Information Systems Design



Goals of this course

To provide f thorough and systematic treatment of conceptual and logical
design

To base this treatment on the Entity-Relation model

To advocate that conceptual design and function anslysis be conducted
together

To address completely the translation of conceptual design in ER model in
the three popular data models- relational, network, hierarhical, and vice
versa

To illustrate the concepts via realistic large case study
To provide a survey of state of art of design tools

To provide enough support for students in terms of exercises and
bibliographic notes



Conceptual DB Design

Conceptual
1. Introduction to database design Database Design
2. Data modeling concepts
3.Metodologies for conceptual
design
4.View design 5.View integration

| 7

6 Improving the Quality of Data base
Schema

7.Schema Documentation
and Maintenance




Functional Analysis for DB Design

Conceptual Data
Design

Y

Functional analysis
for
Data Design

8 Functional
Analysis

9 Joint Data and
Functional Analysis

S

10. Case Study




Logical Design and Data Tools

|

11 High-Level Logical Design Using

ER model
12 Logi‘;tl 13. Logical 14. Logical
Design for Design for Design for
Relational Model Network Model hierarchical
Model

T~

15. DB Design Tools




DB design in the Information Systems Life Cycle

Feasibility
study

/

Requirements . Design
collection and

Analysis
Prototyping Aentation

Operation Validation and
) testing




Phases of DB Design

Data requirements

|

Conceptual Design

Conceptual'schema

l

Logical Design

Logical schLma

|

| Physical Design

I—'Physical schema




Function driven approach to information
system design

Application requirements

| Functional Analysis |

Functional scheLas

|

| High level application Design |

Application speLiﬁcations

| Application program design |

Detailed progra\m specifications



Dependence of DB design phases on the
class of DBMS

Dependence on DBMS Class Specific DBMS
Conceptual design No NoO

Logical design Yes No

Physical design Yes Yes




Joint data- and function- driven approach to
iInformation systems design

Data and application requirements

Conceptual Design - ~ Functional Analysis

Conceptudl schema Functional schemas
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 Data Modeling Concepts



Structure of the lecture

* Section 1- Abstractions
» Section 2- Properties of mapping

* Section 3- Data models, Schemas,
Instances of DB

 Section 4- ER Model
* Section 5- How to read an ER-schema



Abstractions in Conceptual Data Design




Classification Abstraction

Month

J
anuaty February ... December



('D.'—‘U‘QD

The Classification Abstraction is used for defining as
class of real world objects characterized by common
properties

One level tree having as its root class
A Node leaf is a member of root class
{black chair, Black table, White chair, White table}

Table Chair Black White
I Furniture Furniture
Black White Black White

Table Table Chair Chair



Aggregation Abstraction

» Aggregation abstraction defines a new class from set of (other) classes that
representits component parts

» Leaf IS PART OF root class (is A)

Bicycle

Wheel Pedal HendleBar



Generalization Abstraction

* A generalization abstraction defines a subset relationship between the
elements of two or more classes In generalization all the abstractions
defined for the generic class are inherited by all the subset classes

Persgn

Man oman



Properties of Mapping

« A Binary aggregation is a mapping established between two classes.

Uses Owns

Pers Buildi



Binary aggregation USES




Binary aggregation OWNS




Binary aggregation OWNS




Minimal cardinality (min-card)

» Let us consider aggregation A between classes C1 and C2

The minimal cardinality or min-card of C1 in A denoted
min-card(C1,A), is the minimum number of mappings in which
every element of C1 can participate.

Similarly, the min-card of C2 in A, denoted min-card(C2,A), is the
minimum number of mappings in which each element of C2 can
participate



Maximal Cardinality

» Let us consider aggregation A between classes C1 and C2

The maximal cardinality or max-card of C1in A denoted
max-card(C1,A), is the maximum number of mappings in which
every element of C1 can participate.

Similarly, the max-card of C2 in A, denoted max-card(C2,A), is the
maximum number of mappings in which each element of C2 can
participate



One —to-one mapping

« If max-card(C1,A)=1 and max-card(C2,A)=1 then we say that the
aggregationis ONE-TO-ONE




One to many mapping

® If max-card(C1,A)=n and max-card(C2,A)=1 then we say that the
aggregationis ONE-TO-MANY

Cl

C2



Many —to —one mapping

® If max-card(C1,A)=1 and max-card(C2,A)=n then we say that the
aggregatiop-i MANY-TO-ON

Cl

C2



Many —to-many mapping

® If max-card(C1,A)=m and max-card(C2,A)=n ( m, n>1), then we
say that the aggregationis MANY-TO-MANY




N-ary aggregation

An n-ary aggregation is a mapping established among three or
more classes

Minimal Cardinality ( min-card) Let us consider the aggregation A
between classes C1,C2,...,Cn The min-card of Ci in A is minimal
number of mappings in which each element of Ci can participate

Maximal Cardinality ( max-card) Let us consider the aggregation A
between classes C1,C2,...,Cn. The max-card of Ci in A'is maximum
number of mappings, in which each element of Ci can participate

The two values of minimal and maximal cardinality completly
characterize each participation of one class in aggregation



Representation of ternary aggregation Meets

ter
. skil
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Generalization

A Generalization Abstraction person €S the mapping from
generic class to the subset class

Male Female

Total, Exclusive



Partial, overlapping generalization

Person

=

Empl )
Unimpl

Partial,Overlapping



Partial, Exclusive Generalization

Vehicle

Car

Bicycle

Partial, Exclusive



Total, overlapping generalization

Player

Tennis playgr

Total, Overlapping



Data models

A Data model is a collection of concepts that can be used to
describe a set of data and operations to manipulate the data.

 When a data model describes a set of concepts from a given reality,
It is called a conceptual data model

The Concepts in data model are typically by using abstraction
mechanisms and are described through linguistic and graphic
representations . Syntax can be defined fnd a graphical notation can

be developed as parts of data model.

Conceptual model is tool for representing reality at high level of
abstraction

Logical models support data descriptions that can be processed
by computer. They include hierarchical, network, relational models

These models to phisical structure of database



Schema

« Schema is a representation of a specific portion of
reality, built using a particular data model

« Schema is static, time — invariant collection of linguistic
or graphic representations that describe the structure of
data of interest such as what within one organization

Person
NAME SEX | ADDRESS SOCIAL SECURITY NUMBER

Car
PLATE MAKE COLOUR

SOCIAL SECURITY NUMBER PLATE

SAMPLE SCHEMA



Instances

An instance of schema is a dynamic, time variant collection of data that
conforms to the structure of data defined by the schema

Sample instance

PERSON

JOHN SMITHM 11WEST12.,FT.LAUDERDALE 387-6713-362

MARY SMITHF 11WEST12.,FT.LAUDERDALE 389-4816-381

JOHN DOLEM 11RAMONA ST. PAOLO ALTO 391-3873-132

CAR

CA13718 MASERATI WHITE
FL18MIAl PORSCHE BLUE
CA CATA17 DATSUN WHITE
FL 171899 FORD RED

OWNS

387-6713-362 FL 18MIAI
387-6713-362 FL171899
391-3873-132 CA13718
391-3873-132 CA CATA17
Sample instance after insertion

CAR

CA13718 MASERATI WHITE
FL18MIAI PORSCHE BLUE
CA CATA17 DATSUN WHITE
FL171899 FORD RED
NY BABYBLUE FERRARI RED
OWNS

387-6713-362 FL18MIAI
387-6713-362 FL171899
391-23873-132 CA13718
391-32873-132 CA CATA17
389-4816-381 NY BABYBLUE



Relationships between model, schema, instance

° Model provides
rules for
structuring data

I Model i
Perception of the J Schema
structure of reality < Schema
I provides rules
for veritying
— that an instance
is valid

at a given point in
time <

Description of reality J Instance
1




Qualities of Conceptual Models

1. EXpressiveness

2. Simplicity

3. Minimality

4. Formality

PROPERTIES OF GRAPHIC REPRESENTATIONS

* 1.Graphic Completeness
« 2. Ease of Reading



The Entity —Relationship Model

 Basic elements of the ER Model
» Entities. Entities represent classes of real world objects
* Relationships. Relationships aggregation of two or more entities

« Binary and n-ary relationships
* Rings — are binary relationships connecting an entity to itself

( recursive relationships)



« Portion of ER-schema representing entities PERSON, CITY and
relationships IS BORN IN and LIVES IN

PERSON
CITY

IS BORN IN



Instance for previous schema

« PERSON={p1,p2,p3}

« CITY={c1,c2,c3}

 LIVES IN={<p1,c1>,<p2,c3>,<p3,c3>}
* |S BORN IN= {<p1,c1>,<p3,c1>}



N-ary relationship MEETS

CLASSROOM
COURSE @ ~ ‘ I

DAY




Relationship MEETS

CCCCCC




Relationship MANAGES

Manager Of

SUBORDINATE OF ‘




min-card( PERSON,LIVES IN)=1
max-card( PERSON,LIVES IN)=1
min-card( CITY,LIVES IN)=0
max-card( CITY,LIVES IN)=n



Relationship LIVES IN

(1.0 (0,n)
‘ PERSON ! \ CITY ‘



Ring relationship MANAGES

Manager Of

e </

SUBORDINATE OF

Manages >
|




Attributes

 Attributes represent elementary properties of entities or relations

OVING DATE

PERSON
I—4NAME CITY

NAME

IS BORN IN



An ER schema with entities.relationships,attributs

MOVING DATE
NAME
SOCIAL
SECURITY (0,n)
NUMBER ,
PROFESSION
IS BORN IN oy
0,n
N 0,1) O
‘J NAME —
BIRTH DATE ELEVATION
NUMBER OF -

INHABITANTS —



An example of instance of DB schema

PERSON={p1:<JOHN,345-8798-564,STUDENT,()>,
p2:<SUE,675-6756-343, MGR,(M.S.,Eng,Ph.D.)>
P3:<MARTIN,676-453-8482,FARMER,(HS)>}
CITY={c1:<ROME,100,3000000>,
c2:<NEW-YORK,0,9000000>,
c3:<ATLANTA,100,2000000>}

LIVES IN={<p1,c1:<1-02-80>>,
<p2,c3:<7-23-83>>

<p3,c3:<6-04-81>>}

IS BORN IN={<p1,c1:<1-05-55>>
<p3,c1:<6-14-35>>}



Schema PERSONNEL

Schema : PERSONNEL

Entity: PERSON
Attributes: NAME: text (50)
SOCIAL SECURITY NUMBER: text (12)
PROFESSION: text (20)
(0,n) DEGREE: text (20)
Entity: CITY
Attributes: NAME: text (30)
ELEVATION: integer
NUMBER OF INHABITANTS: integer
Relationship:LIVES IN
Connected entities: (0,n) CITY
(1,1) PERSON
Attributes: MOVING DATE: date



Relationship: IS BORN IN

Connected entities: (0,n) CITY
(0,1) PERSON

Attributes: BIRTH DATE: date



Generalization Hierarchies

* Inthe ER model it is possible to establish generalization hierarchies
between entities

« An entity E is generalization of a group of entities E1,E2,...,En if
each object of classes E1,E2,...,En is also object of class

El E2 En




COVERAGE:

« Total generalization (i)

« Partial generalization (p)

« Exclusive (e)

« Overlapping (0)

Pair. (t,e) the most frequently used



Generalization hierarchy for entity PERSON

PERSON

(te) (p.¢)

MALE FEMALE MANAGER SECRETARY EMPLOYEE

(p,0)
(p,0)

TECHNICAL ADMIN. PROGRA SALES ADVERTISING
MANAGER MANAGER MMER EMPLOY EMPLOYEE




Inheritance

® All the properties of the generic entity are inherited by the subset
elements

PERSON |— NAME
L ADDRESS
NAME
ADDRESS NAME
DRAFT MALE FEMALE ADDRESS
STATUS MAIDEN
NAME

Incorrect representation



A X v

ADDRESS
PERSON [— NAME
MALE MAIDEN
DRAFT | FEMALE NAME
STATUS

Correct representation



Formal definition of Inheritance

Let E be an entity. Let A1, A2,...,An be single valued, mandatory attributes
of E. Let E1, E2,...,En be other entities connected to E by mandatory, one
—to-one or many-to-one binary relationships R1,R2,...,Rn ( i.e.

min-card(E,Ri)=1)) Consider as a possible identifier the set I=
{A1,...,An,E1,...,)Em}, 0 <n, 0 <m, 1 <n+m

The value of the identifier for a particular entity instance is defined as the
collection of all values of attributes A1,..,An and all instances of entities Ej,
j=1,...,m connected to e with i <n, j <m

Because of the assumption of considering mandatory single- valued
attributes or mandatory relationships with max-card set to each instance of
E is mapped either to one value of attributes Ai or to one instance of entity
Ej, i<n,j<m



Exammpe of schema transformation

. PERSON PLACE )

() Startimg schema

PERSOM @ oY
[l

STATE

(&) Resulting schema

CITY

PLACE = <J[ri>

STATE

{c}k Tramsicrmaison



Each schema TRANSFORMATION has a starting schema and a
resulting schema

Each SCHEMA TRANSFORMATION maps names of concepts in
starting schema to names of concepts in resulting schema.

Concepts in the resulting schema must inherit all logical connections
in the starting schema



Properties of top —down primitives

They have a simple structure: the starting schema is a single
concept, the resulting schema consists of small set of concepts.

All names are refined into new names describing the original
concept in the lower abstraction level

Logical connections should be inherited by the single concept of the
resulting schema



Top —Down Primitives

L. Primitive T, refines an entity into a relationship between two or more ennit
The example in Figure 3.1 is an application of this primitive.

2. Primitive T, refines an entity into a generalization hierarchy or a subset. Fig-
3.3a presents an application of this primitive: the entity PERSON is refined in:
generalization including MALE and FEMALE.

3. Primitive T, splits an entity into a set of independent entities. The effect of =
primitive i3 to introduce new entities, not to establish relationships or general -
tions among them. In Figure 3.3b the entity AwaRD is split into two entities, No=
prIZE and 0sCAR. No relationship is established berween the mwo entities, becs:
they are two different and independent ways to classify awards.

4. Primitive T, refincs a relationship into two (or more) relationships among -
same entitics. In Figure 3.3¢ the relationship RELATED.TO between persons =
cities is refined into the two relationships LIVES.IN and 15 BORN_IN.



5. Primitive T, refines a relationship into a path of entities and relationships. =
p]ying this primitive curr&spunﬂs to recognizing that a r:.*]atiamhip between =
concepts should be expressed via a third concept, which was hadden in -
previous representation. In Figure 3.3d the relationship woRkKSIN between :
PLOYEE and DEPARTMENT is refined into a more complex aggregation thar inclu:
the entity MANACGER and two new relationships.

b, Primitive T, refines an entity {or a relationship) by introducing its attribute:
Figure 3.3¢ the aceribuces NaMe, sex, and AcE are generated for the entity pess

1. Pnmitive T, refines an entity (or a relabonship) by introducing a compos
attnibute, In Fipure 331 the composite attribute ADDRESS 8 genetated for the ens
PERLSLIN,

8. Primitive T, refinies a simple attribute either into a composite attribute o ins ]
group of ateributes. In Figure 3.3g, the attribute DATE is refined into a compos
atttibute with three artributes: Day, MONTH, and YEAR. The avtribute HEALTH.Dx
is tefined in terms of the attributes HEALTH.STATE and DATE LAST VACCINATICK




Primitivame

Starteng
Scharma

Resulling
Schema

T4 Erlity =i
Falatad antities

T4 ENLCy —b
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(Entity —» Sulneat}

T:;EHUP,' —
Umconns atesd antibias

T, Felationshipg —»
Farallel relaticnships

Ty: Asdatonship —
Ertity with
relaticnsfHips

Tao: Artritebe
Savedopmisant

T ¢ O b
alribute devealooment

Ty Aftribuse refinement
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Application of top-down primitives

PERSON
PERSON e T
MALE FEMALE
(a) Application of primitive T,
U ADH NOBEL_
AWARD e PRIZE OSCAR
{b) Application of prmitive T,
PERSON PERSON
CITY CITY

(c) Application of primitive T,



PERSON PERSON

CITY CITY
PERSON PERSON
- <> <>
ON

PROJECT PACJECT

Figure 3.5 Two applications of primitive T,



EMPLOYEE

DEPARTMENT

{d) Application of primitiwe Tg

| PERSON

(&) Application of primitive Ty

—

EMPLOYEE

MANAGER

DEPARTMENT

MNaME

PERSOM |—o 58%

—0 ACE



——QSTREET

e MUMBER
‘ PERSON — PERSON HADDFIESS CITY
4 O STATE
—{} ZIP_CODE

(N Application of primitive T,

—0 DATE —

| ——Q HEALTH_STATE
—0 HEALTHDATA ——m
——Q DATE _LAST_VACGIMATION

() Applications of primitive Tz



Applying of complex top —down schema
transformation

OPERATING o I . _| stoRen_
SYSTEM RAEACE DATA

1) Slarting schema

OPERATING. STORED.

‘ DATABASE
DOL/DOML ADMINISTRATION

APPLICATION_ | o ‘
PROGRAM PROGRAMMER

B L

GRANTS_
ACCESS

10} Reaulting sechema



Bottom-up primitives

o I Primitive B generates a new entiry. This primirive is used when the designer
discovers a new concept with specific properries that did not appear in the
previous schema.

1. Primitive B, generates a new relationship between previously defined entiries. In
Figure 3.7a a new relationship LIvES.I¥ is established between PERsON and pLacE.

3. Primitive B, creates a new entity that is elected as a generalization (elther a subset
or a generalization hierarchy ) among previously defined enriries. In Fipure 3.7h a
generalization hierarchy is penerated, creating the new entity FERSON.

4. Primitive B, penerates a new attribute and connects it to a previously defined
entity or relationship. In Figure 3.7¢ waug, sex, and ace attribures are added to the
entity FERSON,

3. Primitive B, creates a composite ateribute and connects it to a previously defined
entity ot relationship. In Figure 3.7d the composite atibute AnoRiss is added to

the entite MRESH.



Frimidive

- By: Entity ganaraticen

e

o

Starting Schema Aesulting Schema

B, Relationship
generation

[]

B, Generalization
generation (subset
generalion)

- B _——

B, Attribute aggregation

| B .

Be: Composite atiribule
aggragation




FIRST_RAME ¢

L&ST_MarE

FIRST _HMakE
LAST_MAME

FIRST_MALE
LAST P kas

Figure 3.8 Migration of properties after applving a bosrom-up primirive
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LCCATED_IN CITY QUARTERS_

__r__ OF

—
DMM ARMY

—_—m—
HIRES_ C
EROM STATE PROTgYTED-

Figure 3.9 Example of schema that cannot be generated by applying top-down
primitives




- Strategies for Schema Design



Top-down strategy

Application
camain

_____ Ewgl
refinarmant

G e
rafinament
plane

Final
relrarment
plare

Figure 3.10 The top-down straregy



* In the top-down strategy schema is
obtained applying pure top-down
refinement primitives
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Bottom-Up strategy

* In the bottom —up strategy we apply pure bottom —up primitives

Ao plication
RO

:

Prodis—tiors of
a2 lementary
Cw o et = ] bt

!

Solleckian af
Slemantary
ConcsEstks

.

Acpgregabese of l

&larmeritary
ST E D

.

Firnal
achama

Figmare 3.12 The Bosrorm-p sPrvheose



AGE_OF_WOCMAN

NAME_OF_FOREIGN_

S S ST
-OF_ LA |
AGE-OF _MAN F_NWE_OF_WOMAN OF_F_COUNTRY NALS
HElGH'!rE_OF_MAN DOMET"
L_NAME_OF _MAN
F NAME OF MAN MAIDEN_NAME CONTINENT POF_.
DRAFT_STATUS OF CONE
NAME_OF
STATE
(a) First schema
SEX O SEX O— FOREIGN_ O NAME DOMESTIC _|-0 .-
L _NAME O— MAN L_NAME WOMAN | COUNTRY POPLILATION city -0 -
F_NAMEO—" ¢ F_NAME
DRAFT_STATUS MAIDEN_NAME CONTINENT .
STATE
(b) Second schema
PERSON PLACE
HEIGHT 0— HEIGHT o— FOREIGN_ | & nane DOMESTIC_| 4.0
F_NAMEO— § F_MAME 0—
DRAFT_STATUS MAIDEN_NAME CONTINENT

(Y Third echama




& NAME
3 POPLILATION

N_OF_YEARS

DOMESTIC_
CmyY

FOREIGN_
COUNTRY

DRAFT_STATUS  MAICEN_MAME mm" JENT

NAME O

(d) Final sehema (primitiva By)



Inside-out strategy

* This strategy is a special type of bottom —up strategy

Here we fix the most important or evident concepts and then proceed
by moving as oil stain does finding first the concepts that are
conceptually close to starting concepts and then navigate to more
distant ones

Imtermadiate £ S -
schema bl ol

Fal schama

Figure 3.14 The inside-our srearegy
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0 ¢ 4 Y
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Mixed strategy

The mixed straregy rakes advantage of both top-down and bortom-up strategics, by
allowing a controlled parritioning of requirements. The main idea of this approach is shown
in Figure 3.16; when the application domain is very complex, rhe designer partitions the
requirements into subsets, which are larer separarely considered. Ar rhe same rime, the
designer produces a skeleton schema, which acts as a frame for the most important conceprs
of the application domain and embeds the links between partitions. The overhead intro-
duced by this step is rewarded, since the presence of the skeleron schema allows an easier
bottom-up integration of the different schemas produced.

@

K- domain \
Application Skeleton A :
dommuain pPolicas

]

.

Schaema 1 '

Schema 2 '

N

schema

Figure 3.86 The mixed “rrarege



PERSON

(&) Skeletor schema

DRAFT_
STATUS

O—

MLAR

o é_wnvh:s
‘ —0 F_NAME

PERSON |72 o

—0 AGE

WOMapn

(&) PERSON schems

PLACE

Figure 3.17 A design session using the mixed sIFategy




PLACE

—& HAME
—0 POPULATION

FOREIGM_

DOMESTIC_

COUNTRY CITY
CONTINENT
7 L& nanE
STATE l
(c) PLAGE schama
: . BORAM_
i1 iN (1,m

L_HAME O,

E_NAME i1, n) {1,n) — MAME
sExo— PERSON — 1  PLACE F—OFOPULATION
AGE O— ' -

FOREIGR_ COMESTIC_
MAN WOMAN COUMNTHY cITY
CRAFT_STATUS MADEN_MAME CONTENENT
STATE [ e

(d) Integrated schama

Figure 3.17 {cont'd)

A design session using the mixed strategy

75



Table 3.1 Comparisan of the Strategies for Schema Design

Strategy
Tap-down

Barrom-up

Inside-out

Mixed

Description
Concepts are

progressively refined

Conceps are built

from elementary
COMPOnens

Concepts are built

with an ol-stain
approach

Top-down partitioning

of require ments;

bottom-up integration
using a skelevon schema

Advantages
Mo unidesired side effects

Ease of local design
decisions

Ma burden on initial

Ease of discovering new
concepts close to previous
ones

Mo burden on the initial
designer
Divide-and-conquer

appeoach

Disadvantages

Requires a caps"
designer with b
abstraction abdl -
the very begins-
Meed of restrucre

after applying ex
botrome-up prie -

A global view o
applicarion dor
built only ar the

Rexquires critica

decislons abowr -
skeleton scherm:
bepinning of th
process




Criteria for Choosing among Concepts

PERSON

—0 LAST _MAME _ 3 LAST_MAME
CITY_OF_BIRTH PERSON o AGE
AGE

(a) Firsl axample

— MAME
=y LAST_MAKE
PERSON o agE—
y =0 LAST MAME
PERSON |—0 AGE
=0 SEX

L —o NUMBER_OF_PREGMNANCIES

MAMN

HNUB=EER_OF
WEMAN, [T Seearatiae

(b) Second example
Flegure 3.18 Differenr schemas for representine the sarme realiry



Entity vs. Simple attribute

Entity vs, Simple Attribute, - This problem involves choosing whether a real-world
object should be modeled as an entity or as an attribute, We should choose an entity when
we understand that several propeties (attributes, relationships, generalizations, subsets)
can be associated with the abject to be modeled, cither now or laterin the design process.
We should choose an artribute when the object has a simple atomic structure and no
property of interest seems applical o it. For instance, the concept of color s typicall
an atmibute {say, for the entiey CAR); however, if our application is concemed with
bulding pieces of fumniture, and particularly with their coloring as a process, then COLOR
may well become an entity, with the ateribues NAME, COLOR.CODE, REQUIREDNUMBER.CF
PAINTS, RUSTPROTECTION, and §0 on.



Generalization vs. attribute

 Generalization will be used when we
expect that some property will be
associated to the lower level

entitis (such & an attrbute, ¢, NUMBERLOF SREONANCES in Figwre 3,18, ora
with other entiies); we choose an atribute otherwise, For instance, 4 gener
ERSON Dasedt o COLOR.OF AT fs gemerally not useul, because we can ately
fearures to blonde or gay-haired people; howeser, such a generalsation migh
orate for & hairstyler database, whee hair treatment depends wpon hair ol

S~




Composite attribute vs set of simple
attributes

Composite Attribute vs. a Set of Simple Atteibutes, We choose a cor
rribute when it is naural to assign 2 name 1o i, we choose 2 set of simple et
they represent independent properties. For instance, ADDRES is 3 good abstrac
attributes STREET, CITY, STATE, 79.CODE




Inputs, outputs and activities of conceptual
design
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|. Data requirements describe the structure of dara that should be stored within the
database (e.g., employees have a name, a salary, a Social Security number),

2. Functional requirements describe the dynamic structure of the information sys-
tem, by identifying several functions of activities within the system (e.g., order
processing, shipment management) and the flows of information between them
{e.g., arders, 5|1ip|1mg notes), These terms will be more extensively defined in

3. Application requirements describe operations on data (e g, insertions, updates,
queries: “insert a new employee”, “change the salary of an employee”, "retrieve the
salaries of all employees”).



A second classification of inpurs is in erms of the linguistic representarion used in
their description. We apply this classification ro dam requirements, but a similar classification
might be done for daraflow and applicarion requirements as well. Requirements are
expressed with a variety of "languages”™,

1. Netwral banguage, wsed in interviews and several types of documenis.

2. Forms, which are paper modules used to collect dam and o exchanpe dar among
MISCTS.

3. Record formats, cosod data divisions, and so on, which describe the structure of dara
in traditional file systems; they should be considered (rogether with screen layouts,
¢.g., screens presenced to users) when we dewelop a database starting from a
traditional file syscem.

4. Data schemas, expressed in a data desceiprion language, which describe the seruc-
ture of data in existing databases; they should be considered when we want o
change the DEMS, to modify an existing darabase application, or to merge several
database applications into a single one.



Outputs

o The outputs produced by  conceptual design methodology include (1) the conceptnal dota
schema, or conceptual schema, which describes all data present in requirements; (2) the
finction schemas, which describe functions and activities of the information system and of
information flows among them; (3) the high-level application specifications, which describe
operations performed on the database; and (4) other design doctments, which provide
additional information on each of the preceding outputs. They are useful as documenta:
tion of the design activity and for maintenance of the database, when changing require-
ments make it necessary to restructure the conceptual schema.



Activities
Reguirements Analysis. During regquircements analysis, the designer sl
the requiremencs in deril and work slowly and carefully o srart producing =
schema. The fundamencal goal of this phase is ro give the requirements a st
makes rhe subsequenr modeling scriviry easier {we deal with this prablem in ©
The designer showld eliminare ambiguities in the requiremenres (imprecise «

descriprions of realiey), aiming o prodouce requircmenes descriprions thac wall
input for conceptuall design.

Inigial Conceptualization. The goal of this acrivicy is oo mealke a firs:
conceprs o be represenced in the conceprual schema. This aceivity is eypacal in -
maxed, and to some expent in inside-our straegies, buart ir is omirred in a pure -
strategy. Ar this srage, rthe desipner creares a preliminary ser of absreacrions th
candidares ro be represenred as enrities. relarionships, and generalizatrons. T

produced is largely i ncomplere, since it represenes only some ASPOCrs o TOCpLIE T

Incremental Conceprualizarion. This is rthe cenermal acriviey of concopr

using: the pencral strategies described in Secrion 3.2, a draft schema is progoessis
into rhe final concegprual schema.

Integraction. This acriviey is sypical in borcom-up or mixed strancgics,
merging several schiemas and producing a new global representarion of all of dhe:
imregrarion, we derermine rhe common clemenes of differene schemas and s
Slices ., {i.e.. different representations of the same conceprs) and mrerschemna prope
comnsrraimes amomnmg Ritferenr schemash.

Resrructmring. As in sofrware desigmn, it is somerimes worthwhile ro s
design process during conceprual design and give some artention o measurang and
the qualiey of the produce abrained. However, whar is a good schiema? “Wh
relevant qualicies i conceptual design? “We will answer this question in Charps

The preceding acrivities are eypical of any design process. The relevance
them depends grearly on the specific design situation. For instance, if seguine:
expressed in narural language with a loe of ambaguiries and omissions, then it
nicnt to avodd a dee p analysis of regquirements and procesd to initial conoeprueal
requirements arc expressed using forms, howewver, it is worthwhale bo perfform an

analysizs of their strucrture. This enables a strasghtforwand rranslanon of requiren:-
the conceprual schoema



