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INFORMATION in industry , commerce , planning , . . . , etc can
be as vital as finance . Development may depend on efficiency of
ement of information , and efficiency , in turn , may depend on
terization .

The early use of computers in organizations tend to concentrate on
clerical functions such as payroll accounting and processing of
customer accounts. Now, they emphasize on applications which provide
information processing support for managerial functions. A sretem
built arround this emphasis is often termed a " Management Information
System or MIS ".

&n MIS utilizes computer hardware and software, manual procedures,
management and decision models, and a data Bazse to provide information
in support of operations management, and decision making functions in
the organization.

In terms of the type of information and information processing
provided by an MIS, the system may be described as & prramid structure
in which the bottom laver consists of the informaton for transaction
processing, status inquires, etc; the next lewvel consists of information
resources in support of the day-to—-day operations management; the third
level consists of information system resources to aid in tactical
planning and decision making for management control; and the top
consists of information resources in support of planning and decision
making by higher levels of management.
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The aim of this memo is to introduce the main concepts of Data Base
Design process to meet information system ‘reguirements. In doing this,
it discusses important issues such as the relational theory, data
modele and their relationship to relational theory, and the software

used to support Data Bases.

The use of OBASE 111 PLUS is being comnsidered in designing
the INP’s Information System and its Data Basec.

#1 though we shall often be concerned with limited examples , the
usefulness of database technology extends beyond planning, industry and
commerce
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Brief Introduction to Data Base Systems Analysis and Design:

Databases are essential to an Organization’s information srystem
The information system supports the Organization’s functions ,
maintaining the data for these functions and assisting Users to
interpret the data for decision—-making

The dataBase takes a central role in this process j it is the
repasitory ¢ the place where the data are stored > of the data in
the information system

The database organizes data for easy storage and retrieval , or
access.

& DataBace System is basically nothing more than a computer—based

RECORD-Keeping system : that is a Sycstem whoze overall purpose is to
record and maintain information . The information concerned can be
anything but of significance to the Qrganization !

The folloﬂing figure shows a simplified view of a dztaBase Srstem @
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The +13u-e shows a dataBase system involues 4 major components
data , hardware , software , and users . We will consider sach of
these briefly as follows :

DATA

The data stored in the system ic portioned intoc one or more
dat«Bases . For simplicity , we assume that there is just one dataBase
containing the totality of all stored data in the system .

A dataBase is a collection of stored "operational data™ ¢ it

called operational data to distinguish it from input data , eutput
ta , and other Kinds of data ) used by the application systems of
ome particular ENTERPRISE . This definition requires some explanaticon

W m

i
d.
S

ENTERPRISE :
Is simply any commercial y scientific , technical 4, or other
organization . Some examples are : :

Manufacturing company ,
Bank

Hospi tat ,

University , ' :
Governmental department .

Operational Data :
Any Enterprise must necessarily maintains a 16t of data zhout its
operation . This is its " Operational Data " .

The operational data for the enterprises listed above would probab?y
include the following :

Product data
Account data
Patient data
Student data
Planning data .

- W W W

# & modified version of Engles’s original definition of a dataBase
C. J. DATE , IBM Corporation , Introduction to dataBase Systems ,
Third Edition ——— Addison - Wesly publishing company .



Input Data

Refers to information entering the sy¥stem +From the outside world (
typically on external files or from the KBD or a teminal » 3 such
information may cause a change to be made to the " operational data "

but it is not itself a part of the dataBase .

Dutput Data

Fefers to messages and reports printed or displayed from the system ;
alsc , such reports contain information derived from the "operational
data " but they are not part of the dataBase

Az an illustration of the concept of " Operational Data " , let us
onsider the case of a Govermental Organization ¢ INP for example 7 in
a littie more details.

This INP wishes to retain information about the plan of Research
FROJECTS it has on hand ; the MATERIALS used in these projects ;3 the
SUPFLIERS ( Governmental Departments , Ministry of Planning for

example 2 who supply the MATERIALS § the WAREHOUSES in which the
MATERIALS are stored ;3 EMPLOYEES who work on the PROJECTS; and so on.
These are the basic ENTITIES about which data are RECORDed in the
dataBase. { The word ENMTITY is widely used in dataBase srstems to mean
any distinguishable OBJECT that is to be represented in the dataBase ).

Consider the following figure

[

1 4 > J
S (9 SUPPLIERS PROJECTS 1
2 5 J

i e e
5 .
0 J
: WAREHOUSES |[4— MATERIALS EMFLOYEES P

e 7

| CENTRES

F.-S

LB LOCATIONS

[ 12t for example that:
~ Ministry of Planning replaces one of SUPPLIERS, and
- Research PROJECTS replaces PROJECTS. 1



There will be ASSOCIATIONs or RELATIONSHIPs linking the basic
ENTITies together . These are represented by connecting arrows .
For example , there is an ASSOCIATION between SUPPLIERS and
MATERIALS; each SUPPLIER supplies certain MATERIALS and conversely
each MATERIALS is supplied by certain SUFFLIERS.

&1 though most of the relationships in the diagram associate two
tvpes of ENTITY , this is not always the case . In the figure ,

for example , there is one arrow connecting three ENTITIes

¢ SUPPLIERS - MATERIALS - PROJECTS > . This would represent the

fact that certain SUPPLIERS supply certain MATERIALS to certain
PROJECTS. This is not the same as the combination of the SUPPLIERS -
MATERIALS association and the MATERIALS - PROJECTS association ¢ in
general 3.

For example
The information that :

i, " SUPPLIER S2 supplies MATERIAL M4 to PROJECT J3 "

tell

i

us more than the combination

ii, " SUPPLIER 52 Supplies MATERIAL Mg " and

iii, " MATERIAL M4 is used in PROJECT J3 "

We cannot deduce the first of these three associations Knowing

More explicitly , if we Know that 52 supplies M4 and that M3 is
used in J3 , then we can deduce that 52 supplies M3 to some
project Jx , and that some Suppliers Sy supplies M4 to J3 , but
we canpot conclude that Jdx is J3 or that Sy is '54.

False conclusion such as these are examples of what is sometimes
referred to 25 the CCONNECTION TRAP
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The figure also shows one arrow involving only one type af
ENTITY ¢ MATERIALS ). This represents an association between one
MATERIAL and anather

For example
The fact that some MATERIALS are components of other MATERIALS

Printer—-r¥pon is a component of a Line—printer assembly , which i
zlsc considered as a MATERIAL D.

~

2
=

Similarly

MATERIALS are used in PROJECTS , and conversely , PROJECTS use
M&STERIALS

MATERIALS are stored in WAREHOUSES WAREHOUSES store MATERIALS;
and so on .
Mote that these relationships are all BIDIRECTIONAL : that is ,

they may all be traversed in either direction . Using this Phenomena
¢ BIDIRECTIONAL 7 , we can construct the following QUERY :

QUERY :

The relationship between EMPLOYEES and CENTRES may be used to
answer both the following questions

i, Given an EMPLOYEE , find the corresponding CENTRE,

ii, Given a CENTRE, find all ceorresponding EMPLOYEES

In general , the same ENTITies may be ascaciated in any number ot
relationships .

In the figure , PROJECTS and EMPLOYEES are linked in two
relationships

i, One might represent the relationship : " WORKS oN "

e.g.; ¢ the Emploree WORKS ON the Project 2

iiy The other represents the relationships " IS THE MANAGER OF "

e.g.s ¢ the Emploree 1S THE MANAGER OF the Praoject 2 .
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Why DataBase 7 :

——r

Why should an Enterprise choose to store its "operational data' in
an integrated dataBase System ? . The broad answer to this question
is that a dataBase System provides the Enterprise with centralized
control of its operational data —-—- which ic one of its most valuablie
assete . This is the case now for many Enterprizes where typically
each aspplication has its own private FILEs ( quite often its own
private Tapes and Disk packs ) .

For an Enterprise with a dataBase system , there will be some one
identifiable Person who has this central responsibility for the
operational data . This Person is the DataBase Administrator ¢ DB& O .

For the role of the DBA , it is sufficient to note that the job will
involve both a high degree of technical expertise and the ability to
understand and interpret management requirements at a senior lewvel
¢ In practice , the DBA may consist of a Team of People rather than
Just one person ) . It is important to realize that the position of
the DBA within the Enterprise is a very senior one

-



Redundancy can be reduced :

In non-dataBase systems , each application has its own private
FILEs . This can often lead to considerable redundancy in cstored
data , with resultant waste in storage space .

In a dataBase system , redundancy cshould be contralled —— i.€.,
the system should be aware of the redundancy .

Inconsistency can be avoided ¢ to come extent 2 :

&n inconsistent dataBase system supplies incorrect or conflicting
information - ;

The data can be shared 3

1t means not only that existing applications can zshare the data
in the dataBase , but also that new applications can be developed
to operate on the same stored data . In other words , the data
requirements of new applications may be satisfied without having to
create any new stored FILEs .

Standards can be enforced :

With the central control of the dataBase , the DBA can ensure
that all applicable ctandards are followed in the representation of
the data . Standardizing =tored data formats is particularly
desirable as an aid to data interchange oOr migration between systems
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. Security restrictions can be applied :

The DBA 3

&, Ccan enzure that the only means of access ta the dataBase system is
through the proper channels , and

b, can define authorization checks to be carried out whenever access
to sensitive data is attempted . Different checks can be established
for each type of access ( retrieve , modify , delete , etc. ) to
each piece of information in the dataBase . [ Note that without
such checks , the security of the data may actually be more at risk
in a dataBase system than in a traditional FILing system ]

« Integrity can be maintained :

The problem of integrity is the problem of ensuring that the data
in the dataBase is accurate . Inconsistency between two entries
representing the same " fact " is an example of lack of integrity .

Conflicting requirements can be balanced :

Knowing the overall requirements of the Enterprise -- as opposed
to the requirements of any individual user ——- the DBA can structure\
the dataBase system to provide an overall service that is “"best for
the Enterprise " . For example , a representation can be chosen for
the data in storage that gives fast access for the most important
applications at the cost of poor performance in some ather
applications .
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Relational Algebra & Relational Models in Data Base

B4SIC TERMINOLOGY :

Operational Data Files (RELATION ) :

& DataBase is made up of any number of RELATIONs ( Operational
Data FILEs » . Each RELATION is given & name.

The following figure { Fig 1 } represents a RELATION named PERSONS

w
PERSON-1D NAME DATE STATE LOCATION
/ 7
| : / CAIRD , ASWAN
/ ELMENY& , CALIF ,MANSORA

/ DOMAINs

l / MENOF I& //
l / y
f \ ’
PERSONS / . /
EUREL T il R SR s pECa e AT
PERSON-ID| NAME DATE-OF STATE-WHERE- | CITY-WHERE-
BIRTH BORN BORN ATTRIBUTES
—‘1 ———————————————————————————————————————————————————
P1 Abdallal| 02/20/41 MENOF 14 MENOUF _
~
Pz Magda 04/04/44 calro ABBASIA _ N |

S 5.3
\/\’/\/\/\_\j/ﬁ TUPLEs
RELATION-Key //,(’//
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The RELATION can be viewed as a table that is made up of a number
of rows and columns.

ATTRIBUTE

Each columin in the table above is called an ATTRIBUTE ( Field >
and is given a name. The names of the columns in the table are:
FERSON-ID, NAME, . . . etc. Each of these is called ATTRIBUTE.

The rows of the RELATION are called TUFLEs ¢ RECORDs » and contain
the DATA. The firet row for example , in the figure above contains
data about a person identified by PERSON-ID = Pl. This person has the
name "Abdalla" and was born on Feb 20, 1941 , in MENOUFIA in MENCUF.

DOMAIN

The walues in each column of each row ¢ i.e., gach element in a row
come from a DOM&IN of values . One such DOMAIN is associated with sach
STTRIBUTE and defines the range of allowed values for that ATTRIBUTE.
For example, the range of values of STATE-WHERE-BORN { ATTRIBUTE  is=
defined as: CAIRO, ASWAN, CALIF, and so on. NAME, on the other hand,
may be any alphanumeric value.



Properties of RELATIONs

Each RELATION has the following properties

{. There i= one column in the RELATION for each ATTRIBUTE. Each
such column is given & name that is UNIQUE in the RELATION.

2% The -enirigs in the column come from the same DOMSIN.

3. The order of the columns or ATTRIBUTEs in the RELATIOM has no
significance.

4. The order of the rows is not significant.

There are no DUPLICATE rows.

o

The RELATION-Kex»(s) is the most important property of a RELATION
This Key is the ATTRIBUTE or set of ATTRIBUTEs that uniquely
identifies TUFLEs in a RELATION.

& RELATION-Key is formally defined as a zet of one or more RELATION
ATTRIBUTES concatenated so that the following 3 properties hold for
211 time and for any instance of the RELATION

1. Uniqueness : The set of ATTRIBUTEs takKes on & unique value in the
RELATION for each TUPLE.

. Mon-redundancy : If an ATTRIBUTE is removed from the set of
ATTRIBUTES ¢ constituting the RELATION-Key ) , the remaining
ATTRIBUTE: do not have the unigueness property>.

]

3, Validity : No ATTRIBUTE value in the RELATION-Key mayx be null.

It is possible for RELATIONs tc have more than one RELATION-Key 3
each Key is made up of a different set of ATTRIBUTES.



I. RELATIONal &lgebra ( The Special RELATIONAL Operators )

We s=tress here on four basic Relational-Algebra—-Operations viz:
SELECTION
PROJECTION
JOINING
DIVISION
&11 of these operators modified some what to operate on RELATIONs

rather than arbitrary SETs.

SELECTION Operatiocn @

The SELECT QOperator has one operand ( RELATION or result of a
Relaticonal -Algebra—-Operation ).

The general form s @

R1 = SELECT RELATION WHERE Condition

The result of this operation , Rl , is obtained by deleting from
the RELATION all TUPLEs ( RECORDs ) that do not satisfy the condition.

or

The result of this operation , Rl , is obtained by SELECTing from the
"RELATION" all TUPLEs satisfying the "Condition".



Example |

Given the following RELATION

RELATION : GDEPTS

GDEPT-1D PHOMNE NO-TRAINS LOCATED-IN-CITY
GD—A &67 P32 200 Ismailia

GD-B 725 1722 310 Port-said

GD-C 836 182 P Port-said

GD-D 672 30D 105 Menouf

¢{ GDEPTS --} Governmental Departments and
NO-TR&INS —=» No. of Trainees &

The Operation

will select all TUPLEs for GDEPTS that are located in Part-said and

create the new RELATION Rl shown

RELATION : R1

....—_—.....—-..-..—--.—_...-.—..—._.—_.._—-_..—_....._...—_...__..-_..._._...._._—.-..__._...-.-.—_-..—_.

GDEPT-1D FHOMNE MNO-TRAINS LOCATED-IN-CITY
GD-B T 210 Port-said
GD-C &34 182 79 Port-said

3

&
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Example 2

ke can impose conditions on more than one ATTRIBUTE ¢ Field—-name

For example:

R2 = SELECT GDEPTS WHERE LOCATED-IN-CITY = ‘Port-said’
AND NO-TRAINS > 100

This cperation would SELECT only cone TUPLE < RECORD  from the
RELATION: GDEPTS as follows @

RELATION : RZ

Port—-said { +I6
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FROJECTion Operation

The PROJECT Operator constructs a new RELATION from an existing
cne by SELECTing only specified ATTRIBUTEs < Fields » of the
existing RELATION and at the same time eliminates the duplicate TUFLEs

¢ RECORDs ) in the newly formed RELATION.
Given again the RELATION called GDEFTS:

RELATICON: GDEPTS

GDEPT-1ID FHONE NO-TRAINS| LOCATED-IN-CITY
GD-#~ 667 932 200 Ismailia

GD-EB 725 1722 ato Port-said

GD-C 634 182 79 Port-said

GD-D &7% 203 105 Merouf

The operaticn i

E3 = PROJECT . GDEPTS OVER GDEPT-ID , LOCATED-IN-CITY

results in the RELATION R3 shown

RELATION : R3

GD—#A Ismailia
GD-B Fort-said € FIE -5 =
GD-C Port-said

GD-D Menouf



Example 2 :

R4 = PROJECT GDEPTS OVER LOCATED-IN-CITY
results in :

RELATION : R4

Iesmailia
Port—=aid T, 0 LI -G,
Menouf
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JOINing Cperation @

JOINing is a method of combining two or more RELATIONe into a
single RELATION.

&4t the beginning , it requires the choice of Fields ( ATTRIBUTES )
to match RECORDs ¢ TUPLEs » in the RELATIONSs.

RECORD= in different RELATIONs , but with the same value of matching

Fields ¢ ATTRIBUTEs ) , are combined into a single RECORD in the
output RELATION.

Example 1

Suppose we have the following two RELATIONS:

RELATION: GDEPTS

GDEPT-1ID PHONE MNO-TR&A&INS LOCATED-IN-=CITY
GD-5 &87 932 200 l=amailia
GO-EB 725 172 310 Port—=said
GD-C &34 182 7D Port-=said
GD-Dr &7% 305 105 Menouf

RELATION: CLASSIFICATION

GDEFT-1ID CLASS-CODE MOS

GD-& C1 S0

GD-A cz 17

GD-B c3 20 G o i R
GD-C Cci1 30

GD-C c4 11

GD-C c3 Sé

{ CLASS-KODE --» Classification Code and
MNOS ——7 MNumbers
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RELATION CLASSIFICATION contains the number of each Classification
code grouped by each Governmental dept.

We can now JOIM the two RELATION:s using the common Field ¢ ATTRIBUTE 3
;s GDEFT-ID , by the operation :
RS = JOIN CLASSIFICATION , GDEPTS OVER GDEPT-ID

The result is the following RELATION

RELATION: RS

GDEFPT-ID FPHONE MO-TRAINS | LOCATED-IMN-CITY |CLASS-CODE | MNOS
GD—-& &&67 932 200 Ismailia C1 S0
GD-& 8487 932 200 Iemailia cz2 17
GD-B Py L) 310 Fort—-said C3 20
GD-C &34 182 75 Port-zaid : ) | 30
GD-C 636 182 ot Port-said c4 1|
GD-C 838 182 ~ 7 Port-said C3 54

tiEiigq 8 &

The ATTRIBUTE GDEPT-ID has been chosen as the matching ATTRIBUTE in
both RELATION=S.

The condition of the JOIN is that RECORDs that have the same wvalue ¢
equal ity JOIN » of matching Fields in RELATIONs CLASSIFICATION and
GDEFTS are combined into a single RECORD in the new RELATION , RS ,.

Conditions of JOIN may be other than the equality , and we may ,

for example , define a " Greater than " or " less than " JOIN

. . i, . (i i o o . . e T ot S T T T — T — —— — T — . o Tk . T T S . . . T ——— ——————— ————— —

In the equi JOIN , two RECORDs are combined if their values of the
two nominated fields are the same

In a greater—than JOIN , two RECORDs would be combined if the value
of cone nominated field is > the value of another nominated field



Example 2

Given

FREL&TION = S RELATION : SFP
SH SNAME CILTY I SH CLASS-CODE MNOS
51 Minst—ocf-Planning Cairo 51 | 300
52 Minst—-of-Agricul ture Tanta a1 E2 Z00
= Minst—of-Insurance Adsiout S £3 400
sS4 Minst-of-Industry Alex S1 c4 z00
————————————————————————————————————— S1 B 100
S2 Ci 300
SZ c2 400
e B e 53 EZ 200

To JOIN S and SF over Supplier number ( S# ) and the number of
Trainees attending ¢ NOS > is greater than 100 , we have

RSSP = JOIN S , SP OVER S# , NOS > 100

The result is shown as follows

g SHAEME (0908 CLASS-CODE Nas
51 Minst—of-Planning Tanta Ci =00
S1 Minst—of-Planning Tanta C2 zoo
51 Minst—of-Flanning Tanta £3 400 £ EFTg 0
51 Minst—of—-FPlanning Tanta ca 200
52 Minst—-of—-Agricul ture Tanta 32 =00
82 Minst—of—Agricul ture Tanta cz 400
83 Minst—-of-Insurance Asiout &2 200




DIVISION Operation

P
—
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Given RX 4, RY 3 The result of the operatiaon
Z = R« DIVISION RY

ar
Z o=l RS RY

i
nt

,_
{ 2
=

Example 1

Given the RELATIONs R%

RELATION : R?

COMPaNY LOCATION
COMP1 Fort-caid
COMF2 Menouf
COMP1 Cairo
COMF3 Port—-said
COMF2 “lex
COMF3 Flex
COMP2 Menouf

The operation
RY = R?
R =0raRD LSRG

»ieldse the result shown

DIVISION Rs&

in RELATION R?Y above
ic the anly COMPAMNY (Field-value) for which there is
Port—-said and Alex ¢ i.e.

Y-that are nat in RY

and Ré as fol lows

RELATION : Ré&

Port—-=said
Alex

¢z rar

COMPZ2 , Port-said and

RELATION , £ , whose TUPLEs ( RECORDs ) are those of RX
Fields { ATTRIBUTEs

RELATION : RV

In thise RELATION , COMP3
a RECORD
COMP3 ,Atex ) in RY

wi th

The other Companies , COMP1 and COMPZ , do not satisfy this condition



Example 2

Given the foilowing two RELATIONS

RELATION : FNAMEI RELATION @ FNAMEZ
e ameois s a P R - I s
Rec # 2 | 8l ] °F1 ~f Fec # Gi | F1
i e / SUNCTE e -
1 e d 3 / 1 d 3
z C h rdn Y- h 7
3 B h — > B 3 4
4 =3 ¥ s R A T R o oo
o - ¥ 4
& i h 7
7 = d 3//
=] C ¥ &
Then ,

FREME = FNAMEL ~ FNAMEZ

yields the RELATION : FNAME shown as follows @

RELATION : FNAME

Fec # G2
i A
2 B

in which there is only one Field { ATTRIBUTE > which is the only
one that belongs to FNAME! and not to FNAMEZ
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The value A of ATTRIBUTE G2 is included in the result of DIVISION *-
because & appears concatenated with every RECORD of FNAMEZ in FNAMEL ;
that is to say , FNAME1l includes all of : 5 |

52 61 7} Fd

————— | —————— ] ————

T S J;l‘_'f o T 253 "
ier -~ th-— 7 '
A D :4

Ated

does nat occur in FN&MEL . . !
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11. RELATIONal Models in Data Base @

The uzefulness of the Relational Models in Data Analx»sis comes
from EReT 3 OEjechIfOEsS s BV a8, Tt LTS OTRL. B smmmmeme et

1. It can be used to identify the Users requirements and present
these requirements in a way that is easily understocd both by
the Users and by the computer professionals

2. 1t can be easily converted to a Technical implementatiaon

i

[}

It provides rules and criteria for efficient logical data
representation

The Enterprise’s Data Base is specified as a set of tables , or
RELATIONs . For example :

The following table :

RELATION: PERSOMS

MName Address Date-0f-Birth
AbdiTis | Nasp-city, catre | . 0z 20,41

Magda Bbbasia, Cairo 04/04-°44 { Fig 11 %
At af Heliopolis,Cairo 04,0444

i 1lustrates one such RELATION ¢ named ,again, PERSONS >.

The RELATION: PERSONS ,here, contains information on people in an
Organization ( INP ,for example, )>; it stores each person’s MName ,
Address , and Date-0f-Birth.

[Tu]
m

& complete specification of Enterprises usually consists of a lar

number of RELATIONs.
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HNote that :

The tabulzar presentation of RELATION:s satisfies the first obijective
of Data Analrysis. It is understood by Users as well as Computer
Frofessionals. It is also complete in the sense that it can be used
to specify the data within any organization.

The second objective ———— the conversion to phrsical implementation
-—— is also satisfied by the Relational Model. To do this, a DataBASE
Manzgement System that supports the Relational Model must be available
on a computer. As a result, direct conversion from a2 Relational
cpecification to phrsical implementation is becoming possible.

The third objective deale with the following criteria for good
ogical data structure :

iy Each fact should be stored once in the DataBase.
ii, The DataBase should be consistent following DataBase operations.

iii, The DataBase chould be resilient to change.

For first criterion: Storing each fact once at most not only removes
storage redundancy but also improves DataBase consistency ( the second
criterion J.

I the same fact is stored twice, the DataBase then becomes
inconsistent. In an inconsistent DataBase, it is possible to aobtain
different DataBase outputs about the same fact from different places,
raising doubt about the reliability of information in the DataBase.
So, storing each fact only once improves DataBase consistency by
ensuring that consistent information be obtained from the DataBase
after any DataBase operations.

The third criterion deals with a different aspect. It is a consequent
of the environment in which DataBase exist. This environment is
usually in a state of constant changej consequently , the DataBase
must also be continually redesigned to meet continually changing user
requirements.
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TERMINOLOGY ¢ continued 2

You may be wondering why there is a distinction between DOMAIN and
ATTRIBUTE 7. In { Fig 12 » ,for example, why not use the same name
for both DOMAIM and ATTRIBUTE 7. The reason for thics separation is
that = DOMAIM i=s a set of values: Far example, in the following
figure { Fig 2 Z:

RELATION: MANUFARCTURE

PARTS PARTS INTEGER {—— DOMAIMs
ASSEMBLY COMPOMENT QTY e ﬁTTRIBUTEi

AUTO ENMGIME i

AUTOD WHEEL o

“UTO CHASSIS 1

WHEEL TIRE 1

WHEEL NUTS & S o - e

ENGINE CYLIMDER 4

Consider the DOMAIN PARTS. This DOMAIN contains the names of all

PARTS of interest to an Organization. RELATION MANUFACTURE stores
the components that make up each PART. Thus an AUTO is made up ot
{ ENGINE, 4 WHEELs, and 1| CHASSIS. & WHEEL is composed of 1 TIRE
and & NUTS; and an ENGINE has 4 CYLINDERs.

In this RELATION, the DOM&IN PARTS appears twice. Therefore, it is
necessary to distinguish between the first and second set of the same
DOM&IN in the one RELATION. This can be done by using ATTRIBUTES.

Both the ATTRIBUTEs ASSEMBLY and COMPONENT map to the same DOMAIN <
FARTS ). But the values in each column ¢ although they come from the
came DOMAIN ) have different meanings. For example, WHEEL in column
&SSEMBLY means that WHEEL is the major PART or ASSEMBLY made up of
zome other PARTS; while, WHEEL in the column COMPONERNT means that
WHEEL is the component of some major PART or ASSEMBLY .



It is common to choose DOMAIN names to signify value sets ( IMTEGER,
ALPHENUMERTC, o < sietc. ),

The ATTRIBUTE names are chosen to identify as closely as possibiz
the meaning of values in their columns.

Example

Consider the following RELATION :

RELATION: WORK

FERSON-ON- FROJECT - MONTHS-WORKED-
FPROJECT WORKED-ON ON-PROJECT
SAman i F#1 S L Figid3 2
Mohamed PHZ2 3
=i P#1 2z

The ATTRIBUTE names here are chosen to identify as closely as
possible the meaning of values in their columns.

The ATTRIBUTE PERSON-ON-PROJECT comes from the DOMAIN ALPHANMUMERIC
because the values are alphanumeric ¢ the set of names of all the
people in the INP ), Similarly , the ATTRIBUTE PROJECT-WORKED-OM
comes from the DOMAIN Project-Number; and the ATTRIBUTE MONMTHS-
WORKED-ON~-PROJECT maps onto the DOMAIN INTEGER.

It should be noticed that an ATTRIBUTE may also consist of more
than one DOMAIN.
Example

In the following figure ¢ Fig 14 %

RELATION: NAMES

27330 Abdel Kader Hamz & { Fig 14 >
S7&01 Khalid Lotfi
g7e03 Fatheia Zaghlaoaol

58017 Zolfa Shalabi
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the ATTRIBUTE NAME may map onto two DOM&Ine: FIRST-NAME and

L&ST -NAME .

It is also possible to have RELATIONs where the &TTRIBUTE values are
themselves RELATIONs. The ATTRIBUTE DOMAINs are INSTANCEs of that

RELATION. -
Example

-

The following figure { Fig 15 ¥ :

RELATION: LIVED-IN

PERSON RESIDENCE
gbdel hameed GIAY: DATE-MOVED-IN
Alex 03/03/71
Port-said 07/07/30
Cairo 0s/08s81 { Fig 15 %
AHZIZ EITY DATE-MOVED-IN
Port—-said 04/05/73
Zagazig Q7/0&67°75
Cairo 08/08/777

____..—____._.__-....._-—-.-....-——.——..__..._—_-._-..-_..—_.._—..-_...__.-.__.___.._..—.....—_.-.-

i 1lustrates the RELATION: LIVED-IN, which identifies the places

of residence of people.
is a RELATICN. The

Here, the DOMAIN of ATTRIBUTE RESIDENCE
-MOVED-IN. The values of

RELATION ATTRIBUTEs are CITY and DATE
ich a PERSON resided, together

these ATTRIBUTEs state the city in wh
with the date on which that Person first took up residence in that

(o [



Examples

The RELATION-Key of RELATION PERSONS in ¢ Fig 12 ¥ is PERSON-ID,
as there is one TUPLE for each Person.

The RELATION WORK in ¢ Fig 13 * ,on the other hand, has a
RELATION-Key made up of two ATTRIBUTEs:

PERSON-0ON-FPROJECT and PROJECT-WORKED-OMN

Values in these two columns together uniquely identify TUPLEs in
WORK . FERSOM-O0M-PROJECT cannoct be a RELATION-Key by itself because
there can be more than one TUPLE with the same vwalue of
FERSON-ON-PROJECT. That is, one Person can work on more than one
project.

Similarly, PROJECT-WORKED-ON cannot be a RELATION-Key by itseldf
because more than one Person can work on the same project.

1l

The RELATION-Key is often called the CANDIDATE KEY. If a KEY
the only KEY of the RELATION, it is generally refereed toc as th
FRIMARY KEY.

m -

FRIME =nd MNONM-FPRIME ATTRIBUTE
FRIME ATTRIBUTE is ATTRIBUTE that is part of at least one
RELATION-Key.

A Non-FPRIME ATTRIBUTE is not part of any RELATION-Key.

Example

In RELATION: PERSONS in { Fig 11 > , PERSON-ID is a PRIME ATTRIBUTE;
MNAME, DATE-OF-BIRTH, STATE-WHERE-BORN, and CITY-WHERE-BORMN are all
Mon—FRIME SATTRIEUTEs. .

In RELATION: WORK of {( Fig 13 ¥, PERSON-ON-PROJECT and
PROJECT-WORKED-OM are both PRIME ATTRIBUTEs; MONTHS-WORKED-OM-ROJECT i
the only Mon-PRIME ATTRIBUTE in this RELATION.

Consistency 3

T distinguish between good and bad RELATION&l Design, choose
RELATIONs that preserve consistency following dBASE operations that
store sach fact at MOST conce in the dataBase. RELATIONs that do this
are =zid to be in NORMAL FORM. In Non-NORMAL RELATIONs, ANOMALIEs
can arise after dBASE TUPLE ocperations.



21

T

TUFPLE Operations

Three Tuple cperations are as follows

1. ADD TUPLE Operation

DD TUPLE ¢ RELATION-name , ¢ ATTRIBUTE Values )

This operation Adds a new Tuple to a REL&ATION.
The ATTRIBUTE Values of the TUPLE are given as part of
the ocperation.

Example

ADD TUPLE ( PERSONS , ¢ Amani , Eldokki , 06709744 ¥ D

s

This operation Adds a new row to the RELATION in { Fig 11 3.

NMote that: &n &DD TUPLE operation will not be allowed if it

dupl icates a RELATION-Key.
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2. DELETE TUPLE Operation

DELETE TUFPLE ( RELATION-name , ¢ ATTRIBUTE-values ) 2
This operation deletes a TUPLE from a RELATION.

Example

DELETE TUPLE ( PERSONS , ¢ Abdalla , MNasr-city , 02720741 ) >

This operation would delete the first row from the RELATION in
i Sl B ) i S

2. UPDATE TUPLE Operation @

General Form :

UFDATE TUFLE ¢ RELATION-name , ¢ O1d-ATTRIBUTE-Values )
{ New-ATTRIBUTE-Values ) 3

This operation changes the TUPLE in a RELATION.

Example

UPDATE TUPLE ¢ PERSONS , ¢ Afaf , Heliopolis , 0470444 ) ,
¢ Afaf , Nasr-city , 04-04-44 )

This operation would change &faf s address in the RELATION
o A e T B '

Mote that: An Update will not be &llowed if it duplicates
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ANOMALIES In TUPLE Operations :

&nomalies can be illustrated by considering, for example, the
following RELATION: ASSIGN.

RELATION: ASSIGN

FERSON-ID PROJECT-BUDGET PROJECT TIME-SPENT-BY- l

PERSON-ON-FROJECT
575 2 P1 7
g 2 40 P2 3 ¢ Fig
87 % 32 P1 4
379 27 P3 11
520 40 2 5
—— 17 P4 -

This RELATION describes the time ¢pent by Persons on projects,
toge ther with the project Budge t.

It is seen t
praoject Pl ha
project PZ.

hat some project Budgets are repeated; for example,
= a Budget of 32 and appears twice. The same for

There i= a Budget of a project P4 that has no Perzon assigned to it
which requires dummy or null wvalues to be used in the columns.

The existence of one or more of cuch things in & RELATION is regarded

ANOMALi ee also arise in TUPLE Operations; for example:
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Suppose the Operation:
AR TURLE S CASSTEN: (- S85 s LR 9y

is executed to Add the fact that PERSOMN S85 has worked on
Project P1.

This operation creates an ANOMALY because now there will be two

TUPLEs in ASSIGN with conflicting PROJECT-BUDGET Values for the
same FProject F1.

Suppose the operation @
BELETE - TUPLE £ -ASSIBN ., ¢ 529 274 % B3 y 117 3
iz executed to Delete the fact that S79 worked on Froject P3.

This operation ,oversight, delete also the Project Budget of P33,
thus creating a DEIETE ANOMALY . '

Suppose the operation:

UPDATE TUPLE ¢ ASSIGN , ¢( 875 , 32 , P1 , 7 ) ,
¢ 87?5 , 35 , P1 4, 7 ) )

ie used to change Pl17s Budget.

Thie operation is a type of ANOMALY because now there are two
TUFLEs with different values for Pl‘s Budget.



solution 7 ¢ Resolution of ANOMALies in RELATIONs Design )

The above undesirable properties can be removed by DECOMPOSIMNG
&SSIGN inta the following two RELATIONs: 000202020 === =——————=—

ELATION: PROJECTS RELATION: ASSIGNMENTS
| PROJECT PROJECT-BUDGET FERSON-ID FROJECT TIME-SFPENT-BY -
PERSON-ON-FROJECT

F1 22 57 F1 7

FZz 40 B7D R2 3

FP3 27 S79 P1 B

Fa 17 579 P3 11
—————————————————————————— 580 Pz 5

{ Fig 17 2

| . Mo ANOMALies arise if a Project Budget is changed by the operation:
UPDATE TUPLE ¢ PRDJECTS , ¢ P1 , 32 2 ,-CPL , 3523 )

*. No dummy values are necessary to store Projects Budget values for
Projects that have no Persons assigned to them.

DELETE TUFLE ¢ ASSIGNMENTS , ¢ 879 , P3 , 11 D )

L]

does not delete the Budget of Project F3.

a. Mo &NOMaLY can be created if & Person’s contribution is &dded to
ASSIGNMENTS. For example:

ADD TUPLE ¢ ASSIGNMENTS , ¢ 885 , P1 , 2 D )

cannot ,oversight, create an ANOMALY .

The RELATIONs in which the design does not create ANOMALIies are
zaid to be in NORMAL FORM.




Functional Dependency ¢ FD 2 :

FD i= & term derived from algebra ;3 it means the Dependenc: of
values of one ATTRIBUTE(s) on those of another ATTRIBUTE(s).

Formally,

£ set of ATTRIBUTE values X is Functionally Dependent on aset of
ATTRIBUTE values Y if a given set of values for each ATTRIBUTE in ¥
determine a unique value for the set of ATTRIBUTEs in X. ]

The notation:

Gy R Lo bl IR 4 { i.e., ¥ determines X

£

is often used to denote that X is Functionally Dependent on .

The ATTRIBUTE values in Y are sometimes Known as the determinant of
FD: ¥ —===3> X

Example 1

In £ Fig 16 > , PROJECT-BUDGET ie FD on PROJECT because cach
PROJECT has one given BUDGET wvalue. Thus once a PROJECT name is
Known, a unique value of FROJECT-BUDGET is immediately determined.

Hence, we have the FD:

PROJECT ----> PROJECT-BUDGET

In the following figure:

| PROJECT ] v ]| PROJECT-BUDGET | £ Fig 18 3%

The arrow indicates that each value of PROJECT uniquely determines
a value of PROJECT-BUDGET.
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Example Z

In the RELATION @&SSIGN of ( Fig 146 ¥ or  ASSIGNMENT of { Fig 17

once wvalues for PERSON-ID and PROJECT are Known, a unigue value of
TIME-SPENT by that Person in that Project is determined.

Formally, this FD is defined as:

PERSON-ID , PROJECT -——-—-3 TIME-SPENT -BY-PERSON-ON-FROJECT

ar

——————————— —e==3 | TIME-SPENT-BY-PERSON- { Fig
ON-PROJECT

also possible to have 2 ATTRIBUTE=s that are Functionally

It is
we have:

Dependent on each ather., In this case,

Y —-—=3 X

L e G and N e K or

1t is called Mutual FD.

L]
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Full Functional Dependency

The term full FD is used to indicate the minimum cet of ATTRIBUTEs

in a Determinant of an FD.
Formally ,
Given ¥ —-=> X , then X is fully FD on Y if and only if ¢ iff ):

it Avil sEERont Y Srizand

iiy, X is not FD on any subset of Y.

Example 1

In the RELATION: ASSIGN of ¢ Fig 1& 3,
iy PERSON-1D, FROJECT, PROJECT-BUDGET ----) TIME-SPENT-BY-PERSON-
ON-FPROJECT

is= not a full FD.

But:
ii, PERSON-ID, PROJECT --> TIME-SPENT-BY-FERSON-ON-PROJECT

is FD because neither PERSON-ID --—-> TIME-SPENT-BY-PERSON-ON-PROJEC

nor PROJECT =-~--3 TIME-SPENT-EY-PERSON-ON-FROJEC

hald TRUE.



Example 2 1

RELATION : FIRST

SH CITY CLASS-CODE NOS

51 TANTA c1 300

s1 TENTS c2 200 :

£i TANTA c3 400 ¢ Fig 20 3
51  TANTA ca 200

52 ASIOUT 5 300

52 ASIOUT c2 400

S3 ASIOUT c2 200

i, ©# , CLASS-CODE , CITY ----> NOS i not #ull ED:.

———

iig -8 ; CLASS-CODE ——===2 NOS : is full FD .
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NORM&L FORMs :

The RELATION is defined as made up of two components
1. The ATTRIBUTEs , and

2. The FD .between the ATTRIBUTE=

So , a RELATION can take the form :

RIS 0 X REYanwdsd. £ X Spe) Yo, X bl 2 93

in which the first component is the ATTRIBUTEs and the second
component is the FDs

Example

In the RELATION ASSIGN of ( Fig 16 3 , the first component is
¢ FERSON-ID , PROJECT , PROJECT-BUDGET ,
TIME-SPENT-BY-FERSON-ON~-PROJECT 2
The second component is :
{ PERSON-ID , PROJECT ---> TIME-SPENT-BY-PERSON-ON-PROJECT :
PROJECT ---> PROJECT-BUDGET 3

Note that : the FDs between ATTRIBUTE:s in a RELATION are obviousl»
important when determining the RELATION-Key .



#s mentioned before, the RELATIONs in which the design does not
create ANOMAaLies are said to be in NORMAL FORM .

There are a number of NORMAL FORMs . The three best Known n? them
are the 1st , 2nd , and 3rd NORMAL FORM , and often referred to as
INF , 2NF , and 3NF

RELATIONs are in INF if all DOMAINs are simple

Most of the RELATIONs that are discussed so far are in INF.. The
only RELATION not in INF is LIVED-IN of { Fig 15 » where the
DOM&IN RESIDENCE is not simple

RELATIONS that have non—-simple DOMAINs are not in INF 3 they are
called Un—-NORM&Lized RELATIONs .

& RELATION can be NORMALized by replacing the non—-simple DOMAINs
with simple DOMAINs. For example, the NORMALized FORM of the RELATION:

LIVED-IN can be shown as follows:

RELATION : LIVED-IN

—.._....___.—...—-__._-_..—_.-.-—_—.—...—-———.—--—_—-.—-—_.-.—.—_...—_.._—

PERSON CITY DATE-MOVED-IN
Aabdelhameed Alex 0303771
abdelhameed Port-said 07/07/80
abdelhameed Cairo 08/08/81 ¢ Figi2l 3
Aziz Port—-said 0405773
Aziz Zagazig 07706775
Aziz Cairo 08/08/77

—_-——_.-_---——-———.—.—au—_—————-—_-—-..—_._.——_.....-—.-.———



The following RELATION

RELATION: SUPPLIERS

SH PR
CLAS5-CODE NOS

S1 E£1 300

c2 200

c3 400

c4 200

C3 100 bR gT22-2
S2 C1 300

cz 400
53 | c2 l 200 |

is= not in INF ¢ or un-NORMALized ) since the DOMAIN PN is not simplie.

Replacing the non-simple DOMAINs by simple ones, we get the following
NORMAL i zed RELATION:

RELATION: SUPPLIERS

SH CLASS-CODE NOS
E1 cl 300
51 cz2 200
=1 c3 400
S1 c4 200 {-Fig. 23D
=1 CS 100
sz Ei 300
sz c2 400
52 2 200




P
0
0

& RELATION ie in a 2nd Normal Form ¢ 2NF ) iff it is in INF and
every non—primary—-Key ATTRIBUTE is full FD on the primary—Key

Example 1

The following RELATION

RELATION: FIRST

SH E Lty CLASS-CODE NOS
s TANTA Ci s0a
5 TANTA c2 200
51 TaMNTA c3 400
Si. TANTA () 200 £ Fig 24 %
S2 ASIOUT C1 300
52 SSI10UT c2 400
53 asIouT c2 200
54 SLEX e =y

i= not in 2NF since CITY is not full FD on the RELATION-Key SH

Example 2 :

The RELATION ASSIGN in { Fig 16 » is not in ZNF because the
non—-prime ATTRIBUTE PROJECT-BUDGET is not fully FD on the
RELATION-Keys PERSON-ID and PROJECT. Here, PROJECT~-BUDGET is,
in fFact, full¥»:FD an PROJECT (which is a subset of the RELATION-Key) .

But,

7 ¥, RELATION: ASSIGN was decomposed into two RELATIONS:

I e bl gl
and ASSIGMMENTS. Both these RELATIONs are in 2NF.

FROJECTS
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# RELATION is in 3NF if it has the follawing properties:
1. The RELATION is 2ZNF.

2. The non—-prime ATTRIBUTEs are mutually independent ¢ i.e., no
non—-prime ATTRIBUTE is FD on another non-prime ATTRIBUTE ).

&n example of & RELATION that is in 2NF but not in 3NF is the
follawing RELATION:

RELATION: SUPPLIERS

SUPFPLIER ETA5Y DISTANCE ] SUPFLIER |--——} ] CITY ]
= Port-said 200
52 Poart—-said 200 : ;
83 Menouf =]l P o 1 me e RS S B (ST SRR o e oy
s4q Menoudt T IR S o e R ol b | DISTAMCE l
L Fig 23 -2 { Fig 248 7

FD between SUPFLIERS ATTRIBUTE=:
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Bovce—Codd MNORM&L FORM  ( BCNF O

The above 3NF was subsequently replaced by a stronger definition.
The new definition is due to Borce and Codd; hence the term BCNF is
uszed to distinguish the new 3NF from the old.

£ RELATION is in BCNF iff every determinant is a candidate Key.
The reason +or introducing BCNF is that the original 3NF definition
does not handle the case of a RELATION possecscsing two or more
cverlapping candidate Keys.

Consider the RELATION: SJT with ATTRIBUTEs S ¢ Student 3, J
{ subJdect ), and T ¢ Teacher ). The meaning of an SJT Tuple is
that the =pecified sTudent is taught specified subJdect br specitied
Teacher.

REL&ATION: SJT

= J I T |-—- -
FFman Data—Struct. | Prof. Amani 5 1 ] m—————
A MAar Data—Bacse DesAbdalia sy &) Teee— —>| T l
Sheri+f Data-Struct.| Prof. amani A it e Lo T b
Sherif Data—Base Dr. &bdalla | 2 ————————————e
2 overlapping candidate Keys
- Fig 29=%

The FDs in SJT are

i

]

ke have two overlapping candidate keys: §, J, and 5, T.

The RELATION i= 3NF but not BCNF; and the RELATION suffers from
certain ANOMALies. E.g., we cannot delete the information that
ayman is =tudrving Data-Structures without at the same time losing
the information that Prof. Amani teaches Data-Structures. The
difficulties are caused by the fact that T is a determinant but
not & candidate Key.

&gain, we can get over the problem by DECOMPOSING SJT into two
BCNF RELATIONs: ST ¢ & , T ¥ and Td ¢ T ; J .



RELATIONa] Languages
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highly desirable that the Users who cannot program should

o QUERY the Data Bases and extract from them the information
. For this purpose, & wide variety of Data Base CQUERY

exist. Some are simple ( the one mentioned here ) SO that

ed User can compose & QUERY. Some can carry cout more complex
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Structured QUERY Language ( SQL 7 :

SELECTE 4 AFTRIBUTE(sY X

F RO ¢ RELATION

-

LHERE L condi kior b

-~

The simplest form of the {(condition’ appears as follows :
ATTRIBUTE rel.op. Walue

The rel.iop.. cle-one o = o NEQ 5 > = 5 &= .3 2. 5-%

The output is a set of values . The walues are chosen by selecting
2ach RELATION-row that satisfies the {condition>.
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Examples :
1. Given

RELATION: GDEPTS

GDEPT-1D FHONE NO-TR&INS LOCATED-IN-CITY

GD-& &&7 232 200 Ismailia

ED-B oS R 310 Fort-=said { Fig 30 3}
GD-C 536 182 75 Port-=aid

GD-Dr &7% 305 105 Menousf

Then,

SELELT - GDEPT-=-1B
FROM GDEPTS

will output the GDEPT-ID of all TUPLEs in the RELATION: GDEPTS.

It ic possible to output more than one ATTRIBUTE by including all
the needed ATTRIBUTEs after SELECT.

Thus

SELECT GDEPT-ID , PHONE
FROM GDEPTS

would output the GDEPT-ID together with its FPHOME number.

I1f all GDEPTS details are required, we can use

SELECT =
FROM GDEPTS

This PROCEDURE will output all the ATTRIBUTE-values of the
RELATION: GDEPTS.

I1f only Stores that satisty sbme Condition are needed , the mapping
iz extended to include a condition clause

Thus :
SELECT GDREFT-ID
FROM GDEPTS
WHERE LOCATED-IN-CITY = ‘Port—-said’

would result in the output: GD-B and GD-C



2. Given

RELATION: ITEMS

ITEM-1ID DESCR SlzE WEIGHT
31 DOOR SMALL =
1z LAMP LARGE 2 { Fig 3t
13 LW ITNDOW LARGE 15
I4 WINDOW SMALL 1.2

Then ,

SELECT ITEM=ID
FROM ITEMZ
WHERE SIZE NEG ‘SMALLS

would result in the output: 12 and 13.

t is possible to specify compound Conditicns in SEL using the
ical operators: AND and OR as follows:

SELECT ITEM-ID
FROM ITEMS
WHERE SIZE = ‘SMALL’ AND WEIGHT > 10

THE output is: I4.

There can be any number of such conditions separated by AND
or 0OR in mapping.
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Opticnal features are available in SQL to ORDER the output values

and to allow or suppress ¢ prevent ) the duplicate appearance of the
same walue.

Given

RELATION: HOLD

GDEPT-1D CLASS-CODE NOS-HELD
GD-A c2 300
GD-A~ cCi 200
GD—-A c3 400
GD-D =5 130 ¢ Fig 82 %
GD-B c1 200
GD-B c2 400
GD—5 c4 150
GL—-C c3 400
GD-D ca 100

Then X

SELECT GRERE-ID
FROM HOLD

WHERE CLASS5-CODE = “C4°
ORDER BY GDEPT-ID ASCENDING

would cutput all the GDEPT-IDs of GDEFTS that hald C4 in ascending
arder.

To suppress { prevent ) the duplicate appearance of a value, the
word UNIGQUE is included in the SELECT statement.

Example

SELECT UNIQUE ITEM-ID
FROM HOLD
WHERE NOS-HOLD > 230

would insure that each CLASS-CODE that saticsfies the condition
appears only once in the output.

1 UNIGQUE were not included, the C3 would appear twice in the
output because its holding in GDEPTS: GD-& and GD-B exceeds 250.
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SELECT CLASS-CODRE
FROM HOLD
WHERE GDEPT-ID IN SELECT GDEPT-ID
FROM GDEPTS
WHERE LOCATED-IN-CITY = ‘Port-said’

results in the output: Cl, C2, C3 ---these are the numbers regicstered
by Fort—-said GDEPTS.

Thiz nested expressicon is the same as

SELECT CLASS-CODE
FROM  HOLD
WHERE GDEFT-ID IN ¢ the set of Port-said GDEPTS :

Jhere the Set in brackets is found by the mapping :

SELECT GDEPT-ID
FROM GDEPTS
WHERE LOCATED-IN-CITY = ‘Port-=said”

Experience with using SGL has led to the development of various
2lternatives for stating QUERIes that include more than one RELATION.

We will consider here 3 such alternatives , one involving the
sxpression of RELATIONa] JOINS , and the other two using the terms:
EAISTS or ANY .



Expressing RELATIONal JOINs

The RELATIONMs to be JOINed are specified in the FROM Clause ,
whereas the JOIN Condition is in the WHERE Clause

Thus , the previous QUERY becomes
SELECT. & CLa&SS-CDODE
FROM HOLD , GDEPTS

WHERE HOLD.GDEPT-ID = GDEPTS.GDEFT-ID
“MND GDEPTS.LOCATED-IN-CITY = “Port-said’

Maw , ATTRIBUTEs from more than one RELATION can appear in the
LHERE clause.

RELATION names can precede the ATTRIBUTE names in the WHERE Claucse
to resalve any naming ambiguities.

Retrievals Using EXISTS :
The word EXISTS in SQL Statement can be explained as follows:

Consider the QGUERY @

SELECT CLASS-CODE

FROM HOLD
WHERE EXISTS
(- SEEERT e

FROM GDEPTS
WHERE GDEPT-ID = HOLD.GDEPT-ID
AND  LOCATED-IN-CITY = ‘Port-said’ >

The expression in parentheses evaluates to TRUE for a given HOLD TUPLE
if there EXISTS a GDEPTS TUPLE that has a GDEPT-IDwvalue equaling the
value GDEPT-ID in the HOLD TUPLE and also has a LOCATED-IN-CITY value
of “Port-said’.

If the expression in brackets evaluates to TRUE for a given HOLD TUFLE
the CLASS-CODE value of that HOLD TUFPLE is ocutput.
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Retriewal Using ANY

The previous QUERY is expressed as

SELECT CLASS-CODE
FROM HOLD
WHERE GDEPT-ID = ANY ¢ SELECT GDEPT-1D
FROM GDEPTS
WHERE LDCATED-IN-CITY = ‘Port—-said’® 2

Here , a HOLD-TUPLE is SELECTed if its GDEPT-ID value i= ANY of the
vwalues output defined by the mapping in parentheses

The term = &NY is equivalent to IN in a nested mapping

The term @ANY can be used together with the relational cperators
¢ 3 Sy NOT-¥ y NOT S 5 F R

Example '

SELECT ORDER-NO
FROM ITEMS-0ORDERED
WHERE CLASS-CODE = ‘CZ2°
AND GTY-0ORDERED < ANY SELECT NOS-HELD
FROM HOLD
WHERE CLASS-CODE = “CZ° ’)

Here , ORDER-NO= that contain item C2Z are examined . The ORDER-NO is
output if the GTY—-0ORDERED is { some NOS-HELD of the holdings of the
i tem in one GDEPT. The order can then be catisfied by withdrawals
from one GDEPT.



Set Exclusion

SELEET - -IEEM=1P
FrROM HOLD
WHERE GDEPT-1ID NOT IN SELECT GDEPT-1ID
FROM GDEFTS
IWHERE LOCATED-IN-CITY = “Port-said’

Here , items carried by stores NOT IN Port-zaid are cutput.

Compound Conditions

SELECT CLASS-CODE
FROM HOLD
WHERE GDEPT-ID IN ¢ SELECT GDEPT-ID
FROM GDEPTS
WHERE LOCATED-IN-CITY = “Port-said’ ?
AND  NOS-HELD > 20

Hers , AND NOS-HELD > 20 is not within the brackets. It is therefore
considered to be in the mapping that includes HOLD.

If the brackets were not included , this AND Clause wauld be
considered to be in mapping that includes STORES; in this case, a
diagnostic would be output because NOS-HELD is not an ATTRIBUTE of
GDEFTS.,
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FUNCTIOMs

FUMCTIOMs allow the User to specify AVG, Max, MIN, and COUNT of
a SELECTed set of ATTRIBUTEs. Thus

SELECT AVUG ( NOS-HELD )
FROM  HOLD
WHERE GDEFT-ID = ‘GD-A’

cutput the Average amount of each part held by GDEPT GD-#A.

Grouping and Partitioning

& RELATION may be partitioned into groups according to the values
af some ATTRIBUTE and then & function applied to each group.

Example

SELECT GDEPT-ID
FROM HOLD
GROUP BY GDEPT-ID
HAVING SUM ( NOS-HELD » > 500

will output: GD-A, GD-B.

Here, &11 rows are grouped by GDEFT-ID, and the ATTRIBUTE columns
MNOS-HELD are SUMmed for each GROUP.

Thus for GD—-&, the SUM is 1050, for GD-B is 700, for GP-LC is 4a0,
and for GD-D is 250.

Only GD-& and GD-B zaticsfy the conditions.
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INP Data Base Management System :

e e e e e e e s et e e e e e e e e o T

This chapter will be devoted to a custom software system for managing
s single Data Base. We will be working with an INP Personnel Data Base

as an example, but the techniques discussed here can be used to manage
any single data base.

In developing this very simple project, the following items will be
discussed: : :

- The basics of creating User—friendly "Menu-driven® System,

Creat:ng and using Custom Screens and Reports,

Using Indexed-Files for maximum speed, and

- Basic programming techniques universal to all business applications.

Introduction @

e —— ———— . . ot

Aany software project, large or small, can be brokKen down into a
series of steps, starting with a basic idea and ending with a finished
product. Usually there are é steps in developing a software project:

i. Defining the goal of the project and the user—-level ( Problem
Definition J,

2. Specifying the input and output of the project ( Input/Output
Specification ), :

B Designihg the data base structure of the project ( Data Base Design
4. Isolating specific program functions ¢ Modular Program Design J,
S. Writing the individual programs ¢ Module Development >, and

6. Testing and makKing corrections ( Testing and Debugging 7.



.

Prob}em def:nltlun %or ‘a Zoftiaré project usually ‘starte uut as o7
a vague deicrlptlon ‘of the' aCtu&l‘prabl&m idueh sbisy 2225 285 2 7D

T Create an INF PerfonnefVBirec tdry Marademerit aystem Wil Tefepre

to as INP System in what follows ).

The experience-level of the end-User i¢ a Key element in system
design, so a refinement is made in problem definition to include it.
For example,

" Create an INP Management System that can be used by an
Individual with-1ittté or no 'computer experience-"

Defining the problem more spec:flcdily helps to th;nk in terms of
specific tasks that a DBMS can perform; For example, with the basic
dBASE capabilities in mind, the task can be defined more specifically

as follows:

Create an INF Management System that allows an inexperienced User to
do the following:

1. éAdd new names and addregseb to a data base,

2. ﬁrrange the data in a]phabetlcdl aorder by last name for disp]aying
a specific RECORD.

0

View selected data by title, position, first name, last name,
or all.

4. Print phone directory grouped by title, and ordered by last name.

Make changes to the data base, and delete RECORDs as necessary.

o

&. Maintain the data by bacKing-up ‘the data base.

L]
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Now, the large task of creating an INP System is clearly specified
and , more importantly , broken into smaller tasKs that are relatively
easy to accomplish.

More specific, the above problem definiticn can be restated
( problem definition refinement ) as follows:

‘Create an .INP Management System that allows an unexperienced User to
do the following: :

1. Add new names and‘addresses to a data base file.

- use a custom screen, including instructions for controlling the
cursor rather than the usual APPEND screen.

2. Arrange the data into a!phabetica1 order by last name for displaring
a specific RECORD.

3. View selected data by title, position, first name, last name,
or all. : :

4. Print phone directory grouped by title, and ordefed by last name.
5. Make changes to the data base and delete RECORDs as necessary.

- Look up information to edit or delete based on name rather than
RECORD number. ; '

4. Maintain the data by bacKing-up the data base.
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Output Specification: 3
We want the-computer -to produce;atjtgmsfg
155 DISp]df a RECORD, B 26 L Ias 1e33T acid i a rab

=13 309 23 £ %4 o ) ’ pes

2. View SE]ELtEd datd bf tltle, posttton; f:rct nam é:mféétihﬁme; éh:al1.

3. Printed phone directoRyaesss cishb 5 0F 2. =amis =
Output Refinwment A ¥
1. Displar a RECURD contains: .
Serial number, | . ' ; S
MName , -
FHAR e DI3abhan bBas T NG LGesap ne y 3 %
Fosi tion, - By )
igAdearesss,. 2030038 941 ah s sS850 s
Home phone, ~
ViS hlork phone ,- 25 = fab =g o

Degree,

Date awarded,
Major field,
Birth date,
Eirth place, and
Notes.

e View selected data RECORDs:
iy by title and contains name and position.

ii, b» position and contains name and title.

iiiy by first letter or last name and contains name , title, home
phone, and workK phone.

ivy by last name and contains name, title, and home phone.

v, all data base contains name, title, home phone, work phone, and
position.



Input Specifications:

" ——————— —— T —— — T — T — —

Defining the output really determines
must be:

- Serial number,
- Name,

- Title,

- Position,

- Address,

- Home phone,

— Work phone,

- Degree,

~ Date awarded,
- Major field,

- Birth date,

- Birth place, and
-~ Notes.

the

2 0S5

input,

sg the

input
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Mow that we have decided what information needs to be stored, we
can begin designing the data base. We need to think about the type
of data in each field and how much space the data require.

We can break out the fields in INP Data Base File as follows:

Field name Trpe Width Dec
SENO
FIRST_MNAME
LAST_MNAaME
TEELEE
POSITIGN
“DDRESS
CITY
HPHOME
WFHONE
CEGREE
AldEDATE
MaJFLD
EDATE
EFLACE
NOTES

0 -—» Serial Number

by~

- 0Y D)

Moo moodoens
|
I
L

Home phone
——» Wlork phone

~—» Date awarded
~—% Major field
-—-» Birth date
-=» Birth.place

ODOOeAnaANATOMNZ
—

ORI S X I n S = Bt B N O RV I S
—

e b b b b

—_—
5
e
]

Now, we are ready to create the Data Base File.

4. Madular Program Design

Ta make the INP System easy to use, we will have the computer
display a Menu of options. All the User will have to do is select
an option, and the program will take ocver from there. So rather than
to write one very large program to handle all these tasks, we will
create a separate, smaller program for each individual task. This
modular design will make the programming task much simpler and the
program logic much easier to follow.

The following illustrates the Organizational and Functional
Structures of the INP and structure charts that allows us to see how
the various parts of the INP System are related.
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For each centre of the above structures, we can have :

#. ADD a RECORD

B. DELETE a RECORD

0

. MODIFY a RECORD

o

. View Selected Information
E. PRIMT & Telephone Directory
F. COPY and Pack-up the DataBase

o EALT

G e o Vot gro53 g iniats Tata; o pghiy P

S0D & DELETE MODIFY a View Select. FRINT Phone COPY
~ECORD a RECORD RECORD Infaormation Directory Data
——————————————————————————————————————————————————— Baze

| EPIT | | DELETE ]




PERSFPECTIVE :

LDevelopments in Information Systems @

The use of computers is extending into a wide variety of
applications. & major area of development is in use of computers
by organizations to support management and decision making.

An organization usually has transactions that must be processed
in arder to carry out itse day—to-day activities. The parroll must be
prepared, sales and payments on accounts must be posted, research
projects must be followed up, ... etc.

A Management Information System ¢ MIS ) is an integrated, mans
machine sy¥stem for providing information to support the operations,
management, and decision making functions in the organization.

The MIS utilizes computer hardware and software , manual procedures,
management and decision models, and a data base,

When an MIS is in use, there is an increased availability of current,
accurate information for all levels of personnel. Reports, responses
to information requests, analysis, planning, and decision making
receive improved processing and information support.

The implementation of such systems is one of the most challenging
areas in the application of computers. The development and refinement
of systems based on the MIS concept will continue to be a major
objective of organizations using computers.

Impact of Computers on Organizations and Individuals :

Computers are already present at most levels of organizations. An
individual in an organization making extensive use of computers cannot
remain unaffected by changes in information processing systems. A
significant change expected in such organizations is in organizational
structure. The effect on the individual is in such areas as .Job
content, reduction in allowable individual behaviour, and privacyr.



Impact on the Structure of Organization :

Most attention has been concentrated on the middie-management level.
The reasoning is that computers provide top management with a greater
z=pan of control and that many of the judgmental decisions usually
handled by middle management will be programmed intc the computer.
Therefore, less middle management will be required, and its power and
=z=tatue will decline.

However, one might argue that most of the time of middl e—-management
perzonnel is spent on tasks which are motivational or which require
unstructured decision making or ‘judgmental reasoning. Therefore,
although some decisions may be taken from them and central planning
may further restrict their range of decision making, all other
middle-management will remain. The problem of managing people are still
critical and are not computerized. Furthermore, the frequency of change
may take it more difficult than was thought to routinize many
middle—-management decisions.

The question of whether complex computer systems will cause
arganizations to centralize operations that have been decentralized is
not vet answered. In a decentralized organization, planning and
decision making at the individual plant or other facility are
delegated to the local manager. In a centralized organization, all
important decisions are made by a central staff at the head quarters.
t+ i= clear that some individual decisions are being centralized-—-—an
vample is centralized inventory control, in which a computer system
;eeping track of all inventory at all locations is usually able to make
better decisions than the individual managers. On the other hand, the
cconomic and managerial considerations which have prompted some
organizations to decentralize are still strong. Examples are the need
far local response to changing conditions and enhanced motivation.

[y I

e

e

o

On balance, however, it seems quite clear that the computer has
already had some impact on organization and management and will have
greater impact as more complex computer-based information and contral
=vstems are implemented. It is 1ikely that the most successful systems
will be ones that divide tasks between the workKer and computer ( a
man-machine swstem ) rather than fully automated systems. In a task
division system, the decisions by computer are strucured, routine
decisions, the decisions made by the worKer are the unstructured,
difficult ones. aAnd even computer decisions will need to be mon i tored.
It would take an executive with an excess of faith in computer programs
to let important decisions be handled automatically by a computer
without human review.
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