
column.

Derived attributes are not considered in the table :
a.  Inthe Student table, Age is the derived attribute.

‘b. It can be calculated at any point of time by calculating the difference

between current date and Date of Birth (DoB).



1-32 A (CS/IT-Sem-5) Introduction,

" Table structure for given ER dingram is !

¥

e,

Student Lecturer Subject
[ ——
Student_ID Lecturer_ID Subject_1D
-
RrutehisName Lecturer_Name Subject_Name
DoB
) Lectu
Door_No Course_ID rer_ID
Street T
City
State Course
Pin Course_ID
| Course_Name
Course_ID

Que 1.28. | Discuss extended ER (EER) model.

Stud_Hobbey | A

> Student_ID
Hobby .../

Answer I il
1.

e
,"L F

The ER model that 1s supported with the addi_‘tit_’)"‘xj‘l"‘/él semantlc concepts
is called the extended entity relationship model or EER model.

The EER model includes all the concepts of the original ER model
together with the following additional concepts 4

a. Specialization : Refer Q. 1.26, Page 1-27A, Unit-1.

b. Generalization : Refer Q. 1.26, Page 1-27A, Unit-1.

c. Aggregation : Refer Q.’W'l'(ﬂ.'“26, Pqéé 1-27A, Unit-1.

The super class/subclass entity E'ypé'é' (or super type /subtype entities)

is one of the most important modelling constructs that is included in
the EER model.

This feature enat_Jle:s us to model a general entity and then subdivide it
into several specialized entity types (subclasses or subtypes).

EER diagrams are used to capture business rules such as constraints

in the super ty pe/ sybt'ype relations. Thus, a super class is an entity
type that includes distinct subclasses that require to be represented in
adata model.

A subclass is an entity type that h i ae . ‘
asadi ber
of a super class. stinct role and is also a mem
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Shared attributes

Superclass

Subclass Subclass = =

Unique attributes ( Unique attributes

Fig. 1.28.1. Basic notation of the superclass/subclass relationship.

Que129 What is Unified Modeling Language ? Explain different

b5 i 11

types of‘UML.

: : Umﬁed Mgdeiihg Language (UML) is a standardized modeling language

étffiabling developers to specify, visualize, construct and document artifacts
f)fa software system.

2, UMrf;‘makesit}i'es'é artifacts scalable, secure and robust in execution.

3. UML is an important aspect.involved in object-oriented software
development. —

4. It uses graphic notation to create;x(i:gual models of software systems.

Types of UML :
1.  Activity diagram :

i a. Itis generally used to describe the flow of different activities and
actions.

) b. These can be both sequential and in parallel.

i ¢. Theydescribe the objects used, consumed or produced by an activity

g and the relationship between the different activities,
2 Usecase diagram :

/ a. Case diagrams are used to analyze the system’s high-level
i requirements.
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b These requirements are ex yroaacd through different use epg
| Ay

Interaction overview dingram @
n. The interaction overview dingram is an nclivity dingram made of
. ~ . . 3 ,
different interaction dingrams.
Timing diagram :
a.  Timing UML dingrams are used to represent the relations of objecy,
when the center of attention rests on time.

b.  Eachindividual participant is represented through alifeline, whie,
is essentinlly a line forming steps since the individual participang
transits from one stage to another.
¢, The main components of a timing UML diagram are;
i. Lifeline ii. State timeline” -
iii. Duration constraint iv. Time constraint
v. Destruction occurrence '
Sequence UML diagram :

a. Sequence diagrams describe the sequence of messages and
interactions that happen between actors and objects. =

b. Actors or objects can be active 'only when needed or when another
object wants to communicate with them. e Rs

e

c. All communication is represented in a chronologic manner
6 Class diagram: @ @Ff 4
a. Class diagrams contain classes, alongside IWlth héif attributes (also

reforred to as data fields) and their behaviours(also referred toas |
member functions). . " i, |
b. More specifically, each class has three fields . the class name at the |
top, the class attributes right below the name, the class operations/ |
behaviours at the bottom. N |
c. The relation between different classes (represented by a connecting
line), makes up a class diagram. '

Que 1.30. I A database is being constructed to keep track of the

teams and games of a sport league. A team has a number of players,
not all of whom participate in each game. It is desired to keep track
of players participating in each game for each team, the positions
they play in that game and the result of the game.

i. Design an E-R schema diagram for this application.
ii. Map the E-R diagram into relational model.

AKTU 202223, Marks 10]
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The following design may be used for a baseball league. Here, we assumed
that each game in the schedule is identified by a unique Game#, anfl a
game is also identified uniquely by the combination of date, starting
time, and field where it is played.

The performance attribute of PARTICIPATE is used to store information
on the individual performance of each player in a game.

- This attribute can be designed to keep the 1nformat10n needed for
statistics, and may be quite complex. :

One possible design for the performance attnbute may be the fol]owmg

Performance( {Hitting(AtBat#, Inning#, HltType Juns RunsBattedIn
StolenBases)}, {Pitching(Inning#, Hits, Runs, EarnedRuns, StrikeOuts,

alks, Outs, Balls, WildPitches)}, {Defense(Inmng# {Fieldngecord(Pomtlon
Outs Assists, Errors)})} )

~ Here, performance isa composﬂ;e attnbute made up of three multivalued
"components Hitting, Pltchmg, and Defense.

- 1 Hitting has a value for each AtBat of a player, and e ords the
. HitType (suitable coded for example, 1 for single, 2 fo double 3 for
triple, 4 for home run, 0 for walk, — 1 for strikeout, ]

nformation concerning the AtBat X

We canuhave a less detailed or a more det led de81gn for the performance

of a player in each game, depe dmg on.how much information we need
to keep in the database. N

itable variations of the ER diaéi':éi%éhown in Fig. 1.30.1 can be used
other sports.
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TeamSize

£~ w2 )
~ : 5
= ; >,
~=
% ;
Fig. 1.30.1.

Relational model : Relational model for the sport league E.R diagram.
PLAYER (PId, PName, PAddress, PDOB, PType, TeamId)
PLAYS_FOR (PId, Teamld, StartDate, End Date)




atabase Management System 1-37 A (CS/IT-Sem-5)

GAME (GamelD, Date, Time, Field, Home TeamID, AWAY TeamlId)
icipates (PId, Gameld, Performance)

HOMETEAM (Gameld, TeamlId, Inningld, FinalScore)

WAY_TEAM (Gameld, TeamId, Inningld, FinalScore)

aningScore (Inningld, Runs, Hits, Errors)

T (Teamld, Tname, TeamSize)

.....

g S £ 3 =

ing questions are very important. These

What is data abstracti%n ?Explm
abstraction.
Refer Q. 1.5.

Explain the differénce etween database management
system (DBMS) and file system.
Refer Q. 1.7. ¢

ta

2 b e of DEMS.

e Refer Q. 1.8,

Discuss thearc

on ogdatabase language. Which

Refer Q. 1.13.

Briefly describe the overall structure of DBMS.,
Refer Q. 1.17.

Discuss the candidate key, primary key, super key,
composite key and alternate key.
Refer Q. 1.25.

Explain generalization, specialization and aggregation.

Refer Q. 1.26.
D)
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Relntional Datn Mode)

e — e ——

PART- |

Relational Data Model Concept, Integrity Conatraints,
Entity Integrity, Referential Integrity, Keys

Constraints, Domain Constraints,

:

Que 2.1.

B |

A relational model is a collection of conce
data relationships, data semantics

1.

2.
3.

4.
For example :

What is relational model ? Explain with example,

ptual tools for describing data,
and consistency constraints.

It is the primary data model for commercial data processing applications.

The relational model uses collection of tables to represent both data and
the relationships among those data.

Each table has multiple columns and each column has a unique name.

L The tables represent a simple re]atidnal database.

2,

The Table 2.1.1 shows"_ details of bank customers, Table 2.1.2 shows
accounts and Table 2.1.3 shows which accounts belong to which customer.

" Table 2.1.1 : Customer table

~cust.id | 'c_name c_city
- { C_.101 Ajay Delhi
1+ C_102 Amit . Mumbai
. .C.103 Alok | |/ Kolkata
1 C_104 /'Akash | Chennai
Table 2.1 2 : Account table
_acc.no. |  balance
A-l 1000
A-2 2000
A-3 3000
A-4 4000
Table 2.1.3 : Depositor table
: cuSt,id-;f I acc.no,
C_101 A-1
C_102 A-2
C_103 A-3
C_104 A-4
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e Mnnnm\mnnl. System

o customer identified by

3. m o
) ) ]c T « i

cust i‘(‘ih(]*p 2']'?‘ i.0., customer table, ahowsa th
-1d C_101 is named Ajay and lives in Delhi.

4. T
1e Table 2.1.2, i.c., accounts, shows tha

X 1000.
5. Th :
A-]e 'Il;:lh]c 2.1.8, i.c., depositor table, shows tl
e ongs to the cust whose cust_id is C_
cc_no) A-2 belongs to the cust whose cust_ic

{, nccoun

yat account num ber (acc_no)
101 and account number
1is C_102 and likewise,

u .
Que2.2. l Explain constraints and its types-

Answer I
1. A constraintisarule thatis used for op

9 Constraints enforce limits to the dataor type
updated/deleted from a table.

3. The whole purpose of constraints is to maintai
an update/delete/insert into a table.

Types of constraints :
1. NOTNULL:
i NOT NULL constraint
NULL value. ) iz
o for a particular column while inserting

ii Whenwedonot provide valu ]
a record into a table, it takes NULL value by default.

i By.specifying NULL constraint, we make:sh;fe that a Jparticular

timization purposes.
of data that can be inserted/

n the data integrity during

makes sure that a column does not hold

L
_“column cannot have NULL values.
2 TUNIQUE: |
i -~ UNIQUE constraint enforces 2 column or sgf of columns to have
. unique values. V A " |
5 Ifacolumnhasaunique constraint, it means that particular column 1
cannot have duplicate valuesin a table.
3. DEFAULT: -
i 'The DEFAULT constraint provides a default valueto a column when
there is no value provided while inserting a record into a table.
4. CHECK:
;  This constraint s used for specifying range of values for a particular
column of 2 table.
ii When this constraint i8 being set on a column, it ensures th 1
specified column must have the value falling in the specified rang®

5. Key constraints :
;. Primarykey:
2. Primaryke

y uniquely identifies each recordin a table.

{ A-1 has a balance of

atthe |

/
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b. It must have unique values and cannot contain null.
ii. Foreign key :

a. Foreign keys are the columns of a table that points to the
primary key of another table.

b. They act as a cross-reference between tables.
6. Domain constraints :

i.  Each table has certain set of columns and each column allows a
same type of data, based on its data type.

ii. ~The column does not accept values of any otherdata type.

" Integnty constraints provide a way of ensunng t at changes made to
the database by authorized users do not 'result in a loss of data
consistency. :

2. Aform of integrity constraint‘withER-xﬁode]s is:

a. keydeclarations: certam attributes form a candidate key for the
entity set. Pren

b. formofa:z clationship : mapping cardinalities one-one one-many
and many-many. .

3. An mtegrxty constrmnt can be any arbxtrary predxcate apphed to the

database

tegnty constramts are used to ensure aocuracy and consistency of

data ina relatlonal database. .

&

Explmn the follow1ng constrmnts 2

i. Entxty mtegnty constraxnt\ =
ii. Referential integrity constramt 5
iiii. Domain constraint

ot

i Entxty integrity constraint :
a. This rule states that no attribute of primary key will contain a null
value.
b. If a relation has a null value in the primary key attribute, then
uniqueness property of the primary key cannot be maintained.

Example : In the Table 2.4.1 SID is primary key and primary key cannot be
null,
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Table 2.4.1 e
I | Name | Closs (semeater) [ Ay
8001 Ankit " 19
8002 | Srishti gm 15
8003 Somvir 4™ 22
Sourabh g™ 19

Referential integrity constraint :

i

"ty

a.  This rule states that if a foreign key in Table 2.4,

2 refe

I8 to the

primary key of Table 2.4.3, then every value of f\lfié”gforeign key ip, .
Table 2.4.2 must be null or be available in Table 2.4.3.
o W

/i
U

Table 2.4.2.

ENO| NAME | Age
1 Ankit 19 p
2 | Srishti 18 | 11 ot
3 | Somvir | 22 |14 4 ot Allowed, as DNO 14 isnot i
' defined as a primary key of Table 2/4.3
9 _ (9 e ,
2 Sourabh. 1 and in Table 2.4.2, DNQ is'a foreign
/ key defined f i
Reléﬁfionsﬂhip ) i
9 i’ Table 24.3. |~ /°
DNQ | D.Location i
10 | Rohtak™ ’
11 Bhiwani
12 | Hansi *
Primary Key
iii. Domain constraints :

a. Domain constraints specify that what set of va]ue§ an attribute ;0;1; |
take, value of each attribute X must be an atomic value from

domain of X.

L B L N
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b, Thedata type nesocintod with domnins includos integor, character,

string, date, time, currency ete, An attribute value must bo available
in the corresponding domain,

3 i e BT,

Exnmplo:

E‘A SID Name Clnss (semostor) Ago
8001 Ankit " 19
8002 Srishti 10t 18
8003 Somvir gth il 22
8004 Sourabh Gth

PART-2 |
_ Relational Algebra.

=
5N )
il rZ:f‘,,_

“ AP g
What is relational algebra ? Discuss its basic /b/pe ations.

What is relational

ional algebra with :éiample.

dural query language
3 [ &«

It'consists of a set of operations thatﬁmt‘ake o_qg_”gr two relations as input

and produces a new relation

L Select operation :

& The select operation selects tuples that satisfies a given predicate.
Select operation is denoted by sigma (o).

The predicate appears as a subscript to o.

- The argument relation is in parenthesis after the o.
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Ekmhple :
a. Relation: Employees:

D | Name | Age
1| Alice | 30
2 Bob 25 IT
3 Carol 28 HR

b. Query : c_Age > 27 (Employees)
c. Result:

3 Carol

2. Project operation :

a. The project operation is
argument relation with certain:

3. Set difference operation:

a.  The setdifference operation denote
that are in one relation but are not in another.

b. The expression r—s produces a relation containin|
r but not in s.
Example :
a. Query:A-B
b. Result:

rows are eliminated.

d by (-) allows us to find

g those tuples ',

" —

=

——
o

s

, "_::

e

-

X

Y

tuples ‘?'

3k g

3

o
3

HEFEEE:
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4. Cartesinan product operation
a.  The eartesinn product operation, denoted by a cross (x), allows us
to combine information from any two relations. The cartesian

product of relations r, and ryis writlenas ry x r,

Example :

a. Relation A:
ID Name =~
1 Alice
2 Bob a3
b. RelationB:
DoptID | Departmont |
101 HR |
102 i, IT in ™
c. Query:AxB Skl
d. Result: ‘
. ID | Name | DeptID |Department
1 |, Alice 101 HR
1 4 Alice-| 102 IT
| “2.| Bob | 101 HR
s (D2 1] Bob | 102 IT

‘2. The rename operator is denoted by rho (p).
b. .. Given a relational algebra expression E,
o N E)
& i p,(
returns the result of expression E under the name x.
c. The rename operation can be used to rename a relation r to get
the same relation under a new name.

5. [Renamé"'t)peration:
vy /
a.
!

d. Therename operation can be used to obtain a new relation with
new names given to the original attributes of original relation as
PzAl, 242, ......, xAnE)
- Example:
a. Query : p(EmployeeID, Name)
(Employees)
b. Result:
- EmployeelD | Name Age | Department
1 Alice 30 HR
2 Bob 25 T
2 Carol 28 HR




'I‘he addmonal operations of relational algebra are :

1.

4.

Set intersection operation @
a4 Setintersection is denoted by M, and returns a relation that containg
tuples that are in both of its argument relations. The set intersectiop,
operationis written as:
rons=r—(-s)
Natural join operation :

a. The natural join is a binary operation that allows us to combine
certain selections and a cartesian product mto one operation. It ig

denoted by the join symbol <. - =
b. The natural join operation forms a cartesmn product of its twog
arguments, performs a selectlon forcmg equality on those attributes
that appear in both relatlon schemas and finally removes duphcate
attributes. == o
Division operatlon = = s
In division operatlon dnns_ on operator is denoted by the symbol E( ).
The relationr +sisa relatlon on schema R —S. A tupletisinr=s if and
only 1f both of two condmons hold :
a.  tisin HR_S (r_.
b. For everytuplet_ ins, thereisa tuple ¢ in r satisfying both of the
following : 4
R [S] = t [S]
i. t[R-Sl=t s
The division operation can be wrltten m terms of fundamental operation
as follows : =t
PLAE R_s(")—HR—S((nR—S(r) xs) —Tg g s
Assignment operatlon : The a551gnment operation, denoted by «,
works like assignment in a programming language.

Que 2.7. Give the following queries in the relational algebra

using the relational schema :
student(id, name)
enrolled(id, code)
subject(code, lecturer)

i.
ii.

What are the names of students enrolled in ¢s3020 ?
Which subjects is Hector taking ?
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iii. Who teaches ¢s1500 7

iv. Who teaches ¢s1500 or ¢s3020 ?
v. Who teaches at least two different subjects ?
What are the names of students in ¢s1500 or ¢s307 7

Vi,
vii. What are the names of students in both e¢s1500 and ¢s1200 7

Answer I
T ame' Seode = cegozolstudent>< enrolledin))
(studentP< enrolledin))

1.
n. ncode(onamo = Hector

iv. nlecturer(c de = ¢s1500 v — code = chOJO(SUbjeCt))
For this query we have to relate subject to itself. To disambiguate the
relation, we will call the subject relation R and S.

nlecturer(cR lecture = S.lecturer A R.code< >S. code(l?D<l S))

Vi, T me(Ccode = cs1500(Student > enro]ledm)) U (nname(ocode _ cs307(Student

><1 enrolledin))) oy
(o code = c51500(Student>§] enrouedln)) a nname(ccode =

(studentl><] enrolledm))

vi. 7[name
¢s1200

' Whlch relatlonal algebra operations requlre the
Give the reason in

part1c1pating tables to be unlon -compatible ?
AKTU 2021-22, Marks 10

1. 'The basw relatlonal algebraic operatmns are the four set operations :
UNION, IN TERSECTION SET DIFFEREN CE and CARTESIAN

PRODUCT
2. Three of these operatlons UNION INTERSECTION and SET

DIFFERENCE require that the tables (relations) involved be union

compatible. :
Two relations are said to be union compatlble if the following conditions

are satisfied :
The two relations/tables must contain the same number of columns

(have the same degree).

Each column of the first relation/table must be either the same
data type as the corresponding column of the second relation/table
or convertible to the same data type as corresponding column of

L

the second.



characteristics. Explain tuple and domain calculus. i

OR
What is tuple relational calculus and domain relational calculus?

Answer I
1 Relational calculus is a non-procedural query language.

Relational calculus is a query system where queries are expressed as
formulas consisting of a number of variables and an expression involving
these variables. ’

3. In a relational calculus, there is no description of how to evaluate 2
query.

Important characteristics of relational calculus :

1. The relational calculus is used to measure the selective power of ;

relational languages.

2. Relational calculus is based on predicate calculus. 1
3. In relational calculus, user is not concerned with the Procedure to ‘

obtain the results.

i
} / 1
Database Management System 2-11 A ( CS/I’I'.ge i 1,
N g
R Stu_Name Reg_No %\ /¢ '3
‘Reg_No _ o — U_Namg i
101 Amit 0 Debasig 7 £
102 Aparajita 106 Divg |
| N —\\ "lv “,
103 Ashish 107 Harsh 4,
e | "y
1 ‘\ ' ¥ A
104 Bhoomika 108 Rahul {
— == | ‘—-\ I-) L
105 Debasis Table (b) : LIBRARY (L, ¥
. —_— ] ¥,
106 Divy) f
Table (a) : CLASS (C) [
Table : Relation C and L A
4. Now consider the two relations CLASS and LIBRARY. 'y
5. The class and library contains the entire list of Reg_No and Stu_Name [, ¢
6. For simplicity we will call the class relation as C and the library relatiop f f'
as L. ;‘,
7. The two relations, as we can See, are union compatible. y
&
w
PART-3 B
BT
Relational Calculus, Tuple and Domain Calculus. e ﬂ; |
,.s-fl"' ’”
Que 2.9. l What is relational calculus ? Describe its important %ﬁ’
42
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In relational calculus, output is available without knowing the method
about its retrleval

The TRC is a non-procedural query language.

It describes the desired information without giving a specific procedure
for obtaining that information.

A query in TRC is expressed as :
{t | P@)

That is, it is the set of all tuples ¢ such that predicate P is true for ¢. The
notation t[A] is used to denote the value of tuple t on attr1bute A and
t € ris used to denote that tuple ¢isin relationr. '

A tuple variable is said to be a free vanable'ﬂ' less 1t is quantified by
ajor V. £ 5
Formulae are built using the atoms?énd_ the following rules :
a. An atom is a formula.
b. If P,is aformula, then sc are - P and (P)).

c. IfP, and P, are formulae then so are P, v P,, P, A P, and
P, =>P ‘ o r

d. If P(s) is aformula conta.lmng a free tuple varlable s, and}.'r is a
relatmn then Iser (P(s)and v ser (Pl(s)) are also formulae

1/ %2
formula compose of atoms

An atom in DRC has one of

A, <Xy, Xgy eeernnns ,X,> €T, where7is a relation on » attributes and Xy
Xigy 1eeneen , X, are domam variables or domain constant.

followmg forms :

b. x 0y, where x and y are domain variable and 6 is a comparison
operator (<, <; =, #, >, 2). The attributes x and y must have the

domain that can be compared.

c. x0c,where x is a domain variable, 0 is a comparison operator and
¢ is a constant in the domain of the attribute for which x is a

domain variable.
Following are the rules to build up the formula: .
a. An atomis a formula.
b. IfP,is aformulathen so is —P,.
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¢. If P, and P, are formula, then so are Py v Py, Py A Py ang !

P] = P‘Z‘ l

d If P (x) is a formula in x, where x is a domain variable, then
Jx (Pi(x) and x v (P,(x)) are also formulac.

PART-4 ‘
Introduction on SQL : Characteristics of SQL, Advantage of SQL.

—

Que 2.10. I Write short note on SQL. Explain various characteristjcg
of SQL.

~-

N W R

o
S

N N

Answer I ¢
1. SQL stands for Structured Query Language. ;55
2. It is a non-procedural language that can be used for retrieval and |l

management of data stored in relational database. e

3. It can be used for defining the structure of data, modifying data in the ;‘Jlt
database and specifying the security constraints.

4. The two major categories of SQL commands are :

a. Data Definition Language (DDL) : DDL provides commands
that can be used to create, modify and delete database objects. Ikt

b. Data Manipulation Language (DML) : DML provides commands é
that can be used to access and manipulate the data, that is, to g
retrieve, insert, delete and update data in a database. 1
Characteristics of SQL : : li'
1. SQL usage is extremely flexible. : ‘
2. It uses a free form syntax that gives the user the ability to structure

SQL statements in a way best suited to them.

3. Each SQL request is parsed by the RDBMS before execution, to check - li“a
for proper syntax and to optimize the request. 1%

statements in a particular column or be finished in a single line. The
same SQL request can be written in a variety of ways.

Que 2.11. | What are the advantages and disadvantages of sQL? |

Answer I
Advantages of SQL ;

1. Faster query processing : Large amount of data is retrieve
and efficiently. Operations like insertion, deletion, manipulatio
is done in almost no time,

4. Unlike certain programming languages, there is no need to start SQL \
\

nofdat? - .
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. 2 No coding skills : F(?r data retrieval, large number of lines of code is
o not required. All basic keywords such as SELECT, INSERT INTO,
UPDATI';, etc are uged and also the syntactical rules are not complex in

SQL, which makes it a user-friendly language.
3 Standardised language: Due to documentation it provides a uniform

4 platform worldwide to all its users.

4. Portable:Itcan be used in programs in PCs, server, laptops independent
of any platform (Operating System, etc). Also, it can be embedded with

& other applications as per need/requirement/use.
- 5. Interactive language Easy to learn and understand answers to

complex queries can be received in seconds. .., |

: } Disadvantages of SQL :

Complex interface : SQL has a difficult mterface that makes few
users uncomfortable while dealing with the database.

Cost : Some versions are costly and hence, progr:immers cannot access
it. ;

Partial control : Due to hidden business rules, complete control is not
given to the database.

PART-5

SQL Data Type and Literals, Types of SQL Commands
SQL Operators and their Procedure.

char (n) : A fixed length character strmg with user specified maximum

length n. =
varchar (n) : A variable length character string with user specified

maximum length n.
int : An integer which is a finite subset of the integers that is machine

dependent.
small int : A small integer is machine independent subset of integer

domain type.
numeric (p,
consists of p digits and d of t
point.
real or double precision : Floating point and double precision floating
point numbers with machine dependent precision.

d) : A fixed point number with user defined precision. It
he p digits are to the right of the decimal
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7. float (n): A floating point number with precision of at Inn.ﬂ n d'uitn '}
& date: A calendar date containing a year (four digit), month (twq digity
and day (two digit) of the month.

9. time: The time of the day in hours, minutes and seconds. f
Que 2.13. I What are the types of literal used in SQL ? ;

: /

Answer l f

The four kinds of literal values supported in SQL are :
1. Character string :

a.  Character strings are writtenasa sequence of characters enclosed
in single quotes. : -

TR e

b. The single quote characteris represented w1t.hm acharacter string
by two single quotes. For example, ‘Computer Engg’, ‘Structured
Query Language’
2. Bit string:

a  Abitstring is written either as a seq rﬁ
single quotes and preceded by the letter ‘B’ or as a sequence of §
hexadecimal d.1g1ts enclosed in single quotes and preceded by the |
letter X. i

a  These hterals are written as a signed or
possibly w1th a decimal point. ;

b. For example 9, 90, 90.00, 0.9, + 99.99;,— 99.9
4. Approxxmate numenc : £y

a. Approx:mate numeric hterals are written's ‘as exact numeric literals
followed by the letter ‘E’, followed by a signed or unsigned integer.

b. For example, 5E5, 55.5E5, + 55E—5 + 55E-5, 055E, — 5.55E-9.

Que 2.14. l What are the djfferent types of SQL commands ?

Lo

”’J
s i e

Answer I
Diff'ereht -fypes of SQL commands are :
1. Insert:
4. This command is used to insert tuples in a table.
b. This command adds asingle tuple at a time in a table.

e e s e L R R e

Syntax : . sat);
Insert into table_name (attribute,, ..., attribute ) values (values_listh -
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9 Update:
This command is used to make chan
of the table.

b. It use set and where clause,

Relationg] Data Moge]
ges in the valyeg of attributeg

Syntax :

Update table_name set attribute_name = peyw _value where cop dition;
3. Delete:

a. This command is used to remove tuples.

b. Tuplescan be deleted from only one table at atime.

Delete from table_name where conditi()n,

4 Select : This command is used to retneve a sul
or more table. : *

Syntax : Y -
Select attribute, ..., attributeu .-from tab]eiﬁame where condition;
5. Alter table: g
a. This command is used to make changes In the structure.of a table.
b. This command is used : i
i, toaddan attribute~'
ii. todropan aét_ijﬁi:e

et.of tuples from one

iii._torename an attribute
iv. ~ to a_dd and drop a constraint
Syntax

= === =

Alter table table_name dropmnst:ain\t constraint_name;

Que 2.15. I Write a short note OILS

Answer I
& SQLDDLis used to define relation of a system. The general syntax of
SQL sentence is :
VERB (parameterl, parameter2; ...... , parametern)
b. The relations are created using CREATE verb. .
1. CREATE TABLE : This command is used to create a new relation
and the corresponding syntaxis:
CREATE TABLE relation_name

(field1 datatype (size), field2 datatype (size),-
(size));

Alter table table name drop colugm Eolnmn\na.me

1l

//I’f:l/

f

DDL commands.

’/5////

., fieldn datatype



3LE ... AS SELECT...: Thm type ofcreate command
'Mhe structure of anew table from the structure of

- The generalized syntax of this form is :
CREATE TABLE relation_namel
(fieldl, field?2, ...., fieldn)
AS SELECT fieldl, field2, ..., ficldn
FROM relation_name2;
c. Structure of relations are changed using ALTER verb.

1. ALTERTABLE...ADD...: This is used to add some extra columns
into an existing table. The generalized format is :

ALTER TABLE relation_name

ADD (new field1 datatype (size),
new field2 datatype (size),
new fieldn datatype (Size))

2. ALTERTABLE.. MODIFY ««'t This form is used to change the

width as well as data type of existing relations. The generahzed
syntaxis:

ALTER TABLE relation_name
MODIFY (field1 new data type (size),
" ‘,;’,‘7']"‘5; field2 new data type (size),

ﬁeldn new data type (size)) ;

Que 2.16. | Draw an ER diagram of Hospital or Bank with showing
the specialization, Aggregation, Generalization. Also convert it in
to relational schemas and SQL DDL. -

Answer ]

Relational schemas :

branch (branch-name, branch-city, assets) .
customer (customer-name, customer-street, customer-city, customer-id)
account (account-number, balance)

loan (loan-number, amount)

employee (employee-id, employee-name, telephone-number, start- date,
employment length, dependent-name)

payment (payment-number, payment-amount, payment-date)
saving-account (interest-rate)

checking-account (overdraft-amount)
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E f hranch-city

branch

Relational Data Model

ey
o

[
B
|
E;. it
K
o
t

| L8

el

1
R

|

I savingﬁﬂocqun—tl l checking—accou;x;i

Generalization

(Brancii-cit;j varchar (40),
branch ‘aine varchar (40) primary key,
assets number (20)); T

(customer-id number (5) primary key,
customer-name varchar (40),
customer-street varchar (20),
customer-city  varchar (30));

(loan-number number (6) primary key,
amount number (10));

(employee-id number(5) primary key,
employee-name varchar (40),
telephone- number (10),

number
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start-date date, /
employment number (4),
length
dependent- varchar (10)); /
name ,
create table payment (payment- number (6), ./
number f
payment- number (10) /
amount ﬁ
payment-date date) ..
create table account (account- numl)ei‘*’“'zl_—zj n}n ary key,“;z
number ‘gﬂi
balance
create table 5, /
saving-account (interest-rate’ - number (35 F
create table - q/
checking-account (overﬁraff-“"-"‘—-":%— _gumber (15)); I
amount )
—
Que 2.17. Describe the operators and its types in SQL. 3
Answer 2

ik —
Operators and conditions are used to perform operations such as addxtxon, n

subtraction or companson on the data items in an SQL statement

Different types: of SQL operators are : ""—
1. Arlthmetxc operators Arithmetic operators are used in SQL "
expressions to add, subtract, multiply, divide and negate data values.
The result of thlS ‘expression is a number value.. ige
i Unary operators (B) i
+,— | Denotesap 0'51't1ve or negat1ve expression E
Bmary operators (B) ?‘
* ultlphcatlon N
N
/ Division !@:\
+ Addition §
- Subtraction J o8

C arison operators : These are used to compare one expressloﬂ
> 01;11:1 gnother The comparison operators are given below :
wi
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[ Operator Definition =
':—t Equality
__—!:,'<> Inequality
S Greater than
'—: Less than
i—_— Greater than or equal to
[ = Less than or equal to

Flg 2.17.2. Companson operators

3. Logical operators : A logical operator is used to produce a single
result from combining the two separate condltlons

—

Operator | Definition

AND Returns true if both component conditions
are true; otherwise returns false.

OR Returns true if either component cond1t10n
is true otherwise returns false

NOT | Returns true if the conditionis false; &
' otherwise returns false. .

Fig. 2.17.3. Logical operators.

Set operators : Set operators combine-the results of two separate
: queries into a single result. :

Operator ~ Definition
UNION Returns all dlstmct rows from both queries
INTERSECT Returns common rows selected by both queries
MINUS Returns all distinct rows that are in the first
query, but not in second one.
Fig. 2.17.4. Set operators.
Operator precedence: .
. MS uses when evaluating

a.  Precedence defines the order that the DB
the different operators in the same expreSSIOD
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b. The DBMS evaluates operatoras with the highest precedence first
before evalunting the operators of lower precedence. Operators
of equal precedence are evaluated from the left to right.

Operator Definition
Drefix forhost variable

. Variable separator

() Surrounds subqueries

“ Surrounds a literal

“ o Surrounds a table or column alias or literal text

() Overrides the normal operator precedence

+, = Unary operators

* Multiplication and division

+, — Addition and subtraction

I Character concatenation

NOT Reverses the result of an expression

AND True if both conditions are true

OR True if either conditions are true.

UNION Returns all data from both queries

INTERSECT | Returns only rows that match both queries

MINUS Returns only row that"‘do not match both queres

Fig. 2.17.5. Operators precedence.
Que 2.18. | What are the relat.i(‘mr_al algebra operations supported ,

in SQL ? Write the SQL statement for each operation.

Answer

Basic relational algebra operations : Refer Q. 2.5, Page 2-6A, Unit-2
SQL statement for relational algebra operations :
Select operation : Consider the loan relation,
loan (loan_number, branch_name, amount)

Find all the tuples in which the amount is more than ¥ 12000, then*

L

write

¥

Oamuunt > 12000 (loan)
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. tion : We write the qu i
= roject opera query to list al] ¢}
i :Il,ndjtheir cities as : ¢ customer nameg
ncustomcr_nnmo. customer_city (Customer)
g tion : We can fing
F Set difference opera ind all customer
3. who have an account but not a loan by writing : ® of the bank

ncustomer_name (dePOSitor) i ncustomer_nnme (bOI‘rOWQr)
A Cartesian product : We have the following two tables :

PERSONNEL SOFTWARE PACKAGES
Id Name S
101 | Jai
103 | Suraj
104 XX
105 BB
106 CC
We want to manipulate the x operatibn between [personnel x software
packages]. :
P;id P,Name S
101 Jai J;
101 Jai J,
103 Suraj J
103 Suraj J
104 XX J
104 XX Jy
105 BB Jy
105 BB /1
106 CcC Jy
106 cC 2

5. Rename ;
- Consider the Book relation with attributes Title, Author, Year and

Price. The rename operator is used on Book relation as follows :
*

pTe-mP(Bname, Aname, Pyear, Bprice) (Book) g
Here both the relation name and the attribute names are renamed.
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Te 1! 11e

\ {bdand vkdedis

] Give the brief explanation of view.

An swer

1

on, whose contents are dei"ivhét_l from already
does not exist in physical form.
termined by ex{gé:_il_i‘tinrg'fgguery based on
form the partof da@bggé:'schema.

are derived from the

Aviewisa virtual relati
existing relations and it

The contents of view are de
any relation and it does not
Each time a view is referred to,
relations on which it isbased. =~ .

“clation that is, it can be queried, /;!

A view can be used like any other rel
inserted into, deleted from and301nedmth other relations or views. ,
Views can be based on more thanone relation and such views are A

known as complex views

- “

—~—gr

its ontents

olo le table that is deriﬂg_&gd%ﬁ

A view in SQL terminology is asing
tables. These other%ab»lééfj:’dn be ba s o
views. . N ' !
Syntax for creating view : o I\
- CREATE VIEW view_name ‘ qﬂs
* AS SELECT * FROM table_name = " b
 WHERE Category IN (attributel’, ‘attribute2; _ i%

wevicon51stmg of attributes .
f the BOOK relation, Pname ?:‘
. "t

. Command to create

For example

Book_title, Category, Prlce*and D
and State of the PUBLISHER*i-élétion?;\Ean be specified as |
CREATE VIEW BOOK_3 Y
S SELECT BOOK_title, Category, Price, BOOK.P_ID, Prame, State | @
FROM BOOK, PUBLISHER e
WHERE BOOK.P_ID = PUBLISHER.P_ID; Ty
- A 2
Que 2.20. | Describe indexes in SQL. Al
b A
‘Answer | N
1. Indexes are special looku g ]
p tables that th dat an .
use to speed up data retrieval. ® dstabase seaxch 6N g T X :
. ' Ay
2. zsiln md;x helps to. speed up SELECT queries and WHERE clauses, butit!
ows down data input, with the UPDATE and the INW "Statement-":«&; %
¥ i,g
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— 3 Vata Model

: g Indexes can be created or dropped with no effect on the datg,
: " Indexes are used Lo retrieve data from the database more quickly.

The users cannot see the indexes; they are just usedto speed up searches/
queries.

& Syntax:

" CREATE INDEX index

R

.~ ONTABLE column;

where the index is the name given to that index and TABLE is the name
of the table on which that index is created and column is the name of
that column for which it is applied. N

Unique indexes are used for the maintenance 6f the ini’egn‘ty of the
~ datapresent in the table as well as for the fast peffoijmapce; it does not,

allow multiple values to enter into the tal;lei

Syntax for creating unique index is"':f;:'» v
CREATE UNIQUE INDEX index name.
ON TABLE column;

2

i

thesis. .
T, INSERT, UPDATE, or
like =, >, <, >=, <=, IN

bl

N sub-query is usually added within the WHERE clause of another SQL
. SELECT statement, j

. A sub-query is also called an inner query while the statement containing
. asub-query is also called an outer query.

% Theinner query exccutes first before its parent query so that the result
. ofan inner query can be passed to the outer query.

Syntax of SQL sub-query : A sub-query with the IN operator,

SE LECT column_names

EROM table_name1

A

B RE column_name IN (SELECT column_name
: table_name2
EHERE condition);
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Example: | B
‘VSV:; g:;f I]t)l’l,e following two tables ‘student’ and ‘markg’ with common fielq
Student Marks
StudentID Name StudentID Total_marks |
V001 Abha V001 95
V002 Abhay V002 80
V003 Anand V003 74
V004 Amit V004 81

Now considering table ‘Student’, we want to write a query to identify all
students who get more marks than the student whose StudentID is V002,

but we do not know the marks of V002’.

So, consider another table ‘Marks’ containing total marks of the student and

apply query considering both tables.

SQL code with sub-query:

SELECT a.StudentID, a.Name, b.Total_marks
FROM student a, marks b
WHERE a.StudentID = b.StudentID AND b.Total_marks >
(SELECT Total_marks

FROM marks

WHERE StudentID = ‘V002’);

Query result :

Aggregate Functions, Insert,Update and Delete Operations.

StudentID Name Total_marks
V001 Abha 95
V004 “Amit 81

PART-7

Que 2.22. | Write full relation operation in SQ

of them.

OR

Explain aggregate function in SQL.

L. Explain any one;_,

|

{
|
|
|
£ |
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gate function. AKTU 2020-21, Marks 10
U |
Vhat is aggregate function in SQL ? Write SQL query for aggregate

- ction. AKTU 2023-24, Marks 10

Answer
-_ *QL, there are many full relation operations like :
_1_., . Eliminating duplicates e
..“ Duplicating in union, intersection and dlfference
ii i Grouping ' M

iv . Aggregate function

Aggregate function :

L Aggregate functions are functio

that:féke a collection of clues as
input and return a single valu" ‘- :

L
i

9 1 SQL offers five built-in aggregate functions :

. a. Average:avg -
| Syntax : avg ([ Dlstmct |A11 1 n)
Purpose : Returns_average value of n, 1gnor1
:Example Let us consider a SQL query
; -ff'kfselect avg(umt prlce) as “Average Price”
Output

Average Price

. b Minimum : min
A' Syntax : min ( [ Distinct |[‘All] expr)

Purpose : Returns minimum value of expression
Example : |

SQL> select min(unit_price) as “Minimum Price”
from book ;

Output:

Minimum Price
250

c. Maximum : max
' Syntax : max ([ Distinct | All] expr)
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Purpose : Returns maximum value of C‘X]’)resﬁ\

Example:

SQL> select max(unit_price) as “Maximum Price”
from book;

Output :

Maximum Price
450

d. Sum:sum
Syntax : sum ([ Distinct | All ] n)
Purpose : Returns sum of values of n i

Example : .
SQL> select sum(unit price) as “Total”
from book; g
Output : w
Total
1799
e. Count : count s
Syntax : count ([ Distinct | All ] expr)

Purpose : Returns the number of rows where expris f"not ;lull

Example : ‘
SQL> select count(title) as “No. of Books”
from book;

Output :

A

No. of Books
5

Que 2.23. | Explain how the GROUP BY clause in SQL works. What _

is the difference between WHERE and HAVING clause ?

Answer I
GROUPBY:

1. GROUP BY was added to SQL because aggregate functions (like SUM)
return‘ the aggregate of all column values every time they are called, g
and without the GROUP BY function it is not possible to find the sum &

for each individual group of column values.
2. The syntax for the GROUP BY function is :

SELECT columns, SUM(column) FROM table GROUP BY column



filtering rows and it applies on
each and every row.

Sem-b) Relational Data Model
Efgf‘/‘ﬁ'ﬂ/
le:
ExampP
This “Sales” Tible
r— Company Ammount
"TCS 5500
— IBM 4500 ‘
"TCS ! 7100 f
antl this SQL:
- SRENECT Company, SUM(Amowmnt) FROM Sales -
. GROUP BY Company :
B&mmfollowing result : 3
e . 22N "
TCS P 12600
IBM 3 4500
Difference: _
[sNo.| - WHERE - “HAVING
1. | WHERE clause is used for | HAVING clause is used to filter

groups in SQL.

WHERE clause is used before
GROUP BY clause.

HAVING clause is used after
GROUP BY clause.

WHERE clause can be used
with SELECT, INSERT,
UPDATE and DELETE clause.

HAVING clause can only be used
with SELECT query i.e., if we
want to perform INSERT,
UPDATE and DELETE clause it
will returns an error.

We cannot use aggregate
functions in the WHERE clause
unless it is in a sub query
contained in a HAVING clause.

We can use aggregate function
in HAVING clause.

"f: :\Que 2.24. I Explain how a database is modified in SQL.
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Answer

- bﬂse n .

a. The delete operation 1
s used .
database. ed to delete all or specific rows from

b. Delete command do not delete values of particular attribute
c. A delete command operates only on relation or table .
Syntax : |

delete from table_name

where condition;

2. Insert:
a. Insert command is used to insert dataintoa relation/table.

b. The .attribute values for inserted tuples must be members of the
attribute’s domain specified in the same order as in the relation

schema.

Syntax : Insert into tabl
...... attributeN);

3. Updates: Update command is used to upd
Syntax: Update table_name set column_name =new_V

[ PART-B

Joins, Unions, Intersections, Minus.

e_name values (attributel, attributeZ2, attribute3,

ate avalueina tuple. _
alue condition;

ypes with suitable example-

OR .
different types of join-
OR

Que 2.25. \ Discuss join and t

i i S E

Define join. Explain

What are joins 2 Discuss all types of joi

examples.

Answer \
A join clause is used to combine rows fro
related column between them.

Various types of join operations are :

1. Inner join: o tabl
a. Inner join returns the matching TOWs from the
being joined.

For example: Cons ations:

ider following two rel
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e

Emplovee (Emp_Name, City)
Employee_Salary (Emp_Name, Department, Salary)
These two relations are shown in Table 2.25.1 and 92.95.9

Table. 2.25.1. The Employee relation.

Dmployee
Emp_Name City
Hanri | | Pune
Om Mumbai
Suraj Nashik
Jai Solapur

Table 2.25.2, The Employee Salary relatlon

| Employee Salary

Han

Select Employee Emp Name, Employee_ Salary Sala.ryfrom Employee
gnner join Employee_ Salary on Empl e.Emp_Name =

Employee Salary Emp_ Name'
Result The result of pr
Table 2. 25.1 and Table 2.25.2.

10000
7000
Jai 5000

Outer join :

An outer join is an extended form of the inner join.

It returns both matching and non-matching rows for the tables
that are being joined.
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¢. Types of outer join are as follows :
Left outer join t The left outer join returns matching rowy 3

e i

e o

/
4
: S 4,
from the tables being joined and also non-m atching rowy ’;
from the left table in the result and places null values in the ;/
attributes that comes from the right table. = /
For example : /
Select Employec. Emp_Name, Salary |
from Employee left outer join Employee_Salary f
on Employee. Emp_Name = Employee_Salary. Emp_Name, /
Result : The result of preceding query with selected fields of ﬁ
Table 2.25.1 and Table 2.25.2. ; /‘(
(
- Emp_Name Salary /
Hari . 10000 - ?
Om = 7000 ?“
Jai P - 5000 %
Suraj null %
ii. Right outefgjéig Thé right outer join operatifér{x};_féﬁlms %
matching rows from the tables being joined;’-‘iﬁgdié]_sq_}i()n_ \
matching rows from the right table in the result and places /|
null valuesin the attributes that comes from the }gft table. ?'f'
7:__:F‘|ofi'ie:~ :?_s-;.:,_iiié : < = ) -
Selgct Employee.Emp_Name, City, ; d-gi
rigI}i outer join , e o !
~ Employee_Salary on'Employee:Emp.Name = i
= = E R e 118
; Eimployee_Salary. Emp__Name,‘ it
Result : The result of preceding query with selected fieldsof
Table 2.25.1 and Table 2.25.2. 8|
Pune <
Om Mumbai
Jai Solapur L.,;,
Billu null 8000
Que 2.26. | Write difference between cross join, natural join, left 5,

outer join and right outer join with suitable example.

AKTU 2023-24, Marks 10
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%ﬁnswcr I

~ Cross join:

o Relational Dita Model

e SR
e O R

,less ‘,{91‘1‘1 l)rolilluces a 1"es.ult set which is the product of number of rows
in the first table multiplied by the number of rows in the second table
if no where clausp 18 used along with cross Jjoin. This kind of result is
known as Cartesian product.

If where clause is used with cross join, it functions like an inner join.

For example :

Beers Select * From Beers

Name | Manf Cross Join Likes

Beer 1 | XYZ Name | Manf | Drinker| Beer

Beer 2| ABC Beer 1| XYZ | Kanika | Beer 1

Boor 3| ABG Beer 1 : XYZ- Aditya |Beer 1
'XYZ | Mahesh |Beer 3

| ABC | Kanika | Beer 1
i Aditya |Beer1

Mahesh | Beer 3

Likes
Drinker| Beer

Kanika | Beer1 : Kanika
Aditya | Bee Beer 3| ABC | Aditya
Mahesh

Mahesh

In natural join, i
rows based on the commo

For example : Consider the follo.wiﬁ_g
Student (Roll_No, Name)

Marks (Roll_No, Marks)
These two relations are shown in Table 2.26.1 and 2.26.2.

Table 2.26.1. The Student relation.

two relations :
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.Hﬂm.r,)
Table 2.26.2. The Marks relation, )

Marks
Roll_No . Marks
2 70
3 50
4 85

Consider the query :
Select * from Student natural join Marks;

S -

Result : 4
Roll_No Name Marks
2 B 70
3 C 50

Left outer join and right outer join : Refer Q. 2.25, Page 2-29A,
Unit-2.

Que 2.27. I Describe the SQL set operations.

T

Answer I
The SQL set operations are :

1. Union operation : Union clause merges the output of two or more
queries into a single set of rows and column.

Records
only in
query one

Common
- records
in both
queries

Records
only in
query one

Fig. 2.27.1. Output of union clause i
rytwotd A

=
=
b i

Output = Record only in query one + records only in queé
single set of records which is common in both queries.

2. Intersect operation : The intersect clause outputs only
by both the queries intersected i.e., the intersect 0pera
common records from the output of both queries.

rows Produwd |
tion ret = B
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pases

Common
records
in both
queries

Fig. 2.27.2. Output of intersect clause.

Output = A single set of records which are common in hoth queries.

3. The except operation : The except also called as Minus outputs rows

that are in first table but not in second table, ...~

Records
only in
query one

Fig. 2.27.3. Output of except (Minus) c]au_sé.v

Output = Records only in query one.

PART-9 ‘
Cursors, Triggers, Procedures in SQL/PL SQL.

Que 2.28. l Explain cursors, sequences and proceﬂures used in SQL.

Answer l

Cursors : ,
1. A cursoris a temporary work area created in the system memory when

: a SQL statement is executed.
2. A cursor contains information on a select statement and the rows of

data accessed by it.

3. A cursor can hold more than one
time.

. The set of rows the cursor holds is called t
. 5 There are two types of cursors :
a. Implicit cursors:

i, These are created by defa
INSERT, UPDATE, and DEL

row, but can process only onerow at a

he active set.

ult when DML statements like,
ETE statements are executed.
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ii. Theyarealso created whena SELECT statement that,
just one row is executed. tury,

~ b. Explicit cursors:
| i They must be created when we are executing a SE
statement that returns more than one row. “Cr

i, When we fetch a row the current row position moves t, nexy
TOW.

Sequences:
Sequences are frequently used in databases because many applicatiop,

require each row in a table to contain a unique value antsequences provig,
an easy way to generate them. =

Syntax : —
CREATE SEQUENCE [schema.]sequence_name
[ AS datatype ] b
[ START WITH value ]
[ INCREMENT BY value |
[ MINVALUE value | NO MINVALUE |
[ MAXVALUE value { NO MAXVALUE ] 2
[ CYCLE | NO CYCLE ] g

i.CACHE value | NO CACHE };

Proeedures :

B

1. Aprocedure is a sub-program that performs a specification. '
2. A ﬁrocedure has two parts :
i. Specification : The procedure spc cification begins with the keyword
procedure and end= with the prc cedure name or parameter list.

ii. Bedy : The procedvre body begins with the keyword is and ends
with the keyword end.

Syntax : To create a procedure, |
create or replace procedure <proc name> {parameter list] is
< local declaration >
begin
(executable statements)

[exception] (exception handlers)
end ;

Syntax : To execute a procedure,
exec < proce_name > (parameters);

Que 2.29. |

What is trigger ? Explain different trigger with exampl®




5 36 (CS/IT-Sem-5)

2-36aC \ﬂetional Data Mode]
) OR:
Describe the following termsltrig'ger.
OR
What do youmean by trigger ? Explain by a suitable example
|AKTU 2021-22; Marks 10
OR
Explain different types of triggers in SQL/PL SQL.
AKTU 202223, Marks 10
‘Answer :
Triggers :

1. Trigger is a special type of stored procedu:

executed in response to certain database evexR '
UPDATE, or DELETE operation. ‘

2. Triggers can be used to perform actions. such as data validation,
enforcing business rules, or logging.

3. They can be defined to execute before oraﬁer the triggering event and
can be defined to execute for every row or once for each statement.

4, Triggers are a powerful feature of dbms that allow developers to deﬁne
automatic actions based on database events. :

Example : Suppose we have a table named employees imth" cohimns
“id”, “name”, “age”, and “salary”. We want to ensure that whenever a
new employee is added to the table, the age of the employee must be
greater than or equal to 18. We can create a BEFORE INSERT trigger
to enforce this rule.

Following are different types of triggers : |
1. DML Triggers (Data Manipulation Language Triggers) :

a. These triggers fire in response to DML operations like INSERT,
UPDATE, and DELETE.

b. Types: “
i. BEFORE Triggers: Executed before the DML operation.
ii. AFTER Triggers : Executed after the DML operation.
iii. INSTEAD OF Triggers : Used primarily on views, these
replace the DML operation.
¢. Example:
CREATE TRIGGER trg_before_insert
BEFORE INSERT ON Employees

FOR EACH ROW
BEGIN




SET NEW.created_at = NOWO);

END;
2. DDL Triggers (Data Definition Language Triggers) :
a. These triggers fire in response to DDL events like CREATE,
ALTER, and DROP statements.

b. Usage : Often used for auditing and enforcing security.
c. Example:

CREATE TRIGGER trg_audit_table_change

AFTER CREATE ON SCHEMA

FOR EACH STATEMENT

BEGIN £ =

INSERT INTO Audit_Log (event_type, eveﬁt;tiﬁie) &
VALUES (‘Table Created’, NOWO); .

END;

3. LOGON and LOGOFF Triggers :
a. These are special types of triggers that fire when a user logsin or

out of the database. P
b. Usage:Commonly used for auditing and managing user sessions.

c. Example:
CREATE TRIGGER trg_logon
AFTER LOGON ON SCHEMA

BEGIN
INSERT INTO User_Session_Log (username, logon_time)

VALUES (USER, NOWO();
END; N,
4 Row-Level and Statement:}{é%’rel Triggers :
a. Row-Level Triggers: These execute once for each row affected
by the triggering event.

b. Statement-Level Triggers : These execute once for the entire
statement, regardless of how many rows are affected.

c. Example:
-- Row-Level Trigger
CREATE TRIGGER trg_row_level
AFTER UPDATE ON Employees
FOR EACH ROW
BEGIN
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e
INSERT INTO Change_Log (employee_id, chan

VALUES (NEW.id, NOW()):

END;

.. Statement-Level Trigger

CREATE TRIGGER trg_statement_leve]

AFTER UPDATE ON Employees

BEGIN
INSERT INTO Change_Log (event, change_time)
VALUES (‘Employees updated’, NOW( ));

END;

Que 2.30. I Consider the following relat_ioh. Thé‘primary key is

Rollno, ISBN, Student(Roll No, Name, Branch), Book(ISBN, Title,
Author, Publisher) Issue(Roll No, ISBN, date_of issue). Write the
query in relational algebra and SQL of the following :

i. List the Roll Number and Name of All CSE Branch Students.

ii. Find the name of students who have issued a book of
publication ‘BPB’. N

iii. List the title and author of all books which are issu'é"rtifby a
student name started with ‘a’. s » ;‘:’:"‘7‘”

iv. List the title of all books issued on or before 20/09/2012.

v. List the name of student who will read the book of aufhor
named ‘Sanjeev’.

Answer l

i. In relational algebra :

Relational Data Model

ge_time)

TRoll No, Name (cBranch = “CSE” (StUdent))
In SQL :

Select Roll No, Name from Students
where Branch = “CSE”;
ii. In relational algebra :

: udent < (x
TName OPublisher = “BPB” and Student_Roll No = P.Roll No (Stud T'Roll No,

Publisher (Glssue.lSBN = Book.ISBN PP (Book < Issue))))
In SQL ]

Select Student.name from Student inner join

(Select Book.Publisher, Issue.Roll No from Issue inner join Book on
Issue.ISBN = Book.ISBN as P)

ON Student.Roll No = P. Roll No
Where P.Publisher = “BPB”;
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fii. In relational algebra :
g Title, S.Author Og Name like(a%) ("T.Name. Dook.Autlion.mmk.’I‘IUe- Opook.1SBN =T.ISBN

pe (Book >4 (MName, 1SBN Gguudent Roll No = Ipauo.Tolt No PT (Student >
Issue)));

In SQL:

Select S.-title, S.Author from

(Select T.Name, Book.Author, Book.Title from Book inner join (Select
Student.Name, Issue.JSBN from Student inner join Issue

ON Student.Roll No = Issue.RolLNo asT)
ON Book.ISBN = T.ISBN as S)
where S.Name like ‘a%’s:
jiv. In relational algebra: _
(Book b4 Issue))

Tpite (Gdate > = 20/09/201%

In SQL: N

Select Book Title from Book innef join Issue ON Book ISBN = Issue.ISBN
asR Ve

where R.date > = 00/09/2012;7 .

jv. In relational algebra: . =

Tiame CAuthor = “Sanjecy” 43 Student.Roll No= QRoll N (Student ><! TRollNo, Author

(Book > Issue)))

Ocsue ISBN = Book.ISBN Pq
In SQL: J % ke
Select Student.Néme frorﬁ Student inner join
(Select‘flssue;ROII No, Book.Author from Issue inner join Book ON
Issue.ISBN = Book.ISBN as Q)
ON Student.Roll No = Q.Roll No
where Q.Author = «“Sanjeev’; - » |
Que 2.31. ‘ Consider the follbwipg‘é{:}léiﬁéfor institute library :

o

Student (RollNo, Name, Fatherj‘N'ame%ffBranch)

Book (ISBN, Title, Author, Publisher)

Issue (RollNo, ISBN, Date-of-Issuei

Write the following queries in SQL and relational algebra

1. List roll number and name of all students of the pranch ‘«CSE’

[I. Find the name of student who has issued a book publislfle‘l by
‘ABC’ publisher.

IIL. List title of all books and their authors jssued to 2 stude“t

Iv. Li‘st title of all books issued on or before December 1, 2020-

V. List all books published by publisher ‘ABC’.
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R

SQL - SELECT Roll No, Name from Student where Branch

Relational Data Mode]
——

10 :“CSE"
Algebra = T o No, Name (OB raneh - “cae» (Student) )
QL — SELECT Student.name FROM Student INNER JOIN
9. S

SLECT Book.Publisher , Issue.Roll No FROM Issue INNER JOIN
(S%JI?(‘J’T‘ Issue.ISBN = Book.ISBN as P )ON Student.Roll no
? (13 Roll no WHERE P.Publisher =“ ABC”

Algebra = Ty, (O pier - apc(Student ba Book &4 Issue ))

i | NER JOIN
LECT Book.Title, Book.Author FROM Book IN
3 ISQI; (_;NSE Book.ISBN = Issue.ISBN INNER JOIN Student Issue.Roll
su e
nso = Student.Roll no WHERE Student.N/a_{ne =" Bam

(6. . (Bookw ,'Isé.fué >< Student))
Algebra — TTitle, Author) Oname= ‘Ram i D
gL - SELElCT book.Title FROM Bo NNEB JOII\{ Issue2 0(;1;
+ IS;on ISBN = Issue.ISBN WHERE (Issue.date_of_issue < ‘dec-1-
ook. = . ‘ bt
OR Issue.date_of_issue = dﬁc-1-2020 )l

/i

b ( ))
Algebra — np,. (odate_of.%%g < dect )(B?ok > fssug”- P
5. SQL — Select Title from Book where Publisher =“ABC”;
Algebra - n Title(:‘m Publisher= apc- (Book) ) PN 9.
Que 2.32. | Suppose there are two relations R(4, B, O), SO, E, F).

Write TRC ‘and/::hSQIj%{i"., the following RAs :
LT, 5 (R)

LI, @)

. TRC:{s.4, s.B|R(s))

. SQL: Select A,BfromR;
i OB .45 (R):

TRC: s |R(s) p 5.8 = 45)
. .SQL :Select * from R where B =45 ;

T o, R X S))

SQC= 13per 3ges (4] = plA] & tF] = g[F] A pIC] = qIDD)

| *Select A, F from R inner joinSONR.C=8.D;
‘ Que 2

ey 2| Consider the following relational DATABASE. Give an
f expresgio

'€ Prim

D in SQL for each following queries. Underline records
ary key
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n name, street, city)

Employee(person narts
name, Com pany_name, salary)

Works(person nate=s

Compﬂny‘ggmﬂa_nLg_&msr city)
Manages(person name, manager_name)
i who work for the ABC bank.

Finds the names of all employees
me of all employees who live in the same city and

treet as do their managers.
street address and cities of residence of all

k for ABC bank and earn more than 7,000

i.
ii. Finds the na

iii. Find the name
employees who wor
per annum.

iv. Find the name O
employee of XYZ.

v. Give all employees of corporation ABC a 7% salary raise.

vi. Delete all tuples in the works relation for employees of ABC.

ees in this DATABASE who live in

vii. Find the name of all employ
the same city as the company for which they work.

f all employees who earn more than every

Answer

i,  Select person_na
Where company_name=

ii. Seclect E1.person_name
From Employee as E1, Emp
Where El.pcrson__namc:\i.pcrson_namc
and E2.person_nzlme=M.nmnugcr__namc
and E1.street=E2.street and El.city=E2.city

me from Works
‘ABC Bank’

loyee as E2, Manages as M

iii. Select* from employee

where person_name in

(select person_name from Works

where company_name= ‘ABC Bank’ and salary>7000

select E.person_name, street,

city from Employee as E, Works as W

where E.person_name = W.person_name

and W.company_name=‘ABC Bank’ and W.salary>7000
iv. Sclect person_name from Works

where salary > all

(select salary from Works

where company_name=XYZ’)

select person_name from Works

where salary>(select max(salary) from Works
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where company_name="XYZ7)
y. Update Works
set salary=salary*1.07
where company_name="ABC Bank’
vi. Delete from Works
where company_name='ABC Bank’
vii. Select E.person_name
from Employee as E, Works as W, Company as C
where E.person_name:W.person_name and E.city=C.city
and W,company__namezc.company_name

Que 2.34. | Explain embedded SQL and dynamic SQL in detail.

Relationz] Dzta Model

1. The SQL standard defines embeddings of SQL in a variety of
programming languages such as Pascal, PLJI, Fortran, C and COBOL.
: ‘2. Alanguage in which SQL queries are embedded is referred to as g host

language and the SQL structures permitted in the host language
constitute embedded SQL.

Programs written in the host language can use the embedded SQL
syntax to access and update data stored in a database.

In embedded SQL, all query processing is performed by the database
/system.

The result of the query is then made available to the program one tuple
at a time.

- Embedded SQL statements must be completely present at compile time
' " and compiled by the embedded SQL preprocessor.

7. To identify embedded SQL requests to the preprocessor, we use the
~ EXEC, SQL statement as :

EXEC SQL <embedded SQL statement> END.EXEC

. Variable of the host language can be used within embedded SQL
- statements, but they must be preceded by a colon (:) to distinguish them

- from SQL variables.

amic SQL :

.i The dynamic SQL component of SQL allows programs to construct and

. submit SQL queries at run time.

2. Using dynamic SQL, programs can create SQL queries as strings at run

. time and can either have them executed immediately or have them

prepared for subsequent use.
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3. Prepari ing a dynamic SQL statement compiles it, and subsequent, UBey op
the prepared statement use the compiled ver sion.

4. SQL defines standards for embedding dynamic SQL calls in g hogt

language, such as C, as in the following exampie,
char * sqlprog = “update account set balance = balance * 1.05
where account_number = ?”;

EXEC SQL prepare dynprog from : sqlprog;

char account[10] = “A-101";

EXEC SQL execute dynprog using : account;

Que 2.35. l Describe procedures in PL/SQL with lts advantages and

disadvantages.
Answer , ;

1. PL/SQLisablock-structured language that enables developers to combine
the power of SQL with procedural statements.

2. Astored procedure in PL/SQL is nothing but a series of declarative SQL,
statements which can be stored in the database catalogue.

3. A procedure can be thought of as a function or a method.

4. They canbe invoked through tnggers other procedures, or apphcatlons
onJava, PHPetc. = e

5. All the statements of a block are passed to Oracle engine all at once

which i mcreases processmg speed and decreases the traffic.

Advantages of procedures in PL/SQL:

1.

They result in performance improvement of the application. If a
procedure is being called frequently in an application in a single
connection, then the compiled version of the procedure is delivered.
They reduce the traffic between the database and the application, since
the lengthy statements are already fed into the database and need not
be sent again and again via the application.

They add to code reusability, similar to how functions and methods
work in other languages such as C/C++ and Java.

Disadvantages of procedures in PL/SQL :

il

Stored procedures can cause a lot of memory usage. The database
administrator should decide an upper bound as to how many stored
procedures are feasible for a particular application.

MySQL does not provide the functionality of debugging the stored
procedures.

Que 2.36. | Explain procedure in SQL/PL SQL.

AKTU 2020-21, Marks 10
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Angwel‘
proccdurc" in SQL: Refer Q. 2.28, Page 2-34A, Unit-2,

procedures in PL SQL: Refer Q. 2.35, Page 2-43A, Unit.-2,

R
—

VERY IMPORTANT QUESTIONS )

Following questions are very important. Thege questions
may be asked in your SESSIONALS as well iyt
UNIVERSITY EXAMINATION,

PR

Q.1. Explain the following constraints :
i. Entity integrity constraint
ii. Referential integrity constraint
iii. Domain constraint

Ang. Refer Q. 2.4,

Q.2. What is relational algebra ? Discuss its basic operations.
Ans. Refer Q. 2.5.

Q.3. Write short note on SQL. Explain various charactéristics
of SQL.
Ang. Refer Q. 2.10.

Q.4. Describe the operators and its types in SQL.
Ans. Refer Q. 2.17.

Q.5. Write full relation operation in SQL. Explain any one of
them.
OR
Explain aggregate function in SQL.
Ans. Refer Q. 2.22.

Q.6. Discuss join and types with suitable example.
Ans. Refer Q. 2.25.

Q.7. Write difference between cross join, natural Jjoin, left outer
join and right outer join with suitable example.
. Ans. Refer Q. 2.26.

Q.8. What is trigger ? Explain different trigger with example.
i Ang Refer Q. 2.29.

OO0
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PART- 1

Functional Dependencies,

/t
e
m What is functional depcndency ? Explain its role in

~ databasc design. Describe the inference rules for functional
. dependencies.

. Answer I

! Functional dependency :

1. Afunctional dependency is a constraint between two sets of attributes
from the database. ‘ .

2. A functional dependency is denoted by X' — Y, between two sets of
attributes X and Y that are subsets of R specifies a constraint on the
possible tuples that can form arelation’r,

3. The constraint for any two tuples ¢, and t,, in r which have

ty [X] = t2[X],

4. This means that the va'l"i:ié;s'::ipfthe Y component of a tuple in 7 depends
on, or are determined bythe value of the X components, or alternatively,
the values of the X component of a tuple uniquely (or. functionally)
determine the value of the Y component. ==

Role of functional dependency : : -

1. Functional dependency allows the database designer to express facts
about the enterprise that the designer is m: deling with the enterprise
databases. ' g

2. Ttallows the designers to express constraints
with super keys.

Inference rules for functional dependencies :

L Reflexivity rule : If o is a set of attributes and B  a then o — B holds.

2 Augmentation rule : If o. — B holds and y is a set of attributes then
79— ¥f3 holds.

3. Transitivity rule : If o — B holds and p — y holds, then a — y holds.

4 Complementation rule : If « —— B hold, then a »—(R - (a L B)}
holds. ‘ :

5 Multivalued augmentation rule: a »— p holdandyc Rand ¢y,
then yo. — — 88 holds.

8 Multivalued transitivity rule : If « ——> p holds, then p —— y holds,
then o Y — B holds.

Also, must have

‘which cannot be expressed
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7. Replication rule:Ifa —>— B holds andyc p and thereisa § 8

uch
ScRand 3N B =¢andd— y, then a - yholds. € that
8.  Union rule:if a — B holds and a = y holds, then o —» By holds,

9. Decomposition rule : If a = p holds, then a — f3 holds, and ¢, _ .

holds.

10. Pseudotransitivity rule : If a — B holds and B — & holds, the
ya — J holds. "

Que 3.2. | What is functional dependency ? Explain trivial and

non-trivial functional dependency. Define canonlcal cover. Compuyte
canomcal cover for the following :

R=(,B,C)F={A—->BC,B— C,A— B, AB—)C}

Answer

Functional dependency : Refer Q. 3.1, Page 3—2A Umt 3.

Trivial functional dependency: The dependency of an attribute on a set

of attributes is known as trivial functional dependency if the set of attributes
includes that attribute.

A — Bis trivial functional dependency if B is a subset of A.

Non-trivial functional dependency : If a functional dependench —Y
holds true where Y is not a subset of X then this dependency is called non-
trivial functional dependency. :

For example :

Let a relation R (A, B, C)

The following functional dependencies are non-trivial :
A — B (B is not a subset of A)

A — C(C s not a subset of A)

The following dependencies are trivial =

(A, B} - B [Bis a subset of {A, B}]

Canonical cover: A canonical cover of a set of functional dependencies Fis
a simplified set of functional dependencies that has the same closure as the
original set F.

Numerical :

There are two functional dependencies with the same set of attributes
A — BC

A—>B

These two can be combined to get

A — BC

Now, the revised set F becomes :

F={
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- A-BC
s C

- AB->C
}

There is an extraneous attribute in AB — C because even after removing AB

. 5 C from the set F, we get the same closures. This is because B — C is
- already a part of F.

Now, the revised set F becomes :
- F={

A - BC

. B C

. Cisanextraneous attribute in A — BC, also A—>B i's'_ilogiéé.lly implied by

A - B and B — C (by transitivity) . 7

:l‘.i; F=(A> B, B - C) . ; ’ \,f"ﬂhi""

'f;r Que 3.3. | What is functional dependency ? Explain therll:)'rocedure
of calculating the canonical cover of a given functional dependency

' set with suitable example. AKTU 2020-21, Marks 10

AKTU 2023-24, Marks 10

4 if\nswer :

Functional dependency : Refer Q. 3:1, Page 3-2A, Unit-3.

- The procedure of calculating the canonical cover a given functional
- dependency set :

1. Reduction : The first step is to reduce the original set of functional
b dependencies to an equivalent set that has the same closure as the
original set, but with fewer dependencies. This is done by removing

redundant dependencies and combining dependencies that have
common attributes on the left-hand side.

* 2 Elimination : The second step is to eliminate any extraneous attributes

from the left-hand side of the dependencies. An attribute is considered
extraneous if it can be removed from the left-hand side without changing

the closure of the dependencies.
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3. Fnimization :The final step is to minimize thm

' _ rofdepe
Y removing any dependencies that arc implied b ) P ndendea
In the set, P S0k er dependencies

Example : Consider the following set I ¢
F<slA-BC,BoHCoA B,AB - C). Below mentioned are gl -
to find the canonical cover of the functional dependency given :bs I8
Ove,

Step 1: Reduction : There are two functional dependencieg Wit}
same attributes on the left : A — BC,A - B are already in theijy Silm;lthe
Dlest,

[ functiona] depenge

form.

Step 2 : Elimination :

InA - BC, Cis extraneous b -
be derived from A — B S se A > ¢ can

and B — C. Thus, we reduce it to A B.

Step 3 : Minimization : There ar

3 e no redundant dependenc;,
remaining. ' s

Hence the required canonical cover is, F ={A>B,B> C}).

Que 3.4. | Explain full functional de

functional dependency.

Answer j
Full functional dependency :

pé,ndency and Pal‘tial-

1. Given arelation scheme R and functional dependency X —» -Y. Yis fully
functionally dependent on X, ifthere isno Z , where Z is a proper subset
of Ysuchthat Z - Y. A N

2

The dependency X — Y is left reduced, th
attributes in the L.H.S of the dependency.

For example : In the relational schema R (ABCDEH) with the FDs.
F={A—»BC,CD—E,E-C, CD — AH,ABH — BD, DH - BC).
The dependency A — BC is left reduced and BD is full
dependent on A.

However the functional dependencies ABH — BC is not left reduced
because the attribute B being extraneous in this dependency.
Partial functional dependency:
1. Given a relation schema R with the functional dependencies F defined
on the attributes of R and K as a candidate keys if X is a proper subset of

K and if X — A then A is said to be partially dependent on K.
For example :

ere being no extraneous

y functionally

v

Name ,Course Grade |Phone. no.| Roll no. Course-depﬂ

S N

Fig. 34.1,
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- 1 ' .
. InFig. 3.3.1, [Name + Course] ig candidate key, S Name and Courge
" gre prime attributes, Grade ig fully l'uncl,innnlly dependent on the

. )
candidate keys and Phone no., Cuumc‘dcptt. and roll no, are partiall
functional dependent on the candidate key B

.. QivenR(A, B, C, D‘) and F' = (AR — C,B - D), Then key of this .
. is AB and ) is partially dependent on the key. % P reiation

Que 35. | Describe Armstrong’s axioms in detail. What is the role
of these rules in database development process ?

AKTU 2021-22, Marks 10

Answer |

The term Armstrong axioms refer to the sound and complete set of

1. '
inference rules or axioms that are used to test the logical implication of
functional dependencies. ;

2. IfFisaset of functional dependencies then the closure of F, denoted as
F*, is the set of all functional dependencies logically implied by F.

3. Armstrong’s axioms are a set of rules, that when applied repeatedly,
generates a closure of functional dependencies, |

4. Armstrong’s axioms has mainly two different sets of rules &

A. Primary Rule : -

Rule 1: Reflexivity : If A is a set of attributes and B 1s a subset of A,

then A holds B. { A — B it

Rule 2 : Augmentation : If A hold B and C is a set of attrfbﬁtes, then

AC holds BC (AC — BC]. It means that attribute in dependencies does

not change the basic dependencies. :

Rule 3 : Transitivity : If A holds B and B holds C, then A holds C,ie.,

if {A — B} and (B — C}, then {A — C}. A holds B {A > B) means that A
functionally determines B.

B. Secondary Rule:

Rule 1: Union : If A holds B and A holds C, then A holds BC i.e., if (A
— B} and {A - C}, then {A - BC}.

Rule 2 : Decomposition : If A holds BC and A holds B, then A holds C
le. if {fA— BC}and {A - B}, then {A — C).

Rule 3 : Pseudo Transitivity : If A holds B and BC holds D, then AC
holds D i.e., if {A — B} and {BC — D}, then {AC — D}.

Role of Armstrong’s axioms : Armstrong’s axiom is used to analyze,
refine and maintain relational databases.

Que 3.6. , Define partial functional dependency. Consider the

th

following two steps of functional dependencies F={A - C,AC - D,
E-sap g, H} and G = {A - CD, E —» AH}. Check whether or not

€y are equivalent.
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‘Answer
Partial functional dependeney : Refer Q. 3.4, Page 3-6A, Unit-3,
Numerical :

From F,

E > AD

E — A (By Decomposition Rule)

E—-D

Also given that

E->H

So, E - AH (By Union Rule) .

which is a FD of set G. . )

Again A > Cand AC » D e,
Imply A — D (By Pseudotransitivity Rule) "
A — CD (by Union Rule) ;
which is FD of set G.

Hence, F and G are equivalent

Que 3.7. I Write the algorlthm to find minimal cover F for”s‘et of

functional dependencles E i

VAnswer I
Algorithm : .
1. SetF:=E.

2. Replace each functional dependency 1A, £
functional dependencies X —)Al, XA, HE ¢

., A }in F'by the n

3. For each functional dependency X—A]
for each attribute B that is an element of X
if ({F—{X > A} ) U{(X—-(B)) > A} }is equivalent to F,
then replace X - A with X~ (B} ) - A i in F.

4. For each remaining functional dependency X > Ain F
if {F—{X — A} }is equivalent to F,
then remove X - A from F.

Que 3.8. I Define minimal cover. Suppose a relation R(A, B, C) has

FDsetF={A—B,B—C,A— C,AB - B, AB - C, AC — B). Convert
this FD set into minimal cover.

i e
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Answer I

Minimal cover : A rpinima] cover of a set of Fpg f ; is
functional dependencies F .. thatis equivalent to .

~ Numerical :
" Given:R(A,B,C)
Non-redundant cover for F .
~ Step 1:0nly one attribute on right hand side
B C o
A->C i,
- AB -5 B e
AB - C
i-' AC-> B ' 2 :
Step 2 : No extraneous attribute on leﬂ: hand mde Smce

- AB—>B,AB— C,AC - B are extraneous
. we get

Databage Design and Normalization

a minimal set of

attnbute. Hence, remove all these

A—-> B
B> C
A>sC

- Step 3 : By rule of transltlwty, we can remove. Hence, Wé‘geil;h‘thg minimal
. cover o, D>

A->C
A-> B
B C

-:{Que 3.9. lAset of FDs for therelatlonR[A,B C,D,E,F)is AB C,
'C—A,BC— D,ACD - B, BE  C, EC - FA, CF - BD, D - E. Find

a minimum cover for this set of FDs AKTU 2022.-23, Marks 10

‘Answer
Step 1 : Decompose FDs

. AB>C,CoA, BC » D, ACD - B,BE—> C,EC > F,EC > A
. CF5D.DoE

tep 2 : Remove extraneous attributes from the LHS
“hecking FD: AB - C:

‘ Check if A - C holds : It does not

Check if B — C holds : It does not

b
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So, AB = C remains a8 is
Checking FD: C - A

This F'D is already minimal.
Checking FD : BC -» D
i.  Check if B — D holds : It does not
ii. Check if C = D holds: It does not

So, BC - D remains as is
Checking FD: ACD - B:
i.  Check if A — B holds: It does not
ii. Check if C — B holds : It does not
iii. Check if D — B holds : It does not
iv. Check if AC — B holds : It does not
Check if AD — B holds : It does not

3. o

So, ACD —» B remains asis:
Checking FD: BE - C:
i.  Check if B — C holds : It does not
ii. Check if E — C holds : It does not
So, BE —» C remains asis:
Checking FD: EC —» F:
i Checkif E - F holds : It does not
ii, Check if C — F holds : It do=s not
S‘o“, EC - F remains asis:
Checking FD: EC —> A:
i Check if E - A holds : It does not
ii,  Check if C — A holds : It does not

Check if CD — B holds : It does npt

—

Thus, EC — A can be simplified to C—o A But this FD is already present.

Checking FD: CF - B:

i Check if C —» B holds: It does not

ii. Check if F — Bholds : It does not
So, CF —» B remains asis:

Checking FD:CF —» D:

i.  Check if C — D holds : It does not

ii. Check if F — D holds: It does not

So, CF - D remains asis:
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" Checking FD:D O Bt
- This IFD is already minimal.
; Step 3¢ Remove Redundant FDS.
i A - C
CoA
BC -+ D
ACD - B
BE - C
EC-F
EC— A
CF->B
CF->D
Do E
After checking for derivability among the FDs, we get :
The minimal cover for the given set of FDs is
AB-C
C—oA
BC—-D
ACD > B
BE-C
EC—-F
CF—-B
©~ D->E

PART-2
Normal Forms; First, Second, Third Normal Form, BCNF.

Que 3.10. | Define normal forms. List the definitions of first, second

' and third normal forms. Explain BCNF with a suitable example.
1 OR
. Explain INF, 2NF, 3NF and BCNF with suitable example.

. Answer l
- L Normal forms are simply stages of database design, with each stage

applying more strict rules to the types of information which can be
stored in a table,

; 2. Normal form is a method to normalize the relations in database.

3 Nor'mal forms are based on the functional dependencies among the
attributes of a relation.

B e S
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Different normal forms are :
1. First Normal Form (1NF) :

a. Arelations Ris in INF if all domains are simple i.e., all elemep,
are atomic.

For example : The relation LIVED-IN given in Table 3.10.1 is not in
INF because the domain values of the attribute ADDRESS are not

atomic.
Table 3.10.1. LIVED-IN
Name e Address / )
CITY Year-moved-in Year-left
Ashok Kolkata 2007 -~ 2015
Delhi 2011 - 2015
CITY |~ Year:moved-in Year-left
Ajay Mumbai 2000 2004
Chennai 2005 2009

Relation not in 1NF and can be normalized by replacing the non-simple

domain with simple domains. The normalized form of LIVED-IN is

given in Table 3.10.2. g
Table 3.10.2. LIVED-IN

Name City Year-moved-in | Year-left
Ashok Kolkata 2007 2010
Ashok Delhi 2011 2015
Ajay Mumbai 2000 2004
Ajay Chennai . 2005 2009

2. Second Normal Form (2NF) : |

a. Arelation R is in 2NF if and only if it is in INF and every non-key
attribute is fully dependent on the primary key.

b. Arelation R is in 2NF if every non-prime attribute of R is fully
functionally dependent on each relation key.

For example : The relation flight (flight#, Type_of_aircraft, date,
source, destination) with functional dependencies given is not in 2NF.

flight# — Type_of_aircraft
flight# date — source destination

Here flight# date is key but Type_of_aircraft depends only on flight#.
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To convert relation flight (flight#, Type_of aircraft, data, source,
destination) into 2NF break the relation into two relation :

flight1 (flight#, Type_of_aircraft)
flight2 (flight#, date, source, destination)
8. Third Normal Form (3NF) :

a. Arelation Ris in 3NF if and only if, for all time, each tuple of R

consists of a primary key value that identifies some entity in the
database.

* b. * Arelation schema R is in 3NF with respect to a set F of functional
dependencies, if for all functional dependencies in F* of the form
a— B, wherea c R and B c R, at least one of the followmg holds :

W, ..
1. o — Pisa trivial functional dependency. :

ii. ois-asuper key for R.
. FEach attribute Ain -

c. A databasedesignisin ]}:CNF if each member of the set of relation™
schemas that constitute the demgn is in BCNF.

For example : Let consider a relation R(A, B, C, D, E) with AC as
primary key and functional dependencies in the relation R is given as
A—->B,C—- DE. .

To convert relation R into BCNF break the relation in three relation
R (A, B), R,(C, D,E), R (A, Q).

Que 3.11.

E F, G, H, I, J) and a set of following functional dependencies.
. F={AB-> C,A— DE,B—F,F—> GH,D - IJ) ]
8 determme the keys for R ? Decompose R into 27 normal form.

Consider the universal relational schema R (A, B, C, D,




N

___,j":] 3 A “":H/”"H'-‘In &

]
Oon
Consider the universal relation R=(AB,C,D, LI ¢ 1,1
y Iy 17,

set of functional dependencies 7= | (A, B) - (C), (A
ndc 8= = {C V- (D, I;
(F} > (G, H), (D) - {1,J) ). What is the key l'm"lf 4 l)w:mny

2NF and then 3NF relations.

Answer j
LetR={A,B,C.D.E.F G,H,1,.J) and the sel of funetic
s Ly y vy 47, LT, yLye/ ] c v ‘)n“]dff Nilen .
F=11A, Bl > (C), (A) D, B), (B) - (1), (1) (G, 1), m;".‘ i

- : » 1, .
fﬁ& minimal set of attributes whose closure includes all the attribyype, . o
1s a key. Since, the closure of (A,B], (A,B) += R, 8 in s

So, one key of R is {A, B}

Decompose R into 2i\1F and then 3
into 2NF and 3NF :

Database Management, System
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NF': For this normalize /¢ ; ntuitivel,

1. Identify partial dependencies and that may violate 2NF. Thes.

attributes that are functionally dependent on either parts of the kr:;' /’;
or {B}, alone | o

2. Now we can calculate the c1§sure (A)+and (B)+to determine partizljs
dependent attributes : : )

(A)+=1{A,D,E, 1, J} ,
Hence (A) — (D, E, I, J} (A) — {A} is a trivial dependency
(B)+={B, F, G, H}
Hence (B) — {F, G, H} (B) — {B} is a trivial dependency

3. For normalizing into 2NF, we may remove the attributes that are
functionally dependent on part of the key (A or B) and R and place them
in separate relations R1 and R2, along with the part of the key ther
depend on (A or B), which are copied into each of these relations but also
remains in the original relation, which we call R3 below :

R1={A,D,E, I, J}, R2=(B,F, G, H}, R3 ={A, B, C}
4. The new keys for R1, R2, and R3. y .
5. Next, we look for transitive dependencies in R1, R2 and R3.

The relation R1 has the transitive dependency {A} — {D} — (I, J}, s0 we
remove the transitively dependent attributes {I, /} from R 1 into relation
R11 and copy the attribute D they are dependent on into R11.

6. The remaining attributes are kept in relation R12. Hence, R1 is
decomposed into R11 and R12 as follows :

R11={D,1,J},R12 = |A, D, E}

7. The relation R2 is similarly decomposed into R21 and R22 based onthe
transitive dependent (B} — {F} — (G, H)

R2={F,G,H},R2=(B, F)}
8. The final set of relations in 3NF are {R11, R12, R22, R3}
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a0 8 12. | Write the difference between BONF and 3NF,
( u e

= e

e

1.

BCNF

ﬁi3CNF, for any I'Dsg ﬁi?:_{
relation £, A — B, A should be a
super key of relation.

3NF

In 3NF, tfh;reﬁshou‘lg‘he no
transitive dependency that is no
non prime attribute should be

transitively dependent on the
candidate key,

"] . .
2. It is comparatively stronger than (It is less strong than BCNF.
3NF.
-"_——_‘Li .
3. In BCNF, the functional|{In 3NF, the functional
dependencies are already in |dependencies are already in
INF, 2NF and 3NF. 1NF and 2NF.
4. |Redundancy is low. | Redundancy is high.
7), In BCNF, there may or may not |In 3NF, there is preservation of
be preservation of all. . " |all functional dependencies.
6. It is difficult to achiéve;. It is comparatively easier to
. achieve.
7. Lossless deéompdsition is hard |Lossless decomposition can be

to achieve in BCNF.

achieved by 3NF.

Que 3.13.

Que 13 ]

Prove that BCNF is strongeriﬁ_fghan_'3NF.

OR

Answer

L Arelation, R, is in 3NF iff for eve

least one of the following conditions :
X — Aistrivial (i.e., A is subset of X)

a.
b.

C.

X'is a superkey for R, or
Ais a key attribute for R.

Prove that BCNF is, stricl;(%_r than 3NF.

ry ‘d‘.ependench — A satisfied by R at

BCNF does not permit the third of these options.

2,
3.

BCNF identifies some of the anomalies that are not addressed by SNF.
Arelation in BCN Fis also in 3NF but vice-versa is not true.

Hence, BCNF is more strict / stronger than 3NF.
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Que 3.14. l

i.  Consider the relation R(a, b, ¢, d) with set F = (a5 ¢, _
decompose this relation in 2 NF. dj
ii. Explain the lossless decomposition with example.

AKTU 2020-21, Marks 1

Answer
Given R(a, b, c,d)and F = {a > ¢, b —d)

Step 1 : Find candidate key :
(ab)* = {a, b, ¢, dl

1.

Step 2 : Prime attributes are {a, b} :
Step 3 : Finding partial dependency {a —)‘b] T h
Step 4 : Find (a)* ; -

ie., (a)*={a, c}

Step 5 : R1{A, C) and R2{b,d} .

Step 6 : Now finding normai form'- ‘
Fl:{a—>c]F2:{b—d} 5 ‘

Hence, F1 and F2 are m QNF. ) '

Lossless decomposition : A decomposition {R,, R,, ... R ] of é'relation
R is called a lossless decomposition for R if the natural joinof R, R, ...,

R, produces exactly the relation R.
Following are the condition to show tha

ii.
t decompositions are lossless

using FD set © :
Union of attributes of R, and R, must be equal to attribute of R. Each
attribute of R must be either in R, or inR,.

ALH(R,) UALHR,) = Att(R)
ibutes of Rland R, must not be NULL.

) Intersection of attr
Att(R)) N AtH(R,) # ¢

Common attribute must be a key for at least one relation (R or Ry)
Att(R)) N Att(Ry) — Att(R,) or Att(R;)) N Att(R,) — Att(R,)

"or example :
Consider a relation B (A, B, C, D) with FD set A —» BC and 4 = Dis
decomposed into R,(A, B, C) and R,(A, D) which is a lossless join

decomposition as :
First condition holds true as:
Att(R,) U Att(R,) = (A, B,C) U (4, D) = (4, B, C, D) = Att(R).

Second condition holds true as:

e
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/
Att(R) MALUR,) = (A, B, C) N (A, D) » b
Third condition holds true as :
Att(R)) N Att(R)) = Alis akey of R (A, B, C) becauso A — BC,

Que 3- 15. | Write the difference between 3NF and BCNF. Find the

pormal form of relation R(A, B, C, D, E) having FD sect
ToiA— B, BC > E,ED > A).

Tswer |

pifference : Refer Q. 3.12, Page 3-14A, Unit-3.

Numerical :
Given : R(A, B, C, D, E) and

F=A->B
BC > E
ED -5 A
(ACD)* = ACDB v A-B
= ABCDE '+ BC-E
= ABCDE . v ED A

So, ACD is a key of R.
Relation R is in INF as all domains are simple i.e., all elements are atomic.

Que 3.16. |

i.  What is highest normal form of the relation R(W, X, Y, Z) with
the set F = (WY - XZ, X - Y).

ii. Consider a relation R(A, B, C, D, E) wnth set F = {A —» CD,
C - B, B - AE). What are the prime attributes of this relation

and decompose the given relation in 3 NF.

AKTU 2020-21, Marks 10

Answer I

i. Step 1:Find the candidate key :
F=WY - XZ
X-Y
WY - X
WY - Z
X-Y
WXY+={W,X, Y, Z}
So, WXY is a candidate key.
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Step 2 : Prime attributes are (W, X, Y] non-prime attributes is (7

Step 3 : The relation Ris in 1st normal form as a relational DBMg doe
'

not allow multi-valued or composite attributes.
n is not in 2nd normal form because WY _, .
is

Step 4 : The relatio
1 does not allow partia]

partial dependency and 2nd normal forn
dependency.

So, the highest normal form will be the 1st normal form.
ii.Step 1 : Find the candidate key :

A—->CD,C—-B,B-o AE
(A)* = |A, C,D, B, E}, B* = (B, C, A, E, D)
So. (A, B) are the candidate key. | |
E,;ep 92 : Prime attribute is (A, B) and non-prime attributes are {C, D,

Step 3 : A relation is in third normal form as {A, B} are super key and
{C, D, E} are non-prime attributes, we can drive {C, D, E} from (A, B}.

Que 3.17. I What do you understand by transitive dependencies ?

Explain with an example any two problems that can arise in the
database if transitive dependencies are present in the database.

AKTU 2021-22, Marks 10

Answer

A. Transitive dependencies:

1. A transitive dependency in a database is an indirect relationship between
values in the same table that causes a functional dependency.

2. Toachieve the normalization standard of Third Normal Form (3NF), we
eliminate any transitive dependency.- =

3. A transitive dependency exists ﬁhen you have the following functional

dependency pattern: -
A — B and B — C; therefore A — C

4. Consider the following example :

5. If you have a Course you can easily get its Instructor s
Instructor.

Course Field Instructor Instructozzl‘lf_‘ﬂ
English Languages Abha Dixit 0123456789
French Languages Abha Dixit 0123456789
Drawing Art N D Bhatt 9876543210
PHP Programming | Arun Tripathi 222XXX8887
C++ Programming Arun Tripathi 222)0(1(_8_8_§L,
o Course ~
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If you have an Instructor you can't ge

teaching different courses.

If you have an Instructor you can easily get his Phone go
Instructor = Phone.

That means if you have a Course then you can get the

phone which means Course — Instructor Phone (i.c.

dependency).

Transitive dependencies have following problem :

If you delete both the French and English courses then you will delete

their instructor Abha Dixit as well and his phone number will be lost

forever.

There is no way to add a new Instructor to your database unless you

add a Course for him first or you can duplicate the data in an Instructors

table which is even worse, i

If Instructor Abha Dixit changes her phone n_umber'then you will have

to update all Courses that she teaches with the new info which can be

very prone to mistakes. Yo

You can't delete an instructor from your database unless you delete all
the courses he teaches or set all his fields to null.

t his Course ag he might be

Instructor
, Transitive

PART-3

Inclusion Dependence, Lossless Join Decomposition.

Que 3.18. | Explain inclusion dependencies.
R

Answer
1.

An inclusion dependency R. X < S.Y between two set of attributes X of
relation schema R, and Y of relation schema S specifies the constraint
that, at any specific time when r is a relation state of R and s a relation
state of S, we must have J

T (r(R)) < my(s(S))
The set of attributes on which the inclusion dependency is specified X of
R and Y of S must have the same number of attributes. Also domains for
each pair of corresponding attributes should be compatible.

Inclusion dependencies are defined in order to formalize two types of
interrelational constraints :

a. The foreign key (or referential integrity) constraint cannot b_e
specified as a functional or multivalued dependency because it
relates attributes across relations.

b.  The constraint between two relations that represent a class/subclass
relationship also has no formal definition in terms of the functional,
multivalued, and join dependencies.
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4. For example,if X=(A,A,, ..., A Jand Y =B, B,,... B }, one pogg
correspondence is to have dom(A)) compatible with dom(B)) for 1 <z l(b](’
In this case, we say that A, corresponds to B,. LY

Que 3.19. | Describe lossless decomposition.

OR
Define functional dependency. What do you mean by losgs]eg
decomposition ? Explain with suitable example how function:].
dependencies can be used to show that decompositions are loss]egg

Answer y
Functional dependency : Refer Q. 3.1, Page 3-2A, Unit-3. "
Lossless decomposition : A decomposition {R,, Ré;‘-:- Rn} of a relation R ig
called a lossless decomposition for R if the natural join of R, R, .., R

produces exactly the relation R. "

Following are the condition to show that décbmpds;ifighs are lossless using
FD set : B =

1. Union of attributes of R, and R, must be équal to attribute of R. Each
attribute of R must be either in R orin R,,.

Att(R,) U Att(R,) = Att(R)
2. Intersection of attributes of R, and R, must not be NULL. |
Att(R)) N Att(R,) # ¢ a
3. Common attribute must be a key for at least one relation (R, o'r‘Rz)
Att(R,)) n Att(R,) — Att(R)) or Att(R,) N Att(R,) — Att(R,)
For example : ‘

Consider a relation R (A, B, C, D) with FD set A —>BCand A—> Dis
decomposed into R,(A, B, C) and R,(A, D) which is a lossless join decomposition

as: ,
1. First condition holds true as:
Att(R)) U Att(R,) = (A, B, C)u(A,D)=(A, B, C, D) = Att(R).
9. Second condition holds trueas: .
Att(R) M Att(R,) = (A, B,C) n(A, D) = ¢
3. Third condition holds true as:
Att(R)) N Att(R,) = A is akey of R (A, B, C) because A — BC.

Que 3.20. I Consider the relation r(X, Y, Z, W, Q) the set F = (X—Z,

Y—Z,Z>W, WQ—Z,ZQ—X) and the decomposition of r into relations
R,(X, W), R,(X,Y), Ry(Y, @), R,(Z, W, Q) and R;(X, Q). Check whether
the decompositions are lossy or lossless.

Answer I

To check the decomposition is lossless following condition should hold-
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Ry RO B O R OR= X MUK Y 0, @02, w, ) o (x, @) -
XY, Z W, Q=R
(RyNRINRynRI)N R, = (X, W) A X, )y, )
NEZ, W, nNKX, Q) = Xn@nlX, Q)
= XnQ=9¢

Since, condition 2 violates the condition of]

ossless join decomposition. Hence
~ decomposition is lossy.

| Given the following set of FDs on schemaR (V,W, X, Y, Z)

Z - VWY, XY 2Z Vo WX) State whq;pﬁer-i;bﬁfollowing
“decomposition are loss-less-join decompositions or not.”

R1=(V,W,X),R2=(V,Y.2) g
ii. R1=(V’W’X)’R2=(X,Y,Z)

[AKTU 2022-23, Marks 10

Common attribute : V
Closure of V :

V= {(V,W,X,Y, 2}
Vis a superkey for R
So, it is lossless join decomposition
Decomposition R1 = V,w,X)
R2= X|Y,2)
Common Attribute : X
Closure of X :

X=X}
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X alone is not a superkey.
c. Intersection check: R1 A~ R2=1X]

X does not determine all attributein R1or R2. So, it is not a lossless-join
decomposition.

PART-4

Normalization using FD, MVD and JDs, Alternative
Approaches to Database Design.

Que 3.22. \ What is normalization ? Explain.

OR
Write a short note on normalization with advantages.

Answer \

1. Normalization is the process of reducing data redundancy in a relational
database.

9. Normalization is a refinement process that the database designer
undertakes. After identifying the data objects of the proposed database,

their relationships define the tables required and columns within each
table.

3. The fundamental principle of normalization is, “The same data should
not be stored in multiple places.” No information is lost in the process;

however, the number of tables generally increases as the rules are
applied.

Advantages :

1. It helps to remove the redundancy from the relation.
2. It helpsineasy manipulation of data.

3. It helps to provide more information to the user.

4.

It eliminates modification anomalies.

Que 3.23. \ What is MVD and join dependency ? Describe.
OR
Write a short note on MVD or JD.

OR
Describe the multivalued dependency.

Answer

Multivalued Dependency (MVD) :

1. MVD occurs when two or more independent multivalued facts about

the same attribute occur within the same relation.
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‘ 9 MVD is denoted by X — — Y specifi
" and Y are both subsets of R,

ase Design and Normalization

ed on relation schema R, where X

3. BothXand Yspecifies the following constraint on any relation state r
of R : I two tuples ¢, and t, exist in r such that £,(X) = 1,(X). then turn
tuples 7, and #, should also exist in s with th 1 3
where we use Z to denote (R — (X U ¥))

t3(X) = £,(X) = ,(X) = 1,,(X)

t3(Y) = t,(Y) and ¢, (2) = t,(2)

i t,(¥) = t,(¥) and t,(2) = t,(Z)

.~ 4 AnMVDX-> YinRiscalleda trivial MVD if

' a. Xisasubset of Yor

b. XuY=R

An MVD that satisfies neither (a) nor (b) is called a non-trivial MVD.
For example : =

e following properties.

Relation with MVD .'
_ Faculty | Subject | Committee
John DBMS = - Placement
John | _Nétvyorking Placement - |
John. | MIS Placement )
John | DBMS “Scholarship - E
‘ ‘John' Networking Scholarshlp
John MIS | “Scholarship

Join Depend(;hli{cy‘_‘,(JD) - Sy 5
1. A JoinDependency (JD), denoted by,(R'l;Ré, =, R, ) specified on relation
scheme R, specifies a constraints on the states r of R.
2. The constraint states that every legal state r of R should have a lossless
Join decomposition into R, R,, ..., R, . That s, for every such r, we have
(Mg (r), MR, (r), ooy Mp (X)) =r

3. Ajoindependency JD (R, R,, ..., R)), specified on relation schema R, is
a trivial JD if one of the relation schemas R, in JD (R,, R,, ..., R,) is
equal to R,

4. Such a dependency is called trivial because it has the lossle_ss join
property for any relation state r of R and hence does not specify any
constraint on R.

|
|
|
|
|3
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Que 3.24. I Describe the following terms :

i.  Multivalued dependency.

ii. Trigger. AKTU 2023-24, Mﬂ@

Answer l
i.  Multivalued Dependency (MVD) : Refer Q. 3.23, Page 3-21A,
Unit-3.

ii. Trigger : Refer Q. 2.29, Page 2-35A, Unit-2.
Que 3.25. | Explain the fourth and fifth normal with suitable

example. oR

Describe the term MVD in the context of DBMS by g1v1ng an example,
Discuss 4NF and 5NF also. =~ | AKTU 2023-24, Marks 10

AKTU 2021-22, Marks 10

Answer

Fourth Normal Form (4NF) :

1. A table is in 4NF, if it is in BCNF and it contains multlvalued
dependencies. :

2. Arelation schema R is in 4NF, with respect to a set of dependenmes F
(that.includes FD and multivalued dependencies) if, for every non-
trivial multivalued dependency X —»— Y in F*, X is superkey for R.
For example : A Faculty aas multip'e courses to-teach and he is
leading several committees. This reli-tion is in BCNF; since all the
three attributes concatenated together constitutes its key. The rule
for decomposition is to decompose the offending table into two, with
the multi-determinant attribute or attributes as part of the key of
both. In this case to put the relation in 4NF, two separate relations are
formed as follows :

FACULTY_COURSE (FACULTY, COURSE)
FACULTY_COMMITTEE (FACULTY, COMMITTEE)

Faculty | Course Faculty Cr.nmittee
John Subject John Placement
John Networking John Scholarship
John MIS

Fifth Normal Form (5NF) :

1. Arelationisin 5NF, if it is 4NF and cannot be further decomposed.

2. In5NF, we use the concept of join dependency which is a generahzed
form of multivalued dependency.
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Jation schema % is in 6NF or Project Join Normal Form (PINF)
ol ﬂos cct to aset Fof functional, multivalued and join dependencies
'wntrl:rl‘vvgr‘y non-trivial join dependency JD (Ry, Ry, ... R )in F* (that is
;,f,’,p(liea by F), every R, is a superkey of R,

For example :

Company Product Supplier
Godrej Soap Mr. X
Godrej Shampoo Mr. X
Godrej Shampoo Mr.Y
Godrej Shampoo Mr.Z

H.Lever Soap _ MrX _
H.Lever Soap | © MrY
H.Lever Shampoo:|~ - Mr.Y

The table is in 4NF as there_j no m

'Xalu;d dependency.
the

lose information, which can be

If we decompose the table
as follows :

Suppose the table is decomp sed into two parts as :
Compan‘y_Prqd{i;gg_;‘" Co

| Godrej - ["Soap '
.‘ Gddif}aj‘ Shampoo
H.Leifefi‘ . | Soap
W H.Lever ~ Sham;r)_,od'f .
) 7 Mr.Y

The redundancy has been eliminated but we have lost the information.
Now suppose that the original tableto be decomposed in three parts,

Company_Product, Company_Supplier and Product_Supplier, which

Product_Supplier

_ PRODUCT | SUPPLIER
Soap Mr. X
Soap Mr.Y
Shampoo Mr. X
B Shampoo Mr. Y
—.;Shampoo Mr. Z
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So, itisclear thatifatableis in ANI' and eannot be
itin said to be in GNI,

Multivalued Dependency (MVD) t Refer Q. 3,23, Page 3-21A, Unit.n

Que 3.26. | What is meant by the attribute preservation conditje,,

on decomposition ? Given relation R(A, B,C,D,E) with the fun
dependencies F = (ABCD, A E, C—D), the decomposition of
R (A, B,C),R(B,C,D), R, (C, D, E) check whether the
or lossless.

——
——

furthor (Itecmnpcm,.d
oy

tiong|

. Ring,
relation ig loﬂqy

Answer

Attribute preservation condition on decomposition :

1. The relational database design algorithms start from asingle univergs|

relation schema R = (A, A,, ..., A, ) thatincludes all the attributes of the
database.

2. Weimplicitly make the universal relation assumption, which states that
every attribute name is unique. )

3.  Using the functional dependencies, the algorithms decompose the
universal relation schema R into a set of relation schemas D = {R.,R,,...
R, } that will become the relational database schema; D is called a
decomposition of R.

4.

Each attribute in R must appear in at least one relation schema R;inthe
decomposition so that no attributes are lost; formally, we have

UR =R
t=1

This is called the attribute preservation condition of decomposition.
Numerical : | ‘ :

A “B7C D E

R,=(A,B, C) " R[4 82| 83| a4 ag

R, = (B, C, D) I

R;=(C,D, E) Ry | @1|bgy| bog| byy| 25
R,nR,=C

RinRynRy Ry | bgy| byy| 83| 24| bgg

After applying first two functional dependencies first row contain all “a”
symbols. Hence it is lossless join.
Que 3.27. | What are the alternate approaches to database design?

OR
Describe dangling tuples.

Answer I

An alternate approach to database design is dangling tuples :
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Databage Des;j

gnand Normalization
Tuples that “disappear” in CW

Join are known as dangling tuples.
a. Letr(R)),r(R), ..., m.(R,) be a set of relations,

b. Atupletofrelation R isa dangling ty

pleiftis not i the relation
I, (ry o« Fo b4 ... pg r,)

The relation r; pq T2 < ... a1, iscalled a universal relation since it
involves all the attributes in the % m; se” ned byR UR, L UR
2V UR

» instead of decomposing a
_ ze a collection of normal
form schemas from a given get of attributes.

VERY IMPORTANT QUESTIONS

Following questions are very impbrtant. These questions
may be asked in your SESST ONALS as well as
UNIVERSITY EXAMINATION. =

Q.1. What is functional dependenc

¥ ? Explain the procedure of
calculating the canonical cover of a given functional

dependency set with suitable example.

Ang; Refer Q. 3.3.

Q.2. A set of FDs for the relation R(A, B, C, D, E, F) is AB » C,
C—)A,BC—)D,ACD—+B,BE—>C,EC~—)FA,CF—)BD,
D - E. Find a minimum cover for this set of FDs.

Ans. Refer Q. 3.9.

Q.3. Define normal forms, List the definitions of first, second

and third normal forms. Explain BCNF with a suitable
example.

Ans. Refer Q. 3.10.

Q.4. Consider the universal relational schemaR (4, B, C,D,E, F,
G,H,I,J) and a set of following functional dependencies.
F={AB > C,A—> DE,B - F,F > GH,D - I.J)
determine the keys for R ? Decompose R into 2"¢ normal
form.

Ans. Refer Q. 3.12.

Q.5. Prove that BCNF is stricter than 3NF.
Ans. Refer Q. 8.13.

Q.6. What is MVD and Join dependency ? Describe.
Ans. Refer Q. 3.23.
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Q.7
i

il
AniE

Q.8.

Ans.

T \\\
Deseribe the following terms
Multivalued dependency.

Trigger.
Refer Q. 3.24.

Describe the term MVD in the context of DBMS by givi
an example. Discuss 4NF and 6NF also. 'ng

Refer Q. 3.25.

©O©

R
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Part-1

Part-2

Part-3

Part-4 :

Part-5 :

Part-6

‘Failures

: 'Log Based Recovery,

Checkpoints
Deadlock Handling 4—24A td;i{ZB
Distributed Database : ... ,..4-2VS'VA’ to 4—-3

Transaction System, il T |
Testing of Serializability, '~ . - o
Serializability of Schedules '
Gonflict and View Serializable ...\ 4<5A to 4-18A"
Schedule, Recoverability, Eune i R Ba
Recovery from Transaction

Distributed Data Storage

Concurrent CONtrol, .cocercniemnrmezeers

... 4-35At0 4-3TA
Directory System . o =y
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Transaction P:'nceﬂﬂing

PART-1 |

Transaction System, Tesling of 'Seriulizrf.btﬁlﬁty,
Sertalizability of Schedules.

Que 4.1. ' Write a short note on transaction.

Answer l

1. Atransactionis a logical unit of database processing that includeg one
or more database access operations; these include insertion, deletiop
modification or retrieval operations. : \ ’

2. The database operations that form a transaction can be embeddeq
within an application program. ;

3. By specifying explicit begin transaction and end transaction we cap
specify the transaction boundaries.

4. If the database operations in a transaction do not update the databagse
but only retrieve data, the transaction is called a read-only transaction_

Que 4.2, , Explain ACID properties of transaction.
OR
What do you mean by transaction ? Explain transaction property

with detail and suitable example.
OR

What do you understand by ACID properties of transaction ?
Explain in details.

\

OR
Define transaction and explain its properties with suitable example.

Answer
Transaction : Refer Q. 4.1, Page 4-2A, Unit-4.

To ensure integrity of data, the database system maintains some properties
of transaction. These properties are known as ACID properties.

Let us consider an example for the set of operations :
1. Deduct the amount Rs.500 from A’s account.

2.  Add amount Rs. 500 to B’s account.

ACID properties are as follows :

1. Atomicity : It implies that either all of the operations of the transaction
should execute or none of them should occur.

Example : All operations in this set must be done.



i
|
|
|

4 Durability: Once a transactioni
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i
A

D:‘lt:\
If the syslcm {
from A's account, re
r <1 . b ] ] .
COHSiStC“CY . The state of database before the execution of transaction
: ‘ o

wnd after the execution of transaction should be same

. Let us consider the initial value of accounts A and B are

E,\'amplc :
Rs.lOOO and Rs.1500. Now, account A transfer Rs. 500 to account B.

ransaction . A + B=1000 + 1500 = 2500

After transaction: A + B =500+ 2000 = 2500

Since, total amount before transaction and after transaction are same.
So, this transaction preserves consistency. fv

Isolation : A transaction must not affect other transactions that are
running parallel to it. Al {1,

Example: Let us consider another account C. k‘I‘f",‘ij:'here is any ongoing

transaction between C and A, it should not m_ake any effect on the
transaction petween A and B. Both the transactions should be isolated.

s completed successfully. The changes

‘nils to add the amount in B’s account after ded
: & [ vf 4
vert the operation on A’s account Cucng

Before t

made by transaction persist in database.

rashed after completion of all the operations.
the stable state. An amount in

Example : A system gets C
Ifthe system restarts it should preserve
A and B account should be the same before and after the system gets

arestart.

Que 4.3. I List the ACID properties. Explain t_he._us.e'ﬁ;ln"e's's of each

property.

ACID properties of transactiqli':':“Refer‘Q.fikl.Z, Paée 4-2A, Unit-4.

Usefulness of ACID propertié_é s 5

Atomicity : Atomicity is useful to ensure that if for any reason an error
occurs and the transaction is unable to.complete all of its steps, then the
system is returned to the state it was in before the transaction was started.
Consistency : The consistency property is useful to ensure that a complete

execution of transaction from beginning to end is done without interference

of other transactions.
ful to ensure that a transaction should

Isolation : Isolation property is use
though many transactions

a i 1
af pear isolated from other transactions, even
e executing concurrently.

?;rability : Durability is useful t
abase by a committed transacti

changes applied to the

o ensure that the
the database.

on must persist in
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Que 4.4, l Explain transaction state in brief.
OR

What is transaction ? Draw a state diagram of a transaction showiyp
its states. Explain ACID properties of a transaction with Suitah),
examples.

OR
Draw a transaction state diagram and describe the states that a
transaction goes through during execution.

Answer

Transaction : Refer Q. 4.1, Page 4-2A, Unit-4.
State diagram of transaction :

1. Active : The transaction is said to be in vthe“étctive state till the fina]
statement is executed. / e,

Partially. N- “iik. "":ér‘()mmitted
committed /. e

Falled Aborted ) -

. Fig.44.1.

2. Partially committed : A transaction is said to'be entered in the
partial state when final statement gets executed. But itis still possible
that it may have to be aborted, since its actual operation is still resided
in main memory in which the power failure brings failure of its
execution. ; ae B

3. Failed: Atransaction enters a failed state after the system determines
that the transaction can no longer proceeds with its normal execution.

4. Aborted : A transaction enters this State after the transaction has

been rolledback and the database has been restored to its state, prior
to the start of the transaction.

5. Committed : A transaction enter this state after successful completion.
ACID properties with example : Refer Q. 4.2, Page 4-2A, Unit-4.

Que 4.5. l What is serializability ? Why serializability is required ?
Write short note on serializability of schedule,

Answer l
Serializability : Serializability is a property of a transaction schedule which

is used to keep the data in the data item in consistent state. It is the classical
concurrency scheme.
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Scria]izability is required :

1.
2.

To control concurrent execution of transaction.

To ensure that the database state remains consistent.

Serializability of schedule :

1

In DBMS, the basic assumption is that each transaction preserves
database consistency.

Thus, the serial execution of a set of transaction preserves database
consistency.

A concurrent schedule is serializable if it is equivalent to a serial
schedule.

PART-2

Conflict and View Serializable Schedule, Recoverability,
Recovery from Transaction Failures.

Q

Queds. |
Answor |

ue 4.6. | Discuss conflict serializability with example.

Answer

!—d

o

e

5.

Consider a schedule S, in which there are two consecutive instructions
I, and I of transactions T; and T}, respectively (i # ).

If I, and I. refer to different data items, then swap I; and I; without
affectmg the results of any instruction in the schedule

However, if I, and / f refer to the same dataitem @, then the order of the
two steps matter.

Following are four possible cases :

I I Swapping possible
Read (@) Read (Q) Yes
Read (Q) Write (Q) No
Write (Q) Read (@) No
Write (Q) Write (@) No

I.and I, conflict if there are operations by different transactions on the
qﬂme dataitem, and at least one of these instructionsis a write operation.
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Que 4.7. | What is conflict serializable schedule ? Check the given

for oxnmplv '

Transaclion Processing Concep

Schedule §

T

read (A)
write (A)

read (B)
write (B)

T,

read (A)
write (A)

read (B)
write (B)

—

i.  The write (A) instruction of T, conflicts with read (A) instruction of
T,. However, the write (A) mstructlon of T', does not conflict with

the read (B) instruction of T', as they access dlfferent data items.

Schedule S'
T, T,
read (A) '
wrlte (B) -5
: read (A)
read (B)
write (A)
write (B) -
: read (B)
write (B)

ii.  Since the write (A) instruction of 7}, in Schedule S’ does not conflict
with the read (B) instruction of T';; we can swap these instructions
to generate an equivalent schedule

iii. Both schedules will produce the same , final system state.

If a schedule S can be transformed into a schedule S’ by a series of

swaps of non-conflicting instructions; we say that S and S’ are conflict

equivalent.

The concept of conflict equivalence leads to the concept of conflict
serializability and the schedule S is conflict serializable.

schedule S1 is conflict serializable or not ?
S1:R1(X), R2(X), R2(Y), W2(Y), R1(Y), W1(X)

AKTU 2020-21, Marks 10
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o —
A C Onﬂm( serializable schedule : Refer Q. 4.6, Page 4-5A, Unit-4.

B \umencql
' S R1(X), R2(X), R2(Y), W2(Y), R1(Y), W1(X)

T, T,
ry(x)
r(x)
ry(y)
w,y(y)
r,(y)
w,(x)

Precedence graph:

Since, the graph does not contain cycle. Hence, it is conflict serializable.

Que 4.8. I Describe serializable schedule. Discuss conflict

serializability with suifablg example. | AKTU 2021-22, Marks 10

OR '
What is conflict serializable schedule ? Explain the difference
between conflict and view serializable schedule using suitable

example ? AKTU 2023-24, Marks 10

Answer

Conflict serializable schedule : Refer Q. 4.6, Page 4-5A, Unit-4.-
Serializable schedule : Refer Q. 4.5, Page 44A, Unit-4.

S.No. | Conflict serializability. View serializability

L Easy to achieve. Difficult to achieve.
2 Cheaper to test. Expensive to test.
Every conflict serializableis | Every view serializable is not
view serializable. conflict serializable.
4. Used in most concurrency | Not used in concurrency control
control scheme. scheme,
5. Example schedule : Example schedule :
T1: R(A) W(A) T1: W(A)
T2: R(A) W(A) T2: R(A) W(A)
(T T3: R(A)
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—Q_um Explain view serializability with example,

Answer I
1.  The schedule S and S’ are said to be view equivalent jf f()”nwing

three conditions met :

For each data item @, if transaction 7' reads the initia| value of

in schedule S, then transaction 7' in schedule S, mugt also fead

the initial value of Q.

b. Forecachdataitem @ if transaction 7} executes read (@) in schedule
S and if that value produced by a write (Q) operation executed by
transaction T, then the read (@) operation of transaction T, in
schedule §’, must also read the value of @ that was produced by
the same write (@) operation of transaction TJ

¢. Foreach data item @, the transaction (if any) that performs the
final write (@) operation in schedule S must perform the fing]

a,

write (@) operation in schédhlé S’ o 3
2. Conditions (a) and () ensure. that each transaction reads the same

values in both schedules and therefore, performs the same computation.
Condition (c), coupled with condition (a) and condition (b) ensure that
both schedules resultin the same final system state. PN
3. The concept of view equivalence leads to the conceptof view
serializability. i Y
4. We say that_‘schéd;ﬁle_QS 1s view serializable, if i
serial schedule_;—_hb ’
5. Every c'cj)liﬂirctws:ei'i'alizable schedule is also

Example: = .=
°  Schedule S1
T, v Tz
read (A) %0 Tead (A)
write (A) ~ write (4)
read (B) read (A)
write (B) write (A)
read (A) read (B)
write (A) write (B)
read (B) read (B)
write (B) write (B) J

Schedule S1 and S2 are view equivalent ag :
L T, readsinitial value of dataitem A in S1 and S2.

2. T, rea}ds value of data item A written by T, in S1 and S2.
3. T, writes final value of data item A in S1 and S2.
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Que 4,10, What is schedule 7 Define the conecept of recoverable,
ondeless and striet sehedules,
cns ‘

Answer

gchedule t A schedule is a set of transaction with t
{;1<t.1-\1cli011 in the transaction.

he order of execution of

Recoverable schedule :

Arecoverable schedule is one in which for each pair oftransaction T, and 7,
if T reads a data item previously written by T}, the commit operation nfo
appjears before the commit operation of 'I'j

For example : In schedule S, let T, commits imme
read (A) i.e., T, commits before T, does. Now let Ty
we must abort T, to ensure transaction atomicity.
committed, it cannot be aborted. In this sit
correctly from the failure of T,.

diately after executing
fails before it commits,
But as T, has already
uation, it is impossible to recover

Schedule S
read (A) \
write (4)

gh, read (A) o
| read®
Cascadeless rséh-éd'ul‘e :
1L

~ oty

A cascadeless schedule is one, where for é_ai__éh pair of transaction T

and T, such that T’ reads a data item previously written by T, the

commit operation to T, appears before the read operation of 8
Even if a 'schedule is recdj{era_blé,";;é_fb‘ recover correctly from the
failure of a transaction T, we may have to rollback several transactions.
Such situations occur if transactions have read data written by T..
Strict schedule : g

L Aschedule is called strict if ever

not read or chang
commits,

y value written by a transaction 7'is
ed by other transaction until T either aborts or

2. Astrict schedule avoids cascading and recoverability.

. Queq., | What is a schedule ? Define the concepts of recoverable,
f Cascadeless ang strict schedules,

and compare them in terms of
their recoverability,

AKTU 2022-23, Marks 10
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Answer

Schedule, recoverable, cascadeless and strict 8¢
Refer Q. 4.10, Page 4-9A, Unit-4.

Comparison in terms of recoverability :

l‘edlll(}g

S. No. Schedule type Recoveram
1. Recoverable schedule. Ensures recoverability.
2 Cascadeless schedule. Does not ensure recoverability,
3. Strict schedule. Ensures recoverability. . L
—

Que 4.12. I What is precedence graph ? How can 1t be used to test
the conflict serializability of a schedule 2% =

Answer l
Precedence graph :

1. Aprecedencegraphisa dn‘ected graph G (N, E) that consmts of set of
nodes N = (T, T, .. _;T ) and set of directed edges E = [el, e2 el

2. There is one node in the graph for each transaction T;in the schedu]e

3. Eachedgee; mthegraphlsoftheform (T —>T) 1<_]<n 1<k <n,
where T 1s the startlng node of e; and T}, is the endlng node of e;.

4. Such an edge is created if one of the operatlons in T appears in the
schedule before some conflicting operatmn inT,.

Algonthm for testmg confllct senallzablhty of schedule S :

a. For each transaction T part1c1pat1ng in schedule S, create a node
labeled 7', in the precedence graph

b. For each case in S where T executes a read_item(X) after T,
executes a write_item(X), create an edge (T, —» T)inthe precedence
graph. -

c. For each case in S where T. executes a write_item(X) after T,
executes read_item(X), create an edge (T, — T )in the precedence
graph.

d. For each case in S where T, executes a write_item(X) after T}
executes a write_item(X), create an edge (T, — T)in the precedence
graph.



Databas N

Management System

4-11A (CS/IT-Sem-s)

The schedule S is serializable if ang onl

e.
has no cycles.

¥ if the precedence graph

The precedence graph is constructed as described i given algorithm

If there is a cycle in the precedence graph, sch

. _ edule S i i
serializable; if there is no cycle, S is serializable #5180t {conflict)

In the precedence graph, and edge from 7'.to T' means that t i
T must come before transaction T, in ARy Sy HAnSaction

;™ on any serial schedule that is
equivalent to S, because two conflicting operations appear in the schedule
in that order.

If there is no cycle in the precedence graph, we can create.an equivalent
serial scl_1e_dule S "that is equivalent to S, by ordering the transactions
that participate in S as follows : Whenever an edge exists in the precedence

graph from T to TJ. T, must appear before TJ in the equivalent serial
schedule S".

Example:
TI T’ T3
read (Y);
read (Z);
read (X) ;
write LX)
write (Y) ;
write (Z) ;
read (Z) ;
read (Y);
write (Y) ;
read (Y) ;
write (Y) ;
read (XD ;
write (X) ;
Schedule S

O——
@

Fig. 4.12.1. Equivalent serial schedules T, - T, » T,.

Que 4.13. I Test the serializability of the following schedule :

| 8

il

T (%) ryx); 10, (x); 1o (x); 104 (x)
Fy); e (x0); w4 x); ry (x); 10 (x)
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Transaction Processing Cone
ept

Answer

1. The serialization graphis :

N\

Fig. 4.13.1.

There are two cycles. It is not serializable.
ii. Theserialization graphis:

Fig. 4.13.2.

There is no cycle, so it is serialized.
The equivalent serial schedule is :

1), To(x), wylx), ry(x), w,(x) ) |
Que 4l4| Discuss cascadeless schedule and cascading tbllbaok.
Why is cascadeless of schedule desirable ?

Answer ]: " B

Cascadeless schedule : Refer Q. 4.10, Page 4-9A, Unit-4.

Cascading rollback : Cascading rollback is a phenomenon in which a
single failure leads to a series of transaction rollback.
For example : "

Schedule S
il o,
read (A)
read (B)
write (A) read A)
write (A)
read (A)

In the example, transaction T, writes a value of A that is read by transaction
T,. Transaction T, writes a value of A that is read by transaction T. Supposeé
that at this point T, fails. T, must be rolled back. Since T, is dependent on T,,
T, must be rolled back, since T, is dependent on T,, T, must be rolled back.
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Need for cnseadeless scheduleg :

Cascadeless schedules are desirale
does not lead to the aborting
cost of less concurrency,

Que 4.15. I What are schedules ? What are diff

erences between
conflict serializability and view serializ

ability ? Explain with suitable
example what are eascadeless and recoverable schedules ?
—A-nswer |

Schedule : Refer Q. 4.10, Page 4-9A, Unit-4.

Difference between conflict and
Page 4-7A, Unit-4.

Recoverable and cascadeless schedule o
Unit-4. i

Example of recoverable schedule :

hecauge Ltho

: failure of o transaction
of any other Lransac

tion, This comes at the

view seriali

Transaction _ Opes

= W(A)
T2 : R(A) (Reads A written by T1) _
T1 b g Commit

T2 ,,;F’{‘:“ Wil Commit

This is a recoverable schedule because T2 commits after’
Example of cascadeless schedule :

S

This isa cascadeless schedule because T2 reads A only after T1 has committed.

Que 4.16. What is schedule ? What are its types ? Explain view

serializable and cascadeless schedule with suitable example of each.
Answer

Schedule ; Refer Q. 4.10, Page 4-9A, Unit-4.
Types of schedule are : '

1. Re coverable schedule
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2. Cascadeless schedule

3. Strict schedule

View serializable : Refer Q. 4.9, Page 4-8A, Unit-4,

Example of cascadeless schedule: Refer Q. 4.15, Page 4-13A Unit-q

Que 4.17. l Consider schedules S1, S2, and S3 below. Determi
ne

whether each schedule is strict, cascadeless, recoverable, or
0
recoverable. (Determine the strictest recoverability condit;j $

on that
cach schedule satisfies).
S1: vl (X312 (Z); rl (Z);r3 (X); r3 (Y); wl (X); €13 w3 (Y); ¢3; r2 (Y); wo (2);
w2 (Y); c2;
S2: r1 (X);r2 (Z); r1 (Z); r3 (X); r3(Y); wl X); w3 (Y), r2(Y); w2 (Z); wo
(Y); cl1; ¢c2; ¢3;
S3:rl (X); r2 (Z); r3 (X);rl (Z); r2 (Y); r3 (Y); Wl (X), cl; w2 (Z); w3 (Y); wo
(Y); c3; (32; ) S AKTU 2022-23, Mat@

Answer l '

a. Recoverable schedule : The transaction which does uncommitted
read operation should not commit before the commlt/rollback of the
transaction which updated that data item.

Non-recoverable schedule : Opposite of recoverable schedule
Cascadeless schedule : No uncommitted read is allowed.

Strict recoverable schedule : Read/Write(WR; WW)V(.)pera-tions are

not allowed by any other transactions until the transactlon commit/
rollback Whlch updated a data item.

TL | T2 | T3 [ T1 | T2 T3] <[aT1 [ T2 ['T3
1% W X | _ m®
12Z) | | @ | & r2(Z)
rl(Z) ; rl(Z) = % r3(X)
r3(X) == T3(X) rl(Z)
r3(Y) <13(Y) r2 (Y)
wl(X) wl(X) r3(Y)
cl w3(Y) wl(X) ]
w3(Y) r2 (Y) o cl i
c3 w2 (Z) w2(@ | |
r2 (Y) w2 (Y) w3(Y) |
w2 (Z) cl w2 (Y) ==
w2 (Y) c2 3
c2 c3 c2
S1 : S2 S3

S1:recoverable, cascadeless, strict recoverable.

S2: There is a dirty read between W3(Y) and R2(Y) hence not
cascadeless, Not recoverable because T2 is committing before T3.
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g3: No dirty read hence recoverable and cascadeless schedule but not,
<trict recoverable because WW exists between W3(Y) and W2(Y).

Que 4.18. Consider the three transactions T'1, T2, and T3 and the

sedules S1 and 52 given below. State whether each schedule is
ble or not. If a schedule is serializable, write down the
t serial schedule (s).

scl
gerializa

cquivalcn
r1:rl X311 (2); Wl X);
12: 12 (2); 12 (Y); w2 (Z); w2 (Y);
13: r3 (X); r3 (Y); w3 (Y);

S1:rl (X); 12 (2);r1 (Z);r3 (X); 13 (Y); wl (X); w3 (Y); 12 (Y); w2 (2); w2

(Y); s

§2:r1 (X);r2 (Z); r3 (X); rl (Z);r2 (Y); r3 (Y); wl (X); w2 (Z); w3 (Y); w2 (Y);
.+ [AKTU 2022-23, Marks 10

Answer

Schedule S1 : It is a serializable schedule because
1. T1only reads X (r1(X)), which is not modified either by T2 or T3, -

2. T3 reads X (r3(X)) before T1 modifies it (w1(X)),T2 readé *Y"(i'2(;_¥_)) énd
writes it (w2(Y)) only after T3 has written to it (w3(Y)). i

Thus, the serializability graph is

Schedule S2: It is not a serializable schedule because
1. T2reads Y (r2(Y)), which is then read and modified by T3 (w3(Y))
2. T3reads Y (r3(Y)), which then modified before T2 modifies Y (w2(Y)).

In the above order T3 interferes in the execution of T2, which makes
the schedule nonserializable.

Que 4.19. I Which of the following schedules are conflicts

serializable ? For each serializable schedule find the equivalent
schedule,
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S1:r1(x); r3(x); w3(x); wl(x); r2(x)
S2:r3(x); r2(x); w3(x); rl(x); wl(x)
S3: rl(x); r2(x); r3(y); wl(x); r2(z); r2(y); w2(y)

Answer
For S1:
Tl T2 Tg |
ril(x) :
r3(x) ‘
w3(x) !
wl(x) !
r2(x) !
Fig. 4.19.1.
Since, the graph does not contain cycle. Hence, it is conflict serializable. |
For S2:
T, T, T,
r3ix)
r2(x)
w3(x)
rl(x)
wl(x)

Fig. 4.19.2.

Since, the graph does not contain cycle. Hence, it is conflict serializable.
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* .§3:
FOI P"‘"'—-TTI i “1': i | Tﬂ
rd(x)
ri(x)
w3(x)
wl(x)

. | Given a schedule 2

;f read and write operatim}’

WI1(X)
Thus, the given schedule

S = R1(X) R2(X) R2(Y) W2 (Y) R1
serial schedule because it is not co

Consider th
S1:R1(a),
82 R2(B),
Check wh

(Y) W1 (X) is not equivalent to a
nflict-serializable.

Explain the method of testing the serializability.

e schedule S1 and S2 given below :
R2(B), W1(A), w2(B)
R1 (A), W2(B), W1 (A)

ether the given schedules are conflict equivalent or not ?

AKTU 2020-21, Marks 10
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Answer I

Method of testing the serinlizability :

1. ForS, we construct a graph known as precedence Eraph

. (v - . w
9. This graph has a pair G =(V, E), where V consists g gy of very
2. Th

E consists a set of edges. (‘q"\nq

3. The set of vertices is used to contain all the t-"“nsﬂCtionS po—
in the schedule. hc‘Pat n

4 The set of edges is used to contain all edges Ti ->Tj for which op,

three conditions holds : ne of g,
a. Create a node Ti - Tj if Ti executes write (Q) before e
read (Q). Xecutp,
b. Create a node Ti — Tj if Ti executes read (Q) before Ty oy
write (Q). ec
c. CreateanodeTi— Tjif Ti executes wnte (Q) before T av
write (Q). Tj €Xecuteg

Numerical : Consider the schedu]e S1:

Step 1 : List all the conflicting operation and determine the de
between the transaction :

R1(A), W1(A) (T1 - T1)
R2(B), W2(B) (T2 - T2)
Step 2 : Draw precedence graph

a

Clearly, there exist a cycle in graph. Hence schedule S1 is not conflict
serializable.

Consider the schedule S2 :

Step 1: List all the conflicting operatidn .
R2(T2), W2(B) (T2 - T2)

R1(A), W1(A) (T1 - T1)

Step 2 : Draw precedence graph

W @

Pendency

Clearly, there exist a cycle in graph. So, S2 is not conflict serializable:

A ——
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| PART- 3 |

Log Based Recovery, Checkpoints.
/
Que 2.22. Explain log based recovery.

OR
islog ? How is it maintained 7 Discuss the features of deferred

t
:::_zbase modification and immediate database modification in
;. AKTU 2023-24, Marks 10

Tnewer |

. Thelog/system logis asequence of log records, recording all the update
activities in the database.

9. Various types of log records are denoted as : .
a. <T, start>: Transaction T} has started.

b. <T,X, V,, Vo>: Transaétion‘T has performed a write ondata item
X X had value V before the wnte and will have value V, after the

c. <T;commit>: Traiiéacﬁdn T has committed.
d <T; abort> Transactlon T; has aborted.-

3. Whenéver.a transactlon performs a write, it 1S essentlal that the log
record forthat write be created before the database is modified.

Log is maxntalned Log of each transaction is mamtamed in some stable
storage so that if any failure occurs,then it can be recovered from there. If
any operation is performed on the database then it will be recorded in the
log. £ Vit

Log based recovery : Log based recovery is a method to ensure atomicity
using log when failure occurs. In log based recovery, following two techniques
are used to ensure atomicity and to maintain log :

1. Deferred database modification :

i  Thedeferred database modification technique ensures transaction
atomicity by recording all database modifications in the log, but
deferring the execution of all write operations of a transaction until
the transaction partially commits.

i When a transaction partially commits, the information on the log

associated with the transaction is used in executing the deferred
writes,
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Features of deferred database modification S~

1. Alllogswritten onto the database is updated when a transactioy, o
2. It does not require old value of datn item on the log, Thity,
3. It do not need extra I/O operation before commit time,

4. It can manage with large memory space.

5. Locks are held till the commit point.

2 Immediate database modification :

i.  The immediate database modification technique allowg datg
modifications to be output to the database while the tranga.t
still in the active state. pr

ii. Data modification written by active tranSécéions;"
Features of immediate database modification :

ion i

1. Alllogs written onto the database is ,quated ‘inhnediately after every
operation. e !

It requires both old and new value of data item on the log.
It needs extra I/O operation to flush out block-buffer.

It can manage with less memory space.

AN A

Locks are released a&er modification.

Que 4.23. I List ACID properties of transaction. Explain the
usefulness of éach. What is the importance of log.?
S, AKTU 2021-22, Marks 10

Answer-l b ol
ACID properties : Refer Q. 4.2, Page 4-2A, Unit-4.

Usefulness of ACID properties : Refer Q. 43, Page 4-3A, Unit-4.
Importance of log :

1. Recovery:Restoresthe database to a consistent state after crashes by
replaying or undoing transactions.

2. Transaction Management : Ensures all-or-nothing execution of
transactions, supporting atomicity.

3. Data Integrity : Maintains ACID properties, ensuring reliable and
consistent data.

4. Audit Trails : Provides a history of all transactions for auditing and
tracking. '

5. Concurrency Control : Manages simultaneous access to prevent
conflicts between transactions.

e s

o
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§ D
| ~/4;ﬂ Deseribe shadow paging recovery technique,
PRIE oo

Answer

e i “hnique in which multj
Shadow l‘ng‘“gmn.te(h ll lified
Lo <) of the data item to be modifiec are
(.nln(\

ple copies (known as shadow

maintained on the digk.

Shadow paging considers the database to be ma
a

:u:its of storage called pages.

™

de up of fixed-gize logical

These pages are mapped into physical blocks of storage with the help of
> p-:ge table (or directory). 7

The physical blocks are of the same size as that of the logical blocks.
4. RS

age table with n entries is constructed in which thf; ith entry in tl.me
> Aa};egt‘qble points to the i*h database page on the disk as shown in
p e

Fig. 4.24.1.

Sha(z;;:if =5 Database Disk ﬁéges Current page table
1 —>1| Pagel(old) 1
) 2 _-Paggz ol —l | 2
: 3 >3 Pagq 3 (old) | 3
: 4 ———>4| Paged -] | | :t
f . N 5 :F_;Pagg_iﬁ “f"" ;
6 ___—————-76 : “Page 6 - | | °
E 7 ———» 7| Page7 “_**_ ’

8 __..._-—-————78 Page 8 ~<———___ﬁ

== 9 Page 1 (new) p -4— W

10 Page 3 (new) | . 4_
oxp?

Pig. 4.24.1. Shadow paging.

6. The main idea behind this technique is to maintain two page tables.

: base
a In current page the entries points to the most recent data

Pages on the disk. When a transaction starts, thed;:;ﬁl:‘;)l.mge
table is copied into a shadow page table (or shadow |

: rrent
The shadow page table is then savc.ad on the (}I:Sl(;oavf?);gg ::ble‘ is
Page table is used by the transa(.:txon. The s asaction-
never modified during the execution of the tran



T

R

Transaction pmceﬂﬂing .
Jne
({]

does not require log: It dom

.ng

When shadow pagl *quirg ¢

X : where only one transaction is active e

of log in an environment ve at g bime Ug,

Que 4.25. | What do you men by checkpointing 7 g,
nt types of checkpointing methods. fin

4-22 A (CS/IT-Scm-ﬁ)

importa

"Answer |

Checkpointing : .
1. Itisaprocess of saving a snapshot of the application’s state g, that
. y [ -t

can restart from that point in case of failure.
9. Checkpoint is a point of time at which a record is written onto th,

database from the buffers.
3. Checkpointing shortens the recovery process

Types of checkpointing techniques:

1. Consistent checkpointing :/
a. Consistent checkpomtmg creates a consnstent image of the database
at checkpoint.

b. During recovery, only those transactions which take place after
last checkpoint are ‘undone or redone. ‘

c. The transactlons that take place before the last ‘consistent
checkpomt are already committed and need not be processed again,

d The actlons taken for checkpointing are :

AATERAl changes in main-memory buffers are wntten onto the
‘disk. _
i. A f‘checkpoint” record is written in the transaction log.

iii. The transaction log is written to the disk.
2. Fuzzy checkpointing :

a. In fuzzy checkpointing, at the time of checkpoint, all the active
transactions are written in the log.

b. In case of failure, the recovery manager processes only those
transactions that were active during checkpoint and later.

c. The transactions that have been committed before checkpoint aré
written to the disk and hence need not be redone.

Que 4.26. I What is log file ? Write the steps for log based recovery

of a system with suitable example.

Answer |

Log file : A log file is a file that records all the update activities 0
database.

ccur in the
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patabase Mana

Pl

rlog pased recovery :

TWP;hf:mg file is kept on a stable storage media.
R When a transaction enters the system and starts execution, it writes a
Jog about it
<T,, start>
4 When the transaction modifies an item X, it write log as follows

<T,X,V,,V,>
.' It reads as T, has changed the value of X, from V, to V,,.
. 4. Whenthe transaction finishes, it logs
; <T , commit>
. For example:
<T,, start>
T, A, 0,10>
<T,, commit>
<T,, start>
<T,, B, 0, 10>
<T,, start>
<T, C,0, 10>
<T,, C, 10, 20>
<checkpoint (T';, T,)>
<T,, start>
<T,, A, 10, 20>
<T, D,0,105

<T,, commit>

;Que 4.217, | Describe the important types of recovery techniques.
- Explain their advantages and disadvantages.

_ There are many different database recovery techniques to recover a database :
. L Deferred update recovery : Refer Q. 4.22, Page 4-19A, Unit-4.
Advantages :

a.  Recovery is casy.

b.  Cascading rollback does not occur because no other transaction
sees the work of another until itis committed.

'Disadvantages :
a.  Concurrency is limited.
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{o recovery t Refer Q. 4.22, Page 4-19A U Ij}
’ niL,‘
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2.  Immediate updn
Advantiages @

1t allows hig

continuously tot

her concurrency because lrmmmm
mn
he database rather than waiting until the Fite
mil

a.

point.
Disndvantnges :
It leads to casc ading rollbacks.

a.
s consuming and may be problematic.

b, Ttistin

Que 4.28. l Discuss the immediate update recovery technigy, ;
ej
nd multiuser environment. What n

dvantages of immediate update ?
AKTU 2022-23, Mark, M

both single-user a

are
advantages and disa the

Answer
Immediate update recovery technique works dlfferently in single-user 5y, d
multiuser environments, as dlscussed below

Single-user environment :

1. In asingle-user env1ronment 1mmed1ate update recovery 18 relatlvely
simple, as there is only one user.’ £

2. Changes made by the user are  immediately written to the database

3. There are no concerns. about other users accessmg'“ he database or
conflicting with the changes :

4. Intheeventofa system failure, recovery involv
toits last consistent state.

réét’dljng the database

Multiuser envn'onment :

1. Ina multmser env1ronment
complex, as multiple users a

2. Inthis environment, it is imp
user do not conflict with changes

3. ‘Ijo achieve this, a variety of techniques may be used, such as locking,
timestamp ordering, or optimistic concurrency control.

Advantages and disadvantages of immediate update :
Refer Q. 4.27, Page 4-23A, Unit-4.

nsure that changes made by one
de by another user.

PA RT 4 .
 Deadlock Handlmg
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3 Que 4.29. What is a dendlock ? Deserilye methods to handle g
o k !

Gl chk.
dendlo on

E \What i deadlock 7 How it can be detected and avoided 7

- TAnswer
: Dendlock:
A deadlock is a situation in which two or more transactions are waiting
for locks held by the other transaction to release the lock.
9. Every transaction is waiting for another transaction to finish its
operations. ]
Methods to handle a deadlock :

1. Deadlock prevention protocol : This protocol ensures that the system
will not go into deadlock state. There are dxfferent methods that can be
used for deadlock prevention :

a. Pre-declaration method Thls method requires that each
transaction locks all its data 1tem before it starts execution.

b. Partial ordering method In this method, system imposes a
partial ordering of all deta items and requires that a transaction
can lock a data item onl ’mﬂthe order specified by partial order.

C. Tlmestamp method n this method, the data 1tem are locked

d on the transaction and

their lock on the resourEe.

d. Ifthe graph created has a cibséﬁ'ﬁloop or a cycle, then there is a
deadlock.
Wait-for-lock(R1)

Wait-for-lock(R2)
i, 4203, Wa forgraph
3. Recovery from deadlock :

a. Selection of a victim : In this we determine which transaction
(or transactions) to roll back to break the deadlock. We should
rollback those transactions that will incur the minimum cost.
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b. Rollback : The simplest solution is a “total rollback”
transaction and then restart it.

* Almrt, th\e

c. Starvation : In a system where selection of trangact
rollback, is based on the cost factor, it may happen th
transactions are always picked up.

iﬂns_ f(”.
at the g, Me

4. Deadlock avoidance: Deadlock can be avoided by following Methoyd
o g:

a. Serial access : If only one transaction can access the data},
time, tl id deadlocl aseat
a time, then we can avoid deadlock.

b. Autocommit transaction : It includes that each trangacg;
can only lock one resource immediately as it uses it, then ﬁnish(;n
its transaction and releases its lock before 'ZI‘?qUéSting any Othe:
resource. il |

c. Ordered updates : If transactions always request resources ip
the same order (for example, numerically ascending by the index
value of the row being locked) then system do not enters in
deadlock state. - -

_}”"_giui'e of deadlock detéé::tio;_;: and

AKTU 2021-22, 2023-24; Marks 10

De.aéﬂib ckdetectmn o
1. Wait-for Graph (WFG) :

b. An edge from transaction Ti:-to-Tj indicates Ti is waiting for a
resource held by Tj.
c. Periodically check for cycles igi'fthe graph; a cycle indicates a
deadlock. g
2. Cycle detection : Use algorithms like Depth-First Search (DFS) to
detect cycles in the WFG.
Deadlock recovery :
1. Transaction rollback :
a. Victim selection : Choose a transaction to abort based on critera
like transaction age or resources held.
b. Rollback : Abort the selected transaction, releasing its resources:

2. Partial rollback : Roll back only the operations involved in the.
deadlock, minimizing lost work.

5 s

aph where each node is _af'frapséi;:tion.

b
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Graph adjustment : Update the WFG after o rollback and check for
remaining cycles.

A Transaction restart : Restart the rolled-back transaction,
to avoid the previous deadlock sequence.

Que 4.31. Discuss about the deadlock prevention schemes.

OR
piscuss about deadlock prevention schemes.

Answer ‘

])eadlock prevention schemes :

ensuring

1. Wait-die scheme :

i In this scheme, ifa transaction request

lock, is older than T
is available.

- ; a transaction request t
\ hlch IS ‘already held Wlth con i

:-,a- requestmg a conflicting

tp be rolled back, that i is T,

lock is older than T, 'T:force
> woundsT TlSI‘ t rt
same tunestamp

b. IfTS(T) > TS(T ), ie., T, 1s;younger than T, T; is forced to
wait unt1l the resource (L e.,data item) is avallable

This scheme, allows the younger transaction to wait but when an
older transaction request an item held by younger one, the older
transaction forces the younger one to abort and release the item.

In both cases, transaction, which enters late in the system, is
aborted.

'ng 4_-32- What is deadlock ? What are necessary conditions for

it ? How it can be detected and recovered ?
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Answer

Decadlock : Refer Q. 4.29, Page 4-25A, Unit-4,

Necessary condition for deadlock : A deadlock situation ¢

an arjge ;
following four conditions hold simultaneously in a system : Seif the

1. Mutual exclusion : At least one resource must be helq i
sharable mode; that is, only one process at a time can use the
If another process requests that resource, the requesting pro
be delayed until the resource has been released.

N a non-
cess Mmugt

2. Hold and wait : A process must be holding at least one resource and
waiting to acquire additional resources that are currently bemg held by
other processes. 7 :

-empted; . €., aresource can
it after that process has

3. No pre-emption : Resources cannot be pre
be released only by the process hold'_T__
completed its task.

such that P is waltmg for a resource heldz"iby P,, P, is waiting for a
resource held by P, ..., P,_,is wa1t1ng for aresource held by P,,and P,
is waiting for a resource held byP :

Deadlock detection and recovery Refer Q 4.29, Page 4-25

AKTU 2020-2‘ “Marks 10

Deadlock Deadlock handling involves strateglesf'
deadlocks Wthh occur when two .0r m re transactlons are blocked

Q. 4.29, Page 4-25A, Unit-4.

d T2, accessing resources R1
and R2 in the following sequence :

T1 locks R1, then waits for R2
T2 locks R2, then waits for R1

Neither transaction can proceed because each is waiting for a resource held
by the other, causing a deadlock.

‘ S PART-5 | e e
_ Distributed Database : Distributed Data Storage.
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et
/34] What i8 distributed databases ? What are the advantages

4.
qQue os of distributed databases 7
nd disndvan e OR
tages of distributed DBMS.

=

ylain the advan
P

Exp!
Py

ase:
Distribﬂted datab
Fragments
Fragments -~ of Main
of Main database
database
Fragments
of Main
database
1 Adistribute database system consists of co
together through a communication netwo
2 EﬂCh site i atabase systeggﬁ?ﬁe in its.own gght and the sites have

anysite can access anywhere

k together, so t,
red at the user’s local site.

in the network as if the data ;
3. Each side has its own local database
4 Adistributed database is fragmented into smaller data sets.
5. DDBMS can handle both local and global transactions.

‘:d"antages of DDBMS :
: PDBM_S allows each site to store and maintain its own database, causing
llmmedlate and efficient access to data.
utsallow:s access to the data stored at remote sites. At the same time
ers can retain the control to its own site to access the local data.

I oy e
lif:f: esiteis not working due to any reason (for example, communication
netwgoes down) the system will not be down because other sites of the
. ork can possibly continue functioning.

®W sites can be added to the system anytime with no or little efforts.

t a use
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5. Ifauser needs to access the data from multiple sites thep 4 bt
' be subdivided into sub-queries in parallel, 16 dUSirQ

query can
pisadvantages V)
1. Complex softw

9. The various sites
calculations to ens
A by-product of the increased complexity and need for coording
the “additional exposure to improper updating and other prop)

data integrity.
4. Ifthedataaren not distributed properly according to their usage,
queries are not formulated correctly, response 1 t requests for data cralf
n

be extremely slow.

{DDBMS:

are is required for a distributed database

env.rﬁnmp
must exchange message and perform gg; -
ure proper coor dination among the siteg, itiong)
tl()n ig

1 J i’»éprliéz;ﬁon isa technmue of rephc mg data over a system.
Replication is akey to the eﬁ'ectweness -of distributed systems in that, it
provides enhanced performance Ingh availability and high faultrtolerance,
The replicationis the mamtenance of copies of data at multiple S

Replicationis a techmque for ‘enhancing a service.

When data are rephcated the replication transparency
clients should not? rmally have to be aware that multlple coples of data

N

- W

G

Types of replicatio
i. /Active rephcatlon o
LT _ Inactive rephcatlon each client requ

2%, Th1srequlres that the process hos

==

i.e., given the same uutlal te
w111 produce the same response

final state.
Client
Process Process Process
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In order to make all the serverg receive the
) ;

‘)m'qtinns an atomic broadeast protocol must |
opelat )

e e
same sequence of
e used,

An atomic broadeast protocol guarantees that either al| the
4 ANt

servers
receive a message or none, plus that they all recejye messages in
the same order.
.. Passive replication :
3 1. Inpassive replication there is only one server (called primary) that

processes client requests.

9. After processing arequest, the primary server updates the state on
. the other (backup) servers and sends back the response to the
client.

3. If the primary server fails, one of the Qgpkup‘ servers takes its
place. e U

4. Passive replication may be used .even fdi;ln"'on-deterministic
processes.

Answer
F!‘agmentation :
1.

It is the decomposition of a relation into fragments.
2.

It permits to divide a single query into a set of multiple sub-queries that
¢an execute parallel on fragments.

ey

Fragmentation is done according to the data selection patterns of
applications running on the database.

Fl"=‘gment;zau;ion techniques/types are as follows :

L Vertical fragmentation :

a. It divides g relation into fragments which contain a subset of

attributes of a relation along with the primary key attribute of the
relation,
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o g Conp
T
Name Reg. No. Course | Dept

/ P
Fragmcnmtionl Fmgmenl,ntmnz Fragmentation3

|
' Fig. 4.36.1. Vertical fragmentation.

b. The purpose of vertical fragmentation is to partition a relat;
into a set of smaller relations to enable user aPPEC?tiOns fo R gg

only one fragment.

9. Horizontal fragmentation :
2. Itdividesa relation into fragm
is a subset of tuples of a relation.
b. Itidentifies some specific TowWs ba
as a fragment. :
Reg.No. ~ - “Course

Depth

Name

Fragmentationl
Fragmentation2

Fragmentation3

Fragmentationd. =
Fig. 4.362Honzontal fragmentation.
ntal fragmentation techniqueé'éifgﬁr
fraigpieiltgtiﬁgxir‘: This type of
here the tables in a database are
lationship exists

i Primary horizontal
frggq;giltation is dopg w _ :
T nelther joined nor have dependencies. So,nore
~ among the table =

ii. Derived horizontal- 1entation : Derived horizontal
fragmentation is used for parent relation. It is used where
tables are interlinked with the help of foreign keys. It ensures
that the fragments which are joined together are put on the

same site.
3. Hybrid/mixed fragmentation :

bination of horizontal and

a. The -mixed/hybrid fragmentation is com
vertical fragmentations.

b. This type is most complex one, because both types are us®
plication.

ations:

d in

horizontal and vertical fragmentation of the DB ap
c. The original relation is obtained back by join or union oper
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R, R,
LN L
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R R Ry, Ry Ry,

11 12

Fig. 4.36.3. Hybrid/mixed fragmentation.

f—ti;e,4-37- { What are distributed databa

(ﬁsadvantages of data replication an
with a suitable example, what are th
fragmentation transparency ?

se ? List advantages and

d data fragmentation. Explain
e differences in replication and

SR

OR
Explain the types of distributed dat

OR
What are distributed database? L

ist édvahtage and disa
of data replication and data _fragmentation.

a'storage.

dvantage

Distributed database : Refer Q. 4.34, Page 4-294A, Unit-4.-

i

an be four ite. Thus, the system can continue to
eries involving 7', despite the failure of one site.
Increased para]lehsm : Number of transactions can read relation ;- in

pagal]el._']‘hé,l.qjare replicas of ‘7 there are, the greater parallelism is
achieved. P

on update :

are consistent; otherwise

» EITONEeous computation
may result, Thus, whe

never ris updated, the update must be propagated
3 to all sites containing replicas. The result is increased overhead.
E Advantages of data fragmentation :
L Parallelizeq execution of queries by different sites is possible,

L Data Management i

Increased availabiljt

o y of data to the users/queries that are local to the
Site in whicp, the data storeq.

§ easy as fragments are smaller compare to the
Complete database,
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: , \"“‘m
ailable close to the place where it is mqg,
)8 .

[ the system ir fro

Lk y in terms of query py Quey, ,

is increased. 0Ceyg)
Ny,

As the data is av
used, the efficiency 0
\saction processing

v.

trai
Data that are not requir
leads to reduced data tr
s of data fragmentation :

The performance of global application that requires data fro
fragments located at different sites may be slower. M Severy)
1 may be more difficult if data and functional depeng

and located at different sites. Ndencieg

and fragmentation transparency:

ed by local applications are not store
rec

[} ] 1 ] ]() o
ansfer between sites, and increage cally, 1,

Disadvantage Y.
i

i Integrity contro
are fragmented

Differences in replication

S.No. | Replication transparency Fragme.ntétiOn traﬂsp;;;c‘y‘
1 | It involves placing copies of | It involves decomposition ofa table |

each table or each of their | in many tables in the system.

fragments on more than one
site in the system.

2. The user does not know | The user does not know about
about how many replicas of how relation is divided/
the relation are present in | fragmented in the system,.-~

the system.

For example, if relation ' is
fragmented, 7’ is ,‘divi‘de'd into a
number of fragments. These
fragments contain sufficient

3. For example, if relation r is
replicated, a copy of relation
ris stored in two or more
sites. In extreme case, 2 copy

is stored in every site in the | information to allow
system which is called as full | reconstruction of the original
replication: relation’r.

There are two types of distribiltéd data storage :
1. Data fragmentation : Refer Q436, Page 4-31A, Unit-4.
2. Data replication : Refer Q. 4.35, Page 4-30A, Unit-4.

Que 4.38. l Discuss the types of distributed database-

Answer
Distributed databases are classified as :
1. Homogeneous di_stributed database :

a. In this, all sites have identical database mana
software. "
o-OPeratel

b. All site_s are aware of one another, and agree e
processing user’s requests.
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'(,'.ngon(‘()llﬂ distributed databnse :
HeteXOB=mm . _
In this, different sites may use different, schem

: as, and different
database management system software,

The sites may not be aware of one another, and they may provide
only limited facilities for co-operation in transaction processing

b.

PART-6

Concurrent Control, Directory System.

- ;.‘ T 4.39. | What is concurrency control ? Why it is needed in

1 éatabase system.

OR

Explain concurrency control. Why it iSJ‘,..I,leedle_vd‘_i.x}:détabase system ?

| Concurrency control is needed :
~ 1 To ensure consistency in the database. "

2. To prevent followmg problen};:"'3"?’!;;,;.

. 'Answer

Concurrency Control (CC) is Jg.‘p‘l'&'ée_'gﬁs_j;q ensure that data is updated
correctly and appropriately when multiple transactions are concurrently
executed in DBMS.

It is a mechanism for correctness when two or more database
transactions that access the same data or dataset are executed

concurrently with time 'qvie‘rlap.

In general, coﬁcﬁfféng& ‘control is an essehtlall‘p‘art of tggﬁsaction
management. . .

a. Loét'ﬁpﬂate : - &
i A second transaction writes é"éecond value of a data item on
top of a first value written by a first concurrent transaction,
and the first value is lost to other transactions running
concurrently which need, by their precedence, to read the
first value.
ii. The transactions that have read the wrong value end with
incorrect results.
b.  Dirty read :
i. Transactions read a value written by a transaction that has
been later aborted.
ii. Thisvalue disappears from the database upon abort, a”nd should
not have been read by any transaction (“dirty read”).

ii. The reading transactions end with incorrect results.
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Que 4.40. I Explain concurrency control mechanigy,

pbe
distributed databases 7 rf"rmed in
Answer I
Following are concurrency control mechanism i, 1
database: ¢ 'ﬁltr-i},uted

a. Two-phase commit protocol : Two-phase commjy
designed to allow any participant to abort its part of trang PTotoeq) s
the requirement for atomicity, if one part of a tra"Saci'act'fm' et;,
then the whole transaction must also be aborted. on is aborte,

Following are the two phase used in this protocol :
Phase 1 (voting phase) :

1. The co-ordinator sends a canCommit? request to each
participants in the transaction. < F ‘ of the

9 When a participant receives canCommit? request it replies wit,
vote (Yes or No) to the co-otdjpgfc_orf‘Béfdre voting Yes, it pre hits
to commit by saving objects in permanent storage. If the vote iza;; es
the participant aborts immediately. 0

Phase 2 (completiog_gféééggjq'gifb outcome of vote): -~

1. The co-ordmatgiifésilgcfg the votes (including its
a. Ifthere are no failures and all the votesare Ye
decides to.commit the transaction and se

____ request to each of the participants. —

b. — Otherwise the co-ordinator decide

and sends doAbort requests to all cipants that voted Yes.

2. Participantsthat voted Yes are waiting for a doCommit or doAbort
_request from the co-ordinator. When a participant receives one of

" these messages it acts accordmglgandmthe case of commit, makes

a haveCommitted calls as confirmation to the co-ordinator.

Co-ordinator Participant
status step status step
C it?
canCommit?
1 | prepared to commit[~—o_ | 2 prepared t0
(waiting for votes) Yes commit
(uncettam)
doCommit
3 | committed ) 4 committed
tocol-

Fig. 4401, Communication i bwo-phase commit P9
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P sncurrency control protocol :
*C .
Mnssl" concurrency control protocol for nested transactions is based
Moss ¢
1

the concept of upward inheritance of locks.
on the

At ansaction can acquire a lock on object O in some mode M.
vr( o

2' g that, it holds the lock in mode M until its termination.

Doin ] ' '
3. Besides holding a lock, a transaction can retain a lock in mode M.

When a subtransaction commits, its parent transaction inherits its
locks and then retains them. If a transaction holds a lock, it has the
right to access the locked object (in the corresponding mode).

6. However, the same is not true for retained locks. |
7. A retained lock is only a place holder and inditféﬁgs_that,ti‘é.nsactions

outside the hierarchy of the retainer ¢ t acqmre the lock, but
that descendants potentially can.

8. Assoon as a transaction becomes;%“ret
retainer for the lock until it terminates.

f'a lock, it remains a

1. Adirectory is alisting of i’n-férmati;)n about some class of
as persons. [ Y

~ 2 Directories can be used to ﬁnd information about a spy
' the reverse direction to find objects that meet a cert:

- 3 In 'ghg\:‘petwdi'lggd_ world, the directories are presen
' network, rather than in a physical (paper) fi

- 4. A directory system is implemented as .
1 service multiple clients. :

Pl s

P 5. Chentsuse : applicafioni.l\) gram
- directory system to commu

. Directory access protocols :

) _in_txelq'face defined by the

e

ththe directory servers.

Directory access protocol is a pro‘t_gqofthat allows

. to access directory
Information thro

3 ugh program. :
1 z Dlrectory access protocols also define a data model and access control.
. 3. Fo

b r instance,. web browsers can store personal bookmarks and other
rowser settings in a directory system. A user can thus access the

:?irtt}lle Settings from multiple locations, such as at home and at work,
out having to share afile system.
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VERY IMPORTANT QUESTIONS

Following questions are very important, TW
may be asked in your SESSIONALS as wel] asa iong
UNIVERSITY EXAMINATION.

S

Q.1. List the ACID properties. Explain the usefulnegg of eq
property. ch
Ans Refer Q. 4.3.

Q.2. Explain transaction state in brief.
AnNE Refer Q. 4.4.

Q. 3. Discuss conflict serializability i%vith:,g;sample.
Ans: Refer Q. 4.6.

Q.4. Describe serialinglg schedule Discuss conflict
serializability witlﬁ;_:_sblﬁtgple:‘éiample.
Awis: Refer Q. 4.8.

Q. 5. Explain wewseriallzablhty with example.
Ans: Refer Q. 4.9

. What is schedule ? Define the concept o
9 es sand strict schedules.
4.10."

coverable,

Test e ;skéi'ializabﬂityigftthe foilbmgg chedule:
i rj(); r3); w, (%); ry(x);w,(x) d
ii. ry(x);ry(x);wy&);ryx): 5

Ans. Refer Q. 4.13.

Q.8. Consider schedules S1,S2, and S3 below. Determine whether
each schedule is strict, cascadeless, recoverable, or non
recoverable. (Determine the strictest recoverability -
condition that each schedule satisfies). :
S1:r1 (X);r2 (2); rl (Z);r3 (X); r3 (V); wl (X); c1; w3 (Y); 3;r2 %
w2 (2); w2 (Y); c2; w2 4
S2: rl (X); r2 (Z); rl (Z); r3 (X); r3 (V); wl (X); w3 (V); r2 (¥ ¥ 2
(Z); w2 (Y); c1; ¢2; ¢3; e
S3:r1 X);r2 (Z); r3 X); rl (Z); r2 (Y);xr3 (Y); wl X; el w2 (D5
(Y); w2 (Y); c3; c2; ’

Ans. Refer Q. 4.17.




» Management System 4-39 A (CY/IT-Sem.5)
age MOV e hem

patab '
_— mich of the following schedules are ¢
Q.9 ), '. ench serializable schedule find th
?1“ ,.'1 () ) w3 (x); wl(x)g 12(x)
§9 ¢ 130 r2(x); 1033 71(x); 101 (x)
§3: 13 r200); F3(); w1(x); r2(2); r2(y); w2(y)

AR Refer Q. 4.19.

onflicts serializable ?
e equivalent scheduyle,

Q.10. Explain log based recovery.
mﬁ Refel’ Q. 4.22.

Q.11. What do you mean by checkpointing ? Explain important
' types of checkpointing methods.

ans Refer Q. 4.25.

Q.12. Discuss the procedure of deadlock Héfélction and recovery
in transaction ? Hah,

ans. Refer Q. 4.30.

Q.13. Explain deadlock handling

Vsulitable example.
Ans; Refer Q. 4.33.

Q.14. What are distribu database ? List advantages and
disadvantages of data replication and data fragmentation.
itable example, what are the differences

d fragmentation transparency ? . -

Q.15. Explain concurrency control mechanism performed in
| distributed databases ?
Ans. Refer Q. 4.40. .
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\\
TP PART-1 |

Concurrency Control, Locking Techniques for Concurrency Controf

4—] Describe concurrency control,
que 5%

e

Refer Q- 4.39, Page 4-35A, Unit-4, 4 .i
Q’um What is lock ? Explain different fypes of locls,

OR )
pescribe lock based locking techni ques.

AnsW’-;'__.l _ & W v

Lock : A lock is a variable associated with each data item that indicates
whether read or write operationis applied.”

Different types of locks are :

i

1. Binarylock: |

i Abinary lock canbe two states or values:: Iockedandunlocked (or
land )2 N5 o

w ST : =

A distinct lockts associated with each databaseltem X

1=

If the value of the lock on X is 1,‘_iﬁéi'\p;X cannot be accessed by a
- database operation that requests the item. ©

iv. If the value of the lock on X'is'0, the item can be accessed when
requested. il

V. Werefer to the current value:(o_fétate) of the lock associated with
item X as lock(X). il

Two operations, lock_item and unlock_item, are used with binary
locking.

If the simple binary locking scheme is used, every transaction
must obey the following rules :
L

Atransaction 7' must issue the operation lock_item(X) before any
read_item(X) or write_item(X) operations are performed in T
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iil.

iv.

A transaction T must issue the operation unlock _item(x

. . B )
read_item(X) and write_item(X) operations are COmp]etedafie;all

A transaction 7' will not issue a lock_item(X) operation ifjt alr
holds the lock on item X. €ady

A transaction T'will not issue an unlock_item(X) operation _—
it already holds the lock on item X. 33

9. Shared/Exclusive locks :

i.

In this scheme there are three locking operations : read_lock(y,
write_lock(X), and unlock(X). ’

A lock associated with an item X, lock(X), has three possible stateg
: read-locked, write-locked and unlocked.. '

A read-locked item is also called share-locked because other
transactions are allowed to read the item, whereas a write-locked
item is called exclusive-locked because a single transaction
exclusively holds the lock on the item.

If the shared/exclusive locking scheme is used, every transaction
must obey the following rules :

i

v.

A transaction T must issues the operation read_lock@') or
write_lock(X) before any read_item(X) operation is performed in
T. ; L

A transaction T must issue the operation write_lock(X) before any

write_item(X) operation is performed in7.

A transaction T must issue the operation. unlock(X) after all

. read_item(X) and write_item(X) operations are completed in T

A ffansaction T will not issue -_a read_]ock(X) operationifit already

holds a read (shared) lock or a write (exclusive) lock on item X.

A transaction 7" will not iss{ie{g write_lock(X) operation if it already
holds a read (shared) lock or write (exclusive) lock on item X.

A transaction T will not issue an unlock(X) operation unless it
already holds a read (shared) lock or a write (exclusive) lock on
item X.

Que 5.3. I What do you understand by lock compatibility ? Explai®

with example.

‘Answer

- ; ta
1. Lock compatibility determines whether locks can be acquir ed onada
item by multiple transactions at the same time.
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9 Supp
" which ano

e atransaction T; requests a lock of mode m, on adataitem @ on
o ther transaction Tj currently holds a lock of mode m,.

If mode 71ty is compatible with mode m,, the request is immediately
S granted, otherwise rejected.

The lock compatibility can be represented by a matrix called the
compatibility matrix.

The term “YES” indicates that the request can be granted and “NO”
indicates that the request cannot be granted.

Shared YES
Exclusive NO

Exclusive

Fig. 5.3.1. Compatibility matrix.

Que 54. I How is locking implemenﬁed ? How are requests to lock
and unlock a data item handled ?

fyAnswer I

Iﬁlplementation of locking :

ﬁ‘,g"ﬁ‘.

P
1. The locking or unlocking of data items is implemented

gﬁ“system of
the database system known as the lock manager. d

2 fIt receives the lock requests from transactié.rjg and @phes them with a
tock grant message or rollback message(in case of deadlock).

In résponse to'an unlock requesf, the lbék manager only replies with an
acknowledgement. In addition, it may result in lock grant messages to
other Wwaiting transactions. " |

:‘:g lock manager handles the requests by the transaction to lock
unlock a datg item in the following way : .
1!

Lock request :

a.
When a first request to lock a data item arrives, the lock manager

iC;eates a new linked list to record the lock request for the data
m,

It IMmediately grants the lock request of the transaction.

if the linkeq list for the data item already exists, it includes the
€quest at the end of the linked list.
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d. Thelock request will be granted only if the lock request, is co
with all the existing locks and no other transaction s w
acquiring lock on this data item otherwise, the tranggcy

wait.

Mpatip)
aiting ¢ °
10n hyg to

2. Unlock request :

a. When an unlock request for the data items arrives, the lock m
deletes the record corresponding to that transaction from th
list for the data item.

anager
€ linkeq

b. It then checks whether other waiting requests on that daty item
can be granted. B N

c. Iftherequest canbe granted, it is granted. ck iﬁénager, and

the next record, if any, is processed.

=
=

d. Ifatransaction aborts, the lock manager.deletes all waiting lock

requests by the transactioqf’;;

e. In addition, the lock manaéef;::;e].egses all locks acquired by the
transaction and updates the records in the lock table.

R

Que 5.5. | write short’not_eé on [ock based protocols.

:‘A_nsvﬁe;f _-: " , | e Y

i. Lock based protocol indicates when a transacfidq maylockand unlock
the data items, during the concurrent execution.Jt restrictsthe number
of .p'c)SSiblg"schédules. PO

2. It ensures that the data items must bg.accegsefa'ipvéiutual exclusive
manner and for.this we use different lock modes.

3. Therearetwo modes in which a dataltelgjmay be locked :
i. Shared mode lock: If a-

mode lock on item @ then T, can'read but cannot write @. It is
denoted by S. =

ii. Exclusive lock : If a transaction T, has obtained an exclusive

mode lock on item @ then 7', can read and also write Q. It is denoted
by X.

Que 5.6. I Explain two-phase locking technique for concurrency
control. :

. OR e
What is two-phase locking (2PL) ? Describe with the help of examp™c

: OR
Explain two phase locking protocol with suitable example.
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Two- phase locking is a procedure in which g tr
follow the two-phase locking protocol if all lockin
the first unlock operation in the transaction.

ansaction is said to
g operations precede
In 2PL, each transaction lock and unlock the data item in two phases :

a. Growing phase : In the growing phase, the transa
locks on the desired data items.

p. Shrinking phase : In the shrinking phas
releases the locks acquired by the data 1tem

ction acquires

‘the transaction

According to 2PL, the transaction cannot acqulre ~a,new lock after it
has unlocked any ofits existing locked items.

Given below, the two transactions T ‘and T, that do not follow the
two-phase locking protocol.  *

T, 4 43
Read-lock (Y); Read-lock (X); ,
Read-item (Y); Read-item (X);
Unlock (Y); Unlock (X); e
Write-lock (X); Write-lock (Y); "
Read-item (X); Read-item (Y);
- X:=X+1, Y:=Y+3d Wbt
- Write-item (X); Wnte-ltem()’) Bniai
/ | Unlock (X); Unlock (Y); 7

{This is because the write-lock (X) operation follows the unlock (Y)

operation in 7'}, and snm:larly the wnte-lock (Y) operation follows the
unlock (X) operntnon in T,. e

If we enforce two-phase lockmg the transactxon can be rewritten as :

[ :

T, ':-;{}.j.y-';i- T,
Read-lock (); Read-lock (X);
Read-item (Y); Read-item (X);
Write-lock (X); Write-lock (Y);
Unlock (Y); Unlock (X);
Write-lock (X); Write-lock (Y);
Read-item (X); Read-item (Y);
X:=X41; Y:=Y+1
Write-item (X); Write-item (Y);

Unlock (X); Unlock (Y);
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. . . T
wat, if every transaction in a schedule follows tp
rotocol, the schedule i8 guaranteed to be serializah) e
st for serializability of schedules any more &

7. It can be proved tl
two-phase locking p
obviating the need to te

Que 5.7. l Discuss strict 2PL.

Answer |

1. Cascading rollbacks can be avoided by a modification of two-phase lockin
called the strict two-phase locking protocol. g
not only that locking be two phase, but also that

ks taken by a transaction be held until that
|

3. This requirement ensures that any data erttenby an luncommitted 4

transaction are locked in exclusive mode u til the transaction commits, |
preventing any other transaction from readiﬁg‘?h’é' data. i

9. This protocol requires
all exclusive-mode loc
transaction commits.

d*lﬁi:k;ﬁg;protocol in concurrency

4 Strict two-phase is the most w1de1y
control. This protocol has two_l;-glés,

a. Ifatransaction T want_sf toread (m(;aif:‘y) an object, it first requests :

a shared (exclusive) lock on the object.

b. Alllocksheld bya transactlon are released when theftpaﬁsactléh is

completed. .

ed for concurrency éox_}tfdt!;,_-rlhog];é held by

5. Ifstrict two-phaselockmg isus
n thetransactlon has been

a transacti ay be released only after
rolledback & y|
6. Once transa'é?_tlop.;T (that is being rolledback) has updated a data item,
noother tg‘gr_iga}gtibn could have updated the same data item, because of
the‘cbnéﬁi‘rénCy control requirements. = '-.L-,i-sfl.' 3
7. Therefore,' restoring the old va ue of the data item will not er

effects of any other transaction. _

ase the

Lock acquisition Release at
phase commit
s
T begin T end Time
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write the salient features of graph baged locking

; owc(ﬂ ith suitable example, AKTU 2023-24, Marks 10

f hent features of graph based locking protocol are :

_{1 The graph based locking protocol ensures conflict serializability.
1 Free from deadlock. g

Unlockmg may occur earlier in the graph based lockmg protocol than
in the two phase locking protocol. A /

'

Shorter waiting time, and increase in concurrency.

No rollbacks are required.

Data items may be unlocked at éﬁy.time.

o

7. Only exclusive locks are c0n51dered

8 The first lock by Ty may be on any data item. Subsequently, awdata Q
~ can be locked by T only 1f the parent of @ i is currently locked by T,.

A data item that has been locked and unlocked_by T cannot
subsequently be relocked by T}. . B

f

or example

i, we will only see how

q We have three. transactlons in thls sched"
i ckmg and unlocklng of data 1tem
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— 0

T, T, T,

i it i B S i e B Y i el i S

—

f

!

i
T~

e i i i B i

Lock-X(A)
Lock-X(D)

Lock-X(I1)
Unlock-X(D)

S e

M,

Lock-X(E)
Lock-X(D)
Unlock-X(8)
Unlock-X(E)

Lock-X(B)
Lock-X(E)

Unlock-X(H)

The schedule is conflict serializable.”. .
Serializablity for locks can. be written as T_.2 ST,-»T,

). | Describe two-phase lockmg techmque for concurrency

2. Moreover When there is an exclusive l, k. 0 " 't;ein it will only be 1
released in shrmkmg phase. = 3

3. Due to tlnsrrestnctlon, there is no chance\of gettmg any inconsistent :_ 2
state. Because any mconsmteney y only be created by write operation. &}
In this way the two-phase Iocklng prot ol ensures serializability.

Que 5.10. I Describe major problems associated with concurrent-;

processing with examples. What is the role of locks in avouhng"‘
these problems ? 2

OR
Descripe t.he problem faced when concurrent transactions are
executing in uncontrolled manner. Give an example and explain.

Answer -

Concurrent transaction : Concurrent transaction means mlﬂ“ple
transactions are active at the same time.
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- j prob]ems can arise if many transactiong try to access o comm

‘ ngsirnultaneously : -
ost update problem :

gecond transaction writes a second value of a data item on top of
o first value written by a first concurrent transaction, and the f‘?rst
value 18 Jost to other transactions running concurrently which
need, by their precedence, to read the first value,

The transactions that have read the wrong value end with
incorrect results. .,,

Example :

e —

Transaction T
Read X = A,
ReadY - A,
A+ Ao A,

Write A, — X

le, the update performed by the trar
)y transaction T'. =

b. This value disappearsfromthe da
not have been read by any transaction (“dirty read”).

¢. Thereading transactions end with incorrect results.
“iﬁ.ﬂh'

Example :

Transaction T, Transaction T,

Read Y —» A1
Read X » A,
Wl'it:,e A2 > X

Read X - A,

Y g
ﬂ . Time Commit
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In the example, transaction 7', fails and changes the valye £x —

. ) ’ . ’ )

its old value, but 7', is committed and reads the ¢ hack y,,
"
(“mpf)r;”.y

incorrect value of X,
3. The incorrect summary problem :

While one transaction takes a summary over the valueg of
instances of a repeated data item, a second transaction uall the
some instances of that data item. Pdateg

a.

b. The resulting summary does not reflect a correct result for
(usually needed for correctness) precedence order betWeenigy
two transactions (if one is executed before the other). €

Example:
Transaction T, | Transaction T,
Read Y —» A, Read X — A,
Read X > A, A, +1- A,
A, + A1 > A, Write A, » X
Write A, > X Rollback
Time

An example ‘of unrepeatable read in which if T i)vé'i',e. to read the
. value of X after T, had updated X, the result of T, would be different.
Role of locks: Dy
1 TItlocks the data item in the transaction in cqrx"e_bct Q‘deéi.'.

2. Ifanydata item is locked than it must be unlock at the end of operation.

Que 5.11. | Howdo optxmstlcconcurreilcy control techniques differ

s

from other concurrency control ;gechhiques ? Why they are f§15°
called validation or certification techniques ? Discuss the typic

phases of an optimistic concurrency control method.
AKTU 2022-23, Marks 10|




r

\ .
Concurrency Control Technimques
‘-q(‘“‘»r’) B ] s

S — —
5»‘2’“_ —
A“sn“' Opumignc concurrency Other concurrency
- Lure control control techniques
¢ _—
//’I;:‘T‘;:: conflicts at transaction | Detects conflicts during
’Z‘]\“ﬂid commit time. transaction execution.
L action i . ) )
DeteC‘ Typically avoids locking, | Relies heavily on locking
pocking | jowing concurrent mechanisms to manage
\echanist™ transactions freely. concurrency.

/ Rolls back transactions only | May roll back transactions

saction when conflicts occur at commit | during execution to
Rﬂllback tirne. resolve conflicts.
: Provides lower isolation initially | Offers varying isolation
Isolati0n but resolves conflict later. . | levels(e.g., Read
Level W :Committed, Serializable).
-

@ Generally performs better | Can suffer from lock
| under low contention and high | contention and overhead,
throughput. impacting performance.

Less compIé?g oimplement due | More complex dueto
Control|tominimal locking and simpler | locking protocols and -~
Complexity conﬂibf-lj.esolpﬁbn. co’ﬁ:ﬂigt d@g@?ﬁon‘méthods.

Usage -~ | Suitable for environments with Used in environments
Scenarios | low contention and frequent where data consistency
read operations and strictisolation are

N erucial”

Validation or certification techniques:: Optimistic concurrency control
- techniques are also called validation' o1 certification techniques because they
: }nvolve validating or certifying tréii§'action$j after they have completed. This

involves checking whether the transact_igpé'have created conflicts with other

1 transactions that have completed concurrently.

'_‘ Typical phases of an optimistic concurrency control method:

- L R .
ead Phase : In this phase, a transaction reads data items without

Ao '
q qtul_rmg locks. The transaction records the version number of each
alaitem that it reads.

Validat;

itzl;;?rzn Phase: {&fter the transaction has completed its operations,

other traiss to commit. In this phase, the system checks whether any

has reaq I?Ctlons have modified the same data items that the transaction
-lfany conflicts are detected, the transaction is rolled back.
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3. Write Phase : If the transaction is validated, it proceeds t writ
changes to the database. € itg

—

PART-2

Time Stamping Protacols for Concurrency Control,
Validation Based Protocol.

—_—

Que 5.12. | Explain timestamp based protocol and timestamp
ordering protocol.

OR
Discuss the timestamp based protocol to maintain serlalnzabllnty in
concurrent execution. Also explaln its advantages and

disadvantages.
OR
Explain time stamp based concurrency control technique.

AKTU 2020-21, Marks 10

Answer
Tlmestamp based protocols :

Timestamp based probocol ensures serializability. It selects an ordermg among
transactions m advance using timestamps. f—

Tlmestamps 3

1. With each transaction in the system,.a’unique ﬁxed timestamp is
assoc1ated Itis denoted by T'S(T; )

2. Th1s tunestamp is assigned by the database system before the transaction
T, starts execution.

3. If a transaction T, has been asmgned timestamp T'S(T)), and a new
transaction T} enters the system, then T'S(T)) < T'S(T)).

4. Thetimestamps of the transactions determine the serializability ordez
Thus, if TS(T)) > TS(T;) , then the system must ensure that in produce
schedule, transactmn T, appears before transaction T

5. To implement this scheme, two timestamps are associated with each

dataitem Q.

. n
. W'tlmeﬁtamp (Q) : It denotes the largest timestamP of ar
transaction that executed write(Q) successfully.

b. R-times.tamp (@) : It denotes the largest timesta™
transaction that executed read(Q) successfully.

P of any

3
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mps are updated whenever a new read(Q) or write(q)
5 L .
Th-filblcttion is v.\'(‘cut(,d.
" pstamP ordering protocol :
i o ordering protocol ensures that any conflicting read and write
e e 2;“" executed in timestamp order. This protocol operates as follows :
tions ar¢ ™ ' |
oper® ose that transaction T issues read(Q).
: Supp?® |
S ) < Wetimestamp(@), then T, needs a valuc uf @ that was
already overwritten. Hence, read operation is rejected, and T is
' rolledback. "y

If TS(T,;) 2 W-timestamp(®), then the read ope‘ration is executed,
and R-timestamp(Q) is set to the max:imum of R-ti_niestamp(Q) and

TS(T; )- |
Suppose that transaction T issues write(@).

I TS(T) < R-timestamp(Q), then the value of @ that T is producing
was needed previously, and the system assumed that the value
would never be produced. Hence, the system rejects write operation
and rolls T, back. P

b, If TS(T,) < W-timestamp(@), then T is attempting to write an
obsolete value of @. Hence, the system rejects thiswrite operation
and rolls back T'. B & 4°

. Otherwise, the system executes the write operéfiiiti and sets
7 4 W-timestamp(Q) to TS(T, ). If a transaction T is rolled by the
" concurrency control scheme, the system assigns it a new timestamp
. and restarts it. 2 o

2
E ' a

4 vahtéges of timestamp ordering protocol i

gThe timestamp ordering prdtocol "énsureé conflict serializability. This is
;_Jb%ause conflicting operation are processed in timestamp order.

; ?}’ ‘ o .
o »?aietprotocol ensures freedom from deadlock, since no transaction ever
Waits,

Disa,
~8advantages of timestamp ordering protocol :

‘Ther? is a possibility of starvation of long transaction if a sequence of

tl‘&nszztl?ogn_Short transaction causes repeated restarting of the long

Th
¢ Protocol can generate schedules that are not recoverable.
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Que 5.13. | Discuss 2 phase commit (2PC) protocol and time atamp

ol with suitable oxnmple. How the validation hage
"

protocols differ from 2C 7 |11|£ I'U 2021-22, Murlz;‘;m

LAI{’I'U 2023-24, Marks 10

AT

based protoc

Answer
Two phase commit protocol :

1. Two-phase commit (2PC) is a standardized prt)L()C()l that ensures
atomicity, consistency, isolation and durability (ACID) of a transaction;
it is an atomic commitment protocol for distributed systems.

2. In adistributed system, transactions invol%haltdrjng'dﬂta on multiple
databases or resource managers, caqygﬁi‘rig"thb_,&_prdt:cssing to be more
complicated since the database”‘f‘hgs;&'tbf}-ggprdiﬁfﬁte the committing or
rolling back of changes in a tranéiﬁ}éﬁﬂn as a self-contained unit; either

the entire transaction commits or the entire transaction rolls back.

Q

Timestamp based protocols Ref

5.12, Page 5-13A, Unit-5.

Difference:

RIS

idation Based Protocol

S. No. e 0P C

!

L The 2PC protOCQl ié"é’block'ng The vali&gtipn “Bééed protocol
Two-Phase commit protocol. (3PC) is a ‘non-blocking Three-
g, e Phase commit protocol.

]

92! . | For 2PC, the coordinator may For 3PC, ‘thecoordinator can
abort the transaction globally aﬁb;pf‘-?'-fhe,«.tl""“"éinsaction globally,
or resend the global decision. |send global-commit message to

- | the participants or simply send
the global decision to allsites that

i
+, | have not acknowledged.
i W e

Qqe 5'.14’ | Write short note on the following :

1. Thomas’ write rule

ii. Strict timestamp ordering protocol
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Tho g write rule : Ti“)mlﬂs write rule ig g modified
; ering protocol. Su version
S timcsmmp ordering p ppose that transaction 7 o
K Q) . i lﬂ‘ers
\I‘lte(

(TS (T) < R-timestamp(@), then the value of Q that T is produci
18 ucing

1. rjously needed, and it }
was previousty 1t had been assumed th
would never be produced. Hence, the system rejec?; g:e value
operation and rolls T, back. e write
T) < W- timestamp(Q), then T,
9. If TS( is atter g t
obsolete value of @. Hence, this write Operatlonllangbe(;g:;t:ed -
3 Otherwise, tho Syiters. exocutes the Wnte OPeratlon and sets

Ww-timestamps (@) to T'S (T)).

Strict timestamp ordering protocol

1. Strict timestamp ordering ensures that the schedules are both strict
and serializable. »

9. In this variation, a'transaction T issues a read_item (X) or
write_item (X) such that 7'S (T) > W-timestamp (X) has its read or
write operation delayed until the transaction T’ that wrote the
value of X (hence T'S (T') = W-timestamp (X)) has con:umtted or
aborted.

3. To implement this algorithm, it is necessary. to 31mu1ate the lockmg
“of an item X that has been written by transactlon T until T is

either committed or aborted.

4. This algorithm does not cause deadlock since Twalts for T, ‘only if
TS (T) > TS (T).

P o

] ;Queﬁ 15. | Discuss the tlmestamp ordering protocol for
 concurrency control. How does stmct timestamp ordering differ

-f_l‘Om basic timestamp ordering ? AKTU 2022-23, Marks 10

The tunestamp ordering protocol : Refer Q. 5.12, Page 5-13A, Unit-5.
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Difference:

Basic 'I'imesta;i;\

Feature Strict Timestamp |
Ordering | Ordering
Concurrency | Ensures transactions execute Allows transactions to
Control in timestamp order strictly. execute out of timestamp

order occasionally.

Timestamps are assigned
to transactions as they

arrive.

Timestamp | Timestamps are assigned to
Assignment | transactions based on a strict
order.

frequent GeneraHSf él{f(“)ids frequent

Transaction | May cause bt ,
if | rollbacks by allowing some

Rollback transaction rollbacks

timestamp order is violated. | flexibility.” "
Complexity | More complex to implement: Slmplerto implement as it
to | allowsflexibility in

due to strict adherence:to
timestamp order. ;

“transaction order.

Performance | May impact perfox;mf’a__figéx_;?lug' waenerally performs better
Impact to potential rollbacks and strict | under varying workload
ordering checks.” . 7 conditions. s

)
i

Explain validation protocol in coneurréncy control

Explain the ali;'ﬁatio 'ij’ﬁsed protocol for concurrencycontrol

I | AKTU 2020-21, Marks 10

Que 5.16.

Answer :
Validation fﬁi‘:‘o't'b'c
three phase :

.;:‘f";-i'm;;‘{“ ‘“ y f5
ol in concurrency.control consists of following

1. Read phase:
a. During this phase, the systeni executes transaction T

b. It reads the values of the various data items and stores them in

variables local to T'..

c. It performs all write operations on temporary local variables,

without updates of the actual database.

2. Validation phase : Transaction 7. performs a validation test to
detgrmine whether it can copy to th:a database, the temporary ocal
v..amables that hold the results of write operations without causing 2
violation of serializability.



‘JIVI. q““‘ n) e ___“.,( T‘(.urr(‘n(‘y (‘"n(rn‘ Tp(‘hn"{ll(‘ﬂ

go ¢ I transaction 7' succeeds in v
lies the actual updat es Lo the datal

——
——

A3e, then tha
se, the system

nll(]m.lr)n ph

yhn
¢
\\' ite P ase, otherwi

et em I‘tl’p
”g l)‘\lk

-

o phases of concurrently executing transactions canbe interleayad.
thre
Al T the validation test, we should know when t

ctions T, took place. We shall, therefore, agqq
m(h transaction T

he various phases of

Toper for? ciate three different

‘h
ﬂ-q“
f1 ‘mesta amps

start (1), the time when T, started its execution,

validation (T)), the time when T finished its read phase and

c;tarted its
validation phase

Finish (7)), the time when T, finished its wrifé phase. "

Que 5 17. Explain the phantom phenomenon. Discuss a timestamp

ck ction, information about walt-for relationship
between transactlon' 1§ transmitted from one:server to another

Y‘As this proeedure will take somé. tlme
transactlons that hold a lock W111 m

1' Consider the case of global deadloc etector that receives local wait-for
- Braphfrom servers X and Y as shown in Fig. 5.17.1 and 5.17.2.
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Timestamp based protocol that avoids phantom p

1.

ISuppose also that the g

/

——— —— o ————

Fig. 5.17.3. Global wait-for graph.

Suppose that transaction U releases an object at server X and requests
the one held by V at server Y.
lobal detector receives server Y’s local graph

before server X’s.

In this case, it would detect a cycle T — U — V — T, although the edge

T — U no longer exists.

d be detected if a waiting transaction ina

A phantom deadlock coul
procedure.

deadlock cycle aborts during the deadlock detection
T and U aborts after the

For example, if there is a cycle T'— U->V-o
hen the cycle has been

information concerning U has been collected, t
broken already and there is no deadlock.
henomenon :

estamping by

The B + tree index based approach can be adapted to tim :
sociated with

treating index buckets as data items with timestamps as

them, and requiring that all read accesses use an index.
s with a particul2’
earch-key:

y values

Suppose a transaction T, wants to access all tuple
range of search-key values, using a B + tree index on that s

T; will need to read all the buckets in that index which have ke
in that range.
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hnique
5,2(”\( N*\\mﬂ
" need to wr ite one of the buckets in that, index whe
T, Wi

nany delet;
f (jon operationon the tuple is done, y deletion
) ‘\l
m ‘

gu.ll conflict is converted to a conflict on an i

]ms the |(’
rl tom phenomenon is avoided.,

—

index bucket,

PART-3

Multiple Granularity, M ultiuersion Schemes.

—

Que 5.18. | What do you mean by multiple gr aﬁ“-laﬁfies ? How it is
implemented in transaction system ?

Answer |

Multiple granularity :

1. Multiple granularity can be defined as hierarchically breakmg up the
database into blocks which can be locked.

2. It maintains the track of what to lock and how to lock !

3. It makes easy to decide either to lock a data 1tem or to unlock a data
item, ! ;

: Impll_ementat‘ionr g

Multiple granularity is implemented in transaction system by defining

multlple levels of granularity by allowing data items to be of various
sizes and defining a hierarchy of data granularxty where the small
granularities are nested within larger ones.

In the tree, a non leaf node represents the data associated w1th its
descendents

Each node is an independent data item.
The highest level represents the entire database.

Each node in the tree can be locked individually using shared or exclusive
mode locks,
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Que 5.19. I What is mu]Eiple granularity pr

control ?

Databage

Area

Fig. 5.18.1.

ntention mode, e:kplicit lot;kihg is being done at

Ifa nodeis locked in ani =0
granularlty)

lower level of the tree (thatis, at a finer

Intention locks are put on all the'aﬁées;to;s;t;f a node before that node is

locked explicitly. £ =
While traversing the tree, the tranggction locks the various nodes in an
intention mode. This hi_eraréh}i?:gp be represented graphically asa tree.
When a transaction locks 7 _ndéé, it also has implicitl}f:lﬁ';ﬁi{e
descendents of that node in the same mode.

Answer I | 3 &
1.

col is a protocol in which we lock the data

Multiple granularity protoce a protocol i1
d unlock them in bottom-up order.

items in top-down order an
In multiple granularity locking pxjpt'og;g)»l:, each transaction T} can locka
node @ in any locking mode by following certain rules, which ensures
serializability. These rules are as follow s :

i. T, must follow the compatibility matr x as shownini'ig. 5.19.1to
lock a node . This matrix contain follc wing adcitional locks :

a. Intension-Shared (IS) : Explicit locking at a lower level of
tree but only with shared locks.

b. Iqtcnsion-Exclusive (IX) : Explicit locking at a lower level
with exclusive or shared locks.

c. Shared and Intension-Exclusive (SIX) : The sub-tree
rooted by that node is locked explicitly in shared mode and

5-21 A (CS/IT-Sem.5)

i e,

1
!
{
|
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) ( 1 1 i
5’23A plicil locking is being done at alower level with exclusive
exX

mode locks:

first Jocks the root of the tree and then locks the other nodes,
. Jtfirs ) b
i I lock a node Q in S or IS mode only if it currently has the
It cngt of @ locked in either IX or IS mode.
are

Y <k node Q inX, SIX or IX mode only if it currently has the

f @ locked in either IX or SIX mode.

iil.

It can 10

parent 0

¢ can lock @ node if it has not previously unlocked any node.
c

v

- unlock anode @ only if it currently hasnone _bfthe children
i i&'cg)ullocked- Na. O
Toquestedmode | X | SIX | IX | § | IS
X NO | No | No.| NO | NO
SIX NO | NO |.-NO | NO | YES
X NO | NO | YES | NO | YES
s NO | NO | NO | YES | YES
IS NO | YES | YES | YES |YES

Fig. 5.19.1. Compatibility matrix for different
mode in multiple granularity protocol.

Que 5.20. | What is granularity locking ? How does granularity of

data item affect the performance of concurrency control ? What
factors affect the selection of granularity size of data item ?

Answer |

Granularity locking :

L Granularity locking is a concept of locking the data item on the basis of

size of data item.

E, .. ‘
. f:iltil‘)ased on the hierarchy of data where small granularities are nested
top In larger one. The lock may be granted at any level from bottom to

g concurr:f Eranularity of data item over the performance of

A ¢y control :

B The |

Penmirtier}twhe data item size is, the lower the degree of concurrency

b Tthat negy °r example, if the data item size is disk block, a transaction
S to lock a record B must lock the whole disk block X that
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ansactions want to lock record C which resjq
2sideg

contains B. Ifthe other tr _
in same lock then it is forced to wait.

m size i8 small then the number of items in the datab,
e every itemis associated with a lock, the system w‘?ﬁ
ber of active locks to be handled by the lock manage]r

9. Ifthe data ite
increases. Becaus
have a larger num

and unlock operations will be performed which cause higher

3. More lock
overhead.

Factors affecting the selec
1. Itdependson the types of trans

tion of granularity size of data items :
action involved.

9. If a typical transaction accesses 4 small number of records, it is
advantageous to have the data item granularity be one record.

many records in the same file, it may

ularity so that the transaction will

few) data items.

3. Ifatransaction typically accesses
be better to have block or file gran
consider all those records as one (or a

Que 5.21. | What do you mean by multi granularity ? How the

concurrency is maintained in this case. Write the concurrent

transaction for the following graph.

T, wants to access jtem C in read mode

T, wants to access item D in exclusive mode
T, wants to read all the children of item B
T, wants to access all items in read mode

Answer
Multi granularity : Refer Q. 5.18, Page 5-20A, Unit-5.

Concurrency in : .
Page 5-21A, Uiitl_& multi granularity protocol : Refer Q. 5-19

Numerical : |

.
]
1
|
i

s |

1. Tr - | .
e earE elem O S S needs to lock the ite®
item Cin S mode. mode (and in that order), and finally tolock ¢
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(GSHT.SC’“'5) oncurrency Control 'I‘echniqung
4B : the item D B'\\
5,¢ s T, modifies ~Z1n B, I'hen, T, ,
.ansﬂC“On Bz(and in that order) in IX mode, amf :tchdﬂ o 0k the
Tra™ AND ast to lock the
} e pinX mode: 1 .
i v vonds all the recordsin B, Then, 7'
ion Tyrea : en, I'y needs to] y
3 Tfﬂr‘[j‘(li::g " t’ilﬂt order) in IS mode, and at last todlock the)ltzrcrt(l’.t.’}:;/;
. an c '
mode: d the all item. It can be d f :
Transaction T,rea ' one after locking the item
& Ainsmode'

ﬁl What is multiversion concurrency control ? Explain
Que > ek

sion timestamping prog;gol_

ot do you mean by time Stf‘mplngm,g!ﬁl_tbq?l for concurrency
Wwh g? Discuss multi version sc_:hr‘eme:pf"c?ncurrency control.

controuin N
AKTU 2021-22, Marks 10

multiver

'i‘inie stamping protocol : Refer Q. 5.12, Page 5-13A, Unit-5. .

| Multiversion concurrency control : .
1 Multiversion concurrency control is a schemes in which each-write(Q)
operation creates a new version of Q. A e A

" 2. When atransaction issues a read(Q) operation, the éqnéﬁfféhcy-control
manager selects one of the version of @ to beread. - F

' 3. The concurrency control scheme must ensure that the version to be
read is selected in manner that ensures serializability.

_Mu]tiversion timestamping protocol :.

* 1 The most common transactidn;ordéring technique used by multiversion
~ schemes s timestamping.

8 Xylth each transaction 7, in the system, we associate a unique static
'mestamp, denoted by TS(T).

This timestamp is assigned before the transaction starts execution.

C .
s: 3: urrency can be increased if we allow multiple versions to be stored,
: At the transaction can access the version thatis consistent for them.

With th;
: vertf this protocol, each data item @ is associated with a sequence of
3 SIOnS < Ql’ Q Q s

-, >

ach v :
°rsion @, contains three data fields :
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a. Contentis the value of version €,
b. W-Limnsl.nmp((),f) is the timestamp of the transaction that create

version Q.
amp(@,) 18 the largest time
| version @,

c. Rtimest stamp of any transaction that
cuccessfully reac

es as follows !

. N )
1saction _1.‘ 1s§suos a rea'd(Q) operation. _Let, Q, denote
Jose write timestamp 18 the largest write timestamp

The scheme operat

=1

Suppose that trar
the version of Q wi
less than or equal to TS(T)).

If transaction T, issues a
content of version Q-
action T issues write_(Q)' ;

), then ‘the system rolls back

a. read(@), then the value returned is the
b. When trans
If TS(TJ.) < R-timestamp(@,
transaction T R

i If TS(T) = W-timestamp(@,), the system overwrites the
contents of @,; otherwise it creates a new version of @.

i

iii. 'This rule forcesa transaction to abort ifitis “too lai;'ef’ m doing

a write.
Que 5.23. I Discuss multiversion two-phase‘lo‘ckin‘g,u'

Answer l

1. The multiversion two-phase lo
of multiversion concurrency €

locking.
9 Inaddition toread and write 1o¢k mode-s,rmrult.iversion two-phase locking
provides another lock mode, i.e.,certify.

cking attempts to'combir;e the advantages
ontrol with the advantages of two-phase

3. In order to determine whether these lock modes are compatible with

each other or not, consider Fig. 5.23.1

Requested mode | Shared : Ekclus’ive Certify 5
Shared YES YES NO
Exclusive YES NO NO

N _/
Certify NO NO NO
/
ig. 5.23.1. Compatibility matrix for multiversion two-phase 1ocK2E-

D B
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! L
8action I hold itom
Cquesto branane;

nchniqunu

“YES" indicates that if » tran
f q‘]xetor']‘;;{q;nn be granted by other ¢
5 1 "
@ that

dataitem Q.

“NO” indicates that requeste( mode i
Te term
The t

18 not, Compatib)e with the
; flock held. So, the requested transaction MUst wait, yng;) the lock
. coflo
mod
is released. : ,
iversion two-phase locking, other transactiong are allowe 1,
6. In mulgg’tea item while a transaction st]] holds an exclusive [ock on the
. read a
data item. Vi N .
is is done by maintaining two versions for eac}}w(ll_gtalter&x}thg., certified
7. Thisisdon ified version P,
. sion and uncertified v : I’
ver .
8.

However, if transaction T;is re;
lock on Q.

3 Descnbe ;vith the helg of
3 stamping protocols fo

' Multiversi
. Page524A Unit
* Example ;

. Consid;i* ﬂwo transactions, T1

i a new
T2 (Update Transaction) starts, modifies X to 20, and creates
Version X9,

T1 stin) sees th

e old version X1 (value =
new version

X2 (value = 20).
U8, Tl reads ¢q

10) while T2 commits with the

: . dates.
nsistent datg without being affected by T2’s uPl
ontrol are :

" Arioug time stamping protocols for concurrency c

5-12A, Unit-5.
4 Timestamp ordering protocol : Refer Q. 5.12, Page
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2. Thomas’ write rule : Refer Q. 6.14, Page H=10A, Unit-h,

3. Multiversion timestamping protocol : Refer Q. 6.22, Pago 1 24
Unit-5. W,

PART-4

Recovery with Concurrent Transaction, Case Study of Oracle,

——

Que 5.25. | Explain the recovery with concurrent transactiong,
OR Na
Explain recovery from concurrent transaction,

AKTU 2020-21, Marks 10

Answer
Recovery from concurrent transaction can be done in the following four
ways :

1. Interaction with concurrency control :

a. In this scheme, the recovery scheme depends grcatly on the
concurrency control scheme that is used.

b. So to rollback a failed transaction, we must undo the updates
performed by the transaction.
9. Transaction rollback :

a. - In this scheme we rollback a failed transaction by using the log.

b. The system scans the log backward, for every log record found in
the log the system restores the data item.

3. Checkpoints:

a. In this scheme we used checkpoints to reduce the number of log ‘
records that the system must scan when it recovers fromacrash. |

b. In a concurrent transaction processing system, we require that
the checkpoint log record be of the form <checkpoint L>, .where
‘L’ is a list of transactions active at the time of the checkpoint.

4. Restart recovery :

a. When the system recovers from a crash, it constructs two liﬂwf

b. The undo-list consists of transactions to be undone, and the redo

list consists of transaction to be redone.
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The system constructs the two lists as follows : Initially they ar
’ e

. I empty: The system scans the log backward, examining
pot d, until it finds the first <checkpoints reco,-dxﬂmmmg cach

4‘ Describe Oracle. How data is stored in Oracle RDBMS ?
1 Que

|

Ans

m 1 fi “NACI .
The Oracle d_atabz;se ( clo t.mmm} ()ir rte li‘rred to as Oracle RDT M simply
1 Oracle) consists of a relational database management sy: tem (KDBMS),
Oracle isa mult'i-}lsexj databasg managernent system. It is a software
. ackage speciahzmg in managing a single, shared set of information
5 mong many concurrent users. _ B
g Oracle is one of many database sewers?‘~th_é jf;;:plugged into a

client/server equation. -

4 Oracle wosks Efﬁciently. managé:"jts\ Ie'sburce, a database of

" information, among the multiple clients requesting and sending data
in the network.

Storage * :
| The Oracle RDBMS stores data logically in the form of table spaces and
physically in the form of data files. P g

9 Table spaces can contain various types of memory segmenf;s"',"é'uch as
data segments, index segments, etc.

:_' Que 5.27. I Write the name of disk files used is Oré.cle. Explain

database schema.

Answer I

Disk files consists two files which are as follows :
1. Data files:

a. At the physical level, data files comprise one or more data blocks,
where the block size can vary between data files.

b. Data files can occupy pre-alloéated space in the file system of a
computer server, utilize raw disk directly, or exist within ASM

logical volumes.

& Co“ntl‘Ol files : One (or multiple multiplexed) control files (also known
8 “control files”) store overall system information and statuses.
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Database schema:

1. Oracle database conventions referto defined groups of object ¢
Wnergh;
p

as schemas.

9. Most Oracle database installation has a default schema calleq Scorp

3. Afterthe installation process has set up the sample tables, the
log into the database with the username scott and the Pas:sworu(ff-r can
1ger,

The SCOTT schema has seen less use as it uses few of the featy
res of

5.
e recent releases of Oracle.

the mor
6. Most recent examples supplied by Oracle Corporation ref
default HR or OE schemas. 2 relerence the

Que 5.28. I Define in terms of Oracle :

i. Tablespace
ii. Package
iii. Schema

Answer |
i. Tablespace: “
1. Atablespaceisalogical portion of an Oracle database usedtoallocate ;
storage for table and index data. ' C ¥ i

9. Each tablespace corresponds to one or more physical databage files.
TEM and may |

Every Oracle database has a tablespace called SYS
have additional tablespaces.

4. Atablespaceis used to group related logic;al structures together. |

ii. Package:  Nn |
1. Packages are a method of encapsulating and storing related =
stogetherasa &

procedures, functions, and other package construct

unit in the database. o
9 It also offers increased functionality and database performance.
that is part ofa package iS00

function, except

3. C.alling a public procedure or function
different than calling a standalone procedure or
that we must include the program’s package name asapre

program name.

iii. Schema:
1.  Aschemais a collection of table definitions 0T related objects e
by one person or user. :

2. SCOTTis schema in the Oracle database.
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&,30/‘ 1 objects are the logical structures thyy directly rofor to the
‘ A

: 3. gz:]{:];ch's data.
‘ { 2 objects include such SL.I‘UCLUI‘CS as tableg, views, 8equenceg
4 Schot:;tp rdéc dures, synonyms, mdexes, clusters and database linkg’
- gtore ‘

=35 | Bxplain SQL Plus, SQL” Net and SQL & LoDy,
5.V
que

sQLPIve’

gQL Plusis the front end tools for Oracle.
! The SQL Plus window looks much like a D
2

) OS wiﬁdow with a white
packground similar Notepad. . W,

This tool allows us to type in our state

‘ + and see the results,
3

SQL *Net:

| This is Oracle’s own nﬁddlevggpei»profi?qgg which runs on both the client
5 and server to hide the compl'exity‘i of fhé network.

9. SQL* Net’s multiprotoct;l mterchange allows client/serve:;i:giiiihgeqtions

" to span multiple communication protocols without the need for bridges

and routers, etc., SQL * Ne_t will work with any conﬁgﬁ?ﬁtfbhé@g}sign.
SQL* LOADER : - '

1 Autility used toload data from external files

2; It can load data from as ASCII fixed e
i Oracle table.

ki

¥ith concurrent transaction also i

Angwey

: I‘O(':king tEChniques .

L .
The locking technique is us
transactj,,

ed to control concurrency execution of
: ; 1s which is based o

n the concept of locking data items.

ang ;‘.“POSe of locking technique is to obtain maximum concurrency
Mimy delay in Processing transactions.

A IOQk is avy

dQSCribe ariable associate with a data item in the database ‘and
Sthe statysg of that data item with respect to possible operations

_l;
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that ean be applied to the item; there igone lock for each datg itemn in i
hat c: , i

o——

database,
Following are the locking techniques with concurrent Lransactiop -

1. Lock based locking technique : Refer Q. 5.2, Page 6-2A, Unit.: 3

9. Two-phase locking technique: Refer Q. 5.6, Page 5-5A, Uiy,

Following are the recovery techniques with concurrent transaction ‘

1. Logbasedrecovery: Refer Q. 4.22, Page 4-19A, Unit-4.
2. Checkpoint : Refer Q. 4.25, Page 4-21A, Unit-4.

~——

VERY IMPORTANT QU"ESTIONS :

~—

TS oy

Following questions are very important. These questions
may be asked in your SESSIONALS as wellas :
UNIVERSITY EXAMINATION. = .‘ ’

Q.1. What is lock ? Explain different types of locks. .~ =
Ans. Refer Q. 5.2. £

Q.2. Explain two-phase locking technlque for concurrency §
control. / -
Ans. Refer Q. 5.6.

Q.3. Write the salient features of graph based lockmg protocol
with suitable example. 3
Ans. Refer Q. 5.8.

Q.4. Describe major problems associated with concurrent =
processing with examples. What is the role of locks in
avoiding these problems ?°

Ans. Refer Q. 5.10.

Q.5. How do optimistic concurrency control techniques differ
from other concurrency control techniques ? Why they are
also called validation or certification techniques ? Discuss .

the typical phases of an optimistic concurrency control
method.

Ang. Refer Q. 5.11.

Q6. Explain timestamp based protocol and timestamp orde ng
Protocol,

Ans. Refer Q. 5.12.
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PS piscuss 2 phase commit (gp(, Protoe

. ol and ti
7. srotocol with suitable exXample, Iy me stam,
@ b“s:: :,mt.ocnls differ from 20C 7 oW the Validat;j o,
bas

Co Ncurre

Explain validation protoce) in cuncurrency Contro)
Rcﬁ’r (Q !')IG

Vhat do you mean by mujg;
Q.9 }mplemenl.ed in transaction
1

Refer Q. 5.18.

ple Eranulariting ? How ;
System 7 s

What is multiversion concurrency Control 7 Explain
Y multiversion timestamping protocol,
= Refer Q. 5.22-

time stamping protocols for concurrency contro] also.
ABE Refer Q. 5.25. .

12. What do you mean by lockin
@ control ? Discuss the varj
recovery with concurrent

ans. Refer Q. 5.30.-

g techniques of concurrency

ous locking techniques and
transaction alsg in detail.
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Database Management System
—

Introduction

NIT (2 Marks Questions)

"B p

15.

What are the functions of DBMS ?
The functions of DBMS are : ,
The ability to update and retrieve data
Support concurrent updates
Recovery of data

Security f,
Data integrity 4

List the four functlonsofDBA. AKTU 2021:22, Marks 02

Schema definition. '
Storage structure an access method definition.
Schema and physwal orgamzatlon and modlﬁcatmn
Granting of authorization for data access.” .

Less need of hardware
Less complex in backup and recovery

List any four disadvantages of file system approach over
database approach. ‘AKTU 2022-23, Marks 02

Disadvantages of file system approach over database
approach :

Data redundancy

Limited data sharing
Limited data access control
Limited scalability

What is data model ? List the types of data model used.







Q-2
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OV e 00 1O v

ACSTT

Data modelis alogical structure of the g
conceptua] tools for describing data, dat

.Sem-5)

2 Marks Questions

atabase. [t ig 5 collection of

. A relationships
<emantics and consistency constraints. ps, data

Types of data model used :

Hierarchical model
Network model
Relational model
Object-oriented model
Object-relational model

Explain the difference between

. Physical and logj
16- independence with example. R voglca] data
pifferentiate between Physical and logical data
independence. {AKTU 2022-23, Marks 02
Ans '
g;,‘;? Physical data orr
independence independenc
1. |Physical dataindependence is | Logical data independence is the
the ability to modify physical |ability to modify the conceptual
schema without causing the |schema without having to change
conceptual schema or the external schemas or application
application programs to be |programs.- ' F
rewritten. I , :
2. |Examples of physical Examples of logical data
' |independence are independence are addition/removal
reorganisations of files, of entities.
adding anew access pathetc.”| | :
17. Write advantages of databésé,
Aix Advantages of database:.
1. Controlling data redundancy"
2. Sharing of data
3. Data consistency
4. Integration of data
5. Integration constraints
6. Data security
18. What is data independency in DBMS ?
AKTU 2020-21, Marks 02
AnE

Data independence is defined as the capacity to change the schema
at one level of a database system without having to change the
schema at the next higher level.
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1.9.
Ans.

1.10.

— @

N

1.11.

1.12.

1.13.

Ans.

Explain logical data independence.

The separation of the external views from the conceptual viewg
which enables the user to change the conceptual view without
effecting the external views or application program is called logical

data independence.

What is the significance of physical data independence ?
AKTU 2021-22, Marks 02

Physical data independence helps us to separate conceptual levels
from the internal/physical levels.
It allows us to provide a logical description o

fthe database without
the need to specify physical structures. ‘
Define the term data redundancy and data consistency.

Data redundancy : The occurrence of values for data elements
more than once within a file or database is called data redundancy.

Data consistency : Data consistency states that only valid data
will be written to the database.

What do you mean by DML and DDL ?
OR

Define DML. |
Data Manipulation Language (DML) : A DML is a language
that enables users to access and manipulate data as organized by

the appropriate data model. Insert, update, delete, query are

commonly used DML commands. ,
Data Definition Language (DDL) : DDL is set of SQL commands

used to create, modify and delete database structures but not
data.They are normally used by the DBA. Create, drop, alter,
truncate are commonly used DDL command.

Write the difference between DDL and DML.
== [ARTU 2020-21, Marks 02

S.No.

Data Manipulation
Language (DML)

Data Definition
Language (DDL)

DDL is set of SQL commands
used to create, modify and delete
database structures but not
data.

A DML is a language that
enables users to access Or
manipulates data as organized
by the appropriate data model.

Create, drop, alter, truncate are
commonly used DDL command.

Insert, update, delete, query aré
commonly  used DML

commands. _’___J

|
%
i
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QAA " s/IT'Sem'S) 2 Marks Questiong
5 ¢he difference between super key and candidate key

4. Wit

P Super key Candidate key

gNO- | __—— " cet of one or |A candid i

/1 Super key is a s¢ candidate key is a column, or set,

© |\pore attributes taken |of column, in the table that can
tively that allows us to |uniquely identify any database

collec i o giet s :
dentify uniquely an entity in record without referring to any
the entity set- other data.
/—. N
{ Super key 1S a broadest |Candidate key is a subset of super
unique identifier. key.
1.15. What is the concept of keys in database ? -
AKTU 2023-24, Marks 02
1. Keyisaattribute or set of attributes that is used to identify data in
entity sets.

9. Key is defined for unique identification of rows in table.

1.16. Describe the purpose of foreign key:. .

Ang A foreign key is used to link tables together and create a
relationship. It is a field in one table that is linked to the primary
key in another table. ' 'y

1.17. Explain specialization. .
Anis. Specialization is the abstracting process of introducing new
characteristics to an existing class of objects to create one or more
. new classes of objects. This involves taking a higher-level, and
. using additional characteristics, generating lower-level entities.

1}8 - What do you mean by aggregation ? .
AN Aggregation is an abstraction through which relationships are
treated as higher level entities.

- Define super key, candidate key, primary key and foreign

key.

o Super key : It is a set of one or more attribul
collectively, allows us to identify uniquely an enti
set. ~

i Candidate key : A candidate key is a column, Or S

] the table that can uniquely identify any database recor

Teferring to any other data.

tes that, taken
ty in the entity

et of column, in
d without
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Primary key ¢ Primary key is a candidate key that is

unique identification of entities within the table, 3 used fop
Foreign key : A foreign key is derived from the primary ke

came or some other table. Foreign key is the combination Og"ofthe

more columnsin a table (parent table) at references a PTimar);in

=y

in another table (child table).

What is strong and weak entity set 7
AKTU 2023-24, Markﬁ]

Ang Strong entity : Strong entity is not dependent of any other entity
in schema. Strong entity always has primary Key. Strong entity is
represented by single rectangle. Two strqu‘ entity’s ljelationship is

represented by single diamond. -
Weak entity : Weak entity is depqndenﬁ_qg st_:;oﬁé entity to ensure
the existence of weak entity.J;Weak;éngty doesnot have any primary

key, it has partial discriminato ak entity is represented by

double rectangle.

1.20.

121. Explain the differe
set with examp_le

An entity set Wi
| possess sufficiel
| to from a primary
a weak entity set.

ttributes

S—

ouble

9. It lsrepresented by,

| rectangle.’
3. |It contains a primary key- gontains a primary key
represented by an underline. represented by a dashed underline-

1.22. Discuss three level of abstrfi;tions or schemas architecture

of DBMS.
ang: Different levels of data abstraction :
1. Physical level

2. Logical level
3. View level

©0©
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2 Relational Data Model]

a Degree: The number of attributesina relation is knowr as d
Cardinality : The number of tuples in a relation is kno:%re:s.

finality.
292 What are different mtegntyconstmmts ?

|AKTU 2020-21, Marks 02

© [ARTU 2022-23, Marks 02

455 Different mtegntymn traints ;

1. Domain constraint-. \
9. Entity integrity constraint
3
4
23.

. Referential integrity constraint _ B
. Keyconstraint. =

Wi:atdo you mean by referential mte

A T OR == )

4 Explam referential intggrity. AKTI 12923.24;1!&811];802

m = ;Iﬁ“thei:féiaﬁona] model, forsomecases,sve often wish to ensure

that avalue that appears in one relation for a given set of attributes

also appears for a certain set of attributes in another relation. This
condition is called as referengiaflggﬁtegﬁty.

24. Explain entity integrity cc;nstraints.
AKTU 2023-24, Marks 02

AT The entity integrity constraint states that primary keys cannot be
Rull. There must be a proper value in the primary key field. This is
. cause the Primary key value is used to identify individual rows
me‘;ﬁl}f- If there were null values for primary keys, it would

t we could not identify those rows.

2.5. D
e L
fine fOI‘EIg]J key CC ¢ . !
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2.11.
Ans:

2.12,

. What is the role of

SQ-7A (CSMT-Sop,

ment System
v constraint allows certain 'nl,t.ril)ut.(_-s in one ro|
butes in another relation. The relation on which

od containg the partial information,

ation t,

A foreign ke
fore; gn

vofer to atin
kev conglraint is defin
When do you get constraints violation ? Also, define null
value constraint.

olated during update operations on the relation,
traint : While creating tables, if a row lackg ,
cular column, that value is said to be nyl],

Constraints get vi
Null value cons
data value for a parti
join operations in relational algebra 2

The join operation, denoted by B>, is used tojoin tworelations to

form a new relation on the basis of a common attribute present in

the two operand relations.

Explain different features of SQL.
AKTU 2020-21, Marks 02

Different features of SQL are:
SQL provides commands-for defining, deleting and modifying

relational schema. -

It provides commax}ds fdi@gﬂﬁulating dataina table;i |
It helps in implementing relational databases. e

What are characteristics of SQL ?
Characteristics of SQL :

SQL usage is extremely flexible.
It uses a free form syn*ax

Give merits and Jemerits of S QL
Merits of SQL dat.base: -
High speed

Security
Compatibility

No coding required G
Demerits of SQL database :
Some versions of SQL are costly.
Difficulty in interfacing

Partial control is given to database.

database.

What do you mean by query and subquery ?

831‘,3 ry: Query is a request to database for obtaining some data
query : A subquery is a SQL query nested inside a larg

query. Subqueries must be enclosed within parenthesis.

Write the purpose of trigger.

FIES RS TRERS R S P

S




©
b SQ’SA . .
g oSse of trlgger .

b
1

H‘g‘.
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217.

It
2
3.
4,
3.
L
i
6.

218,

B by adding const

S/IT'Sem-s) 2 Marks Questions

cally generate derived column values,

event invalid transactions.
gimforce complex security authorizations.

nforce referential integrity across nodesin adistributed database
Enforce complex business rules. ase,
at do you mean by PL/SQL ?

for Procedural Language/SQL. PL/SQL
ructs found in procedural language%, r%);tlflxz?r?gsi?l;

al language that is more powerful than SQL.

Wh
QL stands

structur

What is union compatibility ? |
Two relation instances are said to be union compatible if the following
conditions hold s = ¢

They have the same number of the'ﬁelds;:
Corresponding fields, taken m order fr@’@ﬁ‘;l eft to right, have the

same domains.

What is relational algebra ?

The relational algebrais a procedural query language. It consists of

a set of operations that take one or two relations as input and
produces a new relation as a result.

When a relation set is called a recursive relatidnsﬁii) set ?
AKTU 2021-22, Marks 02

When there is a relationship between two entities of the same type,
it is known as a recursive relationship. This means that the

relationship is between different instances of the same entity type.

Define constraint and its types in DBMS.
A constraint is a rule that is used for optimization purposes.
Types of constraints : ﬁ :

NOTNULL

UNIQUE

DEFAULT

CHECK

Key constraints

Primary key

Foreign key

Domain constraints

What do you mean by currency with respect to database ?
AKTU 2021-22, Marks 02
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ANE

2.19.

Ans.

221.

222,

Ak

The DBMS uses currency to keep track of the database location
(db-key) of the most recently accessed rccnrq occurrences for the
run un.it, record type, set, and area. By keeping track of the most
recently accessed records, currency enables you to navigate the

database with a mimimum of effort.

What is Relational Calculus ? AKTU 2021-22, Marks m

Relational calculus is a non-procedural query language.
Relational calculus is a query system where queries are expressed
as formulas consisting of a number of variabl _N;-and_,;gggxpressi(,n
involving these variables. "

What is Equi-Join in database ‘7
= | AKTU 2021-22, Marks 02

An equi-join is a type of join that combines tables based on matching
values in specified columns. The column names do not need to be
the same. The resultant’table contains repeated columns. It is
possible to perform anequi-join on more than two tables.

What is a CLAUSElnterms of SQL ? _ _
'AKTU 2021-22, Marks 02

A CLAUSE in SQL 1s apart of a query that lets us ﬁ]berorcustomlzes
how we want our data to be queried tous..- = = =

What is the difference betweeri DROP ‘and DELETE
AKTU 2022-23, Marks 02

command ?

Command | Functlonallty

Scope |  Syntax

DROP Removes entire+| Database,| ‘DROP TABLE -
tables or databases | Table name;’ <br> ‘DROP
from a DBMS DATABASE

database-name;’

DELETE Removes specific | Table ‘DELETE FROM
rows of data from table -name WHERE
a table in a DBMS condition.’ ]

©OO
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Database Design
and Normalization

(2 Marks Questions)

1. Distinguish between functi onal dépendency and
multivalued dependency.
ctional dependency : ”
- ‘{‘;: nctional dependency, denoted b.V X 'Yy beﬁween two sets of
attributes X and Y that are subsets of R:spegiﬁes a constraint on
the possible tuples that can form ! ti
Multivalued dependency (MVD) o]
MVD occurs when two or, mo

denoted by X —» — Yspeelﬁe'drnn relation schemaR where X and
Y are both subsets of R

-moval of any attribute
does:fot hold any more.

on the attribute X

33. What is transitive dependency ? Name the normal form

- Which is based on the concept of transitive dependency.
An attribute ¥ of a relational schema R is said to be transitively
thaI>endent on attribute X (X — Y), if there is a set of attributes A
tisneither a candidate key nor a subset of any key of R and both

:A and A — Y hold.
, formal form that is based on transitive dependency is 3NF.
4,

Wh
& N, ® is normalization 2

mg
‘edundl;;imon 18 the process of organizing a database to reduce
Yand improve data integrity.

.




Database Management System 8Q-11 A (CS/I'T-Sem.p)

-

3.5.

e

3.6.

3.7.

3.8.

3.9.

i

3-10.

Anis,

——

o __IS2%

What are advantages of normalization ?

AKTU 2020-21, Marks @

Advantages : ‘ _
It helps to remove the redundancy from the relation.,

It helps in easy manipulation of data.

Define 2NF.
A relation R is in second normal form (2NF) if and only if it is in
INF and every non-key attribute is fully dependent on the primary ‘_
key. A relation R is in 2NF if every non-prime attribute of R ig
fully functionally dependent on each relation key.. :

Why is BCNF considered simpler as We}1 'as_vs‘tronger than |
BCNF is the simpler form of 3NF as it makes explicit reference to
neither the first and second normal forms nor to the concept of
transitive dependence. 8 3
In addition, it is stronger than 8NF as every relation that is in
BCNF is also in 3NF but the vice versa is not necessarily true.

Describe the dependency preservation property. <

It is a property that is desired while decomposition, that is;no FD of
the original relation is lost. The dependency preservation property
ensures that each FD represented by the original relation is enforced
by examining and single relation resulted from decomposition or
can be inferred from FDs in some decomposed relation.

What are the various anoma]ies.aé;;i;ﬁihted‘%ith RDBMS ?
/ ; OR > N

3 At iy S ¢ O
e i sl e e L

What are the differen}i}?ﬁes ofhiiomﬁlies associated with
database ? & ==

Deletion anomaly: It leadsto a situation in which deletion of data
representing certain information results in

Explain normalizatig
_ n. What j
Normalization ; Refer Q. S0SQ=108 roers

Questions. 54, Page SQ-104, Unit-3, Two Marks
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1
s Normal form : Normal forms are based on the functional

311

o R

312

=«
[
[<5)

Noore w .N’r-'E

p—
o ol

314

endencies among the attributes of a relation. These forms are
'emply stages of database design, with each stage applying more
irict rules to the types of information which can be stored in a

table.

Why do we normalize database ?
AKTU 2023-24, Marks 02

We normalize database :
To avoid redundancy .
To avoid update/delete anomalies

Are normal forms alone sufficient as a condition for a good

schema design ? Explain.

No, normal forms alone are not sufficient as a condition for a good
schema design. There are two additional properties, namely lossless

join property and dependency preservation property that must hold
on decomposition to qualify it as a good design.

. Write different inference rule for functional dependency 4

AKTU 2020-21, 2023-24; Marks 10

Inference rules for functional dependencies: .~ |/
Reflexivity rule S A" 4
Augmentation rule &l 4
Transitivity rule S,
Complementation rule g
Multivalued augmentation rule
Multivalued transitivity rule
Replication rule %
Union rule

Decomposition rule
Pseudotransitivity rule

Define the closure of an attribute set.
AKTU 2021-22, Marks 02

The closure of a set of attributes X is the set of those attributes that
can be functionally determined from X. The closure of X is denoted
35 X +. When given a closure problem, we have a set of functional

ependencies over which to compute the closure and the set X for
which to find the closure.

'(.,"ist all prime and non-prime attributes in relation R(A, B,
*D, E) with FD set F = (AB - C, B~ E, C~>D}-

AKTU 2022-23, Marks 02
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Ans.

3.16.

Prime attributes 1A, B
Non-prime attributes : C, D, E
e help of suitable example.

Explain MVD with th
AKTU 2022-23, Marks@

MVD occurs when two or more independent multivalued facts
about the same attribute occur within the same relation.
MVD is denoted by X —» — Y specified on relation schema R

where X and Y are both subsets of R.
For example :

John Networklng la
John MIS-. > .+ | Placement
John DBMS: - Scholarship

Scholarship

L2 lfv;:Nétﬁquing

&
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| Transaction Processing

Concept
(2 Marks Questions)

4.1. Define transaction.

an& A collection of operations that form a single logical unit of work is
called a transaction. The operations that make up a transaction
typically consist of requests to accessexisting data, modify existing
data, add new data or any combination of these requests.

42. Define the term ACID propértiéé.;

Ans: ACID (Atomicity, Consistency, Isolation, Durability) is a set of
properties of database transactions intended to guarantee validity
even in the event of errors, power failures, etc.

43. State the properties of transaction.

. OR =
What are ACID properties of transaction .

‘ AKTU 2020-21,
Ans. ACID properties of transaction : ° . W
il
iii

Marks 02

1. Atomicity

ii.>. Consistency 2 O )
iii. Isolation” £ o,
iv. Durability : 5

44. Explain I in ACID property &

ANE ] in ACID property stands for isolation i.e., each transaction is
unaware of other transaction executing concurrently in the system.

45. What is serializability ? How it is tested ?
OR

What do you mean by testing of serializability ?

AKTU 2023-24, Marks 02
ARE: Serializability is the classical concurrency scheme which ensures
that a schedule for executing concurrent transaction serially in

same order. Serializability is tested by constructing precedence
graph.
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4.6.
Ans

4.7.

4.8.

4.9.
AHE

#Transaction failure

" What are various reas

Define schedule.

A schedule is a list of oper
performed by a set of transactions
the system.

ations (actions) ordered by time
that are executed together in'

What do you mean by serial schedule ?
¢ a schedule in which transactions in the schedule

Serial schedule i
after the other.

are defined to execute one

Define replication in distributed database.

AKTU 2023-24, Marks 02

used in distributtedﬂdatabases to store
ble at different sites. et

Repli.cation is a technique
multiple copies of a data ta

Define data atomicity. = 2
Data atomicity is one of the,,,trar_l;s'éc:tioh':iji"b\perties which specify
that either all operations of the transaction are reflected properly

in the database or not.

Define precedence graph
A precedence graph is a directed graph G = (N, E) where N = (T},
Ty e s T }lisa setof odesj?nd E={e;, €5 e,}isa setrofdgrfgcrte]d

edges.

Give typeso iz
es of failures :

Systei’n crash
Disk failure . ‘
onsilfor_:i::r?:nsaétion failure ?

- [ARTU2020-21, Marks 02

Various reasons for transaction failure are :
System crash, b

Disk failure,

Catastrophe situation,

System error, and
Concurrency control enforcement.

Give the idea behind shadow paging technique.

The key idea behind shadow paﬁing technique is to ma
following two page tables during the life of transaction:

Current page table
Shadow page table

intain
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S .
erits and demerits of shadow paging

4.14.
i.

il.

415

_—

4.16.

4.17.

Ans.

4.18.

4.19,

IQ

Give m
Merits
The over
Recovery
Demerits :

Commit overhead
Data fragmentation
Garbageé collection

of shadow paging:
head of log record output is eliminateq
from crashes is significantly faster '

Wwhat is multimedia database ?

{ultimedia database provides fi .
e maimeds Wb s
images (pictures of drawings), video clips (movies new re gchUdeS
video), audio clips (songs, phone messages, épeechés) and de et
(books, articles). e N ocuments

What do you mean by conflict serializable schedule ?
A sch_edule is called conflict serializableifit can be transformed into
a serial schedule by swapping non-conflicting operation. ‘

When is a transaction rolled back ?
AKTU 2021-22, Marks 02

A transaction 18 rolled back when: v
A system failure occurs, disrupting the mormal execution of the

transaction.
tes integrity constraints or encounters a

The transaction viola
runtime Crror, necessitating its termination to maintain database

consistency.

and iSq_latioﬁ prdperty of a transaction.

AKTU 2022-23, Marks 02

e before the execution of
tion should be same.

actions that

Discuss consistency

tate of databas
e execution of transac
affect other trans

Consistency : The S
transaction and after th
Isolation : A transaction must not

are running parallel to it.

Draw a state diagram and discuss the typical states that a
ecution.

transaction goes through during €X
AKTU 2022-23, Marks 02

o e state till the final

State diagram of transacti i
Active : The transaction is said t0 be in the act

statement is executed.

. S
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2.

3.

4.

5.

4.20.

ﬁ??ﬁ‘he 'réiatlonshlp between view seria

Partinlly
committed

Active

Fig. 4.19.1.

Partially committed : A transaction is said to be entered in the
artial state when final statement gets executed. But it is stili
at it may have to be aborted, since its actual operation
hich the power failure brings

p
possible th
is still resided in main memory in w

failure of its execution.
Failed : A transaction enters a failed state after the system

determines that the transaction c‘:gn_ﬂno'lqhéer proceeds with itg

normal execution. :

Aborted : A transaction enters this
has been rolledback and the database has been restored to its
state, prior to the start of the transaction. »

Committed : A transaction enter this state after successful

completion.

ersthlsstate after the transaction

view serializability is:related 'to conflict
AKTU 2022-23, Marks 02
‘ abiil"i:{;g;{“and conflict
f transactions is conflict
ble. This means that if the

Describ;e h&

serializability.

serializability is that if a schedul

serializable, then it is also view ser ali: ,
order of transactions in.a schedul be rearranged in a way
‘that preserves the order of read and wri & operations and maintains
the same results, then th ile is both conflict serializable

and view serializable.

o B bt W1 e s




2-18A (CSNT-Sem-b) 2 Marks Questiong
_//

Concurrency Control

el (2 Marks Questions)
1 TU 2023-24, Marks 02
5.1. Define concurrency control. IKK

to ensure that data is updated

y CC) is a process e ¥ Vil L
ARE CO"C‘":T""?;‘,ISOELI;%pri“te]y Whe"r mult;pvle igrﬂnsactlons are
correc y < - o e

concurrently executed in DBMS.

~m——

PRSP 7Y b
o
o

" £ Tatn, ™ 1‘
Write down the main cgtgggrng;_s;?f; ;_concurrency contro
Categories of concurreripfy,;cont‘ro*lfare s
Optimistic
Pessimistic
Semi-optimistic

e we do not
sansaction is

ARE A lock is a variable associated with each data item that indicates

whether read or write operation is applied.

5.5. Define the modes of lock.
Ans. Data items can be locked in two modes :
1. Exclusive (X) mode:Ifa transaction T, has obtained an exclusive
mode lock on item @, then T, can read as well as write Q@ data item.
2. Shared (S) mode: Ifa transaction T;has obtained a shared mode

lock on item @, then T, can only read the data item @ but T; cannot
write the data item @.

56. List the various levels of locking ?

ARTU 2021-22, Marks 02
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ATE:
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b.7.
ANE,

11.

5.10

~ locking in which a transaction intends‘to exp11c1t1y lock a lower

] P
The various levels of locking are:

Database level
Table level
Page level
Row level

Give merits and demerits of two-phase locking,

Merits of two phase locking :
It maintains database consistency.
It increases concurrency over static locking as locks are he] for

shorter period.
Demerits of two-phase locking :

Deadlock
Cascade aborts/ rollback

Define lock compatibility.

Lock compatibility determines whether locks can be acquired on g
data item by multiple transactmns at. the same time.

Define upgrade and downgr e in locking protocol.

Upgrade: Upgradeis the lock conversion from shared to exclusive
mode. It takes place only in growmg phase. &
Downgrade : Downgrade is the lock conversion from,_excluswe
to shared mode. It can take place only in shrmkmg phase

Defineﬁ__rthe term intention lock. s >
Intexl_non ock is a type of lock mode used i in multlple granularity

level of the tree. To provide a higher degree ‘of concurrency,

'j mtentlon mode is associated W1th shared mode and exclusive mode.

5.12.

5.13.

What ‘are the pitfalls

l)

Pitfalls of lock based p
Deadlock can occur.

Starvation is also possible if concurrency control manager is badly
designed.

Define exclusive lock. AKTU 2023-24, Marks 02

Exclusive lock is a lock which
data item at a particelas 1 mle provides only one user to read a

Define timestamp.

A

i ttlx{l;ﬁit:cl?ﬁ) isa 'quue identifier created by the DBMS to identify
n. This timestamp is used in timestamp based

concurrency control techniques.

RO o
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56.14.
ANE,

5.15.
Ans.

5.16.

ot

Ans.

5.17.

-

w/1'T-Sem:h)
2 Moy

f’""“‘-'-i'trm

Define multiversion sechoma,

Multiversion coneurrency confyol in n nehe

write(Q) operation crenton g New voeraion of ()” wl"

irsues n read(Q) operation, (e concurron. N A branaaction,

gelects one of the version of ) 1o bo read tha, "””J’u;":":"”l ;'”'”’"’,V' '
’ riahzan ity,

in which o arck

Define Thomas® write rule,

Thomas’ write rule is the modifjey
: . : > iion to the
ordering, in which the rules for writo uporuhlfi‘r':;”nt-:rrn;:im?xrfr;p
c lg y

different from those of basic timestamp or
d('nn . .
conflict serializability. J #. It does not enforee

What are concurrent transactions ?
AKTU 2020-21, Marks 02

Concurrent transaction means multl ple transactions are active at
the same time. P Vbt

Discuss conservative 2PL and strict 2PL.

»0 . [AKTU 2022-23, Marks 02
Conservative 2PL: Tlus protocol requires the transaction to lock
all the items it access before the transaction begms executlon by

predeclarmg its read-set-and write-set.
Strict 2PL : This protocol requires not only that locking be two

phase, but also that all exclusive-mode locks taken byatransactmn
be held untll that transaction commits. 4

@00,



Datab M g t Syst SP-1A (CS/IT-Sem_s)
atabase Management System 7 Sem.5)
B. Tech. oY
(SEM. V) ODD SEMESTER THE
EXAMINATION, 2020-21
DATA BASE MANAGEMENT SYSTEM

. Marks :
Time : 3 Hours i res £'2

Note: Attempt all Sections. If require any missi 1fhen choose

suitably.

SECTION-A
Attempt all questions in brief : - s, B (2x10=20)
a. What is data independency in DBMS ? . |
Ans. Refer Q. 1.8, Page SQ-2A, Unit-1; Two Marks Questions.

=

b. Write the difference between DDL and DML. o0
Afis:. Refer Q. 1.13, Page SQ-3A, Unit-1, Two Marks Questio_n§.~f> :

c. What are different integrity constraints ?
Axig; Refer Q. 2.2, Page SQ-6A, Unit-2, Two Marks. Quést_iops.-
d. Explain different featuresof SQL. , '~ "~ »
Ans: Refer Q. 2.8, Page SQ-7A, Unit-2, Two Marks Questions.

e.. What are advantages quorm'a:l;z’atioﬁ ?
Ans. Refer Q. 3.5, Page SQ-11A, Unit-3, Two Marks Questions.

f. Write different mferencerulé for functional dependency ?
Anis. Refer Q. 3.13, Page SQ-12A, Unit-3, Two Marks Questions.

g. What are ACID properties of transaction ?
AN Refer Q. 4.3, Page SQ-14A, Unit-4, Two Marks Questions.

h. What are various reasons for transaction failure ?
AnNE Refer Q. 4.12, Page SQ-15A, Unit-4, Two Marks Questions.

i. What are concurrent transactions ?
AnE Refer Q. 5.16, Page SQ-20A, Unit-5, Two Marks Questions.

J. What is lock in transaction management ?
ABK Refer Q. 54, Page SQ-18A, Unit-5, Two Marks Questions.
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SECTION.B
2. Attempt any three of tho following ; (3 % 10 = 30)

_ What is ER dingram ? Explain difforont com
a ER dingram with their notation. Aleo malke u::(;;l:?l:; 0: m
for employce project manageomoent system, gram

Refer Q. 1.20, Page 1-18A, Unit-1.

What is relational algebra ? Explain difr.
b. of relational algebra with example. erent operations
Refer Q. 2.5, Page 2-6A, Unit-2, "

c. . . oy 4 n.,%:].‘/ ,

: What is highest normal form of the relation R

l with the set F = (WY > XZ X _, y), @, W, X, Y, 2)

Consider a relation R(A, B, G, D, E)with set F = {A-CD
f b 4 ’

c - B, B > AE). What are the prime attributes of this
relation and decompose the given'relation in 3 NF.

Refer Q. 3.16, Page 3-16A, -Uril'tf3,,

A K ke
Explain the method of testing the serializability, Consid
d the schedule Sl'and S2 given below : t’,/;w\ o
S1:R1(A), R2(B), W1(A), W2(B) D §)
4 e w'

s2:R2(B), R1(A), W2(B), W1(A) o 9 W
Check whether the given schedules 'are conflict equivalent

i
5,
<«

—J{’\,.._ . E g <5

or.not'?. |V ;
o Rofor Q. 421;Page 4-17A, Unit4. o[~ "0
{{e. Explain the validation based‘protocolfor concurrency
\ > control, 2 B 27
xuw Refer Q. 5.16, Page 5-17A, Unit-5. .o
i Vot T
SECTION-C
't:\»_ﬁg_rv_jf;;
(10 x1l= 10)

3 Attempt any one part of the following :
a. What is data abstraction ? How the data abstraction is
achieved in DBMS ?
REE Refer Q. 1.5, Page 1-5A, Unit-1.

b Explain the following with example :
L Generalization
L Specialization
;’“ Aggregation
Refer Q. 1.2, Page 1-27A, Unit-1.

4
Aﬂﬁmpt any one mn Oft-lle fou:m‘ng . (10 xl= 10)

-
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: : . \-5)
2. What is aggregate function 11t SQL ? Write SQL que
different aggregate functu?n. TY for
Ang. Refer Q. 2.22, Page 9_95A, Unit-2.
b. Explain procedure in SQL/PL SQL.
Ang Refer Q. 2.36, Page 043A, Unit-2.
5. Attempt any one of the following : (10x1
a. Whatis functional dependency? Explain the proced =10)
the canonical cover of a given funct';re of
. ona]

calculating
dependency set with suitable example.

Ang; Refer Q. 3.3, Page 3-4A, Unit-3.
b
i
ii

onR(a,b, C,d) WithSBtF=[a_)c b")dl

;. Consider the relati
decompose this relation in 2 NF.

ii. Explain the loss
Anig; Refer Q. 3.14, Page 3-15A, Unit-3.

6. Attempt any one of the following : (10x1=
a. What is conflict serializable schedule ? Check the P
schedule S1 is conflict serializable or not ? . §iven

%1 : R1(X), R2(X), R2(Y), W2(), R1(Y), W1(X)
Ang: Refer Q. 4.7, Page 4-6A, Unit-4. f

b. Explain deadlock handling with suitabl am
. oy
A5, Refer Q. 4.33, Page 4-28A, Unit-4. » -

‘7. Attempt any one part of the followin
o ng: (10
a. Explain time stamp based concurrency control tec;“llll;]:l?})

Afis; - Refer Q. 5.12, Page 5-13A, Unit-5.

b. Explain recove
ry from concurrent tran .
Ang Refer Q. 5.25, Page 5-27A, Unit-5. saction.

©0©
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Time : 3 Hours Max. Marks : 100
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Note:

Attempt all Sections, If require any missing data; then choose
suitably. Nty

SECTION-A
Attempt all questions in brief : A N PR ~ (2x10=20)
What is the significance of physical data independence ?
List the four functions of DBA.
Refer Q. 1.2, Page SQ-1A, Unit-1, Two Marks Questions,

When a relation set ig called a recursive relationship set ?
Refer Q. 2.16, Page SQ-8A. Unit-2, Two Marks Questions. -

What do you mean by currency with respect to database ?
Refer Q. 2.18, Page SQ-8A, Unit-2, Two Marks Questions.

What is Relational Calculus ?

5. Refer Q. 2.19, Page SQ-9A, Unit-2, Two Marks Questions,

What is Equi-Join in database ?
Refer Q. 2.20, Page SQ-9A, Unit-2, Two Marks Questions.

What is a CLAUSE in terms of SQL ?
Refer Q. 2.21, Page SQ-9A, Unit-2, Two Marks Questions.

Define the closure of an attribute set.
Refer Q. 3.14, Page SQ-124, Unit-3, Two Marks Questions.

When is a transaction rolled back ?
Refer Q. 4.17, Page SQ-16A, Unit<4, Two Marks Questions.

List the various levels of locking ?
Refer Q. 5.6, Page SQ-18A, Unit-5, Two Marks Questions.
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I)1lah'\m \1nnngvmnnt System SP-5 A C8y
- SECTION-B g,
2. Attempt any three of the following : &
a. Draw the overall structure of DBMS and explain ux 10.30
components. ""aﬁ%:
AwE Refer Q. 1.17, Page 1-15A, Unit-1.
b. Which relational algebra operationsg requ
participating tables to be uniion-compatible ? (:.r the
reason in detail. € th,

AB& Refer Q. 2.8, Page 2-10A, Unit-2. P

c. What do you understand by transltiVe depen d -
Explain with an example any two problems that cay Cieg 9
in the database if transitive dependenc,eg are an,,.
the database. : & Present i,

anx Refer Q.3.17, Page 3—17A, Umb-3 ;

9

List ACID propertles of transactmn. Explain the usefuly

of each. What is the importance of log ?

Ang Refer Q. 4.23, Page 4—~20A, Umt—4

What do yod mean by time stamping protocnl for
concurrency controlhng ? Discuss multx Versxon SCheme
of concumncy control. { 1

®

AnE Refer Q 5 22 Page '5-24A, Unit-5.
' = SECTION-C /. 7
3 Attempt any one part of the followmg ; (10x1= 10)
a. What‘are the d1ﬁ'erent types of Data Models in DBMS ?
Explain them. f
Zag Refer Q. 1.10, Page 1—9A, Umt-
b. State the procedural DM[iEind non-procedural DML with
their differences.
Znz. Refer Q. 1.14, Page 1-13A, Unit-1.
4. Attempt any one part of the following : (10 x1=10)
a. Consider the following schema for institute library :

Student (RollNo, Name, Father_ Name, Branch)

Book (ISBN, Title, Author, Publisher)

Issue (RollNo, ISBN, Date-of-Issue)

Write the following queries in SQL and relational algebre:
List roll number and name of all students of the branch ed
Find the name of student who has issued a book publis lish
by ‘ABC’ publisher.

=
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Solveq Panear rone
GP-6A ¢ A thete o POr (20219
"/’/;l:(,,fnll books and thefy authoy
11l '

V.

CS/IT_Scm-ﬁ)

.I{;A.tl\:li-t le of all books issued on g1,
List 115

: ot nll books published by publig
l:?(.r Q. 2.31, Page 2-39A, Unit-2,
Rele ’

efore Dee
her ‘ABC..emb

: u mean by trigger 2 O .,
w.h(:::p(ll:. Yo *Plain it by a Suitah]e
;:;;l Q. 2.29, Page 2-35A, Unit-2,

f the following - .

tempt any one o . : g_. - )

gt;scribe Armstrong’s axioms jn detail. Wh, &4 (10x1~ 10)
these rules in database developme il

Refer Q. 3.5, Page 3-6A, Unit-3.

i

ntProcess 7

Describe the term MVD in th\e éo
an example. Discuss 4NF a,n'dff ,
Refer Q. 3.25, Page 3—23A, Umt-3

Attempt any one of the following :
Describe serializable schedule,
serializability with suitable example,
Refer Q. 4.8, Page 4—7A, Unit-4.

b. Discuss the procedure of deadloe

- )

“Refer Q. 4.30, Page 4-26A, Unit-4.

k detectibn an recbvery
in transaction ? ' ;

Attempt any one part of the following : (10x1=10)
Given a schedule S for transactions T1 and T2 with set of
read and write operations,

S: R1(X) R2(X) R2(Y) W2(Y) R1(Y) W1(x).

Identify, whether given schedule is equivalent to seria]
schedule or not ?

Refer Q. 4.20, Page 4-17A, Unit.4.

Discuss 2 phase commit (2PC) protocol and time stamp

based protocol with suitable example. How the validation
based Protocols differ from 2PC 2

Refer Q. 5.13, Page 5-15A, Unit-5.

©O©
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Note:

1.
a.

Ans
b.
AnK
c.
ATE
d
ARG
e.
AnE
£
ARnE
4
ANz
h
AnE,
i
Ang,

. Draw a state diagram and discuss the typical states th

N

1.  Attempt all sections. If require any missing data; then o
. qe

suitably.

Section-A

Attempt all questions in brief. (2x10= = 20)
List any four disadvantages of file system approach gy,

database approach.
Refer Q. 1.4, Page SQ-1A, Unit-1, Two Marks Questions,

Differentiate between physwal and logical dat,

independence. :
Refer Q. 1.6, Page SQ—2A Umt 1, Two Marks Questlons

What is the dxfference between DROP and DELETE

command ? ‘
Refer Q. 2.22, Page SQ-9A, Unit-2, Two Marks Questlons

What are dlfferent integrity constramts ? ¢
Refer Q. 2.2, Page SQ-6A, Umt 2, TWO Marks Questions.

List all prime and non-prlme attmbutes in relation R(4, B
C,D,E) with FD set F'= {AB—+C,B—+E C - D}.
Refer Q. 3.15, Page SQ—12A Umt 3 Two Marks Questions.

Explain MVD with the help of sultable example.
Refer Q. 3.16, Page SQ-13A, Unit-3, Two Marks Questions.

. Discuss consistency and isolation property of a transaction.
: Refer Q. 4.18, Page SQ-16A, Unit-4, Two Marks Questions.

ata

transaction goes through during execution.
Refer Q. 4.19, Page SQ-16A, Unit-4, Two Marks Questions.

.T Discuss conservative 2PL and strict 2PL.
Refer Q. 5.17, Page SQ-20A, Unit-5, Two Marks Questions:
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j. Describe how view serinlizability ig related to conflict
" serinlizability.
AnE  Refer Q. 4.20, Page SQ-17A, Unit-4, Two Marke Questiona,

Section-B

9. Attempt any three ol the following : )

:. A database is being c""ﬁh‘ucte%] t0 keep track o;']t(],,: ft]p- 30)
and gamees of n sportleague. A team hag a number of lﬂaamu
not all of whom participate in each game, 1¢ is de:)irg;?’
keep track of players participating in each game for ea ;:
team, the positions they play in that game and the resultcof
the game. |

i. Design an E-R schema diagram for thig application.

;. Map the E-R diagram into relational model.

& Refer Q. 1.30, Page 1-34A, Unit-1. © " il

b. What are joins ? Discuss all types of joins with the Eelp of
suitable examples.

- Refer Q. 2.25, Page 2_29 A Umt- 2 /

c. Asetof FDsfor therelation R(A, B, C, D, E, F} is AE5 C, G,
A, BC - D, ACD — B,BE - C,EC - FA,CF - BD,D - E.
Find a minimum cover for this set of FDs, .= -y

an& Refer Q. 3.9, Page 3—8A, Unit-3.

d. What is a schedule ? Define the conceptsof ét;overable,
cascadeless and strict schedules, and compare them in te
' of their recoverability. o A
Ans. Refer Q. 4.11, Page 4-9A, Unit-4.. -

e. Discuss the immediate update're&;{iery technique in both
single-user and multiuser environment. What are the
advantages and disadvantages of immediate update ?

Ang. Refer Q. 4.28, Page 4-24A, Unit-4.
Section-C

3. Attempt any one part of the following : (10x1=10)

3 Describe the three-schema architecture. Why do we need
mappings between schema levels ? How do different schema
definition languages support this architecture ?

' Refer Q. 1.24, Page 1-24A, Unit-1.

What are the different types of data models in DBMS ?
Explain them,

Ang; Refer Q. 1.10, Page 1-9A, Unit-1.
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4. Attempt
Consider

t System SP-9
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part of the following :

any on¢ . R Qa
the following schema for institute liby 0 1 X))
ary, 10)

o, Nam¢, Father_ Name, By )
Smdm;‘q:;:ﬂ'll‘li\tl.lc. Author, Publisher) = fAnch)
B.n.nk‘ ((1;0“ 1;“,. ISBN, Date-of-Issuc)
:;:‘::t‘ the following querices in SQL and !‘clntionnl
List roll aumber and m\tne of all students of thcnl"“brn.
‘CSE'- . brnnc};
Find the name of student who has issued a bogk Puby;

mhﬁd

" by ‘ABC publisher. .
List title of all books and their authors issued ¢
a Htudent

«R“mr. .
List title of all books issued on or before Deceml,

Uit all books published by publisher ABC’ °r1, 209y,
Ans Refer Q. 2.31, Page 2—39A, Unit—?..

.

rent types of triggers in SQL./ PL SQL

b. Explain diffe
2-35A, Unit-2.

Ans. Refer Q. 2.29, Page

Attempt any one part of the following : -
Given the following set of FDs on schemaR (V, W ; 1=1p)
Z->V, WY, XY — Z, V- WX] State whether the’fol’]Y’ ?)
decomposition are loss-less-join decompositions oy OWing
R1=(V, W,XP) ,R2=(V, Y,Z) : not,
R1=-(V,W,X),R2=(X,Y,2)

Ans Refer Q:3:21, Page 3-20A, Unit-3.

b. Consider the universal relation R ={A,B,C,D, E,F, G, H,]
~ J} and the set of functional dependencies F = { lA,B,l ) ((’3}’
- {A) - (D, E), (B} - (F}, (F}— (G,H), (D} > (1, ) l.Whatistht;
‘key for R ? Decompose R into 2NF and then 3NF relations.

AnS. Refer Q. 3.11, Page 3-124A, Unit-3.
6.
a

Attempt any one part of the following : (10x1=10)

. Consider schedules S1, S2, and S3 below. Determine whether
each schedule is strict, cascadeless, recoverable, or non
recow.re‘:rable. (Determine the strictest recoverability
condition that each schedule satisfies).
S1:rl X);r2 (Z);rl (Z);r3 X);r3 (Y); wl X); c1; w3 (Y);
w2 (Z); w2 (Y); c2;
$2: 1 (X); r2 (Z); rl (2); r3 (X; r3 (Y); wl (05 w3 (512 (; w2
(Z); w2 (Y); c1; ¢2: c3:
S3: 71 (X312 (Z); 13 (X r1 (2372 (N);r3 (N; wl X; cl; w2 (25

i3 (Y); w2 (Y); ¢3; ¢2;
AnS Refer Q.4.17, Page 4-14A, Unit-4.

c3;r2 (Y);

T
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gf .der the three traxfsactxons T1, T2
b con® les S1 anfl S2 given below. Sta,t :nth?. and the
:alizable or not. If a sched whether each

d
sche i
ale i8 serl ’ . .
scf}fg do the equivalent serial schedul‘::’;)s serializable,
W‘r'lrl (X); rl (Z2); wl X); :
E:rz ;2 Vs (Z); w2 (YV);
’I‘3 3 X); ); w3 (Y);
(Z);erz m’rz (Z); r3 X); r1 (Z); v2 (Y); r3 (Y) e
g2:r1 A% ’ ’ g d s wl (X); .
" Refer Q. 4.18, Page 4-154A, Unit-4.
48
ne part of the following :
7 Attempt 2ny Oc WIng (10x1=
. Discuss the timestamp ordering protocol for conc:rlre o
control- How does strict timestamp ordering differ frI:)cy
pasic timestamp ordering ? o
AT Refer Q- 5.15, Page 5-16A, Unit-5.
p. How do optimistic concurrency control techniques differ
r concurrency control techniques ? Why they are

from othe
also called validation or certification techniques ? Discuss
the typical phases of an optimistic concurrency control

method.
Afg Refer Q. 5.11, Page 5-11A, Unit-5.

©0©
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Note: 1. Attempt all sections. If require any missing data. then ho
ote: L. g '

suitably.
SECTION-A
brief. y. (2
1. Attempt all questions in x10=9
a. What is the concept of keys in database ? 0)
Ans Refer Q. 1.15, Page SQ—4A, Unit-1, Two Marks Questiong,

b. What is strong and weak entity set ?
Refer Q. 1.20, Page SQ -BA, Umt 1, Two Marks Questions,

c. Explain refer entlal 1ntegr1ty
Ans. Refer Q. 2.3, Page SQ-GA ‘Unit-2, Two Marks Questlons

d. Explain entity mtegnty constralnts. ) ~
Ans. Refer Q. 2.4, Page SQ-6A, Unit-2, Two Marks(Quesmons

e. Write chfferent inference rule for functlonal dependency‘?
xns Refer Q 3. 13 Page SQ-12A, Unit-3; Two Marks Questions.

de- Marks Questions.

g. What do you mean by testlng:, f serializability ?
Ans. Refer Q. 4.5, Page SQ-14A, Un1t-4 Two Marks Questions.
h.

Define replication in distributed database.
Ans. Refer Q. 4.8, Page SQ-15A, Unit-4, Two Marks Questions.

i Define concurrency control.
Ang. Refer Q. 5.1, Page SQ-18A, Unit-5, Two Marks Questions.

J. Define exclusive lock.
Ang. Refer Q.5.12, Page SQ-19A, Unit-5, Two Marks Questions.
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. Aftenipt any one part of the following ; "

Sem-H) Holved Papig (20200 94
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SECTION-I

any three of the followlng (10w 18w 130)

pt .
lovel ofnbatenctions o sehemns nrohlteobire

“(‘l\\
‘\?ievus-“ three

wr Q. 1.0, Page 1-0A, Unit- 1,

1o mregate fanotion in BQL T Welte HQL query for

te function,
0 92, Page 2-20A, Unit-2,
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the following termm ¢
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Mult ivalued d
Trigger:

" Refer Q. 3.24, Page 3-28A, Unit-J,

piscuss the procedure of deadlock detoction and recovery

in transaction ?

- Refer Q. 4.30, Page 4-26A, Unit-4,

write the salient features of graph based locking protocol
with suitable example. ‘
Refer Q. 5.8, Page 5-8A, Unit-5.

SECTION-C

, " (10x1=10)
State the procedural DML and nonprocedural DML with
their differences. ey K
Refer Q. 1.14, Page 1-13A; Unitjl- ;

Discuss the role of databasé administrator and explain the
database architecture.

Refer Q. 1.9, Page 1-8A, Unit-1.

Attempt any one part of the following : (10 x1=10)

What is ER diagram ? Explain different components of an
ER diagram with employee project management system.

Refer Q. 1.20, Page 1-18A, Unit-1.

Write difference between cross join, natural join, left outer
join and right outer join with suitable example.
Refer Q. 2.26, Page 2-31A, Unit-2.

Attempt any one part of the following : (10x 1=10)
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a. What is functional dependency ? Explain %hc procedure ¢
calculating the canonical cover of a given functiong)

dependency set with suitable example.
Refer Q. 3.3, Page 3_4A, Unit-3.

Ans
b. Describe the term MVD in the context of DBMS by giving ap,
example. Discuss 4NTF and 6NF also.
ans Refer Q. 3.25, Page 3-23A, Unit-3.
6.
a.

f the following: (10x 1=10)
lizable schedule 7 Explain the
d view serializable schedule

Attempt any one part o
What is conflict seria
difference between conflict an
using suitable example ?

Ans Refer Q. 4.8, Page 4-7A, Unit-4.

b. What is log ? How is it maintained ? Discuss the features of
deferred database modification and immediate database
modification in brief.

AnS Refer Q. 4.22, Page 4-19A, Unit-4. -

Attempt any one part of the following : (10x 1 =10)
Discuss 2 phase commit (2PC) protocol and time
stamp-based protocol with suitable example. How the
validation-based protocols differ from 2PC ? i
Afis. Refer Q. 5.13, Page 5-15A, Unit-5.

PN

b. What are multi version schemes of concurrency control ?
Describe with the help of an example. Discuss the various
time stamping protocols for concurrency control also.

Ans. Refer Q. 5.24, Page 5-26A, Unit-5.
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