FILE STRUCTURE
File Structure

Record storage and primary file organizationin computerized system, database must be

physically stored on some computer storage med@omputer storage media form a storage
hierarchy that includes two main categories: -
1. Primary storage This storage media can be operated on dirécthe CPU. It is fast but has

limited storage capacity.
2. Secondary storage It includes magnetic disks, tapes and drumsséhhave usually large

storage capacity, lower cost and provide sloweesgc
Storage of Databases Databases typically store large amounts of da&h must persist over

long periods of time. Most databases are storethgeently on disk secondary storage for the
following reasons:

1. Generally, databases are too large to fit entirelyain memory

2. Secondary memory is permanent

3. Costis less
Placing file records on disks

Record and its types Data is usually stored in the form of recorBlach record consists fo a

collection of related data values or items. Recaslsally describe entities, their attributes, and
their relationships. A collection of field namesdatheir corresponding data types constitutes a
record typeor record format definition.

File: - A file is a sequence of records. All recordsaifile should be of the same record type. If

every record in the file has exactly the same gize file is said to be made up of fixed-length

records. If different records in the file may haliferent sizes the file is made up of variable-

length record.

Fixed-length record- When every fields of a record occupy fixed meynsize that can not be

changed from record to record, is called fixed-tengecord. Main problem with this type of
record is that for some record memory will be wagiesome time memory will be overflow.

Variable-length record In this type of record, size of every field e changed according to

the data of that field. Therefore, length of eaatord may vary. As the field size is not fixed, so

a delimiter is used to mark the end of the field.



Record blocking- Block is the unit of data transfer between diskl memory. Records of a disk

file must be allocated to disk blocks. When thecklsize is larger than the record size, each
block may contain numerous records.

Suppose the block size is B bytes, record sizehgtBs (B>=R), we can fi bir :KB/RJ
records per block. The value bfr is called the kilog factor for the file. In general R may not
divide B exactly, so we have some unused spacadn lelock equal to B — ( bfr * R ) bytes.

If this unused space is less than the space esjtor a record, then, we can store one
part of a record in this space and remaining padnother block. A pointer should be placed in
the first block to refer to the block where the e#nmng part of the record is stored. This type of
organization of record is called spanr@danization. This is generally used with varidelegth
record. If we do not allow records to cross blodbutdaries, the organization is called
unspannedrThis is often used with fixed-length record.

Allocating file blocks on disk- There are several standard techniques for atilog the blocks

of a file on disk.
i) Contiguous allocation: - In contiguous allocatithe file blocks are allocated to consecutive
disk blocks. This make reading the whole file viast but make it difficult to expand the file.

i) Linked allocation - In this allocation each file block contains @rger to the next file block.

This makes it easy to expand the file but makeski to read the while file.

iii) Clusters allocation- It is the combination of above to allocatioh.allocates clusters of
consecutive disk blocks and the clusters are lirikgdther.

iv) Index allocation - In this allocation, one or more index blockst@n pointer to the actual

file blocks.

Operation on file- Different types of operation applied on a filee:

i) Find: - Search the first record satisfying arshacriterion.
ii) Read - Retrieve records

iii) Delete : - Remove existing record

iv) Modify: - Update some fields of one or moregsts

V) Insert: - Enter new record into the file.



OVERVIEW OF DATABASE MANAGEMENT SYSTEM

Database : A database is a collection of related data. Biadwe mean known facts that can be
recorded and that have implicit meaning. A datalhasethe following implicit properties
1. A database is a logically coherent collection dbdaith some inherent meaning.
2. A database is designed, built, and populated wath &r a specific purpose. It has an
intended group of users and some preconceivedcapipi in which these users are
interested.

3. A database represents some aspect of the real.world

A database can be of any size and of varying coxiipleA database may be generated
and maintained manually or by machine.

A database management system (DBMS) is a coltedfiprograms that enables users to
create and maintain a database. A DBMS is hencengrgl-purpose software system that
facilitates the processes of defining, constructamgd manipulating databases for various

applications. The database and software are tagedlied a database system.

Use of DBM S (Advantage of DBM S):-

1. Controlling Redundancy Redundancy means storing of same informatianuttiple time. It

leads to several problems like performing singlgidal update many times, wastage of memory
space and inconsistency. To avoid all such problenshould have a database design that stores
each logical data item in only one place in thedase.

2. Sharing of data- The DBMS must include concurrency control waite to ensure that

several users trying to update the same data o &controlled manner so that the result of the
updates is correct.

3. Restricting Unauthorized AccessWhen multiple users share a database, it éhithat some

users are not authorized to access all informatiadhe database. In addition some user may be
permitted only to retrieve data, whereas othersafiogved to both retrieve and update. Hence the
type of access operation can also be controlledBMS should provide a security and

authorization subsystem, which is used by the DBActeate account and specify account

restrictions.



5. Providing Multiple Interfaces Because many types of users, with varying texdini

knowledge, use a database, a DBMS should providariaty of user interfaces. The types of
interfaces include query languages for casual pgsmegramming language interfaces for
application programmers forms for parametric useenu-driven interfaces for native users and
natural language interfaces.

6. Representing Complex Relationships among :Datadatabase may include a variety of data

that are interrelated in many ways. A DBMS mustehthe capability to represent a variety of
complex relationships among the data as well astteeve and update related data in easy and
efficient manners.

A7. Enforcing Integrity Constraints Most database applications will have certaitegnty

constraints like data type of data item, uniquersessstraint of data item, relationship between
records of different file etc. These integrity coasts must be specified during the database
design.

8. Provide Backup and Recovery A DBMS must provide facilities for recoveringom

hardware or software failures. The backup and regosubsystem of the DBMS is responsible
for recovery.
DBMS users. - Many persons are involved in the design, use amaintenance of a large
database. Different types of DBMS users are:

1. Database Administrator(DBA): -

2. Database Designer

3. End users

Three-L evel architecture of DBMS: - The goal of the three-level architecture iséparate the

user applications and the physical database. fatahitecture, level or schema can be defined

at the following three levels
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Fig: Three level architecture of DBMS (ANSI/AIRC)

1. Internal Level: - The internal level has a internal schema, widescribes the physical

storage structre of the database. The internalnsghgses a physical data model and
describes the complete details of data storagaereks paths for the database.

2. Conceptual Level- The conceptual schema or level describes tietatre of the whole

database for a community of users. The conceptiie@nsa hides the4 details of physical
storage structures and concentrates on descrilitiiies, data types, relationships, user
operations and constraints.

3. External or view level- The external level includes a number of exteschemas or user

views. Each external schema describes the partbheofdatabase that a particular user
group is interested in and hides the rest of thabdese from the user group.

Data Independence: - Data independence can be defined as the cgpgacthange the schema

at one level of a database system without havingthémge the schema at the next higher level.
There are two types of data independence :
1. Logical data independencelt is the capacity to change the conceptuaksehwithout

having to change external schemas or applicatimgramme. We may change the



conceptual schema to expand the database, to chamgtraints, or to reduce the
database.
2. Physical data independencelt is the capacity to change the internal schemithout

having to change the conceptual schema. Hencegtternal schemas need not be
changed as well. Changes to the internal schemabmanyeeded because some physical

files had to be reorganized.

DBMS L anguages. - The DBMS must provide appropriate languages iatetfaces for each

category of users. Different types of DBMS langisagee:
1. Data Definition Language (DDL} It is used by the DBA and by database desigteers

define both schemas. The DBMS will have a DDL cderpivhose function is to process
DDL statements in order to identify descriptionstled schemas constructs and to store
the schema description in the DBMS catalog.

2. Data Manipulation Language (DML) Once the database schemas are compiled and the

database is populated with data, users must hawe sgeans to manipulate the database.
Typical manipulations include retrieval, insertialgletion and modification of
3. the data. The DBMS provides a set of operationsaolanguage called the data

manipulation language (DML) for these purposes.

Traditional Data Models: - A data model is a set of concepts that candsel o describe the

structure of database. By structure of a databasemean the data types, relationships, and
constraints that should hold on the data. Most datdels also include a set of operations for
specifying retrievals and updates on the dataldds&e are three different types of data model

a) Relational b) Hierarchical c) Network

Relational Data Model- The Relational Data Model represents a databasa collection of

tables, which consist of rows and columns. In retatl database terminology, a row is called a
tuple, a column name is called an attribute andeta® called a relation. Most relational
databases have high-level query languages and guplimited form of user views.

Hierarchical Data Model- In the hierarchical model there are two mainadatructuring

concepts : records and parent-child relationshipcdrds of the same type are grouped into



record types. A parent-child relationship type (PGRe) is a 1:N relationship between two
record types. The record type on the 1-side i®ddhe parent record type and the one on the N-
side is called the child record type of the PCRetyproperties of a Hierarchical schema are
a) One record type, called the root of the hierardhschema, does not participate as a
child record type in any PCR type.
b) Every record type except the root participates abil record type in exactly one
PCR type
c) A record type can participate as parent record ty@say number of PCR types
d) A record type that does not participate as pamurd type in any PCR type is called
a leaf of the hierarchical schema
If a record type participates as parent in mora thrae PCR type, then its child record types are

ordered. The order is displayed, by conventiomfteft to right in a hierarchical diagram.

Entity Relationship Model (ER Model) At the present time, the ER model is used

mainly during the process of database design.

1. Entities - The basic object that the ER model represasnas ientity, which is a “thing” in the
real world with an independent existence. An entitgy be an object with a physical
existence — a particular person, car etc, or it f@yn object with a conceptual existence
like a company, a job or a university course etc.

2. Weak Entity - Some entity may not have any key attributeshefr own. This implies that
we may not be able to distinguish between soméiesithecause the combinations of values
of their attributes can be identical. Such ensitgalled weak entity. Weak entity is identified
by being related to specific entities from anotbkatity type in combination with some of
their attribute values. Weak entity always hastal tparticipation constraint with respect to
its identifying relationship. Weak Entity type hagartial key, which is the set of attributes
that can uniquely identify weak entities relatedite same owner entity.

3. Attribute: - Each entity has particular properties calledkaites that describe it. For example
a student entity may be described by RolINo, Na@iass, Address etc. Different types of
attributes are

a) Composite Attribute- An attribute, which is composed of more badtdlautes, is called

composed attribute. For example Address attriblisestudent.



b) Atomic Attribute - The attributes that are not divisible are ahlmple or atomic

attributes. For example RollNo attribute of a stude

c) Single-valued Attribute- Most attributes have a single value for a patéir entity, such

attributes are called single-valued attribute. &ample Date_of Birth attribute of a person.

d) Multivalued Attribute - The attribute, which has a set of values fag same entity is

called multivalued attribute. A multivalued attribumay have lower and upper bounds on
the number of values for an individual entity. lEaample Subject attribute of a student.

e) Derived Attribute- In some cases two or more attribute valueseeted. The value of

one attribute has to be calculated from the vafuenother attribute. Such type of attribute is
called derived attribute. For example Age attribaftea person can be calculated from current
date and his date of birth.

f) Key Attribute - An entity type usually has an attribute whoséues are distinct for each
individual entity. Such an attribute is called ay katribute and its values can be used to
identify each entity uniquely. Sometimes severaillattes together can form a key, meaning
that the combination of the attribute values mstistinct for each individual entity. Some
entity types have more than one key attribute.his tase, each of the keys is called a
candidate keyWhen a relation schema has several candidate Kegschoice of one to
become primary keis arbitrary, however, it is usually better to oke a primary key with a

single attribute or a small number of attributes.

3. Degree of a Relationship Typ&he degree of a relationship type is the numder o

participating entity types. A relationship typeds#gree two is called binary and of degree three

is called ternary.

4. Constraints on Relationship TypeShere are two types of constraints on relatiims

types.
a) Cardinality Ratio- The cardinality ratio constraints specify thember of relationship

instances that an entity can participate in. Defgrratios are 1:1 1:N and M: N

b) Participation constraint Participation constraint specifies whether ehéstence of an

entity on its being related to another entity \ha telationship type. There are two types of



participation constraints, total and partial.

Relational Algebra: - Relational algebra is a collection of operationsrelation. Each operation

takes one or more relations as its operand andupesdanother relation as its result. These
operations are used to select tuples from inditidelations and to combine related tuples from
several relations for the purpose of specifyingueryg, a retrieval request, on the database.

Different types of operation in relational algelra

1. SELECT operatian The algebraic SELECT operator yields a horiabstbset of a
fiven relation that is subset of tuples for whickpeecified predicates is specified. The predicate
is expressed as a Boolean combination of termd$ &am being a simple comparison that can
be established as tru or false for a given tupleabyecting that tuple in isolation.

The SELECT operator is unary that is it is applen a single relation. Hence
SELECT cannot be used to select tuples from mae tne relation. The number of tuples in
the resulting relation is always less that or eqoidhe number of tuples in the original relation.

2. PROJECT operation The PROJECT operator yields a vertical sub$ed given
relation, that is that subset obtained by selecsipgcified attribute in a specified left to right

order and then eliminating duplicate tuples witthia attributes selected. The number of tuples in
a relation resulting from a PROJECT operation Wlles than or equal to the number of tuples
in the original relation.

3. JOIN- The JOIN operation is used to combine relatgdesifrom two relations into
single tuples. The result of the JOIN operatiora ieelation Q with m+n attributes that is m
attributes from first relation and n attributesnfr@another relation. The tuples in the relation
resulting from a JOIN operation are those, whicll satisfy the condition given in the join
operation. Different types of JOIN operation are :

a) Theta join - A join condition is of the form
<Condition> AND <condition> AND.......... AND <condition>where each
condition is of the form A8 B;. A is an attribute of R. Bs an attribute of S, /And B

has the same domain afids one of the comparison operators { =, <, <=,>=, #}. A



join operation with such a general join conditisrcalled a theta join.

b) Equi Join - The most common join operation involves joimdiion with equality
comparisons only. Such a join where only comparigparator used is equal sign is called an
Equijoin. The relation produced by Equijoin, containe or more pairs of attributes that have
identical values in every tuple because the equ@in condition is specified on these two
attributes.

c) Natural join - It is basically an equijoin but it eliminatdsetduplicate attribute in the
result. It is denoted by *.

d) Outer join - Generally Join operation select all the tugtes the two relation which
will satisfy the join condition. But outer join issed to keep all tuples in R or S or both in the
result, whether or not they have matching tuplethe other relation. Different types of outer
joins are

i) Left outer join - The left outer join operation keeps every tspie the first or left

relation R in R S. If no matching tuple aifd in S, then the attributes of S in the

result are filled with null values.

i) Right outer join- Right outer join( ) keeps every tuple ireteecond or right

relations S in the result of R~ S.

iii) Full outer join- The full outer join( ) keeps all tuples ioth the left and right

relations when no matching tuples are found, agsigiinem with null values as needed.
e) SET operatian Set operations are the standard mathematicahtpe on sets. They apply to
the relational model because a relation is deftodake a set of tuples and they are used whenever
we process the tuples in two relation as setsofgetations are binary that is they are applied to
two sets. The two relation on which these operatiare applied, must be union compatib le.
Union compatible means the two relation must h&aeesame type of tuples. There are three set
operations :

1) UNION: - The union of two relations A and B, A UNION B the set of all tuples t
belonging to either A or B (or both). Duplicate legpare eliminated

i) INTERSECTION - The intersection of two relations A and B, ATRRSECTION B,
is the set of all tuples t belonging to both A @&d

iii) DIFFERENCE - The difference between two relations A and BYINUS B, is the

set of all tuples t belonging to A and not to B




iv) Cartesian Product Cartesian product is a binary set operationtbatrelations on

which it is applied do not have to be union conigati This operation is used to combine tuples
from two relations so that related tuples can bentified. In general, the result of
R(AL1,A2,....... An) X (B1, B2....... Bm) is the relation Q thi (n+m) attributes Q(A1,
A2....... An, B1, B2....... Bm) in that order. The resultimglation Q has one tuple for each
combination of tuples one from R and one from S Tartesian product creates tuples with the
combined attributes of two relations. We can sebety related tuples from the two relations by
specifying an appropriate selection condition.

Structured Query Language (SQL)SQL is a comprehensive database language;sit ha

statements for data definition, query, and upddénce, it is both a DDL and DML. It is a very

powerful language in the sense that most of theadipas in RDBMS can be performed using
SQL. An important feature of SQL is that it is anqarocedural language. In a non-procedural
language, we have to describe what to do ratherhbav to do.

Advantage of SO1.-

Data types in SQIL-

Data Type Specification Description

Char CHAR (size) Char data, size if specified imber

Varchar VARCHAR(size) Same as above

Date DATE Used for specifying dates

Number NUMBER Used to specify numeric data, NUMBE&RE) or NUMBER(size, ded
number with digits equal to specified size.

Integer INTEGER Same as number but without decaigit

Raw RAW(size) Raw binary data

Longraw | LONG RAW Raw large binary data

Blob, Clob Large binary and character data

N



Bfile External files

Different SQL commands are: -
1. CREATE TABLE command This command is used to specify a new relatipmiving it a

name and specifying each of its attributes. Eatlbate is given a name, a data type to specify

its domain of values, and some constraints onfttinéwe. The syntax is

CREATE TABLE tablename (attributenamatatlype constraint,
attributename datatype constraint,

for example we can create a student table as fellow
create table student ( Roll  number(3) primaay,
name varchar(30) not null,
class varchar (10));
2. DROP TABLE command We can delete the table or relation and itsnitedn using the
DROP TABLE comand

DROP TABLE tablename ;

We can drop the student table as DROP TABLE student

3.ALTER TABLE command- To add attributes to an existing relation, va aise ALTER
TABLE command.
ALTER TABLE tablename ADD attributename datatype

We can add an extra attribute RESULT to the stutédi¢ as follows:
ALTER TABLE student ADD result varchar(10) ;

4. INSERT command INSERT command is used to add a single recotdpe to a relation. If

we want to insert record consisting of values battibutes then no need to specify the attribute

name, otherwise specify the name of those attrédiaiewhich we want to insert values.




INSERT INTO tablename VALUES( valuel, value2, ...\alue n)

Or
INSERT INTO tablename(attributel, attribute2,........ ttribute  n)
VALUES(valuel, valuez,......... value n)

For example add a new record in student table
INSERT INTO student VALUES(1, “AAAA”, “B.Sc. T Year”, “1% class”);

5. DELETE command- The DELETE command removes tuples from a mhatit includes a

where-clause, to select the tuples to be deletegle$ are deleted from only one table at a time.

A missing where-clause specifies that all tuplethenrelation are to be deleted.
DELETE FROM tablename
Or

DELETE FROM tablename WHERE expression;

Example DELETE FROM student
Or DELETE FROM student WHERE roll = 2;

UPDATE command- The UPDATE command is used to modify attribvidues of one or more

selected tuples. Where-clause can be used to gpeeftuples to be modified from a single

relation. The syntax is

UPDATE tablename
SET attributename= value
WHERE expression ;

UPDATE student SET result =class” WHERE roll = 3 ;

SQL Operators and their precedenc&QL operators are used to perform some funsttbat




would have been possible only with SQL. The opesatre of various types such as value
operator, logical operator.
1. Value operator-
a) Operator () - Itis used to override normal precedence rule.
b) Operator +, - - It is used to give sign for a number exprassio
c) Operator *, /< Multiplication and Division
d) Operator +, - Addition and Subtraction.
e) Operator | |-:=Concatenation character expression.
2. Logical operator : -
a) Operator () : - Used for overriding normal preasxzierule.
b) Operator = :- Tests for equality
c) Operator != or < > : - Tests for inequality
d) Operator >=, >, <, <=: - Compares two values
e) BETWEEN : - Tests whether a certain value fallsMeetn two given values
f) IN: - Tests the membership of an element in a set
g) NOT IN :- Complement of IN.
h) ANY :- Compares a value with each value in a set gturns true if any value is
compared according to given condition.
i) ALL :- Compares a value with every value in the artl returns true if the given
condition is satisfied for every value.
J) EXISTS :- Tests whether a subquery returns at leastrow. It is tru if it returns at
least one row, otherwise it is false.
k) NOT EXISTS :- Reverse of exists.
[) LIKE :- Used in pattern matching
m) NOT LIKE :- Reverse of Like

n) 1S NULL : - Tests whether the value of column idlnu
0) IS NOT NULL :- Revere of Is Null
p) AND :- Combines two logical conditions. Returnsetitiboth condition are true

g) OR :- Combines two logical conditions. Returns tifteny of them is true.



r) NOT :- Reveres a result of logical expression

Build-in-Functions-

a) COUNT:- The COUNT function returns the number gflas or values specified in a
query.

b) SUM:- The SUM function return summation of the sped attribute’s value

c) MAX:- The MAX function return maximum value of tispecified attribute

d) MIN:- The MIN function return minimum value of tlepecified attribute

e) AVG:- The AVG function return average value of gpecified attribute

Embedded SQL- SQL can also be used in conjunction with a galRgurpose programming

language such as PASCAL, COBOL etc. The programitainguage is called the host language.
Any SQL statement can be embedded in a host laeguagram. The embedded SQL statement
is distinguished from programming language statésby prefixing it with a special character
or command so that a preprocessor can separatenthedded SQL statement from the host
language code.

In general, different systems follow different gentions for embedding SQL statements.
Within an embedded SQL command, we may refer tgnarame variables, which are prefixed
by a “%” sign. This allows program variables andatbase schema objects, such as attributes

and relations, to have the same names without eatygaity.

Integrity Constraints- Intetrity constraints are specified on a dasgbachema and are

expected to hold on every database instance ofstttema. There are three types of integrity
constraints :
i) Key Constraint- Key constraints specify the candidate keysaaherelation schema.
Candidate key values must be unique for every tupkny relation instance of that
relation schema.

i) Entity Integrity Constraint- The entity integrity constraint states thatpromary key

value can be null

iii) Referential Integrity Constraint It is a constraint that is specified betweero tw

relations and is used to maintain the consistemegng tuples of the two relations.



Informally, the referential integrity constrainagts that a tuple in one relation that

refers to another relation must refer to an exgstuple in that relation.

Functional Dependency(BD- A functional dependency is a constraint betwsem sets of

attributes from the database. A functional depeagetenoted by X Y, between two sets of
attributes X and Y that are subsets of R spec#iesnstraint on the possible tuples that can form
a relation instance r of R. The constraint statas for any two tuples t1 and t2 in such that t1[X]
= t2[X], we must also have t1[Y] = t2[Y]. Thieseans that the values of the Y component of a
tuple in r depend on, or are determined by theeshf the X component or, alternatively, the
values of the X component of a tuple uniquely daiee the values of the Y component. We
also say that there is a functional dependency amm Y or that Y is functionally dependent on
X.

Normal forms - Normalization of data can be looked on as acese during which

unsatisfactory relation schemas are decomposedeéking up their attributes into smaller
relation schemas that posses desirable properties.

i. First Normal Form(1NF): - The first normal form is defined to disal multivalued

attributes, composite attributes and their comimnat The only attribute values permitted by
1INF are single atomic values. For example

STUDENT (Rollno, Name, Subject, Address).

In the STUDENT relation Subject attribute is mealued attribute and Address is
composite attribute. So this relation is not untéF. We decompose it according to the 1NF.
R (Roling Name, Dist, State, Vill, Pin) S (RollnBubject)

STUDENT

R(Rollng Name, Dist, State, Vill, Pin) S(Rollnaytsec)

ii. Second Normal For(@NF): - The second normal form is based on the conckpt fall

functional dependency. A functional dependency X Y is a full functional dependency if



removal of any attribute A from X means that th@etedency does not hold any more, that is,
for any attribute A0 X. A functional dependency X Y is a partiapeadency if there is some
attribute AJ X that can be removed from X and the dependentystil hold.

A relation schema R is in 2NF if every nonprimgiltites A in R is fully functionally
dependent on the primary key of R. For example:

PARTS (PartNo, SupplyNo, PartName, SupplyName).Qty

In this PARTS table F1, F2, F3 functional depengdmad. Now if we remove PartNo attribute
from PARTS then the functional dependencies F1 BBidwill not hold. Again if we remove
SupplyNo attribute from PARTS then the functionepdndencies F2 and F3 will not hold. That
means if we remove any attribute either PartNo @ppB/No the functional dependency F3
certainly will not hold. So F3 is the full functiahdependency and F1 & F2 are partial functional
dependency. If the table has partial functionaletelency then that table is not under 2NF. So
we decompose it into three tables as follows

R (PartNg PartName) S (SupplyN&upplyName) T(PartNo, SupplyNQty)

PARTS
R(PartNoPartName) S(SupplyN&upplyName) T(PartNo, SupplyNQty)

i) Third Normal Form (3NF - The third normal form is based on the concep tfansitive

dependency. A functional dependency X Yaimelation schema R is a transitive
dependency if there is a set of attributes Z thabt a subset of any key of R, and both X Z
and Z Y hold.

A relation is in 3NF if it is in 2NF and no nonpe attribute of R is transitively

dependent on the primary key. For example

EMPLOYEE (EmpCodeEmpName, Salary DeptCode DeptName DeptLocation)



In this relation EmpCode can determine the valuErapName, Salary and DeptCode. So these
three attributes are depending on EmpCode. On tier thand DeptCode can determine the
value of the attributes DeptName and DeptLocaten.both the attributes are depending on
DeptCode but DeptCode is not a primary key. Thaameesome nonprime attribute (DeptName,
DeptLocation) are depending on another nonprimebate (DeptCode) and that non prime
attribute is depending on primary key (EmpCode)sTalation is transitive dependency, so it is

not under 3NF. We decompose it as follows:

R (EmpCodeEmpName Salary DeptCode) S (DeptCodptName DeptLocation)
EMPLOYEE

R (EmpCodeEmpname Salary DeptCode) S (DeptCode DeptName

DeptLocation)

iv. Boyce Code Normal Form (BCNF) A relation is in BCNF if whenever a functional
dependency X A holds in R the X is sufy of R.

Multivalued Dependency If we have two or more multi valued independatitibutes in

the same relation schema, we get into a probletmaging to repeat every value of one of the
attributes with every value of the other attribtdgekeep the instances consistent. This constraint
is specified by a multi valued dependency. For gdlam COURSE(C_id Subject Teacher)
Here C_id is a single valued attribute. Subjeat @eacher attributes are multi valued
attributes because under one course many subjectramy teacher are there. Subject and
Teacher attributes are independent of each otheddpending on C_id (primary key). So multi

valued dependency exist in this relation.

Back up and Recovery: - A DBMS must provide facilities for recoveringoim hardware or

software failures. The backup and recovery subsystethe DBMS is responsible for recovery.
For example, if the computer system fails in theldte of a complex update transaction, the
recovery subsystem is responsible for making swatthe database is restored to the state it was

in before the transaction started executing. Aligwely, the recovery subsystem cou8ld ensure



that the transaction is resumed from the pointldativit was interrupted so that its full effect is

recorded in the database.

Hardware protection and redundancy: -

Transaction: - A transaction is an atomic unit of work thateisher completed in its entirety or
not done at all. A transaction has the followiragsts :

1. BEGIN_TRANSACTION: - This marks the beginningtcdnsaction execution.

2. READ OR WRITE: - These specify read or write igp@ns on the database items that are
executed as part of a transaction.

3. END_TRANSACTION: - This specifies that READ orRME transaction operations have
ended and marks the end of transaction execution.

4. COMMIT_TRANSACTION: This signals a successfuldeaf the transaction so that any
changeds executed by the transaction can be sadeiynitted to the database and will not be
undone.

5. ROLLBACK (OR ABORT): - This signals that the tisaction has ended unsuccessfully, so

that any changes or effects that the transactionhraae applied to the database must be undone.

Transaction logs (System logs): - To be able to recover from failures that affeansactions,

the system maintains a log to keep track of aligaation operations that affect the values of



database items. This information may be neede@imip recovery from failure. The log is kept
on disk, so it is not affected by any type of fesllexcept for disk. In addition, the log is
periodically backed up to archival storage ro guagdinst catastrophic failure. Each entries in
the log is called log records. Different typesayg records are:
1. [start_transaction T ] : indicate that transatf{l has started execution.
2. [ write-item, T, X, old_value, new_value ]: ledies that transaction T has
changed the value of database item X from old_vedueew_value.
3. [read_item, T, X ] : Indicates that transactiohas read the value of database
item X.
4. [ commit, T ] : Indicates that transaction T fwasnpleted successfully, and

affirms that its effect can be committed to theatiake.

ol

. [abort, T ] : Indicates that transaction T basn aborted.

Database failure and recovery : - Whenever a transaction is submitted to a DBfS

execution, the system is responsible for making theit either

1. all the operations in the transaction are cetapl successfully and effect is recorded
permanently in the database, OR

2. the transaction has no effect whatsoever ondtitaebase. This may happen if a
transaction fails after executing some of its opens.
Types of failures: - Failures are generally clasdifis transaction, system and media failures.

1. A computer failureA hardware, software or network error occurs ha tomputer

system during transaction execution.
2. A transaction or system err@@ome operation in the transaction may cause fiitp

such as integer overflow or division by zero.
3. Local errors or exception conditions detectgdhe transactionDuring transaction

execution, certain conditions may occur that netasscancellation of the transaction.

4. Concurrency control enforcementThe concurrency control method may decide to

abort the transaction, to be restarted later.

5. Disk failure - Some disk blocks may lose their data becausa ofad or write
malfunction or because of disk read/write headfcras

6. Physical problems and catastroph€lis refers to an endless list of problem that




includes power or air conditioning failure, firageft etc.

Recovery technique Different recovery techniques are

1. Recovery techniques based on Deferred upddtiee idea behind deferred update techniques

is to defer or postpone any actual updates to #iebdse until the transaction completes its
execution successfully and reaches it commit p&uating transaction execution, the updates are
recorded inly in the log. After the transactionateas its commit point and the log is force-
written to disk, the update are recorded in thalaade. If the transaction fails before reaching its
commit point, there is no need to undo any opematio

2. Recovery technigues based on Immediate upddtethese techniques, when a transaction

issues an update command, the database can bedpaabediately without any need to wait
for the transaction to reach its commit point. Tungdate operation is recorded in the log.
Provision must be made for undoing the effect afaip operations that have been applied to the
database by a failed transaction.

3. Shadow paging Shadow paging considers the database to be omdéa number of fixed-

size disk page for recovery purposes. A directergnaintained to keep the information of each
page. When a transaction begins executing, theemmudirectory — whose entries point to the
most recent or current database pages is copiecishadow directory. The shadow directory is
then saved on disk while the current directorysisdiby the transaction.

During transaction execution, the shadow direcismnever modified. When a write_item
operation is performed, a new copy of the modifiatebase is created, but the old copy of the
page is not overwritten. Instead, the new pagerigen elsewhere on unused disk block. The
current directory entry is modified to point to thew disk page where as shadow directory is not
modified and continues to point to the old unmadifdisk page.

If the transaction completes successfully therdstvapage directory is deleted to make
the update permanent in the database. If the whosafails to complete then the current
directory is deleted and shadow page directoryoissitlered as current directory to bring the
database to the previous stage of the executitimedfansaction.

Security importance of data security : -Different issues of database security are :

1. Legal and ethical issues regarding the righddoess certain information. Some information
may be deemed to be private and cannot be acclegsgly by unauthorized persons.

2. Policy issues at the governmental, institutipral corporate level as to what kinds of



information should not be made publicly available.

3. System-related issues such as the system latalich various security functions should be
enforced.

4. The need in some organizations to identify rpldtsecurity levels and to categorize the data
and users based on these classification.

Database security and the DBA Database administrator (DBA) is the centralhauty for

managing a database system. The DBA'’s respongbilinclude granting privileges to users
who need to use the system and classifying usefslata in accordance with the policy of the
organization. The DBA has a DBA account in the DBM8metime called a system or super
user account. DBA privileged commands include comasdor granting and revoking privileges
to individual accounts, users, or user groups angérforming the following types of actions:

1. Account creationThis action creates a new account and passward feser or a group of

users to enables access to the DBMS

2. Privilege grantingThis action permits the DBA to grant certain pages to certain accounts.

3. Privilege revocatianThis action permits the DBA to revoke (canceljtai® privileges that

were previously given to certain accounts.

4. Security level assignmentBhis action consists of assigning user accountbe appropriate

security classification level.

Protecting data in the database: -

Granting and revoking privileges

Questions:

Q: What are the functions of transaction?og

A: The main function of transaction log is to keerck of all transaction operation that affect
the values of database items. The information maynbeded to recover from transaction
failures.

Q: What is database recovery? What is meant byawhand back ward recovery.

A: Database recovery means getting the originahliete back after any type of hardware or

software failure.



Q: Difference between authorization and authentinat

Authenticationverifies who you are. For e.g. login to a systeraaess mail.

Authorizationverifies what you are authorized to do. For eau gre allowed to login but you
are not authorized to browser / or any other filgtam.

Authorization occurs after successful authenticatiduthorization can be controlled at
file system level or using various application lesenfiguration options.

Usually the connection attempt must be both auitetedd and authorized by the system.
You can easily find out why connection attempts @tker accepted or denied with the help of
these two factors.

Q: What types of problem may arise if relationsrasenormalized

A: The problems are:
1. Redundancy can not be reduced
2. inconsistency will exist
3. memory will be wasted
4

. updating need many time

Q: What do you mean by transaction recovery?
A:

Q: What are the characteristics of the transaction?

A: The characteristics of a transaction are:

« Atomicity. A transaction must be an atomic unit of work (aithk of its data
modifications are performed, or none of them igqrened).

- Consistency. When completed, a transaction must leave all dadacionsistent state.

« Isolation. Modifications made by concurrent transactions rbesisolated from the
modifications made by any other concurrent trangast A transaction either sees data in
the state it was in before another concurrent &etien modified it or it sees the data
after the second transaction has completed, lolateis not see an intermediate state.

- Durability. After a transaction has completed, its effectsparenanently in place in the
system. The modifications persist even in the ewéatsystem failure.



Q: Describe the three-tier ANSI-SPARC ARCHITECTURIE DATABASE SYSTEM. Write
its advantage.

A:
External Level External View 1 External View 1
Conceptual Level Conceptual Schema
A
A\ 4
Internal Level Internal Schema

Stored Database @ @ @

Fig: Three level architecture of DBMS (ANSI-SPARC)

4. Internal Level: - The internal level has a internal schema, Wwidescribes the physical
storage structre of the database. The internalnsghgses a physical data model and
describes the complete details of data storagaereks paths for the database.

5. Conceptual Level- The conceptual schema or level describes tletste of the whole

database for a community of users. The conceptli@nsa hides the4 details of physical
storage structures and concentrates on descrilitiiies, data types, relationships, user
operations and constraints.

6. External or view level- The external level includes a number of exteschemas or user

views. Each external schema describes the parbheofdatabase that a particular user

group is interested in and hides the rest of thabdese from the user group.



Q: Show that if a relation schema is in BCNF, tlieég also in 3NF

A: According to 3NF every non-prime attribute ofrelation is non-transitively dependent
directly dependent on every key of that table.

According to BCNF a table is in BCNF if and only fbr every one of its non-trivial
functional dependencies % Y, X is a superkey—that is, X is either a candid&ey or a
superset thereof.

From both the definition it is clear that when datien is in BCNF, all non prime
attributes are directly depending on key attribatsuper key, which is indirectly following rule

of 3NF. So when a relation is in BCNF we can say this also in 3NF.



