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UNIT -1 INTRODUCTION 
Introduction 

 

A  database-management  system  (DBMS)  is  a  collection  of  interrelated  data  and  a  set  

of programs to access those data. This is a collection of related data with an implicit 

meaning and hence  is  a  database.  The  collection  of  data,  usually  referred  to  as  the  

database,  contains information relevant to an enterprise. The primary goal of a DBMS is to 

provide a way to store and retrieve database information that is both convenient and efficient. 

By data, we mean known facts  that  can  be  recorded  and  that  have  implicit  meaning.  

Database  systems  are  designed  to manage large bodies of information. Management of 

data involves both defining structures for storage  of  information  and  providing  

mechanisms  for  the  manipulation  of  information.  In addition, the database system must 

ensure the safety of the information stored, despite system crashes  or  attempts  at  

unauthorized  access.  If  data  are  to  be  shared  among  several  users,  the system must avoid 

possible anomalous results. 
 

Data Processing Vs. Data Management Systems 
 

Although Data Processing and Data Management Systems both refer to functions that take 

raw data  and  transform  it  into  usable  information,  the  usage  of  the  terms  is  very  

different.  Data Processing is the term generally used to describe what was done by large 

mainframe computers from  the  late  1940's  until  the  early  1980's  (and  which  continues  

to  be  done  in  most  large organizations to a greater or lesser extent even today): large 

volumes of raw transaction data fed into programs that update a master file, with fixed-format 

reports written to paper. 

The  term  Data  Management  Systems  refers  to  an  expansion  of  this  concept,  where  the  raw 

data,  previously  copied  manually  from  paper  to  punched  cards,  and  later  into  data-entry 

terminals, is now fed into the system from a variety of sources, including ATMs, EFT, and direct 

customer  entry  through  the  Internet.  The  master  file  concept  has  been  largely  displaced  by 

database management systems, and static reporting replaced or augmented by ad-hoc reporting 

and direct inquiry, including downloading of data by customers. The ubiquity of the Internet and 

the Personal  Computer have been the driving force in the transformation of Data Processing to 

the more global concept of Data anagement Systems. 
 

File Oriented Approach 

The  earliest  business  computer  systems  were  used  to  process  business  records  and  

produce information.  They  were  generally  faster  and  more  accurate  than  equivalent  manual  

systems. These systems stored groups of records in separate files, and so they were called file 

processing systems.  In  a  typical  file  processing  systems,  each  department  has  its  own  

files,  designed specifically for those applications. The department itself working with the data 

processing staff, sets policies or standards for the format and maintenance of its files. 

Programs are dependent on the files and vice-versa; that is, when the physical format of the file 

is changed, the program has also to be changed. Although the traditional file oriented approach 

to information processing is still widely used, it does have some very important disadvantages. 
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Characteristics 

 

Traditionally data was organized in file formats. DBMS was all new concepts then and all the 

research  was  done  to  make  it  to  overcome  all  the  deficiencies  in  traditional  style  of  data 

management. Modern DBMS has the following characteristics: 
 

➢ Real-world entity: Modern DBMS are more realistic and uses real world entities to 

design its architecture.  It  uses  the  behavior  and  attributes  too.  For  example,  a  school  

database  may  use student as entity and their age as their attribute. 
 

➢ Relation-based tables: DBMS allows entities and relations among them to form as tables. 

This eases  the  concept  of  data  saving.  A  user  can  understand  the  architecture  of  

database  just  by looking at table names etc. 
 

➢ Isolation of data and application: A database system is entirely different than its data. 

Where database is said to active entity, data is said to be passive one on which the 

database works and organizes. DBMS also stores metadata which is data about data, to 

ease its own process. 
 

➢ Less redundancy: DBMS follows rules of normalization, which splits a relation when 

any of its  attributes  is  having  redundancy  in  values.  Following  normalization,  

which  itself  is  a mathematically   rich   and   scientific   process,   make   the   entire   

database   to   contain   as   less redundancy as possible. 
 

➢ Consistency: DBMS always enjoy the state on consistency where the previous form of 

data storing  applications  like  file  processing  does  not  guarantee  this.  Consistency  is  a  

state  where every relation  in  database  remains  consistent.  There  exist  methods  and  

techniques,  which  can detect attempt of leaving database in inconsistent state. 
 

➢ Query Language: DBMS is equipped with query language, which makes it more efficient 

to retrieve and manipulate data. A user can apply as many and different filtering options, 

as he or she wants. Traditionally it was not possible where file-processing system was used. 
 

➢ ACID  Properties:  DBMS  follows  the  concepts  for  ACID  properties,  which  stands  

for Atomicity,  Consistency,  Isolation  and  Durability.  These  concepts  are  applied  on  

transactions, which manipulate data in database. ACID properties maintains database in 

healthy state in multi- transactional environment and in case of failure. 
 

➢ Multiuser and Concurrent Access: DBMS support multi-user environment and allows 

them to access and manipulate data in parallel. Though there are restrictions on 

transactions when they attempt to handle same data item, but users are always unaware of 

them. 
 

➢ Multiple  views:  DBMS  offers  multiples  views  for  different  users.  A  user  who  is  in  

sales department  will  have  a  different  view  of  database  than  a  person  working  in  
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production department.  This  enables  user  to  have  a  concentrate  view  of  database  

according  to  their requirements. 
 

➢ Security: Features like multiple views offers security at some extent where users are unable 
to access data of other users and departments. DBMS offers methods to impose 
constraints while entering data into database and retrieving data at later stage. DBMS 
offers many different levels of security features, which enables multiple users to have 
different view with different features. 

 
➢ Concurrent Use: A database system allows several users to access the database 

concurrently. Answering different questions  from  different  users  with  the  same  (base)  

data  is  a  central  aspect  of  an  information system. Such concurrent use of data increases 

the economy of a system. 

 

➢ Structured and Described Data : A fundamental feature of the database approach is 

that the database systems do not only contain the  data  but  also  the  complete  definition  

and  description  of  these data.  These  descriptions  are basically  details  about  the  

extent,  the  structure,  the  type  and  the  format  of  all  data  and, additionally, the 

relationship between the data. This kind of stored data is called metadata ("data about 

data").  

 

➢ Separation of Data and Applications: As  described  in  the  feature  structured  data  the  

structure  of  a  database  is  described  through metadata  which  is  also  stored  in  the  

database.  An  application  software  does  not  need  any knowledge  about  the  physical  

data  storage  like  encoding,  format,  storage  place,  etc.  It  only communicates with the 

management system f a database (DBMS) via a  standardized interface with the help of a 

standardized language like SQL. 

 

➢ Data Integrity: Data integrity is a byword for the quality and the reliability of the data of a 

database system. In a broader sense data integrity includes also the protection of the 

database from unauthorized access (confidentiality) and un authorized changes. 

 

➢ Transactions: A  transaction  is  a  bundle  of  actions  which  are  done  within  a  database  

to  bring  it  from  one consistent state to a new consistent state. 

 

➢ Data Persistence: Data  persistence  means  that  in  a  DBMS  all  data  is  maintained  as  

long  as  it  is  not  deleted explicitly. The life span of data needs to be determined directly or 

indirectly be the user and must not be dependent on system features. Additionally data 

once stored in a  database  must not be lost. Changes of a database which are done by a 

transaction are persistent. When a transaction is finished even a system crash cannot put the 

data in danger. 
 

 

Advantages and Disadvantages of a DBMS 

Using a DBMS to manage data has many advantages: 
 

 

Data independence: Application programs should be as independent as possible from details of 

data representation and storage. The DBMS can provide an abstract view of the data to insulate 
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application code from such details. 

Efficient  data  access:  A  DBMS  utilizes  a  variety  of  sophisticated  techniques  to  store  and 

retrieve  data  efficiently.  This  feature  is  especially  important  if  the  data  is  stored  on  external 

storage devices. 

Data  integrity  and  security:  If  data  is  always  accessed  through  the  DBMS,  the  DBMS  can 

enforce integrity constraints on the data. For example, before inserting salary information for an 

employee, the DBMS can check that the department budget is not exceeded. Also, the DBMS 

can enforce access controls that govern what data is visible to different classes of users. 

Data administration: When several users share the data, centralizing the administration of data 

can offer significant improvements. Experienced professionals, who understand the nature of the 

data being managed, and how different groups of users use it, can be responsible for organizing 

the data representation to minimize redundancy and fine-tuning the storage of the data to make 

retrieval efficient. 

Concurrent  access  and  crash  recovery:  A  DBMS  schedules  concurrent  accesses  to  the  data  in 

such  a  manner  that  users  can  think  of  the  data  as  being  accessed  by only one  user  at  a  time. 

Further, the DBMS protects users from the effects of system failures. 

Reduced   application   development   time:   Clearly,   the   DBMS   supports   many   important 

functions  that  are  common  to  many applications  accessing  data  stored  in  the  DBMS.  This,  in 

conjunction   with   the   high-level   interface   to   the   data,   facilitates   quick   development   of 

applications.  Such  applications  are  also  likely  to  be  more  robust  than  applications  developed 

from  scratch  because  many  important  tasks  are  handled  by  the  DBMS  instead  of  being 

implemented by the application. 

 

Disadvantages of a DBMS 

Danger of a Overkill: For small and simple applications for single users a database system is 

often not advisable. 

Complexity: A database system creates additional complexity and requirements. The supply and 

operation of a database management system with several users and databases is quite costly and 

demanding. 

Qualified  Personnel:  The  professional  operation  of  a  database  system  requires  appropriately 

trained staff. Without a qualified database administrator nothing will work for long. 

Costs: Through the use of a database system new costs are generated for the system itself but 

also for additional hardware and the more complex handling of the system. 

Lower Efficiency: A database system is a multi-use software which is often less efficient than 

specialized software which is produced and optimized exactly for one problem. 
 

 

Instances and Schemas 

Databases change over time as information is inserted and deleted. The collection of information 

stored in the database at a particular moment is called an instance of the database. The overall 

design of the database is called the database schema. Schemas are changed infrequently, if at all. 

The  concept  of  database  schemas  and  instances  can  be  understood  by  analogy  to  a  program 

written in a programming language. A database schema corresponds to the variable declarations 



 

5                                                                                                                   Notes By:- Er. Hitesh Kumar 

 

(along with associated type definitions) in a program. Each variable has a particular value at a 

given  instant.  The  values  of  the  variables  in  a  program  at  a  point  in  time  correspond  to  an 

instance of a database schema. Therefore Database schema skeleton structure of and it represents 

the  logical  view  of  entire  database.  It  tells  about  how  the  data  is  organized  and  how  relation 

among  them  is  associated.  It  formulates  all  database  constraints  that  would  be  put  on  data  in 

relations, which resides in database. A database schema defines its entities and the relationship 

among them. Database schema is a descriptive detail of the database, which can be depicted by 

means   of   schema   diagrams.   All   these   activities   are   done   by  database   designer   to   help 

programmers in order to give some ease of understanding all aspect of database. 

Database systems have several schemas, partitioned according to the levels of abstraction. The 

physical schema describes the database design at the physical level, while the logical schema 

describes the database design at the logical level. A database may also have several schemas at 

the view level, sometimes called sub schemas, that describe different views of the database. Of 

these,  the  logical  schema  is  by  far  the  most  important,  in  terms  of  its  effect  on  application 

programs, since programmers construct applications by using the logical schema. The physical 

schema  is  hidden  beneath  the  logical  schema,  and  can  usually  be  changed  easily  without 

affecting   application   programs.   Application   programs   are   said   to   exhibit   physical   data 

independence if they do not depend on the physical schema, and thus need not be rewritten if 

the physical schema changes. 

 . 

Database  schema  skeleton  structure of  and  it  represents  the  logical  view  of  entire database.  It 

tells about how the data is organized and how relation among them is associated. It formulates all 

database constraints that would be put on data in relations, which resides in database. 
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UNIT-2 DATA BASE SYSTEM CONCEPTS & ARCHITECTURE 
 

DBMS Data Models 
 

 

   Underlying the  structure  of  a  database  is  the  data  model:  a  collection  of  conceptual  tools  for 

describing data, data relationships, data semantics, and consistency constraints. 

To illustrate the concept of a data model, we outline two data models in this section: the entity- 

relationship  model  and  the  relational  model.  Both  provide  a  way  to  describe  the  design  of  a 

database at the logical level. Data model tells how the logical structure of a database is modeled. 

Data  Models  are  fundamental  entities  to  introduce  abstraction  in  DBMS.  Data  models  define 

how data is connected to each other and how it will be processed and stored inside the system. 

The very first data model could be flat data-models where all the data used to be kept in same 

plane.  Because  earlier data models were not so  scientific they were prone to introduce lots of 

duplication and update anomalies. 
 

 

 

Other Data Models 

The object-oriented data model is another data model that has seen increasing attention. 

The object-oriented model can be seen as extending the E-R model with notions object-oriented 

data  model.  The  object-relational  data  model  combines  features  of  the  object-oriented  data 

model and relational data model. Semi  structured data models permit the specification of data 

where  individual  data  items  of  the  same  type  may  have  different  sets  of  attributes.  This  is  in 

contrast with the data models mentioned earlier, where every data item of a particular type must 

have  the  same  set  of  attributes.  The  extensible  markup  language  (XML)  is  widely  used  to 

represent semi structured data. 

Historically, two other data models, the network data model and the hierarchical data model, 

preceded   the   relational   data   model.   These   models   were   tied   closely   to   the   underlying 

implementation, and complicated the task of modeling data. As a result they are little used now, 

except in old database code that is still in service in some places. 

DBMS Architecture 

Three important characteristics of the database approach are (1) insulation of programs and data 

(program-data and program-operation independence); (2) support of multiple user views; and (3) 

use of a catalog to store the database description (schema). In this section we specify architecture 

for  database  systems,  called  the  three-schema  architecture,  which  was  proposed  to  help 

achieve and visualize these characteristics. 
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The Three-Schema Architecture 
 

 

The goal of the three-schema architecture, illustrated in Figure is to separate the user applications 

and  the  physical  database.  In  this  architecture,  schemas  can  be  defined  at  the  following  three 

levels: 
 

 

The internal level has an internal schema, which describes the physical storage structure of the 

database. The internal schema uses a physical data model and describes the complete details of 

data storage and access paths for the database. 
 

 

The  conceptual  level  has  a  conceptual  schema,  which  describes  the  structure  of  the  whole 

database for a community of users. The conceptual schema hides the details of physical storage 

structures and concentrates on describing entities, data types, relationships, user operations, and 

constraints. A high-level data model or an implementation data model can be used at this level. 

The external or view level includes a number of external schemas or user views. Each external 

schema describes the part of the database that a particular user group is interested in and hides 

the rest of the database from that user group. A high-level data model or an implementation data 

model can be used at this level. 
 

 

The three-schema architecture is a convenient tool for the user to visualize the schema levels in a 

database system. Most DBMSs do not separate the three levels completely, but support the three- 

schema  architecture  to  some  extent.  Some  DBMSs  may  include  physical-level  details  in  the 

conceptual schema. In most DBMSs that support user views, 

external  schemas  are  specified  in  the  same  data  model  that  describes  the  conceptual-level 

information. Some DBMSs allow different data models to be used at the conceptual and external 

levels. 

Notice that the three schemas are only descriptions of data; the only data that actually exists is at 

the physical level.  In  a  DBMS based on the three-schema  architecture,  each  user  group  refers 

only to  its  own  external  schema.  Hence,  the  DBMS  must  transform  a  request  specified  on  an 

external  schema  into  a  request  against  the  conceptual  schema,  and  then  into  a  request  on  the 

internal schema for processing over the stored database. If the request is a database retrieval, the 

data extracted from the stored database must be reformatted to match the user‘s external view. 

The processes of transforming requests and results between levels are called  mappings. These 

mappings may be time-consuming, so some DBMSs—especially those that are meant to support 

small  databases—do  not  support  external  views.  Even  in  such  systems,  however,  a  certain 

amount  of  mapping  is  necessary  to  transform  requests  between  the  conceptual  and  internal 

levels. 
 

 

The  design  of  a  Database  Management  System  highly  depends  on  its  architecture.  It  can  be 

centralized  or  decentralized  or  hierarchical.  DBMS  architecture  can  be  seen  as  single  tier  or 
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multi tier. n-tier architecture divides the whole system into related but independent n modules, 

which can be independently modified, altered, changed or replaced. 

In  1-tier  architecture,  DBMS is the only entity where user directly sits  on DBMS and uses it. 

Any changes done here will directly be done on DBMS itself. It does not provide handy tools for 

end users and preferably database designer and programmers use single tier architecture. 

If the architecture of DBMS is 2-tier then must have some application, which uses the DBMS. 

Programmers  use  2-tier  architecture  where  they  access  DBMS  by  means  of  application.  Here 

application   tier   is   entirely   independent   of   database   in   term   of   operation,   design   and 

programming. 

3-tier architecture 

Most widely used architecture is 3-tier architecture. 3-tier architecture separates it tier from each 

other on basis of users. It is described as follows: 
 

 

 
 
 

 
Database Languages 

 

A  database  system  provides  a  data  definition  language  to  specify  the  database  schema  and  a  data 

manipulation language to express database queries and updates. In practice, the data definition and data 

manipulation  languages  are  not  two  separate  languages;  instead  they  simply  form  parts  of  a  single 

database language, such as the widely used SQL language. 
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Data-Definition Language 
 

We specify a database schema by a set of definitions expressed by a special language called a 

data-definition  language  (DDL).  For  instance,  the  following  statement  in  the  SQL  language 

defines the account table: 
 

create table account (account-number char(10), balance integer) 
 

Execution of the above DDL statement creates the account table. In addition, it updates a 
 
special  set  of  tables  called  the  data  dictionary  or  data  directory.  A  data  dictionary  contains 

metadata—that is, data about data. The schema of a table is an example of metadata. A database 

system  consults  the  data  dictionary  before  reading  or  modifying  actual  data.  We  specify  the 

storage  structure  and  access  methods  used  by the  database  system  by a  set  of  statements  in  a 

special type of DDL called a data storage and definition language. 
 

These statements define the implementation details of the database schemas, which are 
 
usually  hidden  from  the  users.  The  data  values  stored  in  the  database  must  satisfy  certain 

consistency constraints. For example, suppose the balance on an account should not fall below 

$100. The DDL provides facilities to specify such constraints. The database systems check these 
 
Constraints every time the database is updated. 

 
Data-Manipulation Language 

 

Data  manipulation  is  The retrieval  of  information  stored  in  the  database  The  insertion  of  new 

information into the database The deletion of information from the database The modification of 

information  stored  in  the  database  A  data-manipulation  language  (DML)  is  a  language  that 

enables users to access or manipulate data as organized by the appropriate data model. There are 

basically two types: 
 

Procedural  DMLs  require  a  user  to  specify  what  data  are  needed  and  how  to  get  those  data. 

Declarative DMLs (also referred to as nonprocedural DMLs) require a user to specify what data 

are  needed  without  specifying  how  to  get  those  data.  Declarative  DMLs  are  usually  easier  to 

learn and use than are procedural DMLs. However, since a user does not have to specify how to 

get  the  data,  the  database  system  has  to  figure  out  an  efficient  means  of  accessing  data.  The 

DML component of the SQL language is nonprocedural. A query is a statement requesting the 

retrieval  of  information.  The  portion  of  a  DML  that  involves  information  retrieval  is  called  a 

query  language.  Although  technically incorrect,  it  is  common  practice  to  use  the  terms  query 

language and data manipulation language synonymously. This query in the SQL language finds 

the name of the customer whose customer-id is 192-83-7465: 
 

Select  customer.  Customer-name  from  customer  where  customer.  Customer-id  =  192-83- 

7465 
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The query specifies that those rows from the table customer where the customer-id is 192-83- 

7465  must  be  retrieved,  and  the  customer-name  attribute  of  these  rows  must  be  displayed. 

Queries may involve information from more than one table. For instance, the following query 

finds the balance of all accounts owned by the customer with customer id 192-83-7465. 
 

select account.balance from depositor, account where depositor.customer-id = 192-83-7465 

and depositor.account-number = account.account-number 
 

There are a number of database query languages in use, either commercially or experimentally. 

The levels of abstraction apply not only to defining or structuring data, but also to manipulating 

data.  At  the  physical  level,  we  must  define  algorithms  that  allow  efficient  access  to  data.  At 

higher levels of abstraction, we emphasize ease of use. The goal is to allow humans to interact 

efficiently with  the  system.  The  query processor  component  of  the  database  system  translates 

DML queries into sequences of actions at the physical level of the database system. 
 

 
 
 

Data Dictionary 
 

  We  can  define  a  data  dictionary  as  a  DBMS  component  that  stores  the  definition  of  data     

characteristics  and  relationships.  You  may  recall  that  such  ―data  about  data‖  were  labeled      

metadata. The DBMS data dictionary provides the DBMS with its self describing characteristic. 

In  effect,  the  data  dictionary  resembles  and  X-ray  of  the  company‘s  entire  data  set,  and  is  a 

crucial element in the data administration function. The two main types of data dictionary exist, 

integrated  and  stand  alone.  An  integrated  data  dictionary  is  included  with  the  DBMS.  For 

example,  all  relational  DBMSs  include  a  built  in  data  dictionary  or  system  catalog  that  is 

frequently accessed and updated by the RDBMS. Other DBMSs especially older types, do not 

have a built in data dictionary instead the DBA may use third party stand alone data dictionary 

systems. Data dictionaries can also be classified as active or passive. An active data dictionary is 

automatically updated by the DBMS with every database access, thereby keeping its 15access 

information  up-to-date.  A  passive  data  dictionary  is  not  updated  automatically  and  usually 

requires a batch process to be run. Data dictionary access information is normally used by the 

DBMS  for  query  optimization  purpose.  The  data  dictionary‘s  main  function  is  to  store  the 

description of all objects that interact with the database. Integrated data dictionaries tend to limit 

their metadata to the data managed by the DBMS. Stand alone data dictionary systems are more 

usually more  flexible  and  allow  the  DBA  to  describe  and  manage  all  the  organization‘s  data, 

whether  or  not  they  are  computerized.  Whatever  the  data  dictionary‘s  format,  its  existence 

provides  database  designers  and  end  users  with  a  much  improved  ability  to  communicate.  In 

addition, the data dictionary is the tool that helps the DBA to resolve data conflicts. Although, 

there is no standard format for the information stored in the data dictionary several features are 

common. For example, the data dictionary typically stores descriptions of all: 
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•  Data  elements  that  are  define  in  all  tables  of  all  databases.  Specifically  the  data  dictionary 

stores the name, datatypes, display formats, internal storage formats, and validation rules. The 

data dictionary tells where an element is used, by whom it is used and so on.  

• Tables define in all databases. For example, the data dictionary is likely to store the name of the 

table creator, the date of creation access authorizations, the number of columns, and so on.  

• Indexes define for each database tables. For each index the DBMS stores at least the index name 

the attributes used, the location, specific index characteristics and the creation date. •Define 

databases: who created each database, the date of creation where the database is located, who the 

DBA is and so on. 
 

• End users and The Administrators of the data base 
 

•  Programs  that  access  the  database  including  screen  formats,  report  formats  Application 

formats, SQL queries and so on. 
 
• Access authorization for all users of all databases. 

 
• Relationships among data elements which  elements are involved: whether the relationship is 

mandatory or optional, the connectivity and cardinality and so on. 
 

 
 
 

If the data dictionary can be organized to include data external to the DBMS itself, it becomes an 

specially flexible to for more general corporate resource management. The management of such 

an extensive data dictionary, thus, makes it possible to manage the use and allocation of all of the 

organization  information  regardless  whether  it  has  its  roots  in  the  database  data.  This  is  why 

some managers consider the data dictionary to be the key element of the information resource 

management  function.  And  this  is  also  why  the  data  dictionary  might  be  described  as  the 

information resource dictionary. The metadata stored in the data dictionary is often the bases for 

monitoring  the  database  use  and  assignment  of  access  rights  to  the  database  users.  The 

information stored in the database is usually based on the relational table format, thus , enabling 

the DBA to query the database with SQL command. For example, SQL command can be used to 

extract information about the users of the specific table or about the access rights of a particular 

users. 
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UNIT-3 ER MODEL 
Introduction 

A data model is a conceptual representation of the data structures that are required by a 

database. The data structures include the data objects, the associations between data objects, and 

the rules which govern operations on the objects. As the name implies, the data model focuses on 

what data is required and how it  should  be  organized  rather  than  what  operations  will be  

performed  on  the  data.  To  use  a  common analogy,  the  data  model  is  equivalent  to  an  

architect's  the  data.  To  use  a  common analogy,  the  data  model  is  equivalent  to  an  architect's   

the  data.  To  use  a  common analogy,  the  data  model  is  equivalent  to  an  architect's  building 

plans.  A  data  model  is  independent  of hardware or software constraints. Rather than try to 

represent the data as a database would see it, the data model  focuses  on  representing  the  data  

as  the  user  sees  it  in  the  "real  world".  It  serves  as  a  bridge between the  concepts that 

make up real-world events and processes and  the physical representation of those concepts in 

a database. 

Components of a Data Model 
 

The  data  model  gets  its  inputs  from  the  planning  and  analysis  stage.  Here the modeler,  

along  with analysts,   collects   information   about   the   requirements   of   the   database   by   

reviewing   existing documentation  and  interviewing  end-users.  The  data  model  has  two  

outputs.  The  first  is  an  entity- relationship  diagram  which  represents  the  data  structures  in  a  

pictorial  form.  Because  the  diagram  is easily learned, it is valuable tool to communicate the 

model to the end-user. The second component is a data document. This a document that 

describes in detail the data objects, relationships, and rules required by the database. The 

dictionary provides the detail required by the database developer to construct the physical 

database. 
 

Why is Data Modeling Important? 
 

Data  modeling  is  probably  the  most  labor  intensive  and  d  time  consuming  part  of  the  

development process. Why bother especially if  you are pressed for time? A common 

response by practitioners who write on the subject is that you should no more build a database 

without a model than you should build a house without blueprints. The goal of the data model 

is to make sure that the all data objects required by the database are completely and accurately 

represented. Because the data model uses easily understood notations  and  natural  language,  it   

can  be  reviewed  and  verified  as  correct  by  the  end-users.  The  data model is also detailed 
enough to be used by the database developers to use as a "blueprint" for building the physical 

database. The information contained in the data model will be used to define the relational 

tables, primary and foreign keys, stored procedures, and triggers. 
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Entity-Relationship Model 

 

The  entity-relationship  (E-R)  data  model  is  based  on  a  perception  of  a  real  world  that  consists  

of  a collection  of  basic  objects,  called  entities,  and  of  relationships among  these  objects.  An  

entity  is  a―thing‖  or  ―object‖  in  the  real  world  that  is  distinguishable  from  other  objects.   
  Entity-Relationship model  is  based  on  the  notion  of  real  world  entities  and  
relationship  among  them.  While formulating real-world scenario into database model, ER 
Model creates entity set, relationship set, general attributes and constraints. For example, each 
person is an entity, and bank accounts can be considered  as  entities.  Entities  are  described  in  a  
database  by  a  set  of  attributes.  For  example,  the attributes account-number and balance may 
describe one particular account in a bank, and they form attributes  of  the  account  entity  set.  
Similarly,  attributes  customer-name,  customer-street  address  and customer-city may describe a 
customer entity. 

 

An extra attribute customer-id is used to uniquely identify customers (since it may be possible to 

have two customers with the same name, street address, and city). 

A  unique  customer  identifier  must  be  assigned  to  each  customer.  In  the  United  States,  

many enterprises use the social-security number of a person (a unique number the U.S. 

government assigns to every person in the United States) as a customer identifier. 

 

A  relationship  is  an  association  among  several  entities.  For  example,  a  depositor  

relationship associates a customer with each account that she has. The set of all entities of the 

same type and the set of all relationships of the same type are termed an entity set and 

relationship set, respectively. 

 

Therefore it can be summarized as; ER Model is best used for the conceptual design of database. 

ER Model is based on: 

➢ Entities and their attributes 
 

➢ Relationships among entities 
 

These concepts are explained below. Entity 

An entity in ER Model is real world entity, which has some properties called attributes. Every 

attribute is defined by its set of values, called domain. 

For example, in a school database, a student is considered as an entity. Student has various 

attributes like name, age and class etc. 

 

ER Notation 
 

There is no standard for representing data objects in ER diagrams. Each modeling 

methodology uses its own  notation.  All  notational  styles  represent  entities  as  rectangular  

boxes  and  relationships  as  lines connecting boxes. Each style uses a special set of symbols 

to represent the cardinality of a connection. The notation used in this document is from Martin. 

The symbols used for the basic ER constructs are: 
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• Entities are represented by labeled rectangles. The label is the name of the entity. Entity names 

should be singular nouns. 
 

•  Relationships  are represented  by a  solid  line  connecting two  entities.  The name  of  the  

relationship  is written above the line. Relationship names should be verbs. 

 

•  Attributes,  when  included,  are  listed  inside  the  entity  rectangle.  Attributes  which  are  

identifiers  are underlined. Attribute names should be singular nouns. 
 

• Cardinality of many is represented by a line ending in a crow's foot. If the crow's foot is 

omitted, the cardinality is one. 
 

• Existence is represented by placing a circle or a perpendicular bar on the line. 
 

Mandatory existence is shown by the bar (looks like a 1) next to the entity for an instance is 

required. Optional existence is shown by placing a circle next to the entity that is optional. 
 

Steps In Building the Data Model 
 

While ER model lists and defines the constructs required to build a data model, there is no standard 

process for doing so. Some methodologies, such as IDEFIX, specify a bottom-up development 

process were the model  is  built  in  stages.  Typically,  the  entities  and  relationships  are  

modeled  first,  followed  by  key attributes,  and  then  the  model  is  finished  by  adding  non-

key  attributes.  Other  experts  argue  that  in practice, using a phased approach is impractical 

because it requires too many meetings with the end-users. The sequence used for this document 

are: 

 

1. Identification of data objects and relationships 

 

2. Drafting the initial ER diagram with entities and relationships 

 

3. Refining the ER diagram 

 

4. Add key attributes to the diagram 

 

5. Adding non-key attributes 

 

6. Diagramming Generalization Hierarchies 

 

7. Validating the model through normalization 

 

8. Adding business and integrity rules to the Model 
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In practice, model building is not a strict linear process. As noted above, the requirements analysis and 

the draft of the initial ER diagram often occur simultaneously. Refining and validating the diagram  

may uncover problems or missing information which require more information gathering and analysis. 
 

Identifying Data Objects and Relationships 
 

In order to begin constructing the basic model, the modeler must analyze the information 

gathered during the requirements analysis for the purpose of: 

 
• Classifying data objects as either entities or attributes 

 
• Identifying and defining relationships between entities 

 
• Naming and defining identified entities, attributes, and relationships 

 
• Documenting this information in the data document 

 
To accomplish these goals the modeler must analyze narratives from users, notes from meeting, policy and 

procedure documents, and, if lucky, design documents from the current information system. Although 

it is easy to define the basic constructs of the ER model, it is not an easy task to distinguish their roles 

in  building  the  data  model.  What  makes  an  object  an  entity  or  attribute?  For  example,  given  the 

statement "employees work on projects". Should employees be classified as an entity or attribute? Very 

often,  the  correct  answer  depends  upon  the  requirements  of  the  database.  In  some  cases,  employee 

would be an entity, in some it would be an attribute. 

 

Attributes 
 

Attributes are data objects that either identify or describe entities. Attributes that identify entities are 

called key attributes. Attributes that describe an entity are called non-key attributes. Key attributes will 

be discussed in detail in a latter section. The process for identifying attributes is similar except now 

you want to look for and extract those names that appear to be descriptive noun phrases. 
 

 
 

Relationships 
 

Relationships  are  associations  between  entities.  Typically,  a  relationship  is  indicated  by  a  verb 

connecting two or more entities. For example: employees are assigned to projects As relationships are 

identified they should be classified in terms of cardinality, optionality, direction, and dependence. As a 

result of defining the relationships, some relationships may be  dropped and new relationships added. 

Cardinality quantifies the relationships between entities by measuring how many instances of one entity 

are  related  to  a  single  instance  of  another.  To  determine  the  cardinality,  assume  the  existence  of  an 

instance   of   one   of   the   entities.   The   logical   association   among   entities   is   called   relationship 

The overall logical structure (schema) of a database can be expressed graphically by an E-R diagram.as 
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. 

 

 

Relationships are mapped with entities  in  various  ways.  Mapping cardinalities define the number of association 

between two entities. 
 

Mapping cardinalities:- 

 

1. One  To  One 

2. One To Many 

3. Many  To  One 

4. Many To Many 
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UNIT - 4 RELATIONAL MODEL 
Relational Model 

The  relational  model  uses  a  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. 

The data is arranged in a relation which is visually represented in a two dimensional table. 

The data  is  inserted  into  the  table  in  the  form  of  tuples  (which  are  nothing  but  rows).  A  

tuple  is formed  by  one  or  more  than  one  attributes,  which  are  used  as  basic  building  

blocks  in  the formation of various expressions that are used to derive meaningful 

information. There can be any number of tuples in the table, but all the tuple contain fixed 

and same attributes with varying values.  The  relational  model  is  implemented  in  database  

where  a  relation  is  represented  by  a table,  a  tuple  is  represented  by  a  row,  an  attribute  is  

represented  by  a  column  of  the  table, attribute name is the name of the column such as 

‗identifier‘, ‗name‘, ‗city‘ etc., attribute value contains the value for column in the row. 

Constraints are applied to the table and form the logical schema. In order to facilitate the 

selection of a particular row/tuple from the table, the attributes 

i.e. column names are used, and  to expedite the  selection of the  rows some fields  are defined 

uniquely to use them as indexes, this helps in searching the required data as fast as possible. All 

the  relational  algebra  operations,  such  as  Select,  Intersection,  Product,  Union,  

Difference, Project,  Join,  Division,  Merge  etc.  can  also  be  performed  on  the  Relational  

Database  Model. Operations on the Relational Database Model are facilitated with the help of 

different conditional expressions,  various  key  attributes,  pre-defined  constraints  etc.  Hence  

in  nutshell  The  most popular data model in DBMS is Relational Model. It is more 

scientific model then others. This model is based on first-order predicate logic and defines 

table as an n-ary relation. 

The main highlights of this model are: 
 

o Data is stored in tables called relations. 
 

o Relations can be normalized. 
 

o In normalized relations, values saved are atomic values. 
 

o Each row in relation contains unique value 
 

o Each column in relation contains values from a same domain 
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Relational Model Concepts 

We shall represent a relation as a table with columns and rows. Each column of the table has a name, or 

attribute. Each row is called a tuple. 

• Domain: a set of atomic values that an attribute can take 

• Attribute: name of a column in a particular table (all data is stored in tables). Each attribute Ai must 

have a domain, dom(A ). 

• Relational Schema: The design of one table, containing the name of the table (i.e. the name of 

the relation), and the names of all the columns, or attributes. 
 

 

Example: STUDENT( Name, SID, Age, GPA) 

• Degree of a Relation: the number of attributes in the relation's schema. 

• Tuple, t, of R( A1, A2, A3, …, An): an ORDERED set of values, < v1, v2, v3, …, vn>, where 
each v 

i 

is a value from dom( A ). 
i 

 
 

Properties of relations 

❖  Properties of database relations are: 

❖  Relation name is distinct from all other relations 

❖  Each cell of relation contains exactly one atomic (single) value 

❖  Each attribute has a distinct name 

❖  Values of an attribute are all from the same domain 

❖  Order of attributes has no significance 

❖  Each tuple is distinct; there are no duplicate tuples 

❖  Order of tuples has no significance, theoretically. 
 

 

Relational keys : 

There  are  two  kinds  of  keys  in  relations.  The  first  are  identifying  keys:  the  primary  key  is  the  

main concept, while two other keys – super key and candidate key – are related concepts. The 

second kind is the foreign key. 

Identity Keys 

Super Keys 
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A super key is a set of attributes whose values can be used to uniquely identify a tuple within a 

relation. relation may have more than one super key, but it always has at least one: the set of all 

attributes that make up the relation. 

Candidate Keys 

A candidate key is a super key that is minimal; that is, there is no proper subset that is itself a super 

key. A relation  may  have  more  than  one  candidate  key,  and  the  different  candidate  keys  may  

have  a  different number  of  attributes.  In  other  words,  you  should  not  interpret  'minimal'  to  mean  

the  super  key  with  the fewest attributes. 

A candidate key has two properties: 

(i) in each tuple of R, the values of K uniquely identify that tuple (uniqueness) 

(ii) no proper subset of K has the uniqueness property (irreducibility). 

Primary Key 

The primary key of a relation is a candidate key especially selected to be the key for the relation. In 

other words, it is a choice, and there can be only one candidate key designated to be the primary key. 

Relationship between identity keys 

The relationship between keys: 

Super key ⊇ Candidate Key ⊇ Primary Key 

Foreign keys 

The attribute(s) within one relation that matches a candidate key of another relation. A relation may 

have several foreign keys, associated with different target relations. 

Foreign keys allow users to link information in one relation to information in another relation. 

Without 

FKs, a database would be a collection of unrelated tables. 
 
 

 
Relational Model Constraints 

Integrity Constraints 

Each relational schema must satisfy the following four types of constraints. 

A. Domain constraints 

Each attribute Ai must be an atomic value from dom( Ai) for that attribute. 

The  attribute,  Name  in  the  example  is  a  BAD  DESIGN  (because  sometimes  we  may  want  to  

search person by only using their last name. 
 

B. Key Constraints 

Super key of : A set of attributes, SK, of R such that no two tuples in any valid relational instance, 

r( R), will have the same value for SK. Therefore, for any two distinct tuples, t1 and t2 in r( 

R), t1[ SK] != t2[SK]. 

Key of R: A minimal superkey. That is, a superkey, K, of R such that the removal of ANY 

attribute from K will result in a set of attributes that are not a superkey. 

Example CAR( State, LicensePlateNo, VehicleID, Model, Year, Manufacturer) 

This schema has two keys: 

K1 = { State, 

LicensePlateNo} K2 = { 

VehicleID } 

Both K1 and K2 are superkeys. 



 

20                                                                                                                   Notes By:- Er. Hitesh Kumar 

 

K3 = { VehicleID, Manufacturer} is a superkey, but not a key (Why?). 

If a relation has more than one keys, we can select any one (arbitrarily) to be the primary key. 

Primary 

Key attributes are underlined in the schema: 

CAR(State, LicensePlateNo, VehicleID, Model, Year, Manufacturer) 
 

 

C. Entity Integrity Constraints 

The primary key attribute, PK, of any relational schema R in a database cannot have null values in 

any tuple. In other words, for each table in a DB, there must be a key; for each key, every row in 

the table must have non-null values. This is because PK is used to identify the individual tuples. 

Mathematically, t[PK] != NULL for any tuple t € r( R). 

D. Referential Integrity Constraints 

Referential  integrity  constraints  are  used  to  specify  the  relationships  between  two  relations  in  

a database. 

Consider a referencing relation, R1, and a referenced relation, R2. Tuples in the 

referencing relation, R1, have attributed FK (called foreign key attributes) that 

reference,the primary key attributes of the referenced relation, R2. A tuple, t1, in R1 is 

said to reference a tuple, t2, in R2 if t1[FK] = t2[PK]. 

A referential integrity constraint can be displayed in a relational database schema as a directed 

arc from the referencing (foreign) key to the referenced (primary) key. 

Examples are shown in the figure below: 

 

 
 

 

Instances and Schemas 

Databases change over time as information is inserted and deleted. The collection of information 

stored in the database at a particular moment is called an instance of the database. The overall 

design of the database is called the database schema. Schemas are changed infrequently, if at all.    

The  concept  of  database  schemas  and  instances  can  be  understood  by  analogy  to  a  program 

written in a programming language. A database schema corresponds to the variable declarations 

(along with associated type definitions) in a program. Each variable has a particular value at a 

given  instant.  The  values  of  the  variables  in  a  program  at  a  point  in  time  correspond  to  an 

instance of a database schema. Therefore Database schema skeleton structure of and it represents 

the  logical  view  of  entire  database.  It  tells  about  how  the  data  is  organized  and  how  relation 

among  them  is  associated.  It  formulates  all  database  constraints  that  would  be  put  on  data  in 

relations, which resides in database. A database schema defines its entities and the relationship 

among them. Database schema is a descriptive detail of the database, which can be depicted by 

means   of   schema   diagrams.   All   these   activities   are   done   by  database   designer   to   help 
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programmers in order to give some ease of understanding all aspect of database. 

Database systems have several schemas, partitioned according to the levels of abstraction. The 

physical schema describes the database design at the physical level, while the logical schema 

describes the database design at the logical level. A database may also have several schemas at 

the view level, sometimes called sub schemas, that describe different views of the database. Of 

these,  the  logical  schema  is  by  far  the  most  important,  in  terms  of  its  effect  on  application 

programs, since programmers construct applications by using the logical schema. The physical 

schema  is  hidden  beneath  the  logical  schema,  and  can  usually  be  changed  easily  without 

affecting   application   programs.   Application   programs   are   said   to   exhibit   physical   data 

independence if they do not depend on the physical schema, and thus need not be rewritten if the 

physical schema changes. 

  

Database  schema  skeleton  structure of  and  it  represents  the  logical  view  of  entire database.  It tells 

about how the data is organized and how relation among them is associated. It formulates all database 

constraints that would be put on data in relations, which resides in database. 

 

Comparison Chart 

BASIS FOR 

COMPARISON 

E-R MODEL RELATIONAL MODEL 

Basic It represents the collection of 

objects called entities and relation 

between those entities. 

It represents the collection of Tables and the 

relation between those tables. 

Describe Entity Relationship Model describe 

data as Entity set, Relationship 

set and Attribute. 

Relational Model describes data in a table as 

Domain, Attributes, Tuples. 

Relationship E-R Model is easier to understand 

the relationship between entities. 

Comparatively, it is less easy to derive a 

relation between tables in Relational Model. 

Mapping E-R Model describes Mapping 

Cardinalities. 

Relational Model does not describe mapping 

cardinalities. 
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Unit 5- NORMALIZATION  
 
Normalization is a process of organizing the data in database to avoid data redundancy, insertion 

anomaly, update anomaly & deletion anomaly. Let’s discuss about anomalies first then we will discuss 

normal forms with examples. 

Anomalies in DBMS 

There are three types of anomalies that occur when the database is not normalized. These are – 

Insertion, update and deletion anomaly. Let’s take an example to understand this. 

Example: Suppose a manufacturing company stores the employee details in a table named employee 

that has four attributes: emp_id for storing employee’s id, emp_name for storing employee’s name, 

emp_address for storing employee’s address and emp_dept for storing the department details in which 

the employee works. At some point of time the table looks like this: 

emp_id emp_name emp_address emp_dept 

101 Rick Delhi D001 

101 Rick Delhi D002 

123 Maggie Agra D890 

166 Glenn Chennai D900 

166 Glenn Chennai D004 

The above table is not normalized. We will see the problems that we face when a table is not 

normalized. 

Update anomaly: In the above table we have two rows for employee Rick as he belongs to two 

departments of the company. If we want to update the address of Rick then we have to update the same 

in two rows or the data will become inconsistent. If somehow, the correct address gets updated in one 

department but not in other then as per the database, Rick would be having two different addresses, 

which is not correct and would lead to inconsistent data. 

Insert anomaly: Suppose a new employee joins the company, who is under training and currently not 

assigned to any department then we would not be able to insert the data into the table if emp_dept field 

doesn’t allow nulls. 

Delete anomaly: Suppose, if at a point of time the company closes the department D890 then deleting 

the rows that are having emp_dept as D890 would also delete the information of employee Maggie since 

she is assigned only to this department. 

To overcome these anomalies we need to normalize the data. In the next section we will discuss about 

normalization. 

Normalization 

Here are the most commonly used normal forms: 
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• First normal form(1NF) 

• Second normal form(2NF) 

• Third normal form(3NF) 

• Boyce & Codd normal form (BCNF) 

First normal form (1NF) 

As per the rule of first normal form, an attribute (column) of a table cannot hold multiple values. It 

should hold only atomic values. 

Example: Suppose a company wants to store the names and contact details of its employees. It creates a 

table that looks like this: 

emp_id emp_name emp_address emp_mobile 

101 Herschel New Delhi 8912312390 

102 Jon Kanpur 
8812121212 

9900012222 

103 Ron Chennai 7778881212 

104 Lester Bangalore 9990000123 

8123450987 

Two employees (Jon & Lester) are having two mobile numbers so the company stored them in the same 

field as you can see in the table above. 

This table is not in 1NF as the rule says “each attribute of a table must have atomic (single) values”, the 

emp_mobile values for employees Jon & Lester violates that rule. 

To make the table complies with 1NF we should have the data like this: 

emp_id emp_name emp_address emp_mobile 

101 Herschel New Delhi 8912312390 

102 Jon Kanpur 8812121212 

102 Jon Kanpur 9900012222 

103 Ron Chennai 7778881212 

104 Lester Bangalore 9990000123 

104 Lester Bangalore 8123450987 

 

Second normal form (2NF) 

A table is said to be in 2NF if both the following conditions hold: 

• Table is in 1NF (First normal form) 

• No non-prime attribute is dependent on the proper subset of any candidate key of table. 

An attribute that is not part of any candidate key is known as non-prime attribute. 
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Example: Suppose a school wants to store the data of teachers and the subjects they teach. They create a 

table that looks like this: Since a teacher can teach more than one subjects, the table can have multiple 

rows fo r a same teacher. 

teacher_id subject teacher_age 

111 Maths 38 

111 Physics 38 

222 Biology 38 

333 Physics 40 

333 Chemistry 40 

Candidate Keys: {teacher_id, subject} 

Non prime attribute: teacher_age 

The table is in 1 NF because each attribute has atomic values. However, it is not in 2NF because non 

prime attribute teacher_age is dependent on teacher_id alone which is a proper subset of candidate key. 

This violates the rule for 2NF as the rule says “no non-prime attribute is dependent on the proper subset 

of any candidate key of the table”. 

To make the table complies with 2NF we can break it in two tables like this: 

teacher_details table:     teacher_subject table: 

teacher_id teacher_age 

111 38 

222 38 

333 40 

 

  

Now the tables comply with Second normal form (2NF). 

Third Normal form (3NF) 

A table design is said to be in 3NF if both the following conditions hold: 

• Table must be in 2NF 

• Transitive functional dependency of non-prime attribute on any super key should be removed. 

An attribute that is not part of any candidate key is known as non-prime attribute. 

In other words 3NF can be explained like this: A table is in 3NF if it is in 2NF and for each functional 

dependency X-> Y at least one of the following conditions hold: 

• X is a super key of table 

• Y is a prime attribute of table 

teacher_id subject 

111 Maths 

111 Physics 

222 Biology 

333 Physics 

333 Chemistry 

https://beginnersbook.com/2015/04/transitive-dependency-in-dbms/
https://beginnersbook.com/2015/04/candidate-key-in-dbms/
https://beginnersbook.com/2015/04/super-key-in-dbms/
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An attribute that is a part of one of the candidate keys is known as prime attribute. 

Example: Suppose a company wants to store the complete address of each employee, they create a table 

named employee_details that looks like this: 

emp_id emp_name emp_zip emp_state emp_city emp_district 

1001 John 282005 UP Agra Dayal Bagh 

1002 Ajeet 222008 TN Chennai M-City 

1006 Lora 282007 TN Chennai Urrapakkam 

1101 Lilly 292008 UK Pauri Bhagwan 

1201 Steve 222999 MP Gwalior Ratan 

 

Super keys: {emp_id}, {emp_id, emp_name}, {emp_id, emp_name, emp_zip}…so on 

Candidate Keys: {emp_id} 

Non-prime attributes: all attributes except emp_id are non-prime as they are not part of any candidate 

keys. 

Here, emp_state, emp_city & emp_district dependent on emp_zip. And, emp_zip is dependent on 

emp_id that makes non-prime attributes (emp_state, emp_city & emp_district) transitively dependent on 

super key (emp_id). This violates the rule of 3NF. 

To make this table complies with 3NF we have to break the table into two tables to remove the transitive 

dependency: 

employee table: 

emp_id emp_name emp_zip 

1001 John 282005 

1002 Ajeet 222008 

1006 Lora 282007 

1101 Lilly 292008 

1201 Steve 222999 

employee_zip table: 

emp_zip emp_state emp_city emp_district 

282005 UP Agra Dayal Bagh 

222008 TN Chennai M-City 

282007 TN Chennai Urrapakkam 

292008 UK Pauri Bhagwan 

222999 MP Gwalior Ratan 
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Boyce Codd normal form (BCNF) 

It is an advance version of 3NF that’s why it is also referred as 3.5NF. BCNF is stricter than 3NF. A 

table complies with BCNF if it is in 3NF and for every functional dependency X->Y, X should be the 

super key of the table. 

Example: Suppose there is a company wherein employees work in more than one department. They 

store the data like this: 

emp_id emp_nationality emp_dept dept_type dept_no_of_emp 

1001 Austrian Production and planning D001 200 

1001 Austrian stores D001 250 

1002 American design and technical support D134 100 

1002 American Purchasing department D134 600 

Functional dependencies in the table above: 

emp_id -> emp_nationality 

emp_dept -> {dept_type, dept_no_of_emp} 

Candidate key: {emp_id, emp_dept} 

The table is not in BCNF as neither emp_id nor emp_dept alone are keys. 

To make the table comply with BCNF we can break the table in three tables like this: 

emp_nationality table: 

emp_id emp_nationality 

1001 Austrian 

1002 American 

 

emp_dept table: 

emp_dept dept_type dept_no_of_emp 

Production and planning D001 200 

stores D001 250 

design and technical support D134 100 

Purchasing department D134 600 

 

 

 

https://beginnersbook.com/2015/04/functional-dependency-in-dbms/
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emp_dept_mapping table: 

emp_id emp_dept 

1001 Production and planning 

1001 stores 

1002 design and technical support 

1002 Purchasing department 

Functional dependencies: 

emp_id -> emp_nationality 

emp_dept -> {dept_type, dept_no_of_emp} 

Candidate keys: 

For first table: emp_id 

For second table: emp_dept 

For third table: {emp_id, emp_dept} 

This is now in BCNF as in both the functional dependencies left side part is a key. 

 

UNIT -6 DATABASE ACCESS AND SECURITY 

INDEXES 

The indexes are special objects which built on top of tables. The indexes can do an operation like 

SELECT, DELETE and UPDATE statement faster to manipulate a large amount of data. An INDEX 

can also be called a table and it has a data structure. An INDEX is created on columns of a table. One 

table may contain one or more INDEX tables. 

Note: The CREATE INDEX command is not a part of the ANSI SQL standard, and thus its syntax 

varies among vendors. 

What does SQL INDEX do? 

The SQL INDEX does the following : 

• INDEXES can locate information within a database very fast. 

• An INDEX makes a catalog of rows of a database table as row can be pointed within a fraction 

of the time with a minimum effort. 

• A table INDEX is a database structure which arranges the values of one or more columns in a 

specific order. 

• The performance of an INDEX cannot be recognized much when dealing with relatively small 

tables. 

• INDEX can work properly and quickly for the columns that have many different values. 
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• It takes a long time to find information for one or combination of columns from a table when 

there are thousands of records in the table. In that case, if indexes are created on that column, 

which are accessed frequently, the information can be retrieved quickly. 

• The INDEX first sorts the data and then it assigns identification for each row. 

• The INDEX table having only two columns, one is a rowid and another is indexed-column 

(ordered). 

• When data is retrieved from a database table based on the indexed column, the index pointer 

searches the rowid and quickly locates that position.in the actual table and display, the rows 

sought for. 

Syntax: 
CREATE [UNIQUE] INDEX <index name> ON <table name> (<column(s)>); 

 

How to distinguish between index and views 

VIEW: 

• A VIEW is a data object which contains no data. Its contents are the resultant of the base table. They are 

operated just like the base table but they don’t contain any data of their own. 

• A VIEW is similar to a table but may contain data from one or more tables connected with each other through 

a common set of criteria. 

• A VIEW is a physical object but it is a logical table. A VIEW just refers to data which stored in base tables. 

• A VIEW is also one of the database objects. 

• A VIEW can be used in any SELECT statement like a table. 

• A VIEW provides security for both data and table of a database. Suppose by mistake a table is dropped, it can't 

be recovered. but if a view dropped, it can be created again. 

INDEX: 

• An INDEX is also a table. So it has a data structure. 

• INDEXES are pointers that represent the physical address of a data. 

• An INDEX is created on columns of a table. 

• An INDEX makes a catalog based on one or more columns of a table. 

• One table may contain one or more INDEX tables. 

• An INDEX can be created on a single column or combination of columns of a database table. 

EXAMPLE:-  CREATE  INDEX custcity  
ON customer(cust_city); 

Database Security  

Database security refers to the collective measures used to protect and secure a database or database 

management software from illegitimate use and malicious threats and attacks. 

It is a broad term that includes a multitude of processes, tools and methodologies that ensure security 

within a database environment. 
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Database Security and Threats 

Data security is an imperative aspect of any database system. It is of particular importance in 

distributed systems because of large number of users, fragmented and replicated data, multiple 

sites and distributed control. 

Threats in a Database 

• Availability loss − Availability loss refers to non-availability of database objects by legitimate users. 

• Integrity loss − Integrity loss occurs when unacceptable operations are performed upon the database 

either accidentally or maliciously. This may happen while creating, inserting, updating or deleting 

data. It results in corrupted data leading to incorrect decisions. 

• Confidentiality loss − Confidentiality loss occurs due to unauthorized or unintentional disclosure of 

confidential information. It may result in illegal actions, security threats and loss in public 

confidence. 

 

Definition of Grant 

The database administrator defines the GRANT command in SQL for giving the access or 

privileges to the users of the database. Three major components which are involved in the 

authorization are the users, privilege/s (operations) and a database object. The user is the one 

who triggers the execution of the application program. Operations are the component which is 

embedded in an application program. The operations are performed on database objects such as 

relation or view name. 

SYNTAX of GRANT Command: 

grant <privilege record> 

on <relation title or view title> 

to <user/role record>; 

Definition of Revoke 

The REVOKE command in SQL is defined to take away the granted privileges (authorizations) 

from the user of the database. The one who has the authority to withdraw the privileges is the 

database administrator. 

SYNTAX of REVOKE Command: 

revoke <privilege list> 

on <relation name or view name> 

from <user/role list>; 
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UNIT -7 MYSQL/SQL (STRUCTURED QUERY LANGUAGE) 

 

SQL commands are divided into four subgroups, DDL, DML, DCL, and TCL. 

 

DDL 

DDL is short name of Data Definition Language, which deals with database schemas 

and descriptions, of how the data should reside in the database. 

• CREATE - to create a database and its objects like (table, index, views, store procedure, 
function, and triggers) 

• ALTER - alters the structure of the existing database 

• DROP - delete objects from the database 

• TRUNCATE - remove all records from a table, including all spaces allocated for the records 
are removed 

• COMMENT - add comments to the data dictionary 

• RENAME - rename an object 

DML 

DML is short name of Data Manipulation Language which deals with data manipulation 

and includes most common SQL statements such SELECT, INSERT, UPDATE, 

https://www.w3schools.in/mysql/php-mysql-create/
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DELETE, etc., and it is used to store, modify, retrieve, delete and update data in a 

database. 

• SELECT - retrieve data from a database 

• INSERT - insert data into a table 

• UPDATE - updates existing data within a table 

• DELETE - Delete all records from a database table 

• MERGE - UPSERT operation (insert or update) 

• CALL - call a PL/SQL or Java subprogram 

• EXPLAIN PLAN - interpretation of the data access path 

• LOCK TABLE - concurrency Control 

DCL 

DCL is short name of Data Control Language which includes commands such as 

GRANT and mostly concerned with rights, permissions and other controls of the 

database system. 

• GRANT - allow users access privileges to the database 

• REVOKE - withdraw users access privileges given by using the GRANT command 

TCL 

TCL is short name of Transaction Control Language which deals with a transaction 

within a database. 

• COMMIT - commits a Transaction 

• ROLLBACK - rollback a transaction in case of any error occurs 

• SAVEPOINT - to rollback the transaction making points within groups 

• SET TRANSACTION - specify characteristics of the transaction 

Join 

Join is a binary operation which allows you to combine join product and selection in one single 

statement. The goal of creating a join condition is that it helps you to combine the data from 

multiple join tables. 

SQL Joins allows you to retrieve data from two or more DBMS tables. The tables in DBMS are 

associated using the primary key and foreign keys. 

https://www.w3schools.in/mysql/php-mysql-select/
https://www.w3schools.in/mysql/php-mysql-insert/
https://www.w3schools.in/mysql/php-mysql-update/
https://www.w3schools.in/mysql/php-mysql-delete/


 

32                                                                                                                   Notes By:- Er. Hitesh Kumar 

 

Inner Join 

An inner join is the widely used join operation and can be considered as a default join-type. The 

inner JOIN is used to return rows from both tables which satisfy the given condition. 

An Inner join or equijoin is a comparator-based join which uses equality comparisons in the join-

predicate. However, if you use other comparison operators like ">" can't be called equijoin. 

Inner Join further divided into three subtypes: 

• Theta join 

• Natural join 

• EQUI join 

EQUI join: 

• When a theta join uses only equivalence condition, it becomes an equi join. 

Natural Join (⋈) 

• Natural join does not utilize any of the comparison operators. In this type of join, the 

attributes should have the same name and domain. In this type of join, there should be at 

least one common attribute between two relations. 

Theta Join 

• Theta Join allows you to merge two tables based on the condition represented by theta. 

Theta joins work for all comparison operators. 

• The general case of JOIN operation is called a Theta join. It is denoted by symbol θ 

Outer Join 

An outer join doesn't require each record in the two join tables to have a matching record. In this 

type of join, the table retains each record even if no other matching record exists. 

Three types of Outer Joins are: 

• Left Outer Join 

• Right Outer Join 

• Full Outer Join 

 SUBQUERY 

A Sub query or Inner query or a Nested query is a query within another SQL query and 

embedded within the WHERE clause. 

A sub query is used to return data that will be used in the main query as a condition to further 

restrict the data to be retrieved. 
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Subqueries can be used with the SELECT, INSERT, UPDATE, and DELETE statements along 

with the operators like =, <, >, >=, <=, IN, BETWEEN, etc. 

There are a few rules that subqueries must follow − 

• Subqueries must be enclosed within parentheses. 

• A subquery can have only one column in the SELECT clause, unless multiple columns 

are in the main query for the subquery to compare its selected columns. 

• An ORDER BY command cannot be used in a subquery, although the main query can 

use an ORDER BY. The GROUP BY command can be used to perform the same 

function as the ORDER BY in a subquery. 

• Subqueries that return more than one row can only be used with multiple value operators 

such as the IN operator. 

• The SELECT list cannot include any references to values that evaluate to a BLOB, 

ARRAY, CLOB, or NCLOB. 

• A subquery cannot be immediately enclosed in a set function. 

• The BETWEEN operator cannot be used with a subquery. However, the BETWEEN 

operator can be used within the subquery. 

Aggregate functions in SQL 

In database management an aggregate function is a function where the values of multiple rows 

are grouped together as input on certain criteria to form a single value of more significant 

meaning. 

1) Count() 

2) Sum() 

3) Avg() 

4) Min() 

5) Max() 

CHALLENGES OF MYSQL:- 

The latest version of MySQL is one of the world’s most popular databases. It is open source, 

reliable, compatible with all major hosting providers, cost-effective, and easy to manage. Along 

with understanding why MySQL is the go-to solution for high-growth environments, it is equally 

important to understand the challenges that can cripple your business operations. Here are 5 

major reasons to use MySQL along with its most common challenges: 

5 REASONS TO CHOOSE MYSQL 

Secure Money Transactions 

MySQL transactions work as a single unit, which means unless and until every individual 

operational stage is successfully completed, the transaction is not cleared. So, if an operation 

fails at any stage, the entire transaction happening within that group fails. 



 

34                                                                                                                   Notes By:- Er. Hitesh Kumar 

 

On-Demand Scalability 

MySQL comes with the advantage of unmatched flexibility that facilitates efficient management 

of deeply embedded applications, even in gigantic data centers that stack tremendous amounts of 

mission-critical information. It enables complete customization to cater to the unique 

requirements of eCommerce businesses.  

High Availability 

Consistent availability is the stalwart feature of MySQL – enterprises that deploy it can enjoy 

round-the-clock uptime. MySQL comes with a wide variety of cluster servers and master-slave 

replication configurations that enable instant failover for uninterrupted access.  

Rock-Solid Reliability 

Protecting sensitive business information is the primary concern of every enterprise. MySQL 

ensures data security with exceptional data protection features. It also restricts server access to 

authorized users and has the ability to block users even at the man-machine level. Finally, the 

data backup feature facilitates point-in-time recovery. 

Quick-Start Capability 

You can go from software download to complete installation in just 15 minutes. MySQL is 

exceptionally quick, regardless of the underlying platform. It features self-management 

capabilities like auto restart, space expansion and automatic configuration changes for ease of 

management. MySQL enables real-time performance monitoring for timely troubleshooting of 

operational issues from a single workstation. 

 Big Data 

Big Data is also data but with a huge size. Big Data is a term used to describe a collection of 

data that is huge in size and yet growing exponentially with time. In short such data is so large 

and complex that none of the traditional data management tools are able to store it or process it 

efficiently. 

Characteristics of Big Data 

(i) Volume – The name Big Data itself is related to a size which is enormous. Size of data plays a 

very crucial role in determining value out of data. Also, whether a particular data can actually be 

considered as a Big Data or not, is dependent upon the volume of data.  

(ii) Variety – The next aspect of Big Data is its variety. 

Variety refers to heterogeneous sources and the nature of data, both structured and unstructured. 

Nowadays, data in the form of emails, photos, videos, monitoring devices, PDFs, audio, etc. are 

also being considered in the analysis applications. This variety of unstructured data poses certain 

issues for storage, mining and analyzing data. 

(iii) Velocity – The term 'velocity' refers to the speed of generation of data. How fast the data is 

generated and processed to meet the demands, determines real potential in the data. 
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Big Data Velocity deals with the speed at which data flows in from sources like business 

processes, application logs, networks, and social media sites, sensors, Mobile devices, etc. The 

flow of data is massive and continuous. 

(iv) Variability – This refers to the inconsistency which can be shown by the data at times, thus 

hampering the process of being able to handle and manage the data effectively. 

Benefits of Big Data Processing 

Ability to process Big Data brings in multiple benefits, such as- 

o Businesses can utilize outside intelligence while taking decisions 

Access to social data from search engines and sites like facebook, twitter are enabling 

organizations to fine tune their business strategies. 

o Improved customer service 

Traditional customer feedback systems are getting replaced by new systems designed with Big 

Data technologies. In these new systems, Big Data and natural language processing technologies 

are being used to read and evaluate consumer responses. 

o Early identification of risk to the product/services, if any 

o Better operational efficiency 

Big Data technologies can be used for creating a staging area or landing zone for new data before 

identifying what data should be moved to the data warehouse. In addition, such integration of 

Big Data technologies and data warehouse helps an organization to offload infrequently accessed 

data. 

 

https://www.guru99.com/mobile-testing.html

