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ABSTRACT

“This thesis presents & database application, the Republic of Korea military
personnel management system. In order to maximize the utilization of personnel
resources:a computerized personnel information system is needed.

An important consideration in database design is to assure that data can be used
for a wide variety of applications and can be changed quickly and independently. For
" this purpose, we discuss normal forms including functional dependency concepts.

_ A simple data base using dBASE III+ i$ implemented on an IBM PC. It is
W designed for the user who does not have computer experience, and is based on the
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L INTRODUCTION

The influence of personnel management on the business organization has
increased appreciably in recent years. Much of this increase can be attributed to the
growing compiexity of human resource management and the issues related to it. In the
" Republic of Korea(R.0.K), in order to strengthen the capability of combat under the
limited national defense expenditure, it is imperative that personnel management be
performed very efficiently. To achieve this goal, the high level managers of the military
very often need a variety of data relevant to each person. Therefore, a modem
database management system is needed for the R.O.K military personnel management
system.

The database management systems now in use permit greater flexibility in
meeting information requirements, faster response times, and easier user access to
stored data: then earlier software systems. These benefits are achieved at the expense of
larger capital and manpower investments, greater system complexity, lower processing
efficiency, and long pay off periods. The value of such systems can not be determined
'su'ictlyonmoney, but also by the increase in the number of applications processed for
noncomputer oriented users. Perhaps the most exciting development to occur from the
introduction of such systems is the wide availability of easy to use query type
languages which permit nonprogrammers to create, update, maintain, and extract
information from their own files.

In database development, it should be possible to query the database to satisfy
the user’s requirements using application programs or the Database Management
System(DBMS) itself. Because there are many types of data structures, models, designs
etc., we should select one which depends on the problem or situation. The normal
form concepts of relational database models will be applied to develop a database for
the Korean military personnel management. Most experts agree that the relational
data model supports data independence better than other models.

This thesis will focus on a database design applying a Relational Model to R.0.K
Army and Air Force personnel management. The actual sample data of R.O.K Army
personnel will be used for implementing the sample program using dBASE [I1+. In
Chapter 11, Background, we will address personnel management and give a general

13




overview of a database system. In Chapter III, general concept of the Relational
Model will be discussed and in Chapter IV, data base design problems will be discussed
in detail theoretically. In Chapter V, practical system analysis and relational database
design for Korean Army personnel management system will be discussed. In Chapter
V1, we will discuss and show example for data base implementation and in Chapter
V11, processing procedure to access the sample program in Appendix A will be shown.
In Chapter VIII, conclusions will be drawn and recommendations for implementation
will be offered.
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‘ . IL. BACKGROUND
A. PERSONNEL MANAGEMENT
1. Basic concept

To meet organizational objectives it is necessary to continually acquire human
resources, integrate empioyees into the organization; develop employee potential; and
maintain the work force. Personnel management is an integral part of the broader field
of management. Management has. been defined as the process of accomplishing
objectives through the efforts of other people within an organization. Thus, we can
say that the role of personnel is critical for managing in general. [Ref. 1: p;17]

In any military hierarchy there are many levels of command and control. Each level
has its own duties and needs adequate number of people with- respect to knowledge,
capability, rank, skill etc.

2. Objectives. v
Objectives: are the- starting point of the management -process. They give the
organization and’its people a purpose and direction. Objectives serve to guide
managers and employees in their efforts. The managers commonly perform these
functions:

(1) m& determining strategies and programs to help accomplish established

2 0 and ass: activities, staffing the organization, and
@ &igatmg autgong t% 011 ¥v1nes g g ! n

3) ?gggntmg encouraging human efforts and stimulating accomplishment of

4) Controllmg - measuring accom Ehshments, comparing results with planned
a ecnves, determining causes of deviations, and taking necessary corrective
3. Korean Army and Air Force personnel management

The Republic of Korea's(R.O.K) Army and Air Force uses the general staff
model which includes Personnel, Intelligence, Operations and Training, and
Logistics(G1-G4). The R.O.K government spends a large percentage of the total
government budget for national defense and the Department of National Defense

spends a significant portion of the national defense expenditures for personnel.
Personne! managers need data about the individual personnel capability and

group personnel capability to analyze, to investigate, to plan, and to apply this data for

15




m«mam Information sbout group personnel power can be derived by a

collection of individual personnel power. It is important to increase individual and
group perscnnel power in the personnel management field so that the right people

. mave into the right. jobs at the right times and under the right circumstances.

[Ref. 2: p.73]

In the military, information about individual personnel power can be derived
from' functions involving procurement, education and training, assignment, treatment,
promotion and retirement. In order to reduce the national defense éxpenditure and
increase the war_niaking capability, the Korean military needs a computerized
management information system: personnel management. Therefore, some important
functions of the Army and Air Force’s Department of Personnel Management and
other essential information are analyzed as system requirements. Information
management by computer is -very important for fast and accurate personnel
management in the Korean military. '

B. DATA VERSUS INFORMATION

Data and information are meant to have two distinct meanings. Data may best
be thought of as representing objective, external realities such as a flash of lightning in
the sky, the expression on an employee’s face, or the number of widgets produced per
day on the production line. Viewed in this way, data becomes pure fact. Data is
knowledge for the sake of knowledge. When captured and stored, data is merely a
record of these specific characteristics and events which can be reliably observed and
which have sufficient impact to be taken note of. '

On the other hand, the term “information” may be restricted to mean interpreted
data. Information should be thought of as the statement of the relationship of any
given characteristic or event to specific goals and purposes. It is what is used to
control progress toward these goals and objectives. The term “information” will be
reserved to mean knowledge for the sake of purposeful action. These are the key
definitions:

Pata is the record 3!‘ any _reliab}y observable charagteristic or event in nature.
nformation is the descn tlog of the relations of any such characteristic or
event to human goals and’or business purposes [Ref. 3: p.124].

Figure 2.1 shows this relationship.
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Figure 2.1 Data versus Information.

C. GENERAL OVERVIEW OF A DATABASE SYSTEM
1. Introduction . c

The theory of data management predates computers. Early attempts at
putting the theory into practice with rudimentary equipment were made in the 1940s
and early 1950s. Computers were applied to the management of data in late 1950s and
early 1960s. These computers were able to process data more quickly and in greater
quantities than. ever before, but the management of data (storage, manipulation and
retrieval) was still quite unsophisticated. The architecture of computers at that time
facilitated sequential processing of large volumes of data or massive computations
made on small amount of data, one job at a time. In the middle 1960s, computer
architecture was radically changed. A quantum increase in the size of computer
memory and the introduction of operating systems made it possible for computers to
do more than one job concurrently. This kind of processing called multi-programming,
has continued right up to the present.

Concurrent with multi-programming came the capacity to do what is called
“on-line” or single transaction processing. Rather than process large volumes of data
sequentially, it has become economicalily feasible to access specific information from
computer stored files within seconds. In the late 1960s, more sophisticated methods of
storing and retrieving data were incorporated into computer software (programs).
These programs were the first data base management systems. The idea was just a
little ahead of its time. Although computer memories had grown in size from
thousands of positions to hundreds of thousands, they were not quite up to the task.
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However, in the early and middle 1970s, computer memory capacities were such that
millions of characters could be stored in them, and storage technology had increased
the potential size even further. This increase has made possible the implementation of
. data management software. Since it has become technologically possible (and is at
least approaching economic feasibility), the concept of data management is now
emerging in the business community. Technological advances are making it possible to
store data in a way that is radically different from most of the contemporary methods
now in use. This new technology is manifesting itself in both hardware and software.
Hardware technology is allowing for large amounts of data (billions of characters) to
be stored on-line. Software technology is supplying the mechanisms for the storing,
updating and retrieving of that data.

The mechanisms for manipulating and retrieving data (converting data to
information) are known as Data Base Management Systems(DBMS). There are a
number of software packages that provide these mechanisms. [Ref. 4: p.11]

2. Data base system definitions

Data base terminology and data base theory will be briefly presented in this
section. To facilitate this discussion, it is necessary to set some common definitions.
They are:

(1) Data is_a group of non-random symbols that sent quantities, actions
things, factsgr cogc ts or instructions in a way smtapl; 7’3 c.%mmumcanon and

ocessin umans or es tnon is data that has
ocesseda Jpresented.as escri hgé i s chapter.

(2) A record is a group of related data items.

3) file (data set) is a collectwn of related records. A database is a collectxon
mmex:mlgfu:all related ug suc a way as to improve access to the data an

undancy o

4 ta base management system is a set of programs that function to create

@ update tgm %ﬂaseﬁe&?e‘ve ta amP e%r:rate reports frortrll the data
base. conceptual mode F‘ ta mode Yis a representanon of the mformauon
content of the data base. Figure 2.2 shows the composition of data base

3. What is DBMS?

In simple terms, it is a computer software system that provides control,
retrieval and storage of data contained in one or a combination of data files that are
tied together by the DBMS and are more commonly referred to as a data base.
Provided by the computer manufacturer or an independent software house, the
software package is adaptable to all application systems. But DBMS can be truly
understood by contrasting it with traditional practices.

The ordinary systems development approach has been to organize data into
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CHARACTER

5 .
RAME . : FIELD
' " (NAME) . -
Smith coniposaed of
alphanumeric
l characters

* EMPLOYEE RECORD
. (EMPLOYEE)

Name SSN : Salary composed of
NAME, SSN and

Mary Smith $67891122 26397 ] SALARY fields

1

PAYROLL ' FILE
(PAYROLL)
.Name SSN Salary composed of
indivicdual
Mary Smizh $¢7891122 261397 EMPLOYEE .
records
Joe Baker 88902%¢€°R 2639
Zve woods 765430021 20766
Al Sharp 665479138 zun__l

DATABASE
. PERSONNEL {PERSONNEL)
DATABASE comgosed of

: logically

related files

Figure 2.2 Composition of database!.

individual files, with the typical business data processing center developing around the
computerization of separate applications such as payroll, inventory, and accounts
receivable. What happens, however, is that the computer data files necessary to
support these applications are fixed in their structure with preset formats (rozen into
the computer programs. The result has been that when a range of data values has
grown to the point where, let us say, one more digit position is required, there may be

IRoberstone, Debra L., Data Dictionary Syste nd their role in information
resource management, %?avah’ostgradua'te"Scl{gol.ylVlaﬁ9§4 v in inf o
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- no available physical spacs in the file record. The entire computerized data record
must then cither be expanded or redesigned, and this new design in turn leads to
related changes in all computer programs that use these computer data files.

Pas el Reguort
3 v
3 Clan : Class
= Deta S hedaling Reports
Fole Suvstem \_/-J

) :
Stesdent Corade
Data Posting- - Repurts.
Fie Svuem. J
‘ \-—)

. Figure 2.3 Example of File Processing Systems(pre~database)2.

James Martin, a well known author in the data base field, defined a data base
as

a collection of nterrelated data tored together without unnecessary redundancy
to sene multiple appi lcano S. he data are stored so that they aré mdepcndent
e programs w use t c mmon and controlled aPpro%c is used in
new data an modn retnfvm existing data are
{in?t red 50 as to provide a oundatlon uture apphcatxon developmcnt

Figure 2.3 and Figure 2.4 show the characteristics of database processing system.

K.{g:g}reéhDAa:ld wtesDI‘f\"a asle9 gogismg Fundamentals, Design, Implemeniation,
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4. DBMS charactevistics |
The currest science clearly demands an environment that is quite different and

m fexibility and expandability - inherent features in a data base management

system. Specifically, DBMS possesses the following characteristics:

(1) % the stmcttmn & bases ang coantrglc ﬁ{ot‘nse
mmﬁuo"

s ma no P er t e com letion
ltcattons hat use t bases co puter
ty to use commo ble data Provision 1s

ore ma r mult: le uses of the iata. ut control is exercised
over access and over tnter aces between in nt programs.

Pavioll Reports

@ . - L—/-
o ’ . . . L ~
Dataliaw - Class " .
NManagenwnt N bl rpats
Slen ] S ostens J
Coranle
Pinting Repuorts
. | em J

Figure 2.4 Example of Data Base Processing System®.

(D

2 Data mdepend ce. A seemingly trivial a lncatton design change or database
(2) expa snon ave an undesqrzbfe costpgn en%g, it ;sgfm ortant to

B’obl nd ence o computer rograms n ixed physical data base.
rguts the addition and deletion of the data base, data fields or data
records thout modifying existing computer programs.

(3) Control of data :edundancy &rohferanon of similar data as more and more
3 bases are l te rated. hile not eliminating all ;edundanc? DBMS
iwoxds much ? 5y structurin g common data needs 1s terms of so-called
ogical data re attonshxps that avoid duplicate data values.

oenke, David M., Dala ase Socessmg Fundamenials, Design, Implementation,

3
- Science Research Assocnates IN
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m 'ovlelr‘ % mtemg o?‘h‘fzee tElata base :ﬁrou?:

_ Gl t t?dt':m’% or To ta' t data 1tem§ o

o ToEme .

% ta _bases must be s eﬂ and prows%g%n %nade for on-
pr well as off-promise storage for back up purposes.

Database technology allows an organization's data to be processed as an
integrated whole. It reduces artificiality imposed by separate files for separate
applimtions and permits users to access data more naturally. Data integration offers
several important advantages:

¢ More information from the same amount of data

¢ New reports and one-a-kind requests more easily implemented
¢ Elimination of data duplication -

‘e Program/Data independence

e Better data management

e Affordable,sophisticated programming

e Representation of record relationships

On the other hand, database processing has a few disadvantages:
e Expensive database management system
e Higher operating cost
e  Complexity
e Recovery is more difficult
Increased vuinerability to failure
5. Levels of abstraction in a DBMS
A fairly standard viewpoint regarding levels of abstraction is shown in Figure
2.5. [Ref. 6: p.3] There we see a single database, which may be one of many databases
using the same DBMS software, at three different levels of abstraction. The
conceptual database is an abstract representation of the physical database (or,
equivalently, we may say the physical database is an implementation of the conceptual
database), and the views are each abstraction of portions of the conceptual database.
The difference in the level of abstraction between views and the conceptual database is
generally not great.
‘ The term scheme is used to refer to plans, so we talk of a conceptual scheme
‘as the plan for the conceptual database, and we call the physical database plan a
‘physical scheme. The plan for a view is often referred to simply as a subscheme.
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-& The conceptnal scheme and its model

waer —— vigwl] -

group #1 11 D Y

user — e | concepwual | 1 physical
group #2 [ 2 database database
user o= lview /

group #na 8n

Figure 2.5 Levels of Abstraction in A Database System*.

As we have said, the conceptual scheme is an abstraction of the real world

pertinent to an. organization like enterprise. A DBMS provides a data definition
language to specify the conceptual scheme and, most likely, some of the details
regarding the implementation of the conceptual scheme by the physical scheme. The
data definition language' is a high-level language, enabling one to describe the
conceptual scheme in terms of a “data model”.
b. Views

A view or subscheme is an abstract model of a portion of the conceptual
database or conceptual scheme. For example, an airline may provide a computerized
reservation service, consisting of data and a collection of programs that deal with
flights and passengers. These programs, and the people who use them, do not need to
know about personnel files or the assignment of pilots to flights. The dispatcher may
need to know about flights, aircraft, and aspects of the personnel files (e.g., which
pilots are qualified to fly a 747), but does not need to know about personnel salaries or
the passengers booked on a flight.

1980 ‘l.sllmln. Jeffery D., Principles of database system, Computer Science Press INC.,
» P-
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¢. The physical detabase
At the lowest level of abstraction with which we deal, there is a physical
database. The physical database resides permanently on secondary storage devices,
such as disks and tapes. We may view the physical database itself at several levels of
abstraction, ranging from that of records and files in a programming language such as
PL/1, perhaps through the level of logical records, as supported by the operating
systeny- underlying the DBMS, down to the level of bits and physical addresses on
storage devices.
6. The objectives of database system organizations
A database system should be the repository of the data needed for an
organization’s data processing. That data should be accurate, private, and protected
from damage. The system should be designed so that diverse applications with
different data/information requirements can employ the data. Different end-users have
different views of data which should be derived from a common overall data structure.
In order to achieve these user requirements and others, the following objectives are
considered by database system designers. [Ref. 7: p.34]
Bl TESARATION, OF EVTURE AZELICATION
aster, and more (lexible.

(2) THE DAE CAN HAVE MULTIPLE USES, Different users who perceive
the same data dillerently can empioy them in different ways.

i U y . .
(3) Evliﬁak T}; sers can easily determine and understand what data are

4 SE OF USE. U i to data i imple fashion.
@ omplexity is hx%dcn Tom tﬁnusg;n byaﬁ’fm&s. a in a simple fashion

(5) FLEXIBLE USAGE. The data can be used or searched in several ways with
erent access paths.

6) CHANGE 1S EASY. The database ca w and ch without interferi
© with established procedures for us%xsxeg thle1 g?a. anc change out mteriering

7) LOW COST. The cost_of storing and using data, and the cost of makin
0 changes, must be as ﬁﬁfau asspg?s? l:n ng and the cost ol maxing

8) LESS DATA PROLIFERATION. New applicatj eeds b t with
@) ex;sE (s g ﬁata_ rather than creating new glgs.ca u‘&% navoidirr?ga yth:e= E}cece::ilve
proliteration in today’'s tape hibraries.

9 ﬁ%{g&mﬁgE Data requests can be satisfied with speed suitable to the

10) PRIVACY. Unauthorized access to the data wj]l be prevented. Th
(19) data should be restricted in di e:esnt ways from different sc:s‘.m ¢ same

(11) AVAILABILITY. Data should be available to users at the time when they
need them.
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(12) RELIAB]LITY ost a m ormatxon,’data for nnel management is

rtant to ersonne or promotion. for new
aa , etc.) an personne Thgnmfonnauon hich is derived from
se processing must very reliable.

D.. DATABASE MODEL

A data model is a collection of data structures together with a collection of
operations that manipulate the data structures for the purpose of storing, querying, or
processing the structure contents. A data model may also include the integrity
constraints defined over the data structures, or it may include access control facilities
of mechanisms for defining various external user views of the database. Some data
models provide physical storage structures and physical access methods as part of the
data model, but usually a data model is limited to the data structures and operations
that are available to an end user and may be accessed from an application program.
There are two reasons for studying database models. First, they are an important
database design tool. Database models can be used for both logical and physical
database design - much as flow charts or pseudocode are used for program design.
Second, database models are used to categorize DBMS products. In th_is section, we
will discuss the components of a database model and survey six important models.

1. Component of database model

Database models have two major components. The Data Definition

Language (DDL) is a vocabulary for defining the structure of the database. The DDL
must include terms for defining records, fields, keys, and relationships. In addition the
DDL should provide a facility for expressing database constraints. Data Manipulation
Language (DML) is the second component of a database model. The DML is a
vocabulary for describing the processing of the database. Facilities are needed to
retrieve and change database data. There are two types of DML, procedural DML
and nonprocedural DML. Procedural DML is a language for describing actions to be
performed on the database. Procedural DML obtains a described result by specifying
operations to be performed. For procedural DML, facilities are needed to define the
data to be operated on and to express the actions to be taken. Both data items and
relationships can be accessed or modified. Nonprocedural DML is a language for
describing the data that is wanted without describing how to obtain it.

2. Prominent database models.

Figure 2.6 portrays six common and useful database models. Models on the

left-hand side of this figure tend to be oriented to humans and human meaning,
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- Figure 2.6. Relationship of Six: Important Data Models.

. @. Relational data model
The relational database model is near the midpoint of the human/machine
continuum in Figure 2.9, because it has both logical and physical characteristics. The
relational model is:logical in thatdata are represented in a format familiar to humans';
the relational model is unconcerned with how the data are represented in computer
files. On the other hand, this is more physical than SDM(semantic data model) or the
E_R(entity relationship) model. Database that have been designed according to the
relational need not be transformed into some other format before implementation.
Thus the relational model can be used for both logical and physical database design. A
relation is simply a flat file. The rows of the relation are the file records. Rows are
sometimes called tuples of the relation. The field of the relation (in the columns) are
sometimes called the attributes of the relation. The significance of the relational model
is not that data are arranged in relations but that relationships are concerned to be
implied by data values. The principle advantage of carrying relationships in data is

flexibility. Relationships need not be predefined. {Ref. 7: p.l§6]

b. Semantic data model

The word semantic means meaning. The semantic data model provides a

vocabulary for expressing the meaning as well as the structure of database data. As

.
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such, SDM is useful for logical database design and documentation. SDM provides a
precise documentation and communication medium for database users. In particular, a
new user of a large and complex database should find its SDM schema of use in
determining what information is contained in the database. Also, SDM provides the.
basis for a variety of high level semantics-based user interfaces to a database. SDM
has been designed to satisfy a number of criteria that are not met by contemporary
database models. The chief advantage of SDM is that it provides a facility for
expressing meaning about the data in the database. Another advantage of SDM is
that it allows data to be described in context. Users see data from different
perspectives. They see it relative to their field of operation. SDM allows relative data
definition. A third advantage of SDM is that constraints on database data can be
defined. For example, if a given item is not changeable, SDM allows this fact to be
stated. With other data models, such constraints are not part of the schema
description and are documented separately. SDM is like a pseudocode. But,instead of
. describing the structure of programs as pseudocode does,SDM describes the structure
of data. Like pseudocode, SDM has certain structures and rules, and within those
structures and rules, the designer has a good deal of latitude and flexibility.
[Ref. 7: p.193]
c. Entity - Relationship model

The entity- relationship model(E-R model) is primarily a logical database
model, although it has some aspects of a physical model as well. As its name implies,
the E-R model is explicit about relationship. Unlike SDM, in the E-R model both
entities and relationships are considered to be different constructs. Entities are
grouped into entity sets, and relationships are grouped into relationship sets. An
entity-relationship diagram is a graphical portrayal of entities and their relationships.
It is useful to summarize the information in a design. It supports the representation of
more general relationships. [Ref. 7: p.194]

d. CODASYL DBTG model

The CODASYL DBTG(conference on Data System Languages, Database
Task Group) data model was developed by the same group that formulated COBOL
during the late 1960s and is the oldest of the data models. The DBTG model is a
physical database model. There are constructs for defining physical characteristics of
data, for describing where data should be located, for instructing the DBMS regarding
what data structures to use for implementing record relationships, and other similar
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g physical characteristics. A DBTG schema is the collection of all records and
L relationships. A subschema is a subset and reordering of records and relationships in
the schema. Unlike the relational model, relationships become fixed when they are
defined in the schema. Several reasons account for the lukewarm response that the
CODASYL model has received, including the fact that it has a decidedly COBOL
flavor to it. Finally,although most of the core concepts of the model are defined and
agreed upon, there are many not-agreed-on variants of the core concepts. These
variants create confusion and lead to a dilemma. [Ref. 7: p.197]

e. DBMS-specific models

~ There are over one hundred different commercial DBMS products. The
DBMS are sometimes categorized in terms of their underlying data model. A DBMS is
considered a relational system if it conforms, in essence, to the relational data model.
Alternately, a DBMS is considered to be a CODASYL system if it conforms, in
essence, to the CODASYL DBTG data model. A third category of DBMS is other. If
a DBMS does not conform to one of the above two data models, then it has its own,
unique data model. There are many systems that fall into the other category.
[Ref. 7: p:198)

Jo ANSI|X3|SPARC data model

The ANSI/X3/SPARC(American National Standards Institute /| Committee

X3 / Standards Planning and Requirements (sub)-Committee) data model does support
a variety of different data models in Figure 2.6. This model is a model for DBMS
design rather than for database design. This have the external, conceptual, and
internal schema. [Ref. 7: p.198]
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1. RELATIONAL MODEL

A. INTRODUCTION

A relation is a mathematical term for a two-dimensional table. It is characterised
by rows and columns, each entry there being a data item value. The reason for calling
this a relation rather than a matrix lies in the lack of homogeneity in its entries - the
entries are homogeneous in the columns but not in the rows. A relational data base
consists: of such. relations, which can be stored on a physical device in a variety of
ways. ) :
From the late 1960s a number of people toyed with the idea of constructing data
base with relations as the basic building blocks. Most of these early systems were
restricted to relations with only two columns. and all of them were special-purpose
models incapable of meeting genetal data-prooessmg requirements. In 1970 E.F. Codd
of IBM: proposed a model for a generalised relational Data Base System chiefly to
provide data independence and data consistency, which are difficuit to achieve in the
formatted Data Base Systems. The model was subsequently improved and expanded
by Codd and is now regarded by many as the future of all Data Base Systems.
Needless to say, the term relational data base or relational model is nowadays generally
indentified with Codd’s model alone. .

A basic feature of the relational model is its simplicity. A relation is a table of
data and it may consist of only one row and one column, thus providing the simplest
possible data structure which can be used as the common denominator of all data
structures. It simplifies the design of the schema since there is only one logical data
structure-the relation-to consider, without having to worry about the construction of
the right data structures to represent complex data relationships. Furthermore the
relational model provides an unparalleled freedom to the application programer by
enabling him to access any data item value in the data base directly, the access
mechanism being associative or content addressable since a data item is accessed
directly by its value rather than by its relative position or by a pointer.

The concepts of the relational model are founded on mathematics, and all the
terms used are mathematical. This has the effect of scaring off most people who would
normally be interested in a data base.
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Ia this chapter we shall keep the involvement with mathematics to a minimum.
All concepts will be defined in non-mathematical terms in a simplified manner,
sacrificing in the process some of the mathematical rigour which is really unnecessary
for the. understanding of the model. we shall also give the data-processing equivalent
of the commonly used relational concepts.

B. BASIC CONCEPT
1. Terminology

A relation is simply a two-dimensional table that has several properties. First,
the entries in the table are single-valued; neither repeating groups nor arrays are
allowed. Second, the entries in any column are all-of the same kind. For example, one
column may contain person numbers, and another ages. Further, each column has a
unique name and the other of the columns is immaterial. Columns of a relation are
referred to as attributes. Finally, no two rows in the table are identical and the order
of the rows is insignificant. 'Figure 3.1 portrays a relation. | ‘

Name MSN Rank Age

Jae B. Park 667423 ‘Capt 30
Sam N. Kim 651242 Maj 33

| Young S. Jung 652310 Maj 34
Tae H. Choi 632258 | Col 44

Figure 3.1 Korean Military Person Relation.

Each row of the relation is known as a tuple. If the relation has n columns or
n attributes is said to be of degree n. The relation in Figure 3.1 is of degree 4, and
each row is a 4-tuple. '

Each attribute has a domain, which is the set of values that the attribute can
have'. For example, the domain of the Rank attribute in Figure 3.1 is the three values,
Capt, Maj: and Col. The domain of the Age attribute is all positive integers less
. then,say,100.
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A relation of degree n has n domains, not all of which need be unique. For
example, the relation in Figure 3.2 has age and age of spouse attributes. The domains
of the two attributes are the same, integers from 1 to 100. To differentiate between -
attributes that have the same domain, each is given a unique attribute name. The

" attribute names for the relation in Figure 3.2 are Name, Position, -Spouse-name, Age,

Spouse-age, and Unit.
Name Position S_name Age |[S_age| Unit
Jae B. Park A Eun K. LEE 30 25 212sQ
Sam N. Kim B ki 0. sin | 33 | 28 |117sq
You S. Jun;- C Hye S. Lee 34 2_9 80_85Q |
Tae H. Choi D Myen J. Cho| 44 | 42 |S12sQ
‘. Figure 3.2 Korean Air Force Pilot Relation.

Figures 3.1 and 3.2 are examples, or occurences. The generalized format,
KOREAN MILITARY PERSON (Name, MSN, Rank, Age), is called the relation
structure, and is what most people mean when they use the term relation. If we add
constraints on allowable data values to the relation structure, we then have a relational
schema. [Ref. 7: pp243,245]

As mentioned earlier, a relation is a mathematical term used to define a
special kind of table. Each column is cailed a domain containing all the values of an
attribute, and each row a tuple. The word tuple is taken from the description of

groups, such as quintuple and sextuple. Thus a group of n elements is an n-tuple. In

a relation of n domains, each tuple, that is, each row, is an n-tuple. The number of
rows or tuples in a relation is its cardinality, and the number of columns is its degree.
The individual elements in a relation are attributes values. If we consider an m X n
relation ( m rows and n columns ), we have.

a relation of degree n and cardinality m, that is,

a relation containing n domains and n tuples, each

tuple being an n-tuple. There are m X n attribute
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values, each tuple having n columns or n attribute
A relation of degree 1 is called unary, degree 2 binary, degree 3 ternary and
degree n n-ary relation.. The characteristics of a relation are as follows.
(1) Al entries in a domain are of the same kind.
(2) Domains are assigned distinct names called attribute-names.
(3) The ordering of the domains is immaterial.
(4) Each tuple is distinct, that is, duplicate tuples are not allowed.
(5) The ordering of the tuples is immaterial. [Ref. 8: p.132)
2. Attribute and domain names
A domain ,unlike a tuple, can be duplicate. A domain name is the common
name for identical domains whereas an attribute name is the unique name for an
individual domain. Attribute names for identical domains are constructed from the
common domain name by attaching suitable prefixes to it. Consider, for instance, a
relation called HIERARCHY containing two. identical domains - one for the superior
unit number and the other for subordinate unit number - both holding the same type
of information, that is,. unit number codes. If we assume a common domain name,
UNIT, then we can: construct two attribute names, SUP-UNIT for the superior unit
numbers, and SUB-UNIT for the subordinate unit numbers. Unit code, for instance, is
DIV for division, IRE for infantry regiment, ARE for artillery regiment, IBA for .
infantry battalion, ABA for artillery battalion etc. Using QUANTITY as the attribute
name for the third domain which contains the numbers of a subordinate unit numbers
present in its superior unit number, we can represent the triplet as shown in Figure 3.3.
From the mathematical point of view, a domain can be simple or non simple,
a simple domain containing a single attribute and a nonsimple domain containing a
repeating group or a multiple of attributes. Therefore the name of a simple domain
can be identical with that of its attribute. A nonsimple domain can be broken down
into simple domains, giving each a unique attribute name as we have done in the
example above.
3. Keys and attributes
A tuple is identified by its key, constructed from a combination of one or
more attributes so that no attribute there is redundant. A tuple can have more than
one possible key, each of which can uniquely identify the tuple. All these possible kevs
are known as the candidate keys. One of these keys is arbitrarily selected to identify
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NITRARCHY ( SUP_UNIT = SUB_UNIT  QUANTITY )

DIV 102 - IRE 572 6
DIV 104 ARE 337 3
ARE 337 ABA 325 5
IRE 572 IBA 153 s

Figure 3.3 A Relation of Degree 3.

the tuple and this key is known as the pnmary key. For example, consider a tuple with
the following attributes - - - - .

Division Code, Regiment Code, Regiment Commander No.,

No. of people.

If we assume that every regiment has its own separate commander, then this
tuple can be uniqucly identified either by Division Code + Regunent Code , or
Division Code + Regiment Commander No: These then are two candidate keys, ong
of which can be selected as the primary key. Since a key must not contain redundant
attributes, the Regiment Code and Regiment Commander No. can not appear in the
same key, because the Regiment Commander No. implicitly defines Regiment Code.

If a tuple has attributes whose combination is the primary key in another
relation, then this combination is called a foreign key. For instance Division Code can
be a foreign key. An attribute that forms a part of a candidate key is a prime
attribute of the tuple. The other attributes are nonprime. In the example given above,
the Division Code, Regiment Code and Regiment Commander No. are prime
attributes, and the No. of people is a nonprime attribute.

4. Comparison with standard data-processing concepts

In data-processing terms we may approximate a relation to the occurrences of
a record type, a tuple to a record occurrence, and an attribute to a data item, a domain
being the collection of all values for a single data item. Degree is the number of data
items in the record and cardinality is the total number of records in the record type. A
unary record relation is a record type consisting of a single data item; a binary relation
is a record type of two data iteﬁ\s; and 'so on. ’
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However, there are some diflerences between record types and relations in
third normal form, a record type being equivalent to an unnormalised relation where
repeating groups are permitted. Normalised form will be discussed in Chapter IV. The-
ordering of the data items-that is, their relative positions-is fixed in a record type and
cannot be altered, but the domains of a relations are independent of their relative
poiitions since they are addressed individually by their attribute names. In a relation,
the ordering of tuples is also- unimportant because each of them is accessed directly,
but this is not generally true for the records of a record type, unless they are
specifically stored for direct retrieval. These access advantages follow directly from the
content-addressable accessing concept used in relations as mentioned earlier. Finally
by definition a relation can have a duplicate tuple, but there is no such conceptual
restriction on the existence of a duplicate record in a record type. These discussions
are summerized in Figures 3.4 and 3.5. [Ref. 8: p.134]

Relational Terms : Data-processing Terms
Relation All the occurence of a recorde type
_&hplo " Record
Attribute | Dats item
Do-;in All the values of a data item
Degree Number of data items in the
record type
Cardinality Total number of records in the
record type

Figure 3.4 Equivalence of relational terms with data-processing conceptss.

it
~“Deen S. M., Fund /| . p-134,1lay ;
INC..Rocinlle pla % l\x{enwcﬁnetresn;alsﬁf Database Systems, p 134-llayden book company
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Item Relation Record type

o LMY - -
. o .

Repesting group Not allowed in Allowed
normalised relations
Odering of Immaterial Important
domains or data
items

Ordering of . Immaterial Important
tuples or records

Duplicate tuple | Not Allowed. . Immaterial |

or record

Figure 3.5 Difference between relation and data-processing concepts“.

C. EXPRESSING RELATIONSHIPS WITH THE RELATIONAL MODEL
When we design a database, we may need to specify the logical relationships that
will exist among data base records. When we consider the user’s requirement, we
should realize that there are three fundamental types of record relationships. These
types are: tree( or hierarchy ), simple network, and complex network.
Many relations which are based on those three types of record relationships will
be discussed in this section. First of all, each type of relationship is:
(1) Trees or hierarchies. A tree is a collection of records and one-to-man
relationships among records. According to standard termmologY, the records
%re called nodes, and the relationship bétween the records are called branches.
he node at the top of the tree is called the root. Every node of a tree has a
parent-the node immediately above it. Figure 3.6 showsa tree relationship.
(2) Simple Networks. A simple network is also a collection of records and one-

to-many relationships among records. In a simple network, a record mav
- have niore.than one parent, as long as the parents are different types of

6Deen S. M., Fundamentals of Database Systems, p.134,Hayden book
lNC'..Romlle park, ﬁlugwaﬂ::e; f9% alabase Systems, p ayden Dook company

s




Tacticsl Fighter Wing

EEy b alin o SEke
I e
R

FA

| 1st Tacticel Fighter §Q 2nd Tactical Fighter Q] ...

pilot Ui} pilot 2 |... | pilot 10

Figure 3.6, Example of Tree Relationship.

records. Figure 3.7 shows a simple network relationship.
(3) Complex Networks. A complex network is also a collection of records and
. relationships. The relationships are_many-to-many instead of one-to-many. .
Figure 3.8 shows Complex Network Relationship.
1. Tree or hierarchical relationships
The tree which is illustrated in Figure 3.6 can be modeled by constructing two

relations as in Figure 3.9.

¢

Relation ML contains the Name, Mission, Location attributes, and relation
PILOT contains the Name and Pilot attributes. Name is primary key of the ML
relation, and Name and Pilot together are the primary key of the PILOT relation. This
relational representation is useful when we need a information about pilots who work
in specific wing or squadron.

2. Simple Network Relationships
Consider the undergraduate education/squadron/pilots relationship as it is
shown in Figure 3.7. As we mentioned earlier, Figure 3.7 represents a simple network

relationship. In Figure 3.10, the following relation structure will represent this
network: |

EDUCATION ( School, Major, Grad_year )
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EDUCATION | SQUADRON

. Air Porce 2nd Air Force

Academy Academy

P3

PILOTS

Figure 3.7 Example of Simple Network Relationship.

* PILOTS 1 2 3 4 5
" MILITARY
TRAINING AGOC CADT Is? ABC
COURSE

Figure 3.8 Example of Complex Network Relationship.

. SQUADRON (Name, Num_pilot )
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Name chlioh- Location Nawme Pilot

1st ATB TFW . Seoul 1st AFB | Jae B. Park
2nd AFB RFW Pusan lst AFB| Jung S. Kim
- 3rd AFB | ATIW Taegu 1st AFB| Dong I. Oh

2nd AFB| Kil D. Hong

* AFB: Air Force Base 2nd AFB| Jung G. Lee

* TFW: Tactical Fighter Wing 3rd AFB| Tae S. Jeong

* RFW:Rescue Flying Wing ~ . 3rd AFB| Kyo M. Kang

*f ATW: Air Trasfortation Wing

a. Migsion and Location b. PILOT relation

(ML) relation

Figure 3.9 Relational Representation of Tree Relationship.

PILOT (Mil_serv_num, Name, School, Major, Squadron )

As it is shown in Figure 3.10, there are no special constructs to represent the
relationship.

Instead, relationships can be determined by pairing equal values of attributes.
These relations are very useful when we need some information about pilots who
graduate from a specific school and study specific subjects. For example, let’'s assume
that we want to know how many pilots work with Jae B. Park. To respond to this
query, we can find PILOT tuples for Jae B. Park. Next, we can find the number of
pilots from 333rd SQ tuple in the SQUADRON relation.

3. Complex Network Relationships

The relational model representation of a complex relationship is similar to
that .of simple network relationship. Figure 3.11 is based on Figure 3.8. A
straightfoward'way of representing this structure is to define three relations: one (or

.
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EDUCATION Relation
School Major G_year
AF Academy Mechanical Eng. 1980
2nd AF Academy 0.R 1977
Air College Management 1982
SQUADRON Relation
Name N_pilet
| 1333rd sQ 10
505th SQ 50
o PILOT Relation
;} MSN Name School Major Squadron
, 61543 Jar Park |AF Academy Mechanical Eng.{ 333rd SQ
K 65320 Gil Hong |2nd AF O.R 505th $Q
ﬁ Academy
o 54252 Tae Lee |Air College | Management 270th sQ

Figure 3.10 Relational representation of Simple Network Relationships.

pilots, one for military training courses, and one for the relationship between pilots and

N military training courses. This last relation is an intersection record. The following
o relation structure will represent this network:
PILOTS ( Mil_serv_num, Name, Rank )
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MIC ( Cour_name, Year, Num-student )
5PILO!_HTC ( Mil_serv_num, Cour_name ).

S It is very easy to find someone’s career by using .these relations. For example, -
Ew ‘ let’s consider the question “What kinds of military training courses has Capt. Jae Park
taken so far?”. According to Figure 3.11, he took AGOC and CADT course.

MSN N:me. Rank Cname Year No_Student
61543 Jae Park | Capt AGOC 83-7 50
65320 Gil Hong | Capt ABC 82-5 60
54252 Tae Lee Col CADT 83-8 ‘70

Isp 84-3 80
PILOTS. Relation ~ MTC(military training -

course) Relation

MSN Cname
61543 AGOC
61543 CADT
65320 CADT
65320 ISp
54252 ABC
54252 ISP

PILOTS_MTC Relation

Figure 3.11 Relational representation of Complex Network Relationship.
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To manipuiste data in the database by the application program we need a
Deata Maaipulation Language or DML- one for each host language. ThD\ﬂ.mu
an interfiace language with the database. Its major functions are

to select & record from the database X

to represent it to the application program

to add new records and relationships in the database

to change existing records and relationships in the database
tommvemmmordundrehumhxpsfwmthedaum

(Ref. 8: p.52}.

As it is discussed in Figure 3.11, \mdemmdmgofrepresentanonsof‘three
relationships are very important to get flexible and useful information in a personnel
mtnagement system. Each relationship is useful for individual required characteristic
of query. An example is shown in Figure 3.11.

D. DATA MANIPULATION LANGUAGES

The notation for expressing- queries-is usually the most significant part of a data
manipulation language. The nonquery aspects of a relational data manipulation
language, or "query language,” are often straightfoward, being concerned with the
insertion, deletion and modification of the tuples. On the other hand, queries, which in
the most general case are arbitrary functions applied to relations, often use a rich, high
level language for their expression.

Query languages for the relational model break down into two broad classes:

1 , wh lized
(1) Al btrg‘t’cs: t})an%%e;s, w ‘fre queries are expressed by applying specia

(2) mg?lg}u cat he esplghggst satﬂydesﬁﬂf‘:.e 6: o set of tuples by
1. Relational algebra

Relational algebra operates one or more relations and produces a new relation

as the result. The operations are expressed in a system of notation and they can be
used to retrieve information from one or more relations or (o update a tuple of a
relation. We shall describe here six operations of which the first three- union,
intersection and difference are traditional set operations; the other three - projection,
join and division - are less common. Relations can be manipulated using the
opertators +, -, etc., in high school algebra to achieve a desired result. Relation
algebra is hard to use, partly because it is procedural. That is, when using relational

4]




slgebra we must know not only what we want, but also how to get it. In high school
algebea, variables represented numbers, and operations like +, -, X, and/ operated on
aumsric quantities. For relational aigebra, however, the variables are relations, and the
operations manipulate relations to form new relations. For example, the operation + (
or union ) combines the tuples of one relation with the tuples of another relation.
[Ref. 7: p.255]

a. Union ' _

The union of set A with set B, denoted as A U B, is the set of all objects

without repetition. We only apply the union operator to relations of the same number
of attribute, so all tuples in the resuit have the same number of attribute. Each
attribute should have same domain. This can be used to insert a new tuple to a
relation.

b. Intersection _

- The intersection of set a with set' B, denoted as A N B, is the set of all
objects belonging to both A and. B. So the intersection of two relations is a third
relation containing common tuples. Again, the relations must be union compatible.
This can be used to find a duplicate tuple between two relations.

¢. Difference
The difference of set b from set a, denoted as A - B, is the set of all objects
belonging to A but not to B. . That is, the difference of two relations is a third relation
containing tuples which occur in the first relation but not in the second. The relations
must be union compatible. This can be applied to delete a tuple. To amend a tuple,
we must {irst delete it with a difference operation and then insert the amended tuple by
a union operation.
d. Projection
Projection is the selection of one or more named domains from a relation in
a specified order, followed by the elimination of duplicate tuples from the resulting
relation. ( In fact in all operations used in relational algebra, duplicate tuples are
removed since they are not allowed in a relation.) That is, the result of the projection
is a new relation having the selected attributes. In other words, projection picks
columns out of a relation. Since the result of projection is a relation, and since
relations can not contain duplicate tuples, the redundant tuple is eliminated.
Projection can also be used to change the order of attributes in a relation. We shall
use the notation R [ ABC ] to denote the projection of domains A, B and C in that
order from relation R.
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e. Join

The join operation is a combination of the product, and projection
operations. The join of relation A with relation B produces a relation R that consists
of all the possible tuples obtained by concatenating each tuple of A with all tuples of B
that have the same value under the common domain. A tuple of an original relation is
excluded from the resultant relation if its value under the common domain is not
shared by a tuple of the other relation. The resultant relation contains all the domains
of both the original relations, the common domain appearing only once. Let’s assume
there are two relations A ( SQUADRON PILOT ) and B ( PILOT MTC ) as given

below.

A( SQUADRON PILOT) B(PILOT MTC)
2558Q Jae B. Park _ Jae B. Park AGOC
303sQ Dong I. Lee - Jae B. Park CADT
S068Q Jang K. Cho Jang K. Che ISP
3558Q Jae S. Jeong Hwan S. Lee ABC

Their join R is
R ( SQUADRON PILOT MIC )
2558Q Jae B. Park AGOC
2558Q Jae B. Park CADT
- 506SQ Jang K. Cho ISP

For operational convenience, in all subsequent join operations, we shall
- assume the common domain to be the rightmost domain of the first relation and the
leftmost domain of the second relation as it is shown above; this can be ensured if
necessary by a suitable projection operation. Join in conjunction with the projection
operation provides a very useful tool for the manipulation of relations.
J- Product
The product of two relations ( cartesian product ) is the concatenation of
every tuple of one relation with every tuple of a second relation. The product of
relation A ( having m tuples ) and relation B ( having n tuples ) has m times n tuples.
The product is denoted A X B or A times B. [Ref. 7: p.257]
g. Division
We may divide a binary relation by a unary relation if the domain of the
unary relation is also a domain of the binary relation. The result of such a division is a
. unary relation containing the uncommon domain of the binary relation is selected for
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' the fesultant relation, if its associated entries in the common domain contain all the
vaines of the divisor domain. ConnderabmaryrehnonDTandthreeunaryrelauom
D!.Dhndbxugmnbelow

DT ( S P% ) DI (P#) DJ (P#) DK (P#)

§1 Pl Pl Pl Pl

sl P2 P2 P2

S1 P3 P3

sl P4

82 Pl

s2 P3

S2 P4

s3 Pl

s3 P2 '
Denoting division by/(slash) and the resultant relation by R, we have

DT/DI=R( S#) DT/DJ=R( S#) DT/DK=R( S#)

sl Sl sl

s2 s3. '

s3

For operational convenience in division, as in join, we shall assume the
rightmost (that is, the second) domain of the dividend as the common domain. All
algebraic operations will be evaluated from right to left giving precedent to projection
operation over join and division, the priority over projection being indicated by
ordinary brackets( ).

‘ Relational algebra can be used for a procedural language. It is extremely
powerful and is device independent, since the queries are based on the values of the
data items rather than their positions. However, the construction of an algebraic
expression for a query is very tedious, even though the technique can quickly be learnt.
In addition, the nature of a query is not obvious from the algebraic expression unless it
is patiently worked out. These tend to increase the chances of errors in the queries.
Relational calculus is designed to improve this situation. [Ref. 8: p.150]

2. Relational calculus
Relational calculus is one of the strategies for manipulating relations. It is a
nonprocedural language for expressing what we want without expressing how to get it.
In relational algebra the user speciﬁes the detailed procedures for extracting
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information, whereas in relational calculus the user defines what he wants, leaving the

system to work out the procedure required. The expression of a relational calculus has

two parts, a targe: list which consists of a list of the wanted elements separated by
. commas, and a logical expression, called a predicate or qualification, which defines the-

wanted elements in terms of the relations from which they are to be extracted. It is

written in the form '

' Target list : predicate
to be interpreted as: extract the elements in the target list such that ( or where) the
predicate is true. [Ref. 8:p.152] -~
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IV. RELATIONAL DATABASE DESIGN

A. INTRODUCTION
The combination of DBMS software, applications software, database

implementation, and operating system/hardware environment brought together to
provide information services for users is known as a database system. Although the
technology for DBMS, operating system, and applications programming is well
‘developed, little attention has been given. to the effective use of these tolls with
alternative database structures. Thus, the major problem facing the database
administrator is not whether to use this technology, but how to use it effectively. This
problem can be summarized by a number of issues that arise through the life cycle of
an application: - _ _

(1)  What are the user requirements, and how can they be expressed?

(2) How can these requirements be translated into an effective database structure?

(3) 'When should, and how can, the database structure be adapted to new and/or
changing requirements?

The process of developing a database structure from user requirements is called
database design. Many practitioners have argued that they are at least two separate
steps in the database design process: the design of a logical database structure which is
processible by the DBMS and describes the user’s view of the data, and then selection
of a physical structure that includes data representation or encoding, access methods,
and physical clustering of data. Other than the logical/physical delineation, however,
the Uverall structure of the design process has not been well defined, and even the
logical/physical boundary has been open to considerable dispute. We wish to avoid
this confusion by defining more concisely each step in the design process.

Database design is an intuitive and artistic process. There is no algorithm for it.
Typically, database design is an iterative process; during each iteration, the goal is to
get closer to an acceptable design. Thus a design will be developed and then reviewed.
Defects in the design will be identified, and the design will be redone. This process is
repeated until the development team and users can find no major defects. (
Unfortunately, this does not mean the design will work; it simply means no one can
think of any reason why it won't.)




The database is the bridge between people and hardware. As mentioned earlier,
the characteristics of both people and hardware need to be considered. Consequeutly,
database design is divided into two phases: logical design, where the needs of people -
are specified, and physical design, where the logical design is mapped: into the
constraints of particular program and hardware products. Figure-4.1 illustrates the
flow of work in a typical database design project. User requirements are studied and a
logical database design is developed. Concurrently, the preliminary design of database
processing programs is pl:oduced. Next, the logical database and the preliminary
program designs are used to develop the physical database design and the detailed
program specifications. Finallj'. both of these are input to the implementation phase
of the project.

This chapter will introduce theoretical logical, physical database. And then we
will discuss about relation database design in detail and hypothetical Korean Army or
Air Force's data will be used to show examples. .

Practical sample application program is shown in Appendix A.
[Ref. 7: pp.177,178]
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B. LOGICAL DATABASE DESIGN
Conceptual design deals with information independent of any actual
implementation. It is the objective of conceptual design to represent information in a
form that is comprehensible to the user independent of system specifies, but
implementable on several systems.
1. Outputs of logical database design
A logical database design specifies the logical format of the database. The
records to be maintained, their contents, and relationships among those records are
specified. Industry uses various terms for this design. It is sometimes called the
schema, the ‘conéeptual schema, or the logical schema. We will use the term logical
schema because it is the schema developed during logical design.
a. Logical database records

To specify logical records, the designer must determine the level of detail of
the database model. If the model is highly aggregated and generalized, there will be
few records. If model is detailed, there will be many records. The database designer
must examine the requirements to determine how coarse or how fine the database
model should be. The contents of these records are specified during logical design.
Figure 4.2 shows an example of field description.

b. Logical database record relationship

The essence of database is the representation of record relationships. These
relationships are specified during logical design. The designer studies the application
environment, examines the requirements, and identifies necessary relationships.

Figure 4.3 shows possible relationships for several records in military
personnel management system’'s database. The arrows represent many-to-many
relationships between database records. Data structure diagrams are not the only tool
for expressing relationships. To summarize, their content, constraints, and
relationships.

2. Inputs to logical database design
The inputs to logical database design are the system requirements and the
project plan. Requirements are determined by interviews with users, and that they are
approved by both users and management. The project plan describes the system
environment, the development plan, and constraints and limitations on the system
design.
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Field ’ Description

PERSON Record

Rank _ Alphabetic, 25 charscter -
° 4 Military_Serice_Number Numeric, 15 decimal degit
Name . Alphabetic, 25 characters
Address ' Alphabetic, 70 characters

MILITARY CAREER Record
Military Service Number Numeric, 15 decimal degit

Unit_name Alphabetic, 20 characters
Duty _name Alphabetic, 30 char;cters

, Duty_rank | . Alphabetic, 25 characters
Date v Format : YYMMDD

Figure 4.2 Sample field description for PERSON and MILITARY CAREER records.

The requirement will be expressed in the form of data flow diagrams, policy
statements, and the data dictionary. [Having the requirements in this form will greatly
facilitate the logical design process. Contents of the data dictionary can be
transformed into the logical and user’s views. Policy statements can be used to develop
the descriptions of logical database processing. The requirements can be used to verify
the completeness of the logical design. If the requirements are defined in narrative
style, they will need to be converted to a format that facilitates logical database design.

3. Procedures for logical database design
- The major steps in the logical design process are described below.

(1) Identify data to be stored. The data dictionary is processed and data that is
to be stored is identified and segregated.
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MILITARY EDUCATION MILITARY CAREER

Figure 4.3 Data Structure Diagram.

(2) onsolidate and Slarify ta names. One task is to identify synonyms, to
ecide on standar. mes for synonyms, and to record aliases. Synonyms are
. two or more names for the same data item. )

(3) Develop the logical.schema. The thitd step in the design process is to develop
the logical schema by defining records and relationships. Records are defined
by determining the data items they will contain.

(4) Deﬁge processing. The requirements are examined to deteqnmc how the
database shouid be manipulated to produce required resuits. The processing
defines can be developed in several ways. One method is to, describé

‘ transactions and data to be modified. “Another method for describin
database processing is to develop structure charts of the programs that wi
access the database. One method for developing such processing descriptions

- is called transform analysis.

(S) Design review. The logical schema and useg views are examined iten ltigh_t of the

requirements and program descriptions. Every attempt entif
omissions, unworkfblegaspects. or':he aws in the ée?:gg. ﬁle :p.lsﬁi y

C. PHYSICAL DATABASE DESIGN

The second stage of database design - physical design - is a stage of
transformation. The logical schema is transformed into the particular data constructs
that are available with the DBMS to be used. Whereas the logical design is DBMS -
independent, the physical design is very much DBMS - dependent.

1. Outputs of physical database design

Specific constructs vary widely from one DBMS to another. At this point, we

can not be very detailed. In general, two major specifications are produced. First, the
physical specification of the logical schema is defined. We will call this specification
the physical schema. This schema is transformation of the logical schema into the dJata
modeling constructs available with the DBMS to be used. Second, user views are
defined.




PHYSICAL SCHEMA. The content of each record must be defined, and the
name and format of each field of each record specified. Constraints from the logical
- database design are transformed into criteria for field descriptions. Keys of database

records need to be identified, and overhead structures for supporting the keys defined.
For example, the designer may specify that a particular key is to be supported by an
inverted list. Record relationships are also defined in the physical design. Limitations
in the DBMS may necessitate that record relationships be changed from what the users
wanted. A many-to-many relationship may need to be changed to a simple network,
for example.

USER VIEWS. The second component of a physical database design is the
user views. Since most users will need to view only a portion of the database, the
logical design must specify which user groups will view which portions of the database.

- User views are generally a subset of the schema. Records or relationships may
be ‘omitted from a view; fields may be omitted or rearranged. Also, the names of
records, fields, or relationships may be changed. This flexibility allows uers to employ
terminology that is familiar and useful to them. [Ref. 7: pp.188,189]

2. Inputs to logical « atabase

The inputs to the physical database design are the outputs of the logical

database design, the system requirements, and the preliminary design of programs.

: 3. Physical design steps

The physical design phase can also be categorized into distinct steps based on

' groups of related design decisions. However, once again, the proper ordering of these
steps is open to conjecture, owing to the fairly strong dependencies between these
groups of design decisions. Practical experience has shown that neither the starting
point nor the order of steps can be definitely stated for a given design problem. On the
other hand, the physical design phase can be regarded as an iterative process of initial
design and refinement. Each of proposed steps needs to be performed several times,
but each succeeding analysis should be done more quickly because the procedure is
known and the number of unchanging performance variables should be increasing
between iterations. Typically, two or three passes through the substeps will result in
convergence to a solution. The relative importance of each step toward system
performance becomes obvious through experience and careful documentation of the
entire analysis.
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The following five steps include three that represent the major categories of
physical database structure design and two that involve counstraints and program
design.

STEP 1: STORED RECORD FORMAT DESIGN. Assuming that the
logical record structure has been defined, this process addresses the problem of
formatting stored data by analysis of the characteristics of data item tvpes. distribution
of their values, and their usage by various applications. Decisions on redundancy of
data, derived versus explicitly stored values of data.and data compression are made
here.

Certain data items are often accessed far more frequently than others, but
each time a particular piece of data is needed, the entire stored record, and all stored
records in physical block as well, must be accessed. Record partitioning defines an
allocation of individual data items to separate physical devices of the same or different
typé, or-separate extents on the same device, so that total cost of accessing data for a
given set of user applications is minimized. Logically, data items related to a single
entity are still considered to be connected, and physically they can still be retrieved
together when necessary. An extent is a contiguous area of physical storage on a
particular device.

STEP 2: STORED RECORD CLUSTERING. One of the most important
physical design considerations is the physical allocation of stored records, as a whole,
to physical extents. Record clustering refers to the allocation of records of different
types into physical clusters to take advantage of physical sequentiality whenever
possible. Analysis of record must take access path configuration into account to avoid
access-time degradation due to new placement of records.

Associated with both record clustering and record partitioning is the selection
of physical block size. Blocks in a given clustered extent are influenced somewhat by
stored record size, but also by storage characteristics of the physical devices.
Furthermore, larger blocks are typically associated with sequential processing and
smaller blocks with random processing. Thus, we see that although block size is
closely related to clustering, it is also dependent on access path, type of applications.
and hardware characteristics. Consequently, choice of block size may be subject to
considerable revision during an iterative design process.

STEP 3: ACCESS METHOD DESIGN. An access method provides storage
and retrieval capabilities for data stored on physical 