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N ABSTRACT

N
Ny
~This thesis presents the design and implementation of

the Intelligence Database system. A database management
system must be wused in Intelligence System in order to
increase end-user productivity, decrease staff effort,
ensble the work to be done more efficiently, and permit end-
user management more authority “and responsibility. The
Semantic Database Model was chosen as the method for
designing the database. The SDM is a high-level semantics-
based database description and structuring formalism for
database design and enhances usability of database system.
Using the output of SDM in the Intelligence datatase, the
records are rearranged in order to fit a relational DBMS.

The Intelligence database 1is 1implemented, using the

ORACLE relational LBMS.  Awllarvsi ), o 4, -
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I.  INTBODUCTION

It 1is obvious that it is the database system ere 1in
computer technology and applicatioans. DTatabase procescsing
has grown significaatly in computer science areas and also
in management of certain organizations.

An 1important consideration in databtase development it
to store data in such a way that it can be used for & wide
variety of applications and can te changed and quicxly
and easily. To achieve the flexibility of data usage, three
aspects of datatase cesign and implementation are important.

First, the date should be independent of each other and

functionally dependent on the key value. Second, it should
te possidle to interrogate for user’s requirements using
application programs or the DEMS itself. Third, these data
items <hould provide useful information for decision makers
to analyze, to investigate, to plan and to ranage in a
certain organization.
It is very difficult to develop database systems which
perform in an optimel fashion. There are many different ways
n which deta <caan bYe structured and each has 1its own
advantéeges and disadvantages. Different users want to use
different data/information. It is hardly possible to csatisfy

all of the users with one type of data organizetion.
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3. Evaluation A Concepiual Desigha

Wrat makes a good conceptual design? It 1is

possitle to itemise a wuseful set of properties that

characterise a go

* Concept comp
objects are

physical dat
constrained.

the derivatio

* Unbiased tow

one application at the exhense of others should te

identified and removed when possibdble.

* Bvolvable :

should be flexidle in supporting wuser ianterpretations.

* Independence

constraints

limitation of the current state of its intended support

system makes
restrictions
replaced. Th
independence

then tailor |

4. Design

The primary tool 1in database design 1is the

language used to

language 15 a ¢t

od conceptual design as follows:
lete : guarantees not only that useful

not left out of the datatase but also that

atase designers are not 1inappropriately
It is true that for m:ny derived concepts
n can only be made in one direction.

aréd applications : groupings which favor

it should be 1locally modifiable and it

of existing installation and DEMS

initially tailoring a design to fit the

it difficult to separate out these
when the support system changes or is
e better approach is to develop the design
of such limitations and conventions first,

t to the system.

specify the design. Such a specification

901 in the cense that 1its wvocatuvlary and

28
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* The ctructure of the datatase’s conceptual objects

* The structure of its %bvaslic functions and wupdate
procedures
* Integrity censtraints on the databtase.

The conceptual objects of a database are all very
important t9 the running of an enterprise whether they be
people, procedures, events or the iater-relationships among
these. Such objects must Ye grouped into types which
identify their sigaificant attridbutes and processing
constraints.

Because & major goal of database management 1is
data sharing, it 1s expected that the updates of each user
will te apparent to the other users of the data. This makes
it import-nt that the necessary side effects of such changes
te nnferstooi aand correctly implemented by all application
groupe. Tric <can te facilitated <ty including 1in tre
conrceptual design specification of the ‘tasic update
operatiors for otjects in the database.

It 1is also useful for the onceptual cesign to
include, via function and procedure sprecification,
conventions for naming individuals that exhibdit a correct
sensitivity to updates. In addition to the 1integrity
constraints maintained by the primitive wupdate operations
and those enforced by the type declarations, there may te
many more sophisticated coastraints that must te maintained

for the databdase.

24




The next phase which may te called ‘conceptual
design’ 1s the integratioan of all the concepts which are
necessary to support the various application views. 1In
effect, conceptual design is the production of a “community”’
model in which the idiosyncrasies of the 1iadividual views
are resolved. At the conceptual level, data should appear in
a structure which 1s most perspicuous for concept
integration. It should explicitly define how concepts are
related one to aanother; it should not contain any
implementation detail; and it should be locally modifiable.

The final phase, “physical design’, is the mapping
of the conceptual model on to physical computing devices. In
this phase, performance considerations must be analyzed and
shown compatitle with application requirements. With most
datatase management systems, the vhysical mapping 1is
partially hidden and “tuning” is allowed on only a fixed set

of parameters.

2. The Contents Qf A Comceptual Design

The conceptual design of a database serves two
functions. It 1is wused in interactions with aprlications
programmers to verify the correctness of the program being
developed. It is also used as a guideline for the physical
designers - specifying to them what must ©be implemented
without constraining how it is implemented. To achieve these

objectives the following kinds of information must e

determined in the design process:

23




A database must encompass all aspects of the data
to be stored - beginning with details of how 1t is presented
to different users and ending with how it 1is to te
represe2ntad on the hardware of a particular installatlion. To
achleve this in an orderly and correct fashion, the design
process has been structured into the three distinct phases
shown in Figure 3.1. The first phase, which may be called
‘view design’, is the identification and designa of
interfaces for the different end-user groups. EXach end user
requires a particular ‘view’ of the database to support ' his
own application idiosyncrasies. A view should rresent data
in the structure which is most effective for the user. This
may be reports, natural language text. The view must provide

tallored update facilities to manipulate the database.

i

1

)

| Application | * | Application | View !

! | View ! | View ' !
- —— e - Design !

b e e e e ! !

1 T 1
1 \ :
__________________ |

! Conceptual ! Conceptual !

' ! Model ! ,
------------------ Design !

| | |
1 = === - . l
{ Physical | Physical !

! Database ! !
------------------ Design |

[}

\

- — D D — ———— . — —— T — . ———— A - ———— — —— — — ——— — - ———— ——— -

Figure 3.1 Phases in Databdase LCesign
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ITI1. INTRODUCTION IQ DAIARASE DESIGN

A. CONCEPTUAL DATABASE DESIGN

Patabase Management Systems have evolved from file
systems to answer two critical needs: support for rmore
inter-related date and support for sharing data among many
diverse applications. These goals are being achieved, in
part, by providing LBMS software to physically link related
data into complex structures using such mechanisms as
pointer chains, indices and sequential positioning. They are
also achieved by the developmeat of datatase design
methodologies and rules.

To reduce the complexity of using DBMSs, designers have
developed special interfaces to these systems that decompose
their use into easily understr:d phases. Thus, most DEMSs
bave Data Description Languages (DDLs), Data Manipulation
Languages (DMLs) and Query Languages. The [DL is wused to
specify the design of the database. The IML is wuced to
generate arpplication programs that access the database 1in
terms of the objects specified using the TLDL. The Query
Language 1is uced for more “casual’ database accesses. The

IML 1s orinted toward the development of database access

progranms that are efficient to execute while Query Languages

are orinted towards ease in writing such programs.
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the same data so that applications can use data in a format

trat is familiar and useful to them.

The DBMS also has features to provide security over
data; the tools provided ensure that only authorized data
are accessed. Also, the DBMS controls concurrent processing
and includes features to provide backupr and recover.

The final type of program involved 1in database
processing 1is the operating system., This set of programs
coatrols the computer’s resources. The [BMS sends requests

for input/output services to operating system.

1

1

' Keyed - entry a
1 t
e it Batch Processing |

| | ] | !

] ] ] | | 1
] ] [} ] { 1
1 A i

I T ! !

----- —— e ———————— e !

] | ] ] [ 1 ]

] t ] t \ I !

! ' ' ' { Application D | Operating | |
! j==—=} € | Program B ' Voo

| i | C jeemm—mmemee M { System P

! === !} P )} Utility I S : P
1 ' ' | Programs ! b

‘ ] 1 | ] | |

! 1 ] 1 ! ] !

b e amam s e et o — — — — " " = = " S T " o - — ——— o~ — = — [}
t t
i

User Processing Computer ‘::4;::> !

i (Cnline Main Memory . o
Processing) | b

| | 1

! o

1 \__/ :
Databdase E

t

Figure 2.2 Programs Iavolved in Typical
Datatase Processing
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DBMS intercepts the request and interprets it; (3) the DBMS

inspects, in turn, the exte nal schema, the
exteraal/conceptual mapping, the conceptual schema, the
conceptual/internal mapping, and the storage structure
definition;  and (4) the DEMS performs the necessary

operations on the stored databdase.

D. PROGRAMS IN TYPICAL DATABASE PROCESSING

Figure 2.2 shows the approximate relationships of the
major types. Online processing requests or transactions are
provided by users at termineals. The requests are sent to
the processing computer over communications lines.

The communications control program (CCP) has several
important functions. It provides <comunications error
checking and correction, coordinates terminal activity,
routes messages to the correct next destination, and
formats messages for various types of terminsl equipment.

The utility programs are provided by either the DEMS or
the herdware vendor. These programs provide a wide variety
of services. Query/update utilities yprovide generalized
retrieval and update of the database.

For normal processing, the DEMS receives data and
stores it for subsequent processing. This system acts as a
sophisticated data lidrarian. The DBMS allows application
programs and utilities a wide variety of access strategies.

It also enables these programs to have different views of

19
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sequence, 1indexing, hash-addressing, or any other storage/

access details, The conceptual model is a view of the total
datatase content, and the conceptual schema is a definition
of this view. The definition in the conceptual schema 1is
intended to include a great many additional features, such
as the authorization checks and validation procedu;es.

The 1internal model is & very low~level representation
of the entire database; 1t consists of multiple occurrences
of multiple types of internal records. The internal model is
described by means of the internal schema, which not only
defines the verious types of stored records but also
specifies what indexes exist, how stored fields are
represented, what physical sequence the stored reccrds are
in, etc.

The conceptual/internal mapping defines the
correspondence between the data model and the stored
datatase; it specifies how conceptual records and fields map
into their stored counterparts. If the structure of the
stored database 1is chenged - if a change is made to the
storage structure definition - the conceptual/internal
mapping must be changed accordingly, so that the conceptual
schema may remain lnvariant.

The Datatase Management System is the software that
handles all access to the database. Coacertually what
happens is the fallowing : (1) A user issues an access

request, using some particular data sublanguege; (2) the

18




Next, the wvarious componeats of the system will bYe
examined. The wusers are either application programmers or
remote terminal users of any degree of sophistication. Each
user has a language at his disposal. It will te a
conventional programming language, such as COBOL, PL/1, etc.

Each user is provided with a workspace, which acts as
the receving or transmitting area for all data tranferred
between the user and the database. The user is said to view
the database ty means of an external model. An external
model 1is thus the information content of the databacse as it
is viewed bdy some particular user.

Fach external model is defined by means of an external
schema, which consists of descriptions of each of the
various types of external records in that external model. In
addition, there must be a definition of the mapping between
the external schema and the undering conceptual schera.

The conceptual model is a representation of the entire
information content of the database, again in a form that is
somewhat abstract in comparison with the way in which tre
data is physically stored. The conceptual model 1s defined
ty means of the conceptual schema, which includes
definitions of weach of the various ¢types of <conceptual
records, If data independence is to be achieved, these
definitions must not involve any considerations of storage
structure or access strategy. Thus there must te no

reference to stored field representations, physical

17




proposed by the ANSI/SPARC Study Group on Data Ease
Management Systems, The architecture is divided into tkree
general levels: internal, conceptual, and external. Eroadly
speaking, the 1internal s the one <closest to physical
storage, the one concerned with the way in which the data is
actually stored; the external level 1s the omne closest to
the users, that i<, the one concerned with the way in which
the data is vteved by individual users; and the conceptual

level 1s a “level of indirection’ Dbetween the other two.

User AV User A2 User 81 User B2 User B8]
Languaqe Language Langquage Lanqu.)qe_ | _L_u:nlazn- e
_\.N;'k’soace Worns sprace Viorkspace Worxspace l Workspace

N SR

-
. ‘ ‘Euerr\al _____
External External modet A Externai mogel B

{

| A schema 8

" schema I i

]

] .

( Externai conceptual Externat.conceptuat

mapping A mapming 3 \ /

Schemas and \ / / D.naoasg\~
mappings built . Canceptual Data model " { management
and maintained schema {Conceptual modet} | TV system

! by the w ¥\ \DBMS
database T -
admimstrator ’
{DBA) Conceptual/internal

mappng
' |
Storage structure — ]'O H} @ .\: — ’,/
definition Stored « nat moet} ‘
{Internal schema) J\ | w_J\ J l
A\

-
e T s e e T e T e e e = P o T s sy e P s i o e S i e A Bt

*User interface

D " > e D > e W > > e i > T — 4 . 8~ o 22n +

Figure 2.1 An Architecture for e Latatese System
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implemented, operating costs for some systems will bYe

higher. Sequential processing, for example, will never te
done as fast as in the database environment, because of the
extra overhead.

Another disadvantage 1s that datatase processing
tends to be complex. Large amounts of ata in many different
formats can be interrelated in the datatase. Both the
database system and the application programs must be able to
process these structures. This requires more sophisticated
programming. Packup and recovery are more difficult in the
database environment. This 1s because of increased
complexity and because the database 1is often processed by
several users concurrently. Determining the exact state of
the database et the time of failure may be a prodblem. Given

that, it may be even more difficult to determine what should

te done next.

The third disadvantage is that 1iategration, and
hence centralization, 1increases vulnerability. A failure in
one component of an integrated system can stop the entire
system. This event is especially critical if, as is often
the case, the operation of the user organization depends on

the database.

c. AN ARCHITECTURE FOR A DATABASE SYSTEM
The architecture of a database is outlined in Figure

2.1 [Ref. 4]. This figure is in broad agreement with that

15
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rst, database processing enables more
information to te produced from a gliven amount of data.
Second, the elimination or reduction of datea duplication
saves file space, and to some extent, can reduce processing
requirements, The most serious problem of data duplication
is that it can lead to a lack of data integrity. A common
result of a lack of data integrity is coanflicting reports.
Third, creation of program/data indepeandence - the immunity
of applications to change in storage structure and access
strategy, which imgplies that the application concerned do
not depend on any one particular storage structure and
access strategy. Another advantage {is better data
management. Wwhen data is centralizied in a datatase, one
department specializes 1in the maintenance of data. Theat
departmenat caan specify data standards and ensure that all
data adhere to the standards. When someone has a data
requirement, he can contact one department instead of many
file maintenance groups. F rthermore, ceatralization of data

management leads tc economies of scale.

2. Disadvantage of Databdase
A major disadvantage of database is that it can Ye
expensive. The DBEMS may occupy solmuch main menory that
additional memory must te purchased. Even with more memory,
it may monopolize the CPU, thus forcing the user to upgrade

to a more powerful computer. Once the databdase is
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i I1. BASIC CONCERT OF DATABASE =
- i d
: A. WEAT IS A DATABASE?
Ii First of all, there 1is the database 1itself - a gi
collection of data stored on disks, drums or other secondary ~
storage media. Second, there 1is e set of ordinary Dbatch §§
application programs which run against this data, operating ?E
on it in all the wusual ways. Third, the datatase 1is T]
“integrated’. This means that the data tase contains the ;i
data for many users, not just for one, which in turn implies ;3
v? that any one wuser will be concerned with just a small ;:
portion of it. According to [Ref. 4], the definition of ;3
database is a collection of stored operatiomal data used by ﬁi
t . the application systems of some particular enterprise. Some ;:
?' examples of enterprise are manufacturing companies, bdbanks, §§
- hospitals, etc. _:
’ g
_; B. WHY DATABASE? :ﬁ
; There are many answers to this question. Cne general %g
“; answer s that it provides the eaterprise with centralized 2
control of its operatlonal data. This is in sharp contrast rﬂ
to the situation that prevails in most enterprises today,
. where typically each application has its own private files Qi
so that the operational data is widely dispersed, and there ?ﬁ
1s 1ittle or no attempt to control it in a systematic way. iﬁ

13




.......................

The normal form concepts of relational database will be
used to develop an Intelligence Database, because the
Helational Datatase Management System supports 1independence
better than other models end is easier to implerent.

Chapter 1II addresses the basic coancepts of datatase,
which relates to the detabase system development for the
Intelligeace Catabase. Chagpter 111 addresses the
introduction to database design, which includes <conceptual
database design and physical datadbase design. Chapter IV
descrites how the Intelligence Patatase is designed wusing
Semantic Patabase Model. First of all, the SDM is designed;
then a relational or network model 1is applied and
implemeated. Chapter V describes PRelational database
design, which includes relational Normal Forms and the
characteristics of relational datatase and conversion of SIM
?. into Relational database decign. Chapter VI addresses the
: implementation which is implemented on the ORACLE Databdase
Management System. Finally, Chapter VII presents conclusion
and recommendations based on the research presented in the

thesis.
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syntax shapes the way designers percieve the application
they are modelling. A model tooc primitive in its vocadulary
requiries more complicated <concepts to ©be built up,
producing a specification that is difficult to understand
and therefore to use and to verify.

Fach of the following properties contribute to
value of a good data model :

1. It should be expressive : a data model that 1is
sensitive to important distinctions will guide 1its
users to include the concepts and objects necessary to
a good design.

2. It should not overconstrain implementors : because a
conceptual design 1is the mechanism used to 1instruct
physical datatase implementors the model oa which it is
based should not imply particular irplerentation
strategies.

3. A data model should have a formal basis: this relieves
the designer of ambiguity and provides the physical
designers and implementocrs with a sound foundation for
verifjing their work.

4, A data model should be widely applicable: A conceptual
design for an extensive enterprise may need to
encompass applications that are very dynamic in terms
of interactions among the different odbjects of interest

5. A data model should bYe understandable : A conceptual

design for an extensive enterprise can be both very

26
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N large and very complex. To show even a part of a fﬁ
% specification to an end user to check its correctaess, jﬂ
I {t 1is necessary that the data model im which 1t is
% expressed provides some kind of non—-technical f}
presentation mode. =
5. Implementation Desigs Compoments
A diagram of the spectrum of inputs to and outputs from
the implementation desigan is shown iz Figure Z.2. ff
v T | |
PV e Conceptual design —=——=-- %
A i \ i i i
s | i { ! ' .
] | 1 1 t -
. : v v v {
~ { Volume DBMS Hlgh - level | A
and usage independent program ) e
qualification schema specs ! o
! ! ] | : o
] ! ! ! .y
| 1 1 t
v v v :. -
--------- - - ———————— '
DBMS | : % ! o
characteristics ->i Implementation Design E a -
: e e e | o
] ] t [} {
1 1 | 1 ! -~
] ] ] 1 i ]
[} [} [ ! 1 H N
i v ! v ' 5
: DBMS ! Program -
{ ! processible ! design | o
{ schema ! guidance | L7
! ! v : '. --
! | |~ > Subscnema {(-- | -
v v ! .
Guidance to Specification for i .
; databdase physical | .
operations design ! .
group ! -
! =
!

- — . S . . - D > A G G . A S, - o .  ——  —  —— — ——— - —— v T WD — -

Figure. 3.2 Implementation design environmeatl.
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Inputs are as follows;

1. DEMS-independent schema - The major result of the
conceptual design rphase, to te refired 1ty tre
implementation design gphase.

2. Operational requirements quantification - Specification
for integrity, recovery, security, and vresponse tire
limits. |

3. Volume and usage quantification - Databese size in
terms of data occurences and application frequencies.

4. Consistency constraints - Rules for «keeping datz

elements consistent, rules for dealing with

inconsistent data.

Qutputs are as follows;

1. DBMS-processible schema - Specifications for a datatase
structure that can bve implemented with a specific [EMS,

2. Subschemas =~ DEMS-processibdle database structnre
consistent witk 1individual wuser views and <ecurity
constraints.

2. Guidance to the database ogyerations groung - a summary
of requirements, constraints, and available date or tipe

hardware/software environment to the LBA.

B. PHYSICAL DATABASE DESIGN
The second stage of datatase design -physical design-
i1s a stage of transformation. The logical scrhera is

tranformed 1into the particular data constructs that are
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available with the DBMS to be used. Whereas the 1loglcal

design is DEMS-independent, the physical design is very much

g . DBMS-dependent. Detailed specifications of the datatase

+

structure are produced. These specifications will te |used

v . .-
e

A0 . RAREAESR Do

during implementation to write source statements that definae
the datadase structure to the DBMS. These staterents will te
compiled by the DBMS and the object form of the datatase
structure will be stored within the database. as

illustrated in Figure 2.3. [Ref. 3]

! Logical ! ! Physical | ! !
{Database | | Database |-—--- > Design |
1
i

- - o S — = P —— —— . > ) o — — ——

T vr T
.. :‘ g l’ " v . ._ 'r .
PR P :

.
- e —— o ———

DBMS

- - - - —— — ——— —— — — —— —— > - — =

Figure Z.2 Role of Physical Design

1. Physical Design Epviromment
The design environment is basically the same for
both flle design and physical database design. However, many
o design decisions for files are much simpler thso for
multiple-record-type design. First, the major categories cf

lnputs and outputs for the physical design phase are

illustrated in Figure 3.4.
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Figure 3.4 Physical Lavironment

In general, Physical design considers Lew
parameters, bYut previous tentative decisions on access
paths and record allocation are fisslized in this phase.
Parameters regarding data volume, application precessing
frequency, and sequence of operations in aplication programs
are the same as those required for 1implementation design.
New parameters introduced at this stage are those <sipecific
to DBMS and eprcrating system access methods, those specific
to describe physical device capacity limitations and timing
characteristics and all operational requirements.

The visitle components of the resulting prysicail
database structure are the stored record format, stored
record placement specification, and access method
specification. Underlying these specifications tis the

satisfaction of all operational requirements and
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hardware/software system constraints. During the design

process, consideration of efficiency issues can take flace f&

. only after the varlous constraints are satisfied ard a
feasible solution has been ottained. EQ
2. Performance Measure o3

The determination of performance measures for
physical design is most critical to the design process. It
affects not only the design choices, but also the
techniques employed to determine those cholces.

Let us assume that database system performence
will ©be described in terms of cost. At various times cost
may be given in terms of time, space, or possitly monetery -
value. Returning to our discussion of the database system i
life cycle, we can descride the total cost of the life cycle
in terms of the following:

* Planning cost

* Design cost : programs, database

* Implementation and testing cost : programs, databases

* Operational costs : users, compute rescurce

* Maintenance costs ¢ ©program errors, deata fintegrity fﬁ
loss f
3. Qutputs of Physical Design

In general, two major specifications are produced.
First, the physical specification of the logical schema |is
defined. It 1is the physical schema. This <schema 1{is a

transformation of the logical schema intc the data modeling

...........................................................................
.............................................
.......................................
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constructs availatle with the DEMS to te used. Second, user
views are defined.
a. Physical schema
The contents of records must be defined, and
the name and format of each field of each record?d specified.
Constraints from the logicel database design are tranformed
into critiria for field descriptions. Keys of databtase
records need to be identified, &aand overhead structures for
supporting the keys defined. Record relationships are alsc
defined in the physical design.
b. User views
User views are generally a sutset of the
schema. Records or relationships may e omitted from a view;
fields may be omitted or rearranged. Also, the names of
records, flelds, or relationships may te <changed. Tric
flexidility allows wusers to employ terminology that is

familiar and useful to them.

C. APPLICATION OF DATABASE MODELS TO DATABASE DESIGN
Figure 3.5 shows the major steps involved 12
designing a database. Inputs to design are <statements of
data requirements from the specification data directory. The
output of design 1is a specification that can te wused to
implement- the datatase using a commercial DBM3. The design
that 1s produced depends very much on the TLEMS to ‘te
employed. For this reason, Figure 3.5 shtows two alternative

design outputs. If we are going to use a DEMS basec¢ on the
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relational model, we will produce a relational design. 1If
we are goling to use a DEMS based on the CODASYL D3TG model,
we will produce & DBTG(network) design.

Within this figure are two steps : 1logicali{DlBMS =~
independent) design and physical(DBMS - dependent) design.
After logical design, there is a dbranch, derpending on the
DBMS to Ye employed. If we are going td> use a reletional
DBMS, then the output of ©physical design will te a
relational design expressed as relation definitione and
supporting documentation.

If we are going to use a CODASYL DBMS, thea the output
of the physical design will be a CODASYL design expressed as

data structure diagrams and supporting definitions.

User requirement
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! Logical Design
v

! SDM Form of !
! Logical Schema |

- -  — . T —— —— A —— — —— " — ——— ————
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]
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Figure 3.5 Use of Model in Latabase Lesign
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IV. SEMANTIC DATABASE MODEL

The Semantic TLatatase Model(SDM) was developed ty
Hammer and McLed [Ref. 8] and first published in 1681. It
will bde used as the tool for expressia & logical schema for
the Intelligence datatase design.

SDM is a high-level semantics-based datadase
description and structuring formalism for the datadase. This
database model 1s designed to capture more of the meaning of
an application environment than is possitle wittr
contemporary database models.

SDM 1is designed to enhance the effectiveness ané
usability of database systems. Aa SD™ datadbase descriptisa
can serve as a formal specification and documentation tool
for a database. It can provide a basis for supportizg e
variety of powerful user interface facilities, serve as a
concertual databtase model in the datatase design precess,
eand be used as the database model for a new kind of datatase

management system.

A. INTROLUCTION

Every database is a model of some real world system. At
all times, the contents of a database are 1intended to
represent a snapshot of the state of an aprplicetion
eavironmeat, and each change to the datatase shculd reflect

an event occuring in that environment. Therefore, it 1is¢
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appropriate that the structure of a database mirror the

structure of the system that it models. A datatase whose
organization 1is based on naturally occurring structure will
be easier for a datatase designer to construct and modify
than one that forces him to translate the primitives ¢f his
problem domain into artificial specification constructs.

The global user view of a datatase, as specified by thue
database designer, is known as its logical schema. 2 schena
i1s specified in terms of a database description erd
structuring formalism and associated operations, call=d a
database model. It was thought that the data <structures
provided by contemporary database models do not adequately
support the design, evolution, and wuse of a complex
database. These datatase models have significantly limited
capabilities for expressing the meaning of a datadase &g
relating a database to its corresponding arplication
environmrent. The semantics of a datadase defined in terms
of these mechanisms are not readily e&pparent from the
schema; 1instead, the semantics must be separately specifiel
by the database designer and consciously applied by the
user.

The goal is the design of a higher-level database model
that will enable the database designer to naturally ané
directly 1iancorporate more of the semantics of a detabase
into its schema. Such a semantics-based databdbase description

and structuring formalism is {nteaded to serve as a naturel
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application modeling mechanism to capture and exzress the
structure of the application eanvironmeant in the structure of

the database.

1. The Design of SDM

In designing SIDM, many datatase aplications were
analyzed in order to determine the structures that cccur
and recur in them. The shortéomings of contemporary
databdase models 1in capturing the semantics of these
applications were assessed, and the strategies were
developed to address the protlems discovered. Tris design
process was iterative, in that features were remcoved, added,
and modified during various stages of esign.

SCM has been designed with a number of <specific
types of uses in mind. First, SIO™ 1< meant to serve as a
formal specification mechanism for describing the meaning of
a database: SDM provides a precise docurentation and
communication medium for datadase users. In particular, a
new user of a large and complex datadase should find its SpM
schema of use in determining what information is <contained
in the database. Second, SDM provides the bdasis for 4
variety of high-level semantics-based user interfaces tc¢ a
databdase; these interface facilities can te constructed as
front-ends to existing database management systems.

SDM has Vbeen designed to satisfy a nurbter of

criteria that are not met by contemporary datatase models,




but which I relieve to be essential in an effective database

description and structuring formalism. They are as follows.

The constructs of the databdase model should provide
for the explicit specification of a large portion <cf the
meaning of a datatase. Many contemporary database models
(such as the CODASYL DBTG network model and the hierachical
model) exhibit compromises tetween the desire to provide a
user-oriented database organization and tre need to support
efficient database storage and manipulation facilities. In
contrast, the relational database model stresses the
separartion of user-level database specification and
underlying implementation detall.

However, the Semantic expressivenecss of the

hierachical, network, and relational model is limited; threy
do not provide sufficient mechanism to allow a database
schema to describe the meaning of a datatase. Such models
employ overly simple data structures to model an application
environment. In so doing, they lose Iinformation atout the
database; they provide for the expression of caly a limited
range of a designer’s knowledge of the appliceticon
environment. It is necessary to brecy with the tradition of
record~tased modeling and to btase a datatrase model o1
structual constructs that are highly wuser orieated and
expressive of the application environment.

A database model must support a relativist view cof

the meaning of a datadase, and allow the structurs of &
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database to csupport alternative ways of looking 2t the same
information. In order to accommodate multiple views cf the
same data and to enadble the evolution of new perspectives on
the data, a database model must support schema that are
flexible, potentially lecgically reiundant, and integrated.
Flexibtility 1is essential in order to allow for multiple and
coequal views of the data.

Contemporary, reconrd-oriented datatacse models co
not adequately support relaetivism. 1In these models, 1t 1is
generally necessary to 1impose a single structural
organization of the data, one which inevitatrly carrles along
with it a particular interpretation of the data’s reaning.
This meaning may not te appropriate for all nsers of the
database and may become entirely obsolete over time.

Another consequence of the primacy cf the
principle of relativism is that, 1in general, the datadase
model should not make rigid distinctions DbYetween such
concepts as entity, asscciation, and attritute. Figker-ievel
database models that do require the datatase schera
designers to sharply distinguish among trese <concepts are
thus considered somewhat lacking in their suppert of
relativism.

A databtase model must support the definition of
schemata that are tased on abstraction entities.
Specifically, this means that a database madel rust

facilitate the description «¢£ relevant entities in the
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application environrent, collections of such entities,

relatioashicgs among entities, and structual inter-
collections among the collections.

Allowing wentities to represeatl therselves makes It
possidle to directly reference an entity from a related one.
In record-oriented datatase models, it is necessary t0 crcss
reference Yetween related entities ty means of treir
identifiers. ¥hile 1t is of course necessary to evertually
represent “abstract’ entities as symtols inside a computer,
the point 1is that users should de able to reference and

manipulate abstractions as well as symtols.

B. A SPECIFICATION OF SDM
The following general principles of datatase

organization underlie the design o»f SDM [Ref. 3].

(1) A datadase is to be viewed as a collection of entities
that correspond to the actual otjects in the

application environment

17
o

(2) The entities of a database are organized ints CLASS
that are meeningful collections of entities.

() The classes of a database are not in general
independent, but rather are logically related bty mear:
of Intercless connections.

(4) TLatabase eatities and classes rave ATTIRIBUTFS that
describe their characteristics and relate ther to
other database entities. An attridbute value may te

derived from other values in the datahece.
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select reprecsentations for these constructs in a routine, if

not algoritkmic, facshion.

SDM provides an effective tase for accomrcdating
the evolution of the content structure and use of a
database. Relativism, logical redundancy, and <derived
infomation support this natural evolution of the scherma.

A related use of SDM 1is as a medium for
documenting & datatase. One of the more serious protlems
facing a novice user of a large database is determining the
information <content of the database and locating in the
schema the information of use to him. An SIVM schera for a
database can serve as a readable description of its

contents, organized in terms that a user is likely tos %Ye

able to comprehend and identify.
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schema using the datatase model of the DEMS to te employed,

i1s a difficult and error-prone procedure, A primary rezson
for this difficulty is the gap tetween the semantic level of
the application and the data structures of the database
model; the DRA must bridge this gap in a single ste;,
simultaneously conducting ean information requiremeats
analysis and expressing the results of his analysis in terms

of the datatase model.

1. The Advantage Of

[ %]
X

D

An SDM schema will serve as a specification of the
information that the datadase will contain. All tco ~often,
only the most vague and amorphous English language
descriptions of a database exist prior to the catabase
design process. A formal cspecification can more accurately,
completely, and <consistently communicate tc¢ the actual
designer tre oprescribed contents of the datatase. SIM
provides some structure for the 1logical database <desiyan
process., The TBA can first seeix to descrite the datatase ir
high—-level semantic terms, and then reduce that schema to a
more conventional logical design.

SDM supports a basic methodology that can guide
the DBA in the design process by providing him with a set of
natural design templates. That is, the DBA can approach the

application 1in question with the intent of identifying its

classes, subclasses, and <o on. Having done so, he can




avalladle for describing attridbutes that 4 not match any of
these cases. TFor example, Total-foe is derived frem IREC

record by calculating total number of foes.

[{g]

lass Atiribdute Interrelationships

Attribute derivation primitives amnalogous to

I

primitives for member attridutes can be wused to define
derived class attributes, as these primitives derive
attribute values from those of other attributes. In
addition, there are two other primitives that can te uced in
the definition of derived <class attributes.

(1) An attridute can be defined so that 1its value
equals the number of members in the class it medifies. For
example, Total-foe has the derivation ‘oumber of membters in
this class’.

(2) an attritute can te defined whose wvalue 1is a
function of a numeric member attrlidute of a <class; the

functions supported are ‘maximum”’, ‘minimum’, “average’.

D. APPLICATION

SDM is simply an abstract database modeling mechanism
and language that 1is not dependent on any supporting
computer system. One set of applications uses ST+ in
precisely this mode to support the process of definirg and
designing a database as well as 1in facllitating 1its

subsequent evolution., It is well known that the process of

logical database design, wherein the DBA must coastruct a
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If A1 is ¢ multivélued attritute, then it is

permissible for each member of Cl to match to saveral
members of C25 1in this case, the collection of A3 vzlues is
the value of attribute A1. TFor example, Iclass/Itype 1is
matched with Pclass/Ptype (Figure 4.3).

Therefore, match 1is defined caly in IR%C
record and not defined in PREC record. That meens, according
to PID, Pclass/Ptype is matched and the value is updated.

Inversion and matcning provide multiple ways
of viewing n-ary associations among entitiec. Inversion
permits the specification of binary associations, while
matching 1is capable of supporting binary eand higher degree

associations.

Ce. Derivation

Inversion and matching are mechanisms for
eastablishing the equivalence of differeant ways of viewing
the same essential relationships among entities. 3D¥ also
provides the ability to defime an attridbute whose value 1is
calculated from other information in tre datatase. Such an
attribute 1is called Derived, and the specification of its
computation is its associated derivation.

The approach is to provide a small vocadbulary
of high-level attritute derivation primitives that directly
model the most common types of derived information. TFach of
these primlitives provides a way of specifying one method of

computing a derived attribute. More general facilitiecs are
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attridute Al of class Cl can be specified as the iaverse »f

member attridute A2 of C2 which means that the value of Al
for a member M1 of Cl consists of those members of CZ whoce
value of A2 1s ™1. The inverslion interattribute relationcshiyp
i1s specified symmetrically in that both an attribute &nd Its
inverse contain a description of tre favercsion
relationship. L pair of 1inverse attritutes 1{n effect
establish a binary association between the members of the
classes that the attributes modify. For example, ‘VWemro in
WREC record has inverse relationship with Where-needed in
AREC record.

Therefore, value class and inverse is defined

in Wammo and another item name is defined in ARLC recoré,

which corresponds to Warmo item name.

b. Matching

The second way in which a memter attribvute
can be related to other information in the databese is bty
matching the value of the attribute with some memter of a
specified class. In particular, the value of the materh
attritute A1 for the member M1 of <class Cl i< determined ac

follows.
(1) A member M2 of some class C2 is found that has M1 as

its value of member attribute AZ2.

(2) The value of member attritute A3 for M2 is used as the

value of Al for Ml.
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(4) An (optional) ATTRIBUTE DESCRIPTION 1is text that
descridbes the meaning and purpose of the attribute.

(5) The attritute is cspecified as either SINGLF VALUVED or
MULTIVALUED. The value of a single-valued cttribute is
a member of the value class of the aﬁtribute. wkile
the value of a multivalued attribute is a subcléss of
the value. (e.g., Pclass/type has Multi-value)

(6) An attribute can de specified as MANDATCEY, which
means that a null value is not allowed for it.(e.g.,
Iclass)

(7) An attribute can be specified as not changeable, whick
means that once set to a nonnull value, this value
cannot be altered except to correct an error. (e.g.,
Iclass)

(8) A member attribute can be required to be EXHAUSTIVY of
its value class. This means that every memter of tre
valune class of the attribute must be the value of some
entity.

(9) A multivalued memder attribute can be specified as
NONOVERLAPPING, which means that the values of the
attribute for two different entities have no entities

in common.

1. Member Attridute Interrelationships

. Inversion

(-]

The first way in which a pair of member

o

AR L

attributes can be related is by means of INVEFSION. Memter

-
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D. ATTRIBUIE

In Flgure 4.6 above, each class has an associated
collection of attributes. PFach attritute has the fsllowing
features.

(1) An attridute name identifies the attributé. kn
attritute must be unique with respect to the set of
all attribute names used in the <class, the class’s
underlying base class, and all eventual sudclass of
that the ‘tase class (e.g., Iclass, Iid) in IRFC
(Figure 4.2).

(2) The attridute has a value which i{s efther an entity in
the database or a collection of such entities. The
value of an attridbute is selected from its vuvnderlying
value class, which contains the permissitle values of
the attribute. The value of an attribute may alsc be
the special value NULL. (e.g., INS-CLASS, IANS-ID) in
IREC (Figure 4.2).

(3) The APPLICABILITY of the attribute is specified by
indicating that the attribute is either:

(a) a member attribute., which applies to each
member of the class, and so has a value for
each member (e.g., Iclass of IEFC ) (Figure

4,2)

(b) a class attribute, which applies to a class
as a whole, and has only one value for the

class (e.g.,Idate of IREC) o~

a1
adedia,
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WEAPON-CLASS : subclass of STRINGS where value is
AC, SH, ARU

WEAPON-TYPE ¢ subclass of SRTIN S where value
is positive single digit integer 1,2,3,4,5,%

RANGE : subclass of STRINGS where value 1{is
positive integer less than 102,000

FUEL-CAPACITY : subclass of STRINGS where value
1s positive integer less than 20,200

MAX-LOAD : subdclass of STRINGS where value 1ic¢
positive integer less than 529,2¢0

DATE : Subclass of STRINGS where value is
positive integer ©between 1...36%

INS-CLASS : subclass of STRINGS where format
is 2 characters: A¥, PO, AR

INS-ID : format is 2 digit positive integer

AREA : value is in ©between 1...12¢

NO-OF-PERSON : value 1is 1less than 190,20¢

FRIEND-OR-FOE : formats are FRD, FOE

NUM-OF-WEAPON : format 1is positive integer

WEATHER : value 1is FAIR, CLDY or PCLIY

AMMO-CAT : value 1is single letter

RRANGE : value 1is positive integer

WARHEAD : value 1is positive integer 1...10

Figure 4.6 Tomain of Attribute
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description : all information related to
| weapon class/type and their rhysical
characteristics.

Member attridbute ¢

1
!
]
t
1
[}
L}
1
!
1
{
[}
i}
i
!
I}
t
i
|
!
I
t
i
1
l
1
t
|
|
!
1
1
1
I
1
'
=
description : whether the weapon {
is Friend or Foe 5
i

1

[

!

]

1

{

}

1

1

1

;

]

!

[}

L

i

{

1

1

1

1

]

]

!

]

1

1

|

|

1

1}

|

\

1

]

{

1

1

]

! Wclass

] Value class : WEAPON-CLASS
Mandatory

\ wWtype

] description : Weapon Type

' Value class ¢ WEAPON-TYPE

| Mandatory

[}

1

| wff

!

]

|

t

1

Value class WREC

wammo
description : What sort of Ammo
can be availatle for particular
type of weapons
Value class : AREC
Inverse : Wclass/Type—Needed
Multivalued

Wrange
description : Weapon range
' Value class ¢ RANGE

¥fuel
! description : Fuel capacity

of wearpon

Value class FUEL-CAP

Wlbs
description : Maximum Load

! Value class : MAX-LOAT

not changeable

t
4
|
identifier : Wclass + Wtype |
|
{

- — - - —— —— S e ot T e s D P e S S > D o — -,

Figure 4.5 SI™ of WREC in the Intelligence Tatebase
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AREC

description : Ammo categorles end their
physiceal characterics
! Member attritute :
| Acat
]
. 1
) description : Ammo category
Value class : AMMO-CATEGORY
Mandatory
i Not changeatle
' Where-needed
description What kiand of
. ' Weapon class/tyre needed
a for this Ammo category
. Albs
f description : Weight of 1 round of
D Ammo
) i
9 J
| \ Value class : MAX-load
. | Mandatory
- ° Not changeable
| Akill
I description : Killing radius
| of Ammo
Value class : RANGE
Awar
) description : Type of warhead
of Ammo

Value class WARHEAD-CAT

Identifier : Acat

- — - —— —— — ——— — - —— — — — —— ——— - ——— — - - —— T —— i ————— - —

Figure 4.4 SDM of AREC in the Intelligence Tatatase
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PREC
description : information abdout the
reconnaissance date, weapons observed and
weather condition

Member attributes

e e, 4 =

Pday
description : the day of the year N
! on which the photo taken -
Value class : TATE :
Piad
description : Installation Id4 code
Value class : INS-ID
Mandatory

Pclass/type

dscription : Concatenation of
weapon class and type
Value class : Weapon-class /
weapon-type

-y o ———— - o

Multivalued
Pnum
{ description : observed weapons s
Value class : NUM=-QOF~WEF é
Pwc "

description : Weather condition
| Value class : WEATHER

Mandatory

Idenfitier : Pday + Pid + Pclass/type

Figure 4.3 SDM of PREC in the Intelligence Datatase




INSTALLATION

description ¢t the basic master file for

installation representing all 1informations
! about installation such as Installation

Class, Id code, Area and their physical

and tactical characteristics.

member-attribute :
Iclass
Description : Installation class

Value class ¢ INS-CLASS

1
[}
1
]
1
i
]
1
1
]
1
!
]
1
1
!
i
§
}
]
1
[}
]
1
]
H
§
!
]
[}
)
]
i
]
Mandatory 1
i
]
1
1
i
|
|
i
]
1
]
1
1
]
1
!
|
i
|
1
|
|
1]
1
]
]
]
1
1
!
]
|

Not changeable
Iid

Description : Installation
Identification

Value class ¢ INS-ID

Mandatory

Not changeabdle

Iarea

Description : Estimated Area
Value class : AREA

—— s

Ipers
description : Estimated persons
Lo Value class : NO-OF-PERSONS
Value class : FRIEND-OF-FOE
Iclass/Itype
! description : Concatenation of
weapon class and type
Value class : PREC
! Match ¢ PCLASS/PTYPE of PREC on PID
‘Cond2”: Multivalued
Not changeable

Total-foe
H descripticn : total foe numbers
Value class : TCTAL-NUMEER

]
1
)
[}
{
§
1
!
1
Class attribute : 3
f
1
]
{
|
Identifier : Iid !

]

[}

. > . A = — T — — ——  — — — —— —— g — T ——s = S T — —  ——_— — —— ———— i . = ——

Figure 4.2 SDM of IREC in the Intellience Databdbace T
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. SDM POR INTBLLIGENCE DATABASE
Figure 4.2, Figure 4.3, Figure 4.4, Figure 4.5 shkrw a

SDM logical schema for the Intelligence Datsabese. The data
given in Appendix A to te used is composed of four records;
First, Installation records which describe the normal Master
file of Installation includes several fields such as Iclass,
1id, larea, Ipers, Iff, Iclass/Itype. Secocad, Armunitica
records which describe all information atout Aimrunition
include several fields such as Acat, Aldbs, Akill, Awar.
Third, Photo records which descrite all information of Fhoto
taken includes several fields such as Pdey, rii,
Pclass/Ptype, Pnum, Pwc. Finally Weapon records which have
all 1information of Weapons include fields such as wWeciass,
Wtype, VWff, Wammo, Wrange, Wfeul, Wlbs. INSTALLATION is
first defined. The «class is named, and then an 1informal
description of the class is provided. The descrirption, wrich
is optional, defines the purpose and content of the «class.
Special remarks are written here. Next, the merter
attributes are defined. These are attributes of the eantities
in this class, According to tre Photo days in Photc record,
Installation records are updated, so Iclass/Itype has Matech

function; Match PCLASS/PTYPE of PRIC on PI

3

. Arg

Ammunition and Weapon records are automaticelly updated.
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(5) There are several primitive ways of fiading intercless
connections and derived attridutes, <correspornding tc
the most common types of information redundancy
appearing in database applications. These facilitiec
integrate multiple ways of viewing the <came ‘Ytasic

information.

The basic format of &an SIM entity class

description is given in Figure 4.1. [Ref. 3]

ENTITY-CLASS-NAME

[description =—=—m—m—=——-- ]
(interclass coanection ——=-—--—- ]

memter attritute :

Attridbute—name

t
]
!
t
]
[}
]
!
1
|
i
1
|
1
|
|
]
value clasg : =———=—-——= |
! [(mandatory] !
[multivalued] [no overlap in values] |
l

|

|

|

1

]

|

{

i

|

|

|

|

|

|

1

{

|

|

1

l

[exhaust value class]{cot changeatle]
[inverse : Attridbute-name]
(match : Attribute-name

ENTITY - CLASS on Attridute-nsrel]
[derivation : —-=--=-—=——- ]

[ class attridbute :

Attribute-name

[(description ¢ —==—=—- ]
! value class : ———==—--
([derivation : =-=—==—= 1]

! 1dentifier : attridbute-name + [Attribute-name2 + [ ]])

- - ——— ——— —— ——— —— ——————— ——— —— — f— i ——— - — - — - ——

Figure 4.1 Format of SDM Entity Class Description
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A. INTRODUCTION

va)

The relational model was first proposed bty TLCr. E.
Ccdd in a seminal paper in 1678 [Ref. 13]. This innovation
stressed the independence of the relational reprecentation
from physical computer implementation such as ordering on
physical devices, indexing, and using physical acress paths.
The model thus formalized the separation of the user view of
data from its eventual implemeatation; it was the first
model to do so. In addition, Codd proposed «criteria for
loglcally structuring relational databases and an
implementation-independent 1language t¢ operate on tkrese
databases. The relational model represents data in the
simple form of tabdles. The relational model 1is attractive
in database design because it provides formal criterie for
logical structure, namely, normal form relations.
1. Termipology
A relation is simply a two-dimensional table that
has several properties. First, the entries in the tatle are
single-valued; neither repeating groups nor arreys eare
allowed. Relations are flat files, Columns of a relatisn are

refered to as attributes. ZFach row of the relation is known

as a tuple. If the relation has n columns, then each row is

5¢
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refered to as an n-tuple. Also, a relation that has =
columns or n attritutes is said to be of degree n.
2. Keys of Relation

This key 1is the attribute or set of attritutes
that uniquely identifies tuples in a reletion. A relection
key 1s formally defined as a set of one or more relation
attributes concatenated so thet the following trree
properties hold for all time end for anmy instance of the
reletion:

1. Uniqueness ¢ The set cof attributes takes on & unigue
value in the relatioa for each tuple.

2. Nonredundency ¢ If an attritute 1is removed from the
set of attributes, the remaining attridbutes 2o not
posses the uniqueness property.

3. Validity : No attritute value in the key may bte null.

When two or more attritutes or attritute
collections can be keys, they are called candidate keyc.
vhen one of the candicdates is selected to be thre key, it is

called the primary key. ¥hen an attritute in one relation

(2%

is a key of another relation, the attritute Is calle a

foreign key. Forelgn key< are importaat when defining
constraints across reletions.
3. Relatiopal Algebra

The relational algebra consists of a set of

relational algebra operators. Each operator has one or more

relations as its input and produces a relation as 1{its

55
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output. The three basic relational algebra operations are
SCLECTION, PROJECTION, and JOINING.

The SELECTION operator selects all tuples frorm
some relation such trat <come attributes in each tuile
satisfies some condition. A new relation, which contains the
selected tuples, 1is then created.

Trhe PROJECTION operator constructs @ new relation
from sore existing relation by selecting only attritutes c¢f
the existing relation and eliminating duplicate tugles in
the newly formed relation.

The JOINING it a method of comtining two or more
relations intc a single relation. At the outset it requires
the <choice of attritutes to match tuples in the relatioas.
Tuples in different relations, but with the sarme valuve of
matching attributes, are comdined into a single tuple in the
output relaticn. The examples of wusing three basic

operators will be shown in Chapter IV,

B. RELATIONAL NORMAL FORMS

Not all relational databese designs are equel; some are
better than others. Obviously, a design that meets the
users ‘needs is better than one that does not, bdut there are
other criteria as well. With some relations, ~changiag data
can have unexpected consequences. These consequences, called
modification anomalies, are undesirable. These anomalies can
be eliminated ty changing the datatase design. Usually

relations without modification anomalies are prefered. Some

5€

e,

Y

")
.
.

o
T
<3
“
R
-

1

AT
g,




relations are 1independent, others are interdependent.

Generally, ©but not always, the less 1interderendency, thre

better.
1. Modification Anomalles
ii Consider Ammunition relation in Figure £.1. It
has the attributes ACAT, ALES, AKILL, and AWAR. The meaning

of a tuple is that given an Ammo category, Weight of Cne

round and Filling Radius and VWarhead Category are
determined.

For the data in Figure £.1, 1if we delete the
tuple for ACAT A, we will lose not only the fact tha£ Ammo
Category A’s Welght is 41¢ 1bs, bdut also the fact that
Killing radius 1is 120 feet. This is called a TDELETION
ANOMALY; we may be losing more infcrmation than desired. ¥e
lose facts about three attributes with one deletion. This
characteristic may be concsidered undesiratle because it i<

usually unintended.

- — T ———— ————————— - =~ — . —— Y —— — — —— - — — - ———— T ——

|
]
AMMUNITION (ACAT, ALBS, AKILL, AWAR) }
Key : ACAT |

]

|

]

I

]
" !
{' ACAT ALES AKILL AWAR ;
. ]
. ! !
N |: A 419 120 1 ,‘
] |
! B 175 5 3 }
1 1
1
§ c 51¢ 150 1 |
] \
) ), 950 500 4 t

. — — —— o — ———— - — ——— N — " — T T " G T — " —— T o ———— ——

Figure 5.1 Tre Ammunition Relation
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Also, suppose we want to enter the fact thet ACAT
E has a killing radius of 525 feet. We can not enter this
data into the Ammunition relation until a ACAT haes ALBS and
A¥AR. This restriction seems unnecessary. This situatlion is<
called an Insertion Ancmaly. We gain facts atout trree
attributes with one insertion; or, stated nEgatiVEly,. WE
cannot insert a fact about one attribute untll we have ar
additional fact about another attribdute. These enomelies
can te eliminated by the creating two new relations via

projection. An example of this will de shown in Figure 5.2.

2. Classes of Modification Apomaliss

There are many different types of modification
anomalies. In the 1970s relational theorists chipped away &t
these typres. Someone would find an anomaly, classify it, and
think of a way to preveat it. This process generated
improved criteria for designing relations. These <criteria
are called Normal Torms.

Codd, 1in his paper [Ref. 13] defined first,
second, and third normal forms. Later, Boyce-Ccdd ncrral
form was postulated, and then fourth and fifth normal forms
were defined. As seen in ¥Figure 5.2, each of these
normal forms contains the other. A relation in fifth necrmal

form is automatirally in 1, 2, 3, BC, and 4 norral forms.

=8
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s - —— —— — — ——— T T — — - — = =~ ——

———— - —— — — — —— — ——

Figure 5.2 Relationship of Normal Forms

Thecse normal forms were helpful, tut they hadé a
serious limitations. No theorist was able to guarantee that
any of these forms would eliminate all anomalies; each form
would eliminate just <certain anomalies. This <situation
changed, however, in 1981 wheu R.Fagin defined a new norral
form called DCMAIN/KEY normal form(LK/NF). Fagin showed that
a relation in domain/key normal form 1is free of all
modification anomalies, regardlecs of their types.

Until TUX/NT was identified, it was necessary for
relational datatase designers to <continue looking for
more and more anomsalies, and more and more normel forms.
Fagin’s yproof, however, greatly simplified the situation.
If we can put a relation in DEK/NF, then we are zuaranteed it

will rave no anomalies.

3.

1=

inds of

o
1=

ormal Forms

>

11 relations are in first normal form. A relation

i1s in first normal form if and oaly 1if all wunderlying
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domains <contain atomalc values only. Relaticns in first
normal form rave modification anomalies. It is possitle to
eliminate <ome of these anomalies by jputting the relation in
second normal form. We can eliminate even mor- +ken the
relation is put in third normel form, and even more with
Boyce-Codd normal form.

A functionel dependency (L) [Ref. 6] is a term
derived from mathematical theory; it concerns the cdepeadency
of values of one attribute or set of attributes on those of
another attribute or set of attributes. Formally, a set cf
attridbutes X 1is functionally dependent on & set of
attributes Y if a gliven set of values for each attribute in
Y determines a unique value for the set of attributes in X.
The notation Y -~-> X is oftea used to denote that X 1is
functionally dependent on Y. The att idbutes in Y are known
as the determinant of the functional dependency Y --> X.

A relation is in second normal form if and only if
it 1{s in INF and every nonkey attribute is fully dependent
on the primary key.

A relation 1is third aormel form if it has the
following properties: (1) The relation is in second normal
form. (2) Every nonkey attribute 1is nontransitively
dependent on tte primary key.

A relation 1s in BCNF if every determinant 1is a
candidate key. Since relatioas in ECNF have no anomalies

regarding functional dependenies, this seemed to put the
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issue of modificaetion anomalies to rest. Fowever, it was
soon discovered that anomalies can arise from situatione
other than functional dependencies.

Formally, multivalued dependency 1is iefined as
follows; In relation R(Y,Y,Z), X ==> Y i{f each ¥ value 1
associated with a set of Y values in a way that- dses  not
depend on the Z values.

A relation is in Jourth normal form (Ref. 6] if it
is 1in BCNF and has no nmultivalued dependeacies. This
definition means that if a relation has multivelued
dependencies and is. in fourth naormal form, then the
multivalved dependencies have & single velue. In otner
words, all 1indepeadeat attridutes have a single value.

A relation is in fifth normel form if and cnly if
every. join dependency 1in a relation is {implied bty the
candidate keys of the relation.

A relation is in TK/NF if every comstraint on the
relation is a logical consequence of the cdefinition of keys
and domeins. A constraint is any rule on static velues of
attributes that 1s precise enough that we cean evaluate
whether or not it is true. Thus intre- and iater-relation
constraints, functional dependeancies, multivalued
dependencies, and Join dependencies are all examples cf
constraints. DK/NF means that if we can find 2 way 1to
define keys and domainms such that all constraiats will be

satisfied when the key and domain definitions are catisfied,




then modification anomallies are impossible. Unfortunately,

there is 1o ¥%nown way to convert & relation to TI[X/NF
automatically, nor is it even xnown whichk relations can te
converted to DF/NF. In spite of this, DX/NF can te

exceedingly useful for practical datatase design.

c. RELATIONAL DATABASE DESIGN CRITERIA

Berri and co-workers [Ref. 9] have identified three
relational criteria:

(1) Representation : The final structure must correctly
represent the original specification.

(2) Separation : Tre original specifications are divided
into relations trhat satisfy certain conditions.

(2) Redundancy : The final structure must not contain
any redundant in®ormation.

First of all, the database must be separated into a
number of normal form relations. The other two criteria are
relatively general. 1In speific terms each can te applied to
attridbutes, functional dependencies or data. To determrine
the criteria more specifically, notation for a relation and
the input and output of a desizn process is needed.

A relation is defined as made up of two corponents, the
attridute and tre functional dependencies(¥FD) tetween the
attridbutes. The definition takes the form

R = ({a,2,C}, {A ==>B, A ==> C})

Here R comprises three ettributes, A, B, and C. The FILs

between these attridutes are ==> Band A ==> (. The
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notation used to describe the input and output of the decign

process is Sin and Sout. 3Both Sin and Sout is are sete of
relations. Here Sin is the input to the design procecs anc
Sout 1is the output. Most treoretical work ic tased 2n the
universal reletion assumption and assume that Sin is one
relation, the universal relation, which is defined ty a set
of attributes and FDs, Uusing the preceding notation, and
that Sout 1s a set of normal relations, each of whickh ic¢

made up of a set of cttributes and a set of ¥Is.

1.  satisfy
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One goal of any design process is to produce an
output design, Sout, to accurately represent 3in. Furttrer,
2ll the relations in Sout must satisfy the coacditions fcr
normal form. C.Berri and co-workers(1978) (Ref. 9] ‘Fave
defined three representation criteria for the represeatatiocn
of Sin by Sout:

* REP1 The relation Sout contains tre samre
attributes as Sin.
* REP2 : The relation Sout containcs tre same attritutes
and the same FDs as Sin.
* REP3 : Thre relations in Sout contain the samre
attributes and the same data as Sin.
| RFP1 is trivial. It requires all the attritutes ir
Sin to also apppear in the relatioas im Sout., Fut it does

not consider any dependencies tetween the attritutes.

F3




. In regard tc REP2, recall that Sin is defined as a
set of attritutes and FLs and trhat each relation 1in Sout
will also contain a set of attridbutes and & set of FIDs.
Fepresentation REP2 requires that each FD in Sin te either

* contained as an FD in one of the relations in Sout or
* derived from the FDs in the relations in Sout, Uusing
the FD inference rules.

For example, 4in Figure 5.3, Sin = ({4,B,C}, {A
==> B, C ==> P}), Sout = (R2,R3) where R2 = ({4,F}, {A& ==
B}) and B3 = ({B,C}, {C ==> B}). Thus R2 and R3 constitute
the decomposition by projection of Sin.

A B C
al bl cl
| a3 b1 c2
az b2 c3
a4 b2 c4

DECOMPOSE
A B B C
al Tl bl cl
ald bl b1l c2
! az2 b2 t2 cZ
a4 2 b2 c4
t JCIN
A B C

. . — —— ———— Y ——— —— Y ——— ——— — ——— — — — — T — > " —— ————

Figure £.2 Tecomposition
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2. Lossless Decompositions

Formally, a lossless decomposition can te
described as follows. The decomposition of a relation
R(X,Y,Z) into R1 and R2 i< defined by two projectiouns:

* R1

projection of R over X,V

-

* RZ projection of F over X,Z

where X is the set of common attributes in Rl end R2. The
decomposition is lossless if R = join ¢f R1, K2 over X. The
composition is lossy if R € Jjoin of R1,R2 cver X.

3. Redundancy Critera
Redundancy criteria can te defined in various
ways. One way of defining redundancy criteria is as fcllows:

* RED1 : A relation in Sout is redundant if its

[

attributes are contained in the other relations in Sout.

* RED2 ¢ A relatioaz in Sout is redundant if its FDs are
the same or can be derived from the FDs in the other
relations in Sout.

* RER3 ¢ A relation in Sout is redundant if its content
can be derived from the contents of other relaticns in
Sout.

Obviously, RET1 1is not & very useful criterion,
because during separation it is often necessary to create
separate relations that represent FDs bdetween attridutes,
which may appear in other relations. On the other hand, RED?

and RED3 can be quite wuseful criteria. Any design

algorithms should 1in particular avoid RED3, because it
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would keep thre same data in more than one relation. Surh
relations could all te in normal form and no anomalies would
occur irn relations. However, interrelatiosnal a omalies would
arlse if some fact were updated in one relation ‘tut tre
other. Designs that 1include REDZ would cause the sare

protlem.

4. Elimipnation of Modification Amomalies

If relations can te put 1into TK/NF, then no
modification anomalies caa occur. Thus DK/NF Ddecormes a
desiga objective, and relations that are 1ia DEK/MF are
usually preferred.

Not all relations, however, can bde put into D¥/AF.
Thic< occurs when there are constraints that cannot te
exprecssed as logical corsequences of keys and domaine, Ac¢
example doscribed by Fagin [Ref. 14] is a relation having
the following <constraints: The relation must never have
fewer than three tuples. There is no way to express this
coastraint in terms of domains and keys. Thus it hras a
medification eaaomaly. In fact, this strange relation has &
deletion anomaly bdut a5 insertion anomaly.

wren relations caennot bde tranformed into T¥/NT,

the constraint that cannot be expressed in terms ¢f <dorains

and keys must te inserted into application progrems. Thic ic¢

undesirable tecause the constraint is hidden.




A fifth criterion for a relational cdesign is ease
of use. Acs far as poscible, we strive to structure tre
relations so thet they are familiar and seem natural to
users. Sometimes this goal ronflicts with the elimination of

anomalies or with independence.

D. RELATIONAL DATABASE MANAGEMENT SYSTEM

Tris section [Ref. 3] describes the relational model as
the 1implementation model that is supported ty a DE¥S. Any
relations yproduced during data analysis can be implemented
directly on this DEMS, Recause of its tatuvlar 1interface,
the relational model makes an attractive imrrlememtaion
model. It is receptive to two types of environments:

* the traditional data processing enviroanment, in which
databases are set up by professional romputer
programmers on tehelf of database users.

* environments lan which nonprogrammer users set up .their
own databases.

The relational mndel provides the same advantages in
both types of eavironments. Its natural interface simplifies
the design end use of the database. This is particularly so
if a langnage with powerful selective capabilities can te
provided 1ty the TBM¥S. Suclh languages can reduce gprogram
cevelopment time and hence are attractive in comrercial

cata-processing environmente. They are also attractive to
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VI. IMPLEMENTATIQN USING QRACLE

The Intelligence database has been implemented using
the ORACLE relational DEMS. Initially a data fille is created
using CRFATE command. After the creatlion of the IREC flile,

it appears as shown below.

UFI> CREATE TadLE 1?€C
(ICLASS (CHAR(2),
| @] NUMBER(YY,
[ac s NUMAER (2,
IPIRS NUMRER (414
1F3 CHAREI) Y

[ SV I SV

Taple createa. ~

After trhe table {s created, IREC data 1s added to the

data file using the INSEET command.

JFI> [NSERT [HTO [REC VALJES (*aF*,101,3,1500,°'F0E");
l recory 2r=ace,
UFT> INSERT [NTD (REC VALIJFES (*4F°,119,10,1800,'FGE"Y;

! racsry zrearen,

After IREC file i1s created, 1ist all the dzta in the

IREC using SELECT, FRCM command.

UFI> SELECT »
2 ecmam [IE:;

IC 112 TARES 1PERS [FF
AF 10t 8 1500 FOE
AF 110 10 1800 FOg
P 208 25 3600 FR)
AR 318 3 2800 FOE
AR 30% 1 900 FOEF
P 215 32 31900 FDE
AF 104 7 1100 £RD
P3 223 35 5200 #nt
42 510 S 31300 FR)
P3 231 10 1500 FR)

10 rezorrs selemcteqd.
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areas as concurrency, locking, security, integrity, view

definition, etc, has taken the relational approach as a
starting point, precisely tecause it provides a clean
conceptual base. As for the question of an undering theory,
the realtional approech is not only soundly based on certain
aspects of mathematical set theory, but it also possesses a
censideratle bsdy of theory 1in 1its own right aimed
specifically at 1ts application to database protlems.

In a relational schema the entire information content
of the database i< represented by means of a single data
construct, namely, the n-ary relatiorn. In a network schema,
by contrast, there exits at least one fanset Yeering
information essentially; for it there did not, the schema
would degenarate 1into a relational schema with certein
explicit access paths. 1In other words, there are at least
two essential data constructs in the network &pproacr, the
baseset and fanset. Ia DETG, 4in particular, there are five
data constructs, any or all of which may te used to descrite
essential information:

* record type (corresponds to baseset);
* DBTG set (corresponds to fanset);

* singular set;

* ordering;

* repeating group.
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D A COMPARISON WITE THE NETWORK APPROACRES
Successful DBTG systems lack the flexitility of

relational systems, tut they make up for it in teing atle to
process larger amounts of data more quickly. Systems 1like
this excel at standardized, repetitive applications suck as
online teller processing, or large-scale order entry, and
the 1like. They may not be elegent, ©but they can do large

amounts c¢f work, and do it well.

Thus, we have the following situation: relational

systems are easy to use, applications can be quickly
developed, dut processing of very large amounts of data can
be unacceptadly slow. On the other hand, TBTG 1is more
difficult to use, but large amounts of work can be quickly
and efficiently accomplished. The DBTG reprasentation of
the Intelligence Datadese is given in Appendix B.

These observations were true in 1983, but development
efforts are underway in both camps to eliminete the
shortcomings. Vendors of relational systems are striving to
improve performance, wheress vendors of nonrelational
systems are attempting to make their systems easier to use.
One way they are doing this is to give the nonrelational
systems a relational appearance tc the user.

In the relational approach, all information 1ia the
database 1is represented uslng one construct, &nd moreover

this one construct 1is both simple and familiar. It is

significant that most of the research since 1979 into <such
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Fach attribute has its own domain. The velue of
each attribute must be within its domain. The domain of

each attribute is shown in Figure 5.9.

| Attridute Tomain | -
v T 3 >
wCT VEAPON-CLASS + WEAPCN-TYPE | 3
! WFF FRIEND-OR-FOE { :
' WRANGE RANGE § )
WFUEL FUEL-CAP }
! WLBS MAX-LOAD |
. ICLASS INS-CLASS f .
' 11D INS-1D |
! TARER AREA i
IPERS NO-OF-PTRSONS § ..
IFF FRIEND-OR-FOE i }§
| PDAY DATE i E:
PID INS-1D | .
PCT WEAPON-CLASS + WDAPCN-TYPE 3 '
! PNUM NUM-O0F-WEP |
PWC WEATHER § -
ACAT AMMO-CATEGORY i '
! ALBS MAX-LOAD i
AKILL RANGE ! -
! AWAR WARHEAD-CAT |

B D > - — — —_—  — G — — —— — G — ——— = —— . —  ——— — — —— ——— — - —— ——— g~ ——

Figure 5.2 Attribute Comains
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S. Relations of Intellieepce Schema

After these four records are examined, Inverse and
Match functions must be deleted 1ir order to achieve DK/NF.
We have repeating groups, tecause IREC and WKEC thave
multiple values. Repeating groups, however, are prohitited
in relational datatases, so0 twos inte relation constraintse,
AW and ITTEM?, were added. The AW record is composed of
wWCLASS, WTYPE, and ACAT; and IDTIMP is composed of IID,
ICLASS, and ITYPE.

Because of interrelation constraints, Weapon class
and Weapon Type are omitted from IREC, and Wammo ic omitted
from WRFC. All attributes are dependent on the primary Yey,
so there are no modification anomalies. The relations in the

INTTLLIGENCE Schema is given in Figure 5.9.

H WREC (WCLASS, WTYPE, WFF, WRANGE, WFFUL, WLRS)
key : WCLASS + WTYPE

IREC (ICLASS, 11D, IAREA, IPERS, IFF)
FEY : IID

Key + PDAY + PID + PCL SS + PTYPE
AREC (ACAT, ALBS, AKILL, AWAR)

}
]
i
|
:
]
t
|
1
!
]
: PRRC (PDAY, PID, PCLASS, PTYPE, PNUM, PWC) |
H
)
i}
|
i
]
1
|
KEY : ACAT !

|

[}

|

AW (WCT, ACAT) ——

! Interrelation Constraints |
]
I

IDTEMP (IID, WCT) --

- — - - - — — — —— ————— — — —— — ——— — ——— ————

Figure 5.9 Tre Relations in the Intelligence Schema
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1 |
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-

New-weapon

List

Final
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Figure 5.8 System Flowchart and Relationshirs
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2. System Rlowchart and Relationshbips

The system flowchart and relatiosnshirs tetween the

various master files are shown in Figure £.8. It shows how
all four master files <can bte wupdated automatically 1ty
utilizing the hoto master files. The use of simple query
language will produce a large volume of new data easily and
quickly. Three SDM facilities will be used to explain how
it works.

Initially, the four maste files are created.
Installation records are sorted according to the IIL, and
Photo records are sorted accordin to the PID. The
derivation facility will yield the Total-foe-namder frorm
the Installation file and the Crserved-weapon-add from the
Photo file. The iaverse facility on the two master files
ylelds the new master file called Installation and Proto
file which includes PNUM and PWC. The derivation facility
will produce the new-weapon list from the Installation and
Photo file by comparing PDAY with previous PLAY. The inverse
facility on this new master file and the Weepo master file
will yleld the new master file called Installation and Pheto
and Weapon Yy comparing WCLASS a2nd WTYPE with ICLASS &nd
ITYPE giving us new ipformation such as WAMMC, WEANGT,
WFEUL. The final use of IREC, PEEC, WEREC, ARILIC files,
necessitated ty repeating WAMMO groups, yields the new

master file called Installation, Photo, Weapon, and

Ammunition gliving us the new information such as ALBS, AWAR.




implemented, Dbecause security authorizations will relate to
relations. .
D. CONVERSION OF sSDM INTO RELATION DATABASE DESIGN

1. Relationship Between Records

The relation

wn

hips for the Intelligence Tatatase
are given in Figure 5.7. Inversion, Matching and Derivation
will Dbe wused to provide inter-relationships ‘tetween the
attributes shown. It is possible to find duplicated field

names using these methods.

- . —— - - - - —— - —— ——— ———— — - —— —

ICT.ASS IID IAREA APLRS 1IFF ICLASS/ITYPE
- -_— - e —— 2 e e o

_AMMUNITION PRICCREL

—— ey ey i g o S

@]
= 4

PHOTO RECORDS

e 3
a
o=
-3
3
)
o
[7,]
o>
~
—
[ 3¢
[}
=
=
o
o]
—— et —— e ———— e P - — e

! HEE T D O TS e

i PTAY PID PCLASS/PTYPE PNCM PWC
]

> e P s i e o A D s . T D T T —— ————— . —— —— T T — - — - -

I
'
5 WEAPON RECORLS
)

--_-__-__-_-_-_-;.-----_-_:---___--_____-_--_-____

WCLAS WTYPE WFF WAMMO WRANGE WFUEL WLBS

- — — > ——— — — - — - ——— ——— - - - . — - —— -

> v —— . —— ——— - —— o — - - - - - — - - —— -

Figure 5.7 The Relationships between Records
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the JOIN operation is likely to take substantial machine

time. It may te feasitle with small relations, tut some
commercial files are hundreds of million of btytes long. 1In
understanding the performance issue, it is very important to
remember that the relations and the operations on them suck
as the JOIN will never take place physically. Instead,
equivalent results will te produced by means of Grpointer
structures or iandices.

A relatiocaal database design is sometimes degpicted
ac not beinz ‘driven’ by a user view of the data. A new

unanticipated user view can be handled with ease if the data
it needs are stored. Although this is true in conrnection
with the logical structure of the data, the new view may nct
te handled with good mackine performance tecause the
physical structure of the data was designed to best serve
the most common applications. The physical structure 1is
user—driven even if the logical structure is not.

The advantage of relational database is first of
all, ease of use. That means the easiest way to represent
most data is withk two dimensional tables. Another advantage
is flexivdility. Users can use PROJECTION and JOIN in the
form they want. Another advantage is precision. This means
that the precise results of relational mathematics can b=
applied to the manigpulation of }elations. Computer security
is another important application area where the relational

model should te considered. Security controls can te easily
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5.5, the output of the precomrpiler is thea 1iaput to &
standard languge compiler for complilaticn in normal fashion.

— . —— — ——— — T ——— o ——

t |
| |
f ! COBOL Program H !
| l with Embedded i :
' SQL/DS Commands | !
——————————————————————— {

1

| N I
!
. |~ SQOL/DS COBOL % g

! Precompler | !
_____________________ =

)

|

1

| I
! }
] |
1 |
i i i i { {
lAccess | | ANS | iChange | . :
}Modules)| | COBOL | ioto ) !

{ DATA | iProgram| 1SQL/DS | !

\ BASE | \ j iCatalogi !

|

4

" i
' ;
! ANS COBOL | E

i Compiler | !

—————————————— =

[}

3

- {

i

i i |

| Object) !

| Code | '

1 i ]

; — |

Flgure 5.5 Role of SQL/TUS Precompiler

4. Advantage apd Disadvantage of Relational Datadage

- e e e _—-- EeEmamehama® e e

A disadvantage sometimes cited for a relational

datadase 1is machine performance. With present-day hardware
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update activities. No applicat;on programming is required
when wusing ISQL. For this type of access, users must be
connected to a communications control program such as CICS
or equivalent.

A second mode of access 1is via application
programs. In this mode, SQL/DS commands are embedded 1in
standard prograrming text like COBOL, PL/1, or assembler
language. These embedded commands are nearly identical to
the commands that are issued to ISQL. This means that
application programmers need learn only one data languege;
the single data language can be used from application
programs or interactively with ISQL. Users claim the near
identity bet ween ISQL statement and embedded SQL/LS
statements helprs them to develop application progrars.
Programmers can develop database commands 1interactively,
verify them for correctness using ISQL, and then include
those commands in application programs.

Figure 5.5 shows the processing of ertedded SQL/LS
statements. Programs containing SQL/DS commands are input to
a precomrpiler that examines the statements for correctness
and builds small SQL/DS access modules that will rerform the
desired database service. These modules are stored in the
database. At the same time, program Jinstructioncs are
inserted into application programs to call the stored access
modules wken needed. The precompiler generates these

instructions in standard COBCL or °L/1. As shown in figure
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user to process data without concern for physical date

structures.

There are many other relational DBMS. Figure 5.4
lists some of the major systems as of late 19€2. There 1is
also a microcomputer relational product: dBASE II, which
operates on CP/M-based micro. dBASE II is an example of a
relational (or tabular) DBEMS that restricts join operations.

The join columns must be indexed.

- > T — —  — ———— — — — ———— " ——— et —— - ——— — v — — T — o =

i SQL-Pased System
|
]

SQL/DS, IBM
ORACLE , Relational Software, Inc.
| System R, 1BM

QUIL-Based Systems
INGRES, Relational Technology, Inc
ITM 50€, Britton-Lee,Inc
Other Relational Systems
MRDS/LINUS, Honeywell
dBASE II, Ashton-Tate

NOMAD, National Compute Sharing Services

- - - - - - — . - - — — - —————— T —— — —t— -

Figure 5.4 PFelational DBMS Products and Vender

3. Two Modes of Access of SQL/DS

SQL/DS can be used either interactively from a ~1

terminal or vie application programs. The interective ;ﬁ
processor, ISQL, processes SQL commands to perform query and ;&
70 :j-:q
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There ere currently many commercial TEMS products
that <claim to te relational. Some are more relational in
name than in actvality. Criteria can be used to assess
whether or not a product is truly a relational product.
Stecially, the DBMS should model data as tabtles, anad it
should support SELECT, PROJECT, and unrestricted JOIN
operations.

Relational ©DBMS can be divided into three groups.
Cne group is based on the date language SQL, one on the data
language QUEL, and a group that contains systems falling
into neither of these categories.

Three major SQL-based DBMS products are SQL/LS,
System R, and ORACLE. System R is a research system
developed by IEM for the study of relational technology.
ORACLE is vended by 3Relational Software Incorporated.
Originally, ORACLE was developed for operation on Tigital
Fquipment Corpcration PDP mianlcomputers. Since its origin,
ORACLE ras teen converted to operate on IBM mainframes acs
well. CRACLE s user interface is based on SEQUEL 1II, an
earlier version of SQL. According to RSI, ORACLT will soon
te compatible with the current version of SQL. QUEL 1is a
data 1language 1ike SCL. (Just like COBOL and PL/I are
alternative programming languages, SQL and QUYL are

alternative data languages.) QUEL 1is ©based on turle

relational calculus. QUEL 1is nonprocedual and allows the
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nonpregréemmer users, allowing them to wuse the dsatetase
without resorting to computer-oriented procedual languages.
1. Relationa)l Characteristics

What characteristics must a DBMS have to te
considered & relational product? In his Turing lecture,

F.F Codd [Ref. 15] defined a relational CEMS as one 1in
which data 1is défined in tables and processed bty ucing
SELFCT, PROJECT and unrestricted JOIN operations, or their
equivalent. Codd called a system having trese
characteristics MINIMALLY RELATIONAL.

- SELECT, PROPUCT, and JOIN will be used in Chapter
VI. The SELECT obtains rows of the tadble according to
criteria on row contents. PROJECT ottains columns of a tatle
by column name. Finally, JCIN bdbrings two relations together
tased on the relationship ®etween two columas havirng the
same domain.

Some [BMS products specify that only columns can
be used as JOIN criteria. For example, a DBMS may require
the columns wused as JOIN criteria to Ye 1indexed. This
implies the undesirable situation of restricting user
activity ‘tecause of physical data re resentation. To the
nonspecialist wuser, this restriction appears arditrary. Ia
fact, there i{s no logical reason for this restriction; it
exists only to 4improve performance. To eliminate this
situvation, Codéd specifies that a minimally relational system
must have unrestricted JOINS. This means that any column can

te used as criteria for the JOIN.
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o In the same way, data for the other relations are
EI created and are shown velow. List all &REC flle.
s UFt> SELECT ¢ !
» 2 FROM A3ET; ‘
i A aL3S  A<ILL AWAR
o A 410 100 1
) 175 5 3
c 510 150 1
0 950 500 4
£ 1100 ses q
F 1300 600 5
6 A 1 2
H 125 2 6
I 12 1 2
J 180 100 7
K 240 125 R:
L 1450 400 3
M 1300 500 3
N 150 2 9
P 150 1 10
15 records selecten.
Tist all WRTC file.
UFI> SELECT
P FRIV NET:
fEE __flsz ftr WRANGE  WFUEL ALBS
aC 1 FIE ;5;" Sommess TEThoT
00 800 100
AC F 00
AC i Fgg 2233 700 15000
AC 4 F3n 9000 233 {{ggg
AC F
I ST
34 > rgé ;gggg 5000 100000
s 2 £Je 23000 7000 125000
54 D P 5 6000 110000
"an gy g;ooo 7000 115000
SH 6 FID 12802 8000 130000
423y 1 FIE ssgo 6000 110000
A3y 2 FIE 1000 500 5000
ARD 3 FIE 3000 200 2500
a3 4 F3In 3000 332 Q000
43y 5 Fap 1000 Sso ?MO
A3 nno
J 6 FR0 2500 300 4509
18 records selacten,
g2




Tist all PREC file.

UFI> SELECT o
e FROM PRECS

PDAY
301
301
301
302
302
302
302
302
302
302
303
303
303
303

14 rezords selectead,

List all IDTEMP file,

2% rmcords sefecten,

PID
318
318
316
110
208
101
215
223
223
303
ito
223
3tA
231

PCL
ARY
ARY
ARU
AC
SH
AC
SH
SH
SH
ARY
AC
s
AR
Sn

UFI> SELECT «

PTYPE

2 FROM lDTEMPY

110 ICL

1ot ac
101 AC
110 AC
110 AC

110 AC
110 ac
208 SH
208 Sn
318 aRy
318 ARy
318 aC
303 &Ry
219 SH
215 S+
215 AC
10R a(C
108 aC
223 S+
223 S+
223 AC
316 ARY
316 ARL
31e AC
231 S
231 SH
231 AC

1TYPE

W NTVNENWNVNE N W= =T 8w ==

1

v VIR VRV R VY I Y V]

Q3

INUM

100

200

PWC
FALR
Fat®
FATR
PCLDY
FAIR
PCLDY
PCLIY
PCLOY
PLCOY
FALR
cLoy
CLOY
PCLDY
cLDY




List all tW file.

UFI> SELECT «
2 FROM Aw;

WCL  ATYPE
AC
aC
aC
AC
AC
AC
AC
AC
AC
AC
AC
SH
S
S+
S+
S
S
S+
34
54
a3y
A3y
a3y
A3y
A3y
a3y
A3y
ARy
A3y
A3y

VOVVIVCTLIQ2Z22 cI2MMmMMmO Or XOCXOQODODOP §»

T TNE L WAV =T NS W~ = =T P NE L WU N -

30 rmcords selecteq,

Several sample queries and the results using CRLCLE are

given telow.

=9
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1. List what ¥inds of Installation Classes are in IREC. -
UET> SELECT UNIAUE ICLASS T

2 FRIM Q€ -

-
[N

AF
]
a3
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2. List how mary Inétallation ID Codes are in IREC.

UFI> SELECT COUNT(TID)
2 FROM [RECT

COUNT(IID)

10

»

3. List Installatior record file sorted by

Installation ID Code in ascerndine ogrder.

UFI> SELECT »
2 FuoM [REC
3 ORDER 3y 110:

IC 110 IAREA IPERS IFF
AF 101 8 1500 FoO€
AF 108 7 1400 FRO
AF 110 10 1800 FOE
PO 208 25 4600 FRO
Pl 215 32 3900 FOE
PJ 223 35 5200 FOE
Pl 231 30 71500 ;ﬂﬂ
AR 303 i 900 FOE
AR 316 5 3800 FRO
AR 518 3 2800 FOE

10 records selected.

4, List hnw many Priends or Foes are in the

Installation reccrds where the IFF is equal to Foe.

JFT> SELECT COUNT(LFF)
2 FROv [3F:
3 AHERE [FT =z 'FIE*;

COUNT(IFF)

5. For Installation IT Code 112, 4isplay the weapens
(Class/Tyve) observed in the past at the 4irstallation, the

Day of Photo and Nurber of Weanons observed which correspond

a5




to_ those

weapoas observed in the

past, CNLY

for those

weapons with a maximum ammo load in excess of 12,582 pourds.

uet>» 3

SELECT IITEvP, ICLASS, IDTEU2  ITYPE,PREC.ONAY,PREC,PNUM
FRIW 1ITI4P,PREC, wREC

1

2

3 AHIRFE
4 aND
S ANO
[y aNn
7 adn
Ae AND

€. Display
those

weapons

IDTEVS 11D =
[ITEWP  ICLASS =
[XTEVP [ TYPE 3 I9€C,PTYPE
PIEL.PCLASS = wREZ.ACLASS
BIFC.OTYIPE =
AREC.ALA4S > 1SS0

onay

caeeess weeaaosee

3g2

the

tin
PREL.PCLASS

SREC ATYPE

PNYY

Installation ID Code aad

installations photographed on Day 321 for

asbserved on that day had

. /

Area for

wnich the

a maximum

range in ercess

Py

. 7. Display Tnstallation ID Code and the total number
} of weapons observed accordine to Installation 1ID Code,
]

. =15
%ﬁffddﬁiﬂﬁﬁﬁ%ﬂﬁiﬁﬁdﬁﬁﬁ%'ﬂnggﬁgiﬁﬁﬁmuﬁﬁtg-.ﬁ-ﬁa-gun

(Class/Type)

all ammunitior tyres availabvle exceeds 12°%

of 7,207 meters,

UFT> 2
I SELECT TREC.II1D,IREC.14REA
2 FROw IEZ,PREC, #REC, Aw, a3F >
3 WHIRE 4RZC,AKILL > 125
q AND YEC,98NGE > 7000
S AND PREC.PNAY = 30}
? AND [RFC,IT) = PREC.PIN

. AND AN,4CAT = AREC,ACAT
11D 1arza
318 3
314 3
L) S

and the killing radius

feet.

of

P

e

..,
o, .,

A
P

v e

(I I
2 0% 0

g

1



weapon rlasses ard weaporn type.

UFT> SELECT PIN,SUMIPNIM)
2 FROM PIECL
3 GROUYP 3y PID,PCLASS,PTYPE;

BIN SJM(PNUM)

101 f
110 17
208 u
2158 25
223 4
223 12
231 30
303 200
316 150
318 300
31a 200
8. Disrlay Installation Class and Weapon class and

Weapon Type ani the total number of Weapons Cbvserved, where
Installatiorn ID Code in INSTAULLATION record is equal to that
of PHOTO record together with Installation Class and Weapon

class and Weapcn tyve.

UFI> R
1 SELECY ICLASS,PCLASS,PTYPE,SUM(PNUM)
2 FROM [REC,PREC '
3 AWERE PI) = [1D
@« GROUP 3Y ICLASS,PCLASS,PTYPE

IC PCyL PTYPE SUM(PNUM)

AF AC 1 17
AF AC 2 8
AR ARY 1 300
A ARY 2 200
AR ARy 3 200
A ARY 3 150
PO SH { 4
Py sH 3 37
PJ SH 3 a4
PJ SH ) L1

10 rezoris selected,

P
o0 0

T, er s
.

R




9. Display Pday of Photo for any day that Wrange 1is

greater than 8272, Wlbs is greater than 10772 and Wfeul 1is
602, accordinz to the information in the WRTC record.

Jyri-

yfFl»>

UFI> SELECT UNIGUE PDAY

2 FROM WREC, PREC
3  wHERE ~RANGE > 8000
4 AND AL3S > 10000
' 5 AND AFYEL > 600
'S AND WREC.NCLASS = PREC.PCLASS
» 1 AND WREC.nTYPE = PREC.®TYPE;
PDaAY
302
. 303
1¢e. List all field names and 1its tyoe for Photo
record.
UST> DESCRI3E PREC
8 size ¢s122 tyoe Azne
122 49 | numeric anay
2 22 an Il numeric a14a
} 3 2 2 character SrLa3s
4 22 40 1 Aumerrc 21vof
5 22 4% 1 numeric 2Niju
6 5 2 2 character suC
]
'~j:‘1
v
-—
.':4
.~
88 =1




VII. CON

LUSIQONS AND RECOMMENDATIOQNS

An Intelligence Database system is very complex and
important, and needs very accurate information to increase
War power.

Manual systems can not reduce national defence
expenditures and make it difficult to obtain accurste
information from the Intelligeace system. Thus, database
management systems must be used in Intelligence systems in
order to 1increase encd-user productivity, decrease staff,
enable work to te done more efficiently, and permit end-~user
management more authority and responsidility.

Relational datatase models will te most wceful in
Intelligence systems, because this model gives structural
independence for the database and a‘high level langnage for
queries. Normal forms and query optimizetion techiniques cen
be applied to decrease 1inefficiency of the relational
database model in the system design stage.

When we design a database, the SDM model 1is very
important. SDM 1is a high-level <semantics-tased datatase
description and structurling formalism for the datarass anid
enhances usability of the database system.

The output of SIDM is a specification that can te used
to implement the datadase using a commercial DBEMS. Ttre

output of SDM has two alterratives. 1If we are gcing to use

€9




DBMS tased on the relational model, we will produce a

relation design. If we are going to use a LBMS tased on the
CODASYL DETG model, it will produce a TBTG design.

If we constructed an SDM model, it would be easy to
reduce the effort required to convert elational models into
DBTG models or vice versa.

Using the output of SIM ia the Intelligence system, the
records are rearranged in order to fit a relational model.
‘e.g., creation of the interrelational <coastraints). The
ORACLE DBMS was used to demonstrate an operative relational
DBMS. The ORACLE database management system is a gond
relational database model, providing a ucser frlendly
eavironment, easy to use and fast access to data.

It seems appropriate to conclude with Codd”s <tatemeant
of the objectives for the relational approach [Ref.12]. They
are as follows:

1. To provide high degree of data independence.

2. To provide a community view of the data of spartan
simplicity, so that a wide varlety of users in an
enterprise can interact with a common view (while
not prohibiting superimposed user views for
specialized purposes).

3. To simplify the potentially f rmidatle jot of the
datadase administrator.

4. To introduce a theoretical foundation int»s

database management.
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5. To merge the fact retrieval and file managemgnt
fields 1n preparation for the addition at & later
time of 1inferential services |inr the cormerciel
world.

5. To 1ift database application programming to & nrew
level - a 1level 1in whkich sets (and more specially
relations) are treated as Operands instead of

being processed element by element.

No one would claim that all these objectives have now teen
attained; much more work remains to be done. However, ¢
strong foundation has teen estatlished, and there ceems

good reason to be optimistic atout the eventusl outcome.
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APPENDIX A
ORIGINAL TATA

Four record types coanstitute the Intelligence Tatatase
attached. The following notes and definitioans apply to the
database. |

1. The Installation, Ammuaition and Weapomn Recnqrdis
represent the status as of the end of day 3¢2. The proto
records represeant information ottained on the indicated day
(not neccessarily ir addition to status information on day
309).

2. Defintions

Installation Class : AF - airfields
®0 -~ ship perts
AR.— Army units
Weapon Class : AC - aircraft
SH - ship
ARU - armour unit (eg., tank)
Weapon types are numbered 1, 2, 3, 4, 5, &, for
ea h class
Ammunition categories are letters A,E,C,D,F,F,CG,

3. The occurence of the database as given is eassumed
to te indicative of the structure in the determination o?
unique keys, record relationships, functional degendencies,
etc.

4. Variables have been given different names when

they appear in differeat record types. (eg., 1IID and PIT

toth refer to Installation ID Code).
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8. There are cases where repeating grcupr data 1is
represented on the page of a particular record type. (eg.,

Weapon Class/Type with Iastallation Records).

T —— A wy  —— -

INSTALLATION RECORDS (IREC)

IEEASS IID IAREA IPERS IEF ECLASE/ETIPF
AF 101 8 1500 FOE AC/1, AC/3
AP 110 192 1800 ¥OE AC/1, AC/2,AC/3
PO 228 25 4€00 FRT SH/4,S5K/6
AR 318 3 2800 FOE ARU/1,ARU/3,AC/3
AR 303 1 920 FOE ARU/2
PO 215 32 3920 | FOE SH/1,SH/3,AC/2
AF 198 7 1400 FRD AC/4,AC/3
PO 223 38 5220 FOE SH/2,SH/3,4C/2
AR 316 5 3800 FRD ARU/4,ARU/Z,AC/€
PO 231 30 7500 FRD SH/8,SE/3,AC/5

-y — - - —— — . — - — o S —— - ——— Y — - —— — — - -

ICLASS : Installation Class

IID ¢ Installation Code

IAREA : Area (Square Miles)

IPERS : Fstimated No. of Personnel

IFF ¢ Friend or Foe

ICLASS/ITYPE ¢ Weapon Class/Type Observed Ian Past
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ACAT ALBS AKILL AWAR
A 410 120 1
B 175 S 3
C 51¢ 15¢ 1
D 95@ 5¢0 4
E 1100 525 4
F 1200 £0¢ 5
G 8 1 2
H 125 2 €
I 12 1 2
J 180 12¢ 7
K 240 125 8
L 1450 42¢ S
M 1300 500 S
N 150 2 e
0 7 1 12

ACAT : Ammo Category

ALBS : Weight of One Round {Pounds)
AKILL : Xilling Radius (Feet)

AWAR : Warhead Category

o4
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PCLASS PTY
AC 1
AC 3
SH 5
SE 3
SH 2

ARU 1
ARU 5
AC 1
SH 5
AC 2
SH 3
SE 3
SE 1
ARU 2
AC 1
sq 3
ARU 1
SH €

PDAY PID

321 119

301 119

301 2es

301 223

301 223

301 318

301 318

302 110

322 208

302 121

302 215

302 223

322 223

3e2 303

323 119

303 223

393 318

303 231
PLAY :
PID
PCLASS

CLay of Photo

Installation C
¢ Weapon Class

PTYPE : Weapon Type

PNUM

Number of Weap

PE PNUM Twe
5 TAIR
€ FAIR
4 PCLDY
6 PCLIY
5 PCLDY
120 FAIR
200 FAIR
? PCLTY
4 FAIR
g PCLIY
25 PCLZY
8 °CLDY
4 PCLLY
29¢ FAIR
1e CLDY
4 CLTY
229 PCLDY
3@ CLDY

- —— - 1 2 - ——— — —— - ———— ———

ode

ons Jtserved

PWC : Weather Condition
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WCLASS

AC
AC
AC
AC
AC
AC
SH
SH
SH
SH
SH
VSH
ARU
ARU
ARU
ARU
ARU
ARU

WTYPE

y A e e

WEAPON RECORDS (PREC) §§

VFF WAMMO WRANGE  WFEUL WLES &

=== mmmms sm=esz  c=z== i b
1 FOE A,C 10000 820 12200 Eg
2 FOX P,C 8002 7ee 15020 3
3 FOE B,3 5200 sc0 11200 '
4  FRD X,L 900 €00 11020 o
5  FRD X 11000 8c2 15022 i
6  FRD L,P 5620 720 12020 .
1 FOE D,E,F 32000 5000 100200 E;
2 FOE E,F 2500¢ 7000 125202 -
2 FOE D 15000  S@0¢ 110000 g;
4  FRD M 35000 7000 115000 E§
5  FRD M, N 20200  see 130972 £
6  FRD N 120 0 sP0c  11000¢ E%
1 FCE G,E 3500 500 5000 -
2 FOE J 1009 2e0 2500 o
3 FOE H,J 3000 3ee 24000 F;
4  FRD P,R 3000 670 200 E{
5 PRI R 1020 25¢ 2000 E?
6  FRD P,R 2500 300 4500 L
WCLASS : Weapon Class
WTYPE : weapon Type £
WFF : Friend or Foe o
WAMMO : Avalladle AMMO Categories ;._:I
VFEUL : Peul Capacity (6allons) o
WLBS : Maximum Ammo Load (Pounds) E
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APPENDIX B
DBTG Schema for Intelligence Datatase
Figure B.1 presents a data structure diagram of thre
schema design for the Intelligence database. There are seven
records and six sets. The names of the records and sets are

shown in Figure E.1l.

) Sutndeiaietutetetatetatehatetet ettt et e ]
\ |
= - - |
! PREC | | IREC | ] WREC | |
P My Y T T o :'
' | | ! IR_IDTEMP | WR_AY |
! PR~IMTEMP v - v !
H ! v v i
| | wemsmssemeses smemeeeeeeeo !
{ —=====>>! IDTEMP  }<{(~~--- > 1 AW oo
, —man oo mmmmar e ——— — - —— t
| TOT_NUMBER IDTEMP_AY A '

v V AW_AR

v v o

] | TNUMBER | ! ARFC | :

Figure B.1 DSL for Intelligence

Figure F.Z2 shows a schema description for Iatelligence.
This schema describes records, data-items and sets.
According to the 1981 standard, no puactuation is required
because keywords 1indicate the doundaries of phases and

expressions.

97

. -

=l

Wty TN
,.-. a_'.",v:\--

eI e AT NS
e IR N e e I L N8 Tt o)

" © e
LI

T
.t Ny

»
.

T

~

|..f"’

Celpleale

T L
' v el
0 .

s

.'.:‘ . 0 '0

- r
»

R [

2 ‘e,
DR L A

U ., N

AN

P r e
a ) -‘... aalsy

e e e v .
S S e T s Tt
AN

P
%

T A R
BAERXA AN |

2

v e.
L4
278"

Sy

NSRS
.



N SCHEMA name is Intelligence
S Record name is IREC
- ! duplicates are not allowed for IID ]
ICLASS type is character 2
S check is equal “AF”, AP, PC”
X IID type 1s fixed z
. IAREA type is fixed 2
2 | IPERS type is fixed 4 :
| IFF type is character 3
: check is equal “FOE’, “FRD’
Record name is PREC '
- PDAY type is  fixed 3 |
L check is less than 366
> PID type is fixed 3
x PCLASS type is character 2 |
PTYPE type is fixed 1
PNUM type is tixed 3
PWC type is character 5
Record name is AREC
duplicates are not allowed for ACAT i
ACAT type is character 1
ALBS type is fixed €
o i AKILL - type is  fixed 3
- AWAR type is fixed 2

Record name is WREC
duplicates are not allowed fcr WCLASS,WTYPE

|
I
|
- WCLASS type is character 2 !
- WTYPE type is fixed 1 !
[~ WFF type is charactrer 2 i
WRANGE type is fixed ! l
o WFEUL type is fixed 4 !
N WLBS type is fixed 6 H
: Record name is IDTEMP |
duplicates are not allowed for '
| IID, ICLASSS, ITYPE !
IID type is fixed ! '
2 ICLASS type is character 2
: check is equal “AC”, S%’, ARU’
F ITYPE type is fixed 1

Record name 1s AV
duplicates are not allowed for
WCLASS, WTYPE, WAMMO

- WCLASS type 1is character 3
- | WTYPE type is fixed 1
o WAMMO type 1s character 1
Record name is TNUMEER
2 TDAY type is fixed 2
' TPNUM type is fixed 4 |

DM N AR

Figure B.2 DBTG Record Schema Description
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Set

Set

Set

Set

Set

Set

name {s IR_IDTIMP
Cwner is IREC
Order is <sorted by defined keys
Member is IDTEMP
Insertion is automatic
Retention is fixed
Check is IID in IREC = IID in IDTEMP
and ICLASS in IREC = ICLASS in IDTFMP
and ITYPE 4n IREC = ITYPE in IDTFMP
Set selection is by value of
11D, ITYPE, ICLASS
name is AW_AR
Owner is AW
Order is sorted by defined keys
Membter is AREC
Insertion is automatic
Retention is fixed
Check is WAMMO in AW = ACAT in AREC
name is WR_AW
Owner 1is WREC
Order is scrted by defined keys
Member 1s AW
Check is WCLASS in WRFC
and WTYPE in WREC
name is TOT NUMBEEP
Owner is PREC
Order 1s last
Member is TNUMBER
Insertior is manual
Retention is optional
Check 1s PDAY in PREC = PPDAY in TNUMEER
Set selection 1s by value of PDAY
name is PR _IDTEMP
Owner is PREC
Order is last
Member is IDTEMP
Check is PID in PREC = IIT in ITTEM®
and PCLASS in PREC = ICLASS ia IDTEM?T
and PTYPE in PREC = ITYPE in IDTF¥MP
Set selection 1is by value of
PID, PCLASS, PTYPE
name is IDTEMP_AW
duplicates are not allowed for WCLASS,WTYPF
Owner is IDTEMP
Order is sorted by defined keys
Member is AW
Check is ICLASS ia IDTEMP = WCLASS in AW
and ITYPF in IDTEMP? = WTYPE in AW

WCLASS in AW
¥TYPY {n AW

——— e —— i oy = D o e el W D 1 ot - o S L g " e P28 e = B e e S T i = s i S P 1t o T o i - o o o W e g o e e

Fig B.3 DBTG Schema Tescription for Intelligence
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