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Databases

B A databaseis a collection of persistent data shared by a number of
applications.

B Databases hawe been founded on the concept of data
independence: Applications should not have to know the
organization of the data or the access strategy employed
O Need query processing facility, which generates automatically

an access plan, given a query

B Databases also founded on the concept of data sharing:
Applications should be able to work on the same data concurrently,
without knowing of each others’ existence.

O Database procedures defined in terms of atomic operations called
transactions

©2003 John Database Design -- 1

© 2003 John Database Design -- 2

Information Systems Analysis and Design csca40

Conventional Files vs Databases
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Database Concepts

B Data model -- defines a set of data structures along with associated
operations, for building and accessing a database
Advantages -- Good for data v e.g., the relatonal model offers relations (tables) as data
. integration; allow for more flexible structure for building a database
;ges . ready exist| I (YR GEEAE) W Database management system (DBMS) -- generic tool for building,
vantages -- many aiready exist, accessing, updating and managing a database
good for simple applications; very NS EHIER S T RGOS .
efficient drawbacks in a centralized facility v E.g., Oracle, DB2, Access,... are all relational DBMSs
_ o B Database schema -- describes the types and structure of the data
Disadvantages -- data duplication; stored in the database; consists of one or more relation schemas
hard to evolve; hard to build for v E.q. Enl oyee( enpé. name. addr . sal . dept . mmar
complex applications .g., Enpl oyee(enp#, , , sal , dept, rmgr)
B Transaction -- an atomic operation on a database; looks like a
procedure but has different semantics: when called, it either
The future is with databases! completes its execution, or aborts and undoes all changes it made to
- the database.
v E.g., Transf er Funds(f romAcct #, t oAcct #, anount , dat e)
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Database Management Systems
Types of Databases

®m Conventional data bases -- (relational, network, hierarchical) consist
of records of many different record types (database looks like a
collection of files)

W Object-Oriented databases -- database consists of objects (and
possibly associated programs); database schema consists of classes
(which can be objects too).

® Multimedia databases -- database can store formatted data (.e.,
records) but also text, pictures,

= Active databases -- database includes event-condition-action rules

Deductive databases* -- like large Prolog programs

Hypertext databases -- store and access efficiently HTML/XML

documents; provide navigational facilities through a database, so that

a user can retrieve and/or browse.

* - not available commercially

DML -- data manipulation
language

DDL -- data definition
language (allows definition of
database schema)

4GL -- fourth generation
language, useful for
declarative query processing,
report generation, ...

DBMS

Database
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The Hierarchical Data Model

B Database consists of hierarchical record structures ; a field may
hawe as value a list of records; every record has at most one
parent

Book

War & Peace | $8.99 ‘I

~- parent

b

b
Jan 28, 1994 | [ Feb 24, 1994 ||
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The Network Data Model

B A database now consists of records with pointers (links) to other
records. Offers a navigational view of a database.

Customer
1:n link .
cycles of links are allowed
Order

Ordered Sales
Part P gart I ¢ History

Region
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The Relational Data Model Comparing Data Models
m A database now consists of sets of records or (equivalently) sets B The oldest DBMSs were hierarchical, dating back to the mid-60s. IMS

of tuples (relations) or (equivalently) tables; no links allowed in the
database.

B Every tuple is an element of exactly one relation and is identified
uniquely bya primary ke

antity

(IBM product) is the most popular among them. Many old databases are
hierarchical.

The network data model came next (early ‘70s). At the time of its
proposal, it was viewed as a breakthrough. It emphasized the role of the
database programmer as “navigator”, chasing links (pointers, actually)
around a database.

® But, the network model was found to be in many respects too
implementation-oriented, not insulating sufficiently the programmer from
implementation features of network DBMSs.

The relational model is the most recent arrival (early ‘80s) and it has
taken over the database market. Relational databases are considered
simpler than their hierarchical and network cousins because they don’t
allow any links/pointers (which are necessarily implementation-

dependent).
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Designing a Database Schema

Relational
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(Relational) Database Design

B The aim of database design is to construct a relational schema that
correctly and efficiently represents all of the information described by a
class or Entity-Relationship diagram (or ‘schema’) produced during
requirements analysis.

® From now, we'll only talk about transforming an E-R schema into a
relational schema. Most of the transformation process applies for class
diagrams as well.

B This is not just a simple translation from one model to another for two
main reasons:

v notall the constructs of the Entity-Relationship model can be translated
naturally into the relational model;

v the schema must be restructured in such a way as to make the
execution of the projected operations as efficient as possible.
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Logical design .
Design

Process

Restructuring of
the E-R schema

Restructed E-R schema

Translation to a
logical schema
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Logical Design Steps

Itis helpful to divide the logical design into two steps:

B Restructuring of the Entity-Relationship schema , based on criteria
for the optimization of the schema and the simplification of the
following step;

B Translation into the logical model , based on the features of the
logical model (in our case, the relational model).

Legical schema
-
Integrity Logical Suppart
constraints  schema umen-
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Performance Analysis

B An ER schema can be restructured to optimize two parameters:

v Cost of an operation (evaluated in terms of the number of
occurrences of entities and relationships that are visited during the
execution of an operation on the database);

v’ Storage requ irements (evaluated in terms of number of bytes
necessary to store the data described by the schema).

B |n order to study these parameters, we need to know:

v Projected volume of data;

v Projected operation characteristics.

Cost Model

B The cost of an operation is measured in terms of the number of disk
accesses required. A disk access is, generally orders of magnitude
more expensive than in-memory accesses, or CPU operations.

W For a coarse estimate of cost, we will assume that
v a Read operation (for one tuple) requires 1 disk access
v A Write operation (for one tuple) requires 2 disk accesses (read
from disk, change, write back to disk)
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Employee-Department Example

ReleaseDare
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Typical Operations

Operation 1: Assign an employee to a project.

Operation 2: Find the record of an employee, including the
department where she works, and the projects she works for.
Operation 3: Find the records of all employees for a given department.

Operation 4: For each branch, retrie\e its departments, and for each
department, retrieve the last names of their managers, and the list of
their employees.

Note: For class diagrams, these would be operations associated with
database classes.
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Tables of Volumes and Operations

The volume of data and the general characteristics of the operations can be
summed up using two special tables.

Information Systems Analysis and Design csca40

Navigation Schema for Operation 2

A navigation schema starts from the inputs to an operation and moves
(via arrows) towards its outputs.

Table of vol Sanel
able of volumes "o T —_—
Concept Type | Volume Table of i s”mme_ o o S~ a1
Branch E 10 -av'e of operations SalaryCr—— EMPLOYEE | < Mivmersuip | DEPARTMENT |
Department E 80 Operation Type | Frequency AT — — L I
Employee E 2000 Operation 1 1 50 per day ___.lﬁ\-Nl o]
Project E 500 Operation 2 | 100 per day & . SartDate
Composition R 80 Operat!on 3 1 10 per day ‘_‘_'_‘_"”“‘_1_ 2 SO
Membership R 1900 Operation 4 B 2 per day
Management R 80 Name@. _tl.l‘-lr :
Participation R 6000 | - Interactive Budget —— PROJECT
mi |
B - Batch ReleaseDate
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schema load
Table of Accesses Restructuring of the E-R schema Analvsi
This table evaluates the cost of an operation, using the table of volumes - na ySIS
and the navigation schema. Dabypis of Steps
1
Operation 2 | F,?!‘,';",:’,’:‘m,
Concept Type A Type T
Employee Entity R T
Membership |Relationship 1 R Pa ‘
Department Entity R artitloningmerging of
Participation | Relationship ( 3 R
Project Entity 3 R
Type: R - Read. W - Write, ,..i,E.;‘,s;:gz",.,?L,,
Average # of participations and RW - Read&Write
projects per employee ﬁ'—
l\EnPEmclurtd
~K schema
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Analysis of Redundancies

B A redundancy in a conceptual schema corresponds to a piece of
information that can be derived (that is, obtained through a series of
retrieval operations) from other data in the database.

B An Entity-Relationship schema can contain various forms of
redundancy.

©2003 John Mylopoulos
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Examples of Redundancies
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Deciding About Redundancies

B The presence of a redundancy in a database maybe

v’ an advantage: a reduction in the number of accesses necessary to
obtain the derived information;

v’ a disadvan tage: because of larger storage requirements, (but, usually
at negligible cost) and the necessity to carry out additi onal
operations in order to keep the derived data consistent

B The decision to maintain or delete a redundancy is made by comparing the
cost of operations that involve the redundant information and the storage
needed, in the case of presence or absence of redundancy.
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Cost Comparison: An Example

MNumberOf
Inhbilams

In this schema the attribute Number Ofl nhabitants is
redundant.
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Load and Operations for the Example

Information Systems Analysis and Design csca40

Table of Accesses, with Redundancy

Table of volumes . Operation 1
Table of operations
Concept Type [ Volume o] - T Concept Type Accesses| Type
Town E 500 p ype | Frequency P Ent 1 1w
Gperation 1 T {500 per da erson ntity
Person E 1000000 perafl Y Residence | Relationship 1 w
Residence R | 1000000 Operation 2 ! 2 per day Town Entity 1 w
B Operation 1: add a new person with the person’s town of residence. Operation 2
®m Operation 2 : print all the data of a town (including the number of [ Concept [ Type TA [ Type ]
inhabitants). [ Town | Entity | T [ R |
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Table of Accesses, without
Redundancy

Operation 1
Concept Type Accesses | Type
Person Entity 1 w
Residence | Relationship 1 W
Operation 2
Concept Type Accesses | Type
Town Entity 1 R
Residence | Relationship 5000 R
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Comparing the Cost of Operations

B Presence of redundancy:

v' Operation 1: 1,500 write accesses per day;

v' The cost of operation 2 is almost negligible;

v Counting twice the wiite accesses, we hawe a total of 3,000
accesses a day.

B Absence of redundancy.

v' Operation 1: 1,000 write accesses per day;

v Operation 2 howe\er requires a total of 10,000 read accesses per
day,

v Counting twice the write accesses, we hawe a total of 12,000

accesses per day.

Redundant data can improve performance, sometimes !
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Removing Generalizations

Information Systems Analysis and Design Option 1 csca40

6% )”,T
g [—<

Naote!

) ) ) Possible
B The relational model does not allow the direct representation of . A%' l 0 Ey
generalizations that may be presentin an E-R diagram. RestrUCtUrIngS
® We need, therefore, to transform these constructs into other
constructs that are easier to translate: entities and relationships. 1 E,
B For example, here is an ER schema with generalizations: Option 2
Agy Ag
L] 7] .
. y P . _RII‘T;
e ~
E ‘ <" Ry > E L
o - I 3 R
| | - L ‘\_\_\\ 11~
. | B
. VN . g
x)_-
E, | Ey < Ry > | Eq4
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General Rules For Removing

Generalization
...Two More... o ' N
B Option 1 is convenient when the operations involve the occurrences
and the attributes of E,, E; and E, more or less in the same way.
B Option 2 is possible only if the generalization is total (i.e., every
Opti instance of E, is either an instance of E, or E,) and is useful when
ption 4 N
there are operations that apply only to occurrences of E; or of E,.
PO T ®m Option 3 is useful when the generalization is not total and the
VL . operations refer to either occurrences and attributes of E; (E,) or of E,,
B —< Rk >— E and therefore make distinctions between child and parent entities.
B Available options can be combined (see option 4)
.00
Ry
[t ay,
.
E, LR, 1 E,
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Partitioning and Merging of
Entities and Relationships

B Entities and relationships of an E-R schema can be partitioned or
merged to improve the efficiency of operations, using the following
principle:

Accesses are reduced by separating attributes of
the same concept that are accessed by different
operations and by merging attributes of different
concepts that are accessed by the same
operations.

B The same criteria with those discussed for redundancies are valid in
making a decision about this type of restructuring.

Example of Partitioning

g1 | Emprovme
\ Data
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Deletion of Multi-Valued Attribute

MNumber

[ N
TELEPHONE

F _ @ Name
wL| =
: 1 AGENCY ) Addresss

Information Systems Analysis and Design csca40

Merging of Entities
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Partitioning of a Relationship

Information Systems Analysis and Design csca40

Selection of Primary Identifiers

Name®_ W The criteria for this decision are as follows.
v Attributes with null values cannot form primary identifiers;
Pousion T v One or few attribute identifiers are preferable to ones with many
attributes;
v An internal identifier with few attributes is preferable to an external
one, possibly involving many entities;
v  An identifier that is used by many operations to access the
occurrences of an entityis preferable to others.
Name®._ B At this stage, if none of the candidate identifiers satisfies the above
1 requirements, it is possible to introduce a further attribute to the entity.
Position This attribute will hold special values (often called codes) generated
solely for the purpose of identifying occurrences of the entity.
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Translation into a Logical Schema

B The second step of logical design corresponds to a translation
between different data models.

B Starting from an E-R schema, an equivalent relational schema is
constructed. By “equivalent’, we mean a schema capable of
representing the same information.

B We will deal with the translation problem systematically, beginning
with the fundamental case, that of entities linked by many-to-many
relationships.

Many-to-Many Relationships

Surmame L i S

Satary O EMPLOYEE i—‘-— an-r_n-mé_é;E' N

HNumber @ - P~
StartDiate '

Employee(Number, Surname, salary)
Project(Code, Name, Budget)
Participation(Number, Code, StartDate)
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Many-to-Many Recursive Relationships Ternary Relationships
Quantity()
Quanticy
SupplierD@._ R . . @ Code
COMPOSITION SUPPLIER ““"l- " sumy M propuer
SuppliesName (- N i Type
PR cT | DEPARTMENT
DU —
Part 0 Subpart
MName @ ) Talephone
Costd $ \Code Supplier(SupplierD, SupplierName)
Name Product(Code, Type)
Product(Code, Name, Cost) Department(Name, Telephone)
Composition(Part, SubPart, Quantity) Supply(Supplier, Product, Department, Quantity)
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One-to-Many Relationships

DureOfrh -, @
Puaren Mk

e (ON)]
Contract | TEAM O Town

Salary)

Player(Surname,DateOfBirth, Position)
Team(Name, Town, TeamColours)
Contract(PlayerSurname, PlayerDateOfBirth, Team, Salary)
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Entities with External Identifiers

RegiscrationNumber(”
Enroimentear

Surrame o " CAddren

Student(RegistrationNumber, University, Surname, EnrolmentYear)
University(Name, Town, Address)
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One-to-One Relationships

Head(Number, Name, Salary, Department, StartDate)
Department(Name, Telephone, Branch)
Or
Head(Number, Name, Salary, StartDate)
Department(Name, Telephone, HeadNumber, Branch)
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Optional One-to-One Relationships

Salary(l__

o

1 EMPLOYEE .

Mame(
Number!

StartDate )

Employee(Number, Name, Salary)
Department(Name, Telephone, Branch, Head, StartDate)
Or, if both entities are optional
Employee(Number, Name, Salary)
Department(Name, Telephone, Branch)
Management(Head, Department, StartDate)
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A Sample ER Schema

Information Systems Analysis and Design csca40

Entities with Internal Identifiers

({81 .:‘- R! >

E3(A3L1, A32))
E4(A41, A42)
E5(A51, A52)
E6(A61, A62, A63)

1-1 and Optional 1-1 Relationships

oAy

E5(AS1, A52, AGLR3, A62R3, ARY
ABIR4, A62R4, AG1RS5, AG2R5, ARS)

1-1 or optional 1-1
relationships can lead

< R2 >——of
N | ]
M::Izl—\] I
A3 o) A3
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Entities with External Identifiers

E1(All, A51, A12)
E2(A21, Al1, A51, A22)

e
to messy e
bew transformations ”@—\]
Al M) Al M)
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Many-to-Many Relationships Result of the Translation
E1(All, A51, A12)
E2(A21, Al1l, A51, A22)
E3(A31, A32)
E4(A41,A42)
E5(A51, A52, A61R3, A62R3, AR3, A61R4, A62R4, A61R5, A62R5, AR5)
E6(A61, A62, AB3)
R2(A21, Al1, A51, A31, Adl, AR21, AR22)
e
Adl \]'
Al o)
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The Training Company Revisited

oL
orvoamaa LT

gl T
r - //j ?‘d Ofhose
Pt ) (0 Dk
noe | INSTRUCTOR
e ]
= -
Towrith
0

: .]
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Operational Requirements, Revisited

operation 1 : insert a new trainee including all his or her data (to be carried out

approximately 40 times a day);

operation 2 : assign a trainee to an edition of a course (50 times a day);

operation 3 : insert a new instructor, including all his or her data and the courses he

or she is qualified to teach (twice a day);

operation 4 : assign a qualified instructor to an edition of a course (15 times a day);

operation 5 : display all the information on the past editions of a course with title,

class timetables and number of trainees (10 times a day);

m operation 6 : display all the courses offered, with information on the instructors who
are qualified to teach them (20 times a day);

® operation 7 : for each instructor, find the trainees all the courses he or she is
teaching or has taught (5 times a week);

B operation 8 : carry out a statistical analysis of all the trainees with all the information

about them, about the editions of courses they have attended and the marks

obtained (10 times a month).
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Database Load

Table of volumes

Information Systems Analysis and Design csca40

Access Tables

Concept Type | Volume The attribute Nunmber Of Par t i ci pant s in Cour seEdi tion can be derived
Class E 8000 from the relationships Cur rent At t endance and Past At t endance.
CourseEdition E 1000
Course E 200 Table of operations . .
Instructor E 300 Operation Type Frequency Operation 2 with redundancy [o] ion 2 without
Freelance E 2501 ['Operation 1 | 40 per day Concept [ Type [ Acc [ Type Concept [ Type | Acc | Type
Permanent E 50 Operation 2 | 50 per day Tralneg E 1 R Trainee E 1 R
Trainee E 5000 Operation 3 1 2 per day CurrentAttnce | R 1 w CurrentAttnce | R 1 w
Employee E 4000 Operation 4 | 15 per day CourseEdgtlon E 1 R
ErofTssional E ;ggg Operation 5 | 10 per day CourseEdition | E 1 w Operation 5 without redundancy
mployer i . |
PastAttendance R 10000 8EZ;ZEZE S | 2 o 325 Operation 5 with Coﬁ‘r)sr:l:Eedri,(tion Tybe | Acc Type
CurrentAttendance R 500 Operation 8 B | 10 per month Concept _[Type [Acc [Type Type R 5 R
Composition R 8000 CourseEdition | E 5 R c ypP £ 1 R
Type R 1000 Type R 5 | R c ourse
PastTeaching R 900 Course E 1| R ompositon | R | 401 R
CurrentTeaching R 100 Composition R 40 R ass 40
Qualification R 500 Class E |4 | R PastAtince | B | 50 | R
CurrentEmployment R 4000
PastEmployment R 10000
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Analysis of Redundancy

B From the access tables we obtain (giving double weight to the wiite
accesses):

v presence of redundancy. for operation 2 we have 100 read disk
accesses and 200 write disk accesses per day, for operation 5 we
have 910 read accesses per day, for a total of 1,210 disk accesses
per day,

v without redundancy: for operation 2 we have 50 read accesses per
day and 100 write accesses per day, for operation 5, we have 1,410
read accesses per day, for a total of 1,560 accesses per day.

B Thus, redundancy makes sense in this case, so we leave
Nunber Of Parti ci pants as an attribute of the entity
Cour seEdi tion.

©2003 John Mylopoulos
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Removing Generalizations

H For the generalization on instructors:

v the relevant operations make no distinction between the child entities
and these entities have no specific attributes;

v we can therefore delete the child entities and add an attribute Type to
the parent entity.

B For the generalization on trainees:

v the relevant operations make no distinction between the child entities,
but these entities have specific attributes;

v we can therefore leae all the entities and add two relationships to link
each child with the parent entity: in this way, we will have no attributes
with possible null values on the parent entity and the dimension of the
relations will be reduced.
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Partitioning and Merging of Concepts

B The relationships Past Teachi ng and Present Teachi ng can be
merged since they describe similar concepts between which the
operations make no difference. A similar consideration applies to the
relationships Past At t endance and Pr esent Att endance.

The multi-valued attribute Tel ephone can be remowed from the
I nstructor entitybyintroducing a new entity Tel ephone linked by a
one-to-many relationship to the | nst r uct or entity.

©2003 John Mylopoulos
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Choice of Main Identifiers

H Trai nee entity:

v there are two identifiers: the social security number and the
internal code;

v itis far preferable to choose the latter: a social security number will
require several bytes whereas an internal code, which serves to
distinguish between 5000 occurrences, requires a few bytes.

B Cour seEdi tion entity:

v it is identified externally by the St artDat e attribute and by the
Cour se entity;

v we can see howe ver that we can easily generate for each edition a
code from the course code: this code is simpler and can replace
the external identifier.
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After Restructuring

Mame Raom
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Information Systems Analysis and Design

Translation into the Relational Model

CourseEdition(Code, StartDate, EndDate, Course, Instructor)
Class(Time, Room, Date, Edition)
Instructor(SSN, Surname, Age, TownOfBirth, Type)
Telephone(Number, Instructor)
Course(Code, Name)
Qualification(Course, Instructor)
Trainee(Code, SSN, Surname, Age, TownOfBirth, Sex)
Attendance(Trainee, Edition, Marks*)
Employer(Name, Address, Telephone)
PastEmployment(Trainee, Employer, StartDate, EndDate)
Professional(Trainee, Expertise, ProfessionalTitle*)
Employee(Trainee, Level, Position, Employer, StartDate)

©2003 John

csc340

Database Design - 68

Information Systems Analysis and Design

Logical Design Using CASE Tools

B The logical design phase is partially supported by database design
tools:

v the translation to the relational model is carried out by such tools
semi-automatically;

v the restructuring step is difficult to automate and CASE tools
provide little or no support for it.
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What is a Good Relational Schema Like?

B Some relational schemas are "better” representations than others. What are
the criteria we can use to decide whether a diagram is better than another?
Should we have more/fewer relations as opposed to attributes?

Enter normal forms

B An attribute a (functionally) depends on a set of attributes a;, a,, . .., a,
if these determine uniquely the value of a for every tuple of the relanon
where theyappear together

a8, ..., a,-->a
B Example: For the relation
Course(nane, title,instrNane, rnNane, addr ess),

Information Systems Analysis and Design csca40

Examples of Functional Dependencies

H Consider
Suppl i er (S#, SNane, Status, Address)

B Here SNane, St at us, Addr ess functionally depend on S# because S#
uniquely determines the values of the other attributes of the Suppl i er
relation

S# --> SNane, Status, Address

B Likewise, assuming that Lastnane, Firstname uniquely identify

people, we have
Lastnane, Firstname --> Salary, Address

H In general, for any relation, non-key attributes should functionally
E.g. (csc340, "Anal ysis and Design”, JM V\B116, "48 Col | ege”) depend on key ones.
the ti tl e attribute depends on the nane attribute. Likewise, the address
attribute depends on the r miNane attribute,
name --> title , also rnNane --> address
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What'’s Wrong with Un-Normalized
Relations?

csc340

Normalization helps produce a schema that is not redundant and does not
suffer from anomalies.

Consider Enp( Enp#, Enane, Addr ess, Dept, Mhgr #)

with Enpl # --> ENane, Address, Dept, Mgr#,

Dept --> Mgr#
Insertion anomaly: We can’t add information about a new department
and its manager until we have an employee in that department.
B Deletion anomaly: If we delete the only employee in a department, we
lose information about the department (e.g., its manager)

B Update anomaly: If we update the Mhgr # attribute of one tuple, we must
do it for all, otherwise we have an inconsistent database.

It's easy to end up with an inconsistent database

when it 's not normalized!
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How Do We Identify Functional
Dependencies?

Think about the meaning of different attributes and try to think of
situations where the value of a is not determined by the values of a,,
Ay, A,

Alternatively, if you are given sample values for the attibutes of the
relation (see below), check to ensure that every combination of
values for a;, a,,..., @, has the same associated value for a

csc340

cscl48 " Reiter LP290G
. Clarke SF285
" Fich SF254

Bonner LP354

Reiter LP290G

" Clarke SF285

csc434 “DM’  Fich SF254

WWN N W WA

What functional dependencies are appropriate here?
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Normalizing Relational Schemas: INF

A relation is in First Normal Form (1NF) if it does not include any multi-
valued attributes or any composite attributes. Multi-valued attributes
e.g., consider the relation ) T
Course(nane, title,instr l\kime*:sl udent No*, addr )
Cour se is not in INF because of two attribute groups that repeat
(instructor and st udent groups)
To place a relation in 1NF, take each multi-valued attribute or composite
attribute and promote it into an relation in its own right.
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An Example

B Forthe Course( nane, title, instrNane*, student No*, addr),
example, assume that addr is a composite attribute consisting of a
street Nm street No, ci ty and post al Code:

==>Cour se(nane, title)
Cour seSt udt ( nane, st udent No)
Cour sel nstr (nane, i nst Nane)
Cour seAddr (nane, street Nm street No, ci ty, post al Code)

B The process outlined earlier does ensure that there are no multivalued
attributes for the relational schema generated from a conceprtual
schema.
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Normalizing Relational Schemas: 2NF

B An relation is in Second Nomal Fom (2NF) if it is in INF and,
moreovwer, all non-key attributes depend on all elements of its key,
rather than a subset.

Consider
Roon( street, nunber, bl dgNm r oon¥#, capaci ty, AVEqui p)

B Room is not in 2NF because its address attributes functionally
depend on its bl dgNm key element, rather than the combination
(roon#, bl dgNm)

To place a 1NF relation into 2NF, take each non-key attribute that
does not depend on the full key and moe it to a relation identified by
the partial key

==> Roon{ bl dgNm r ooni#, capaci ty, AVEqui p) ,
Bui | di ng( bl dgNm st r eet, nunber)
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Normalizing Relational Schemas: 3NF

A relation is in Third Norm al Form (3NF) if it is in 2NF and none of its
non-key attributes depends on any other non-key attribute.

® Assuming that each course has only one instructor (why do we need
this assumption ?), Course is not in 3NF because i nstr Dept
dependson i nstrNm
Cour se(nane, year, sem i nstrNm i nstrDept, enrol #)
® To place a 2NF relation into 3NF, move each non-key attribute that
depends on other non-key attributes to another relation
==> Course( nane, year, semi nstrNmenr ol #)
I nstructor(nane, dept)
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