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ABSTEACT

The organizational structure, tasks, and system contfigu-
ration of the Indonesian Army Data Collecting and Processing
Service (DISPULLAHTAIL) are presented briefly in «crder to
frovide a backgrocund for succeeding iliscussions. Features
of available data dictionary systems (DDS) anrd the initial
design o©f a data dictiorary for «current applicaticns at
CISPULILAHTAD are presented. Finally, based on that initial
desiqgn, a recommendation <for database management systen
(DBMS) igplementation is discussed.
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As a young and developing informatior system organiza-

tion, the 1Indonesian Aray Data Collecting and Processing

I SR

Service (DISPULLAHTATL) has a tremendous proliferaticn of
application files. It is no surprise that there is much
redundancy of data and efforts. Data redundancy wastec a

limited resources, ard furthermore, it raises the prctlea of

inconsistent data, that is, the same element of data having
different values within different files. <Tlke implementaticr
of datatase management system (DBHUS) could handle tnhis
froblem by providing more controi and nore effective
management of data.

Cn cne hand, tle informatiorn <¢enerated electronically
Fecomes more and more in demand to the point where it has
Fecome a critical issue for the 1Indonesiar Aramy. Cr the
other hand, the personnel generating and maintaining this
information move dynamically because o0f requirements for
military tour of duty and tour of area. This ' situation
creates groblems in keeping accurate and up to date irnfcrra-
tion. Even though the manual documentation is always done

prorerly, this is not always adequate. It is often the case

that wmany applications are highly dependent up on the
f personnel responsible for such applicatiorns. Starndardized
L and centralized documentation is a "must", especially whern a

CBMS is implemented. In this regard, the data dictionary is
a powerful vehicle that supports such documentation.
According to Dolk [Ref. 1], "a dJata dictionary is a

® collection of an enterprise's meta-data designed as c¢ne or

WP | LI -

more datalases which can be retrieved and analyzed using

standard database maragement system capabilities®. This

CERG San San Ghs  Siais odiib by

will te discussed further in a sutseguent chapter, and will
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te corsidercl as a tesis in choosing the most arzropriate
LoiAS to ke implermented by DISPULLAATAD.

The organizational structure of DISPULLAHTAD, its €
configuration, and its current various applications will re
h

descrites briefly in order to provide a tackground for the

£2
AW |}

succeeding chapters. A discussion of database maragexzent

a.

system and a recommendation o0f the most appropriate 0345 to
te irprlerented comprises the last chapter.
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II. INDCNESIAN ARMY LATA COLLECTING AND PROCESSING SERVICE

A. CRGANIZATION, TASEK, AND SYSTEM CONPIGURATION

DISPULLAHTAD is an acronym in the Indonesian language
ttat stands for the Irdonesian Army Data Collectirg arnl
Processirg Service. It was 1initiated in Fiscal T=arc
1973,1974 ard formally organized in Fiscal Year 1$75,/1975
[Ref. 2]. DISPULLAPTAD 1is located in the Indonesian Azrxy
Eeadgvarter - Jakarta, the capital «city of the Reguklic of
Indonesia.

The DISPULLAKETAD's main task is to provide 3ll infcorma-
tion processed electronically for all organizational
elenents of the Army requiring the informatior {Ref. 2]. In
crder to be able to accomplish this task, DISPULLAHT2D is
equlipped with several computer configurations. As of 19¢&4,
*hese include an IBM System 4341, an IBM System 370, several
IBM System 37¢0s, and several TRS-80s.

In the lower orgarizational level =such as Military Area
Commands (KCDAM), Army Finance Service (JANKUAD), Armv
Alministrative and ©Personnel Service (JANMINPERSAD), aray
Cevelopment and =ducational Command (KOBANGDIKLAT), etc.,
each has its own Data Processing Service and it is called as
PULLAHTA KOTAMA/LAKPGS or PULLAHTA for'snort. A simplifiel
organizational structure of thLe Indonesian Army is preserted
as fiqure Z.1 and the position of both DISPULLAHTAD ani
FULLABTAs can be clearly visualized.

Each PULLAHTA has two roles: first toc process arnd
provide all pertinent information reguested by the crganiza-

tion to which it is attached, and secondly, to rrovide Jata

10
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CISPULLAHTAL.

FULLAHTA is also equifpped with some hardware as shown below.
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- 1. EULLAHTAs irnside Java Island .
: !
FULLAHTAs that belon; to Military Area Commarc irn )
R[ Java island are equirped with an IBM System 4331 ccnnecte? !
to the TEM System 4341 at DISPULLAHTAD in "onliire" mode via 1
dedicated public teleprhone lines. This is the IZirst stage in 4
retworking all PULLAHTAs throughout the country. The data j
!i ‘ interchange is done electronically through these delicated !
- lines. K
q y
2. FULIAHTAsS outside Java Island j
3! POLLAATAs sited outside Java island are equirpgel %

with an IBM System 3740 and currently work in "off lirnev
node. Eventually they will te connected to DISFULLAHTAZI via
L dedicated puklic telephone lines. The data irnterchange is
. done manually using floppy-disks transported via airline and
it requires ore to two days <for the data to reack its

destination.

B. APPLICATIONS

All aprlications done by DISPULLAHTAD are in crder to

fulfill its task of electronically providing informaticn

needed ty the Indonesian Army. These applicaticrcs are sespa-
rated 1into three kinds of Management Information Systenms
[Ref. 3] :

1. Administraticn Management Informati¢ Svster

This category includes applications in finance,
logistics, personrel, and all applications pertinent to
develorzent, educaticn, and corps/specialty.

2. Military Management Information System

The applications of intelligence ard security,
territorial, communication and electronics, ard organiza-
tion, oreration, and training are irncluded in this categery.

12
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Three kinds cf applications are included in tiis
category: planning and budgeting, auditing and control, anid

command, control, and communication.

C. TATA REDUNDANCY EEROBLEAMS

There are many fossible Jdata redundancies witlin those
applications. For irstance consider data akout rame, rank,
S3N, corps, occupaticr, etc., that belong to an individual
assigned as Intelligence Officer in a Territorial Unit, His
data will appear in at least four different files:
rersonnel file, payrcll file, intelligence file, and terri-
torial file. I1£, fcr instance, there is a change tc¢ just
cne of those data elements, redundant effort is regquired tc
update all those four files and a high level c¢f data
inconsistency may result.

It haprens many times that top level management detects
data inconsistency in two different reports generated by
DISPUILAHTAD (e.g. the total number of persornnel apgears
differently in the personnel report and the payroll report).
TLhis has tecome very annoying, and tremendously reduces
credikility in the ccmputer system. In this regard, ar
effort should be made to eliminate the problem and one way
of doing that is Lty designing and implementing a data
dictionary system (DDS) in concert with a DBMS.

D. STAGED DEVELCPMENT APPROACH

The design of any information system is the most difri-
cult and critical steg. It should be done with great care
and full awareness. As suggested by Sprague anéd Carlson
[Ref. 4], there are three different approaches in iritiatany

an information systen:

. NIRRT )R

)
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s Quick-Hit apprcach.

oL g

Tkis agpproach should be done if there 1is no clariiica-
tion whkether such an informaticn systea is needed or rnot,
rut there 1is a recognized high payoff for 1iritiatirg the
system. This approach requires developiny the system irn the

most beneficial area, capturirg the benefits, arnd thern

TN, T8

considering what to dc next.

e Staged Development approach.

This approach 1is done by developing the system in the
rmost teneficial area as in the guick-hit approach, Lut with

some advanced and clear planring. Therefore, part ol the

(-L. P

effort in developing the first system <c¢an be reused in
develcring the second. This approach is very appropriate fo:c
initiatirg an information system «clearly supported Lty top
management, but with limited available resources. F

e Comrlete Systen approach.

This approach requires the 1longest development time and
highest development ccsts before any benefits are attained. 1
Before tuilding any part of the system, a full-service
systen generator and the organizational structure for

4 .’4.;-1

managing it must be developed first. In this regard, this
apprcach represents the most risky option.

For DISPULLAHTAD, it is anticipated that top maragement
will strongly support the implementation of a DBMS, there-

e

fore the Quick-Hit arproach is not necessary. On the ctter
kand, 1limited computer resources makes a Complete Systen
apprcach infeasible, too. Hence, the most appropriate
approachk is the Staged Development approach. In the Staged

- '_.‘_‘_.;‘_u."‘"_/ (LA

Develorment approach, identifyingy the functional area vhLere
there is a reason to expect the highest pay-off in startirny
the rroject is a crucial thing. Using thke hignest volume of

e W

transaction as the «criteria, and by evaluating the trarns-

actional data gathered between April 1983 and December 1592
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(see Figure 2.2), tlere are three applications havinj hLigh
transactional volune: fpersonnel, zayroll, anéd firauce Lreport
applications. Only the personnel and payroll applicaticns
have a master file which is maintained arnd used continu-
cusly. Besides that, these two applications are the rost
crucial in maintaining personnel norale and the ©most cften
used in relation to the personnel manajement task.

Based on these evaluations, data wused by the perscrnel
and payrcll applicaticns will be the first database to be
implemented by DISFULLAKTAD. These applications include
personnel, payroll, intelligence personnel, and territorial
perscnnel. It is also implied that the discussion c¢n the
DDS and TLBMS will be limited to those applications.

The plan for this staged development approach are:

1. 1Initial design of DD covering personnel, payroll,
intellijence personnel, and territorial personnel applica-
tions.

2. Isplementaticn of personnel and payroll databese.

3. Design of DD for all data used tv the rest cf aprli-
cations excluded at the first stage.

4. Implementation of other databases.

16
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The revolutionary change in coaputer techrolcgy thas
created another challenge on Lhcw to organize and manage the
very large-scale datatases made possible bty the comtiiration
of datalase management systems (DBMS) and powerful new hLard-
ware systenms. The reed to <control the enterprise's data
tecomes critical due to the proliferation of microcomputers
that trigger more and more applications which in turn
creates redundancy and data inconsistency problems. At the
came time, the numter of @microcomputer users <derariirg
direct access to the enterprise data 1is also increasing.
This direct access to large and complex databases agair
creates a rroblem of how to *"coordinate" and contrcl these
complex information structures.

Data redundancy, data inconsistency, and the need to
control the enterprise's data lead to the design and imple-
mentation of database systeas. The database envircnment
itself assumes an architectural plan designed to mirnimize
redundancy and to emphasize accessibility. It assunres
logical and physical structures aimed at separate oltjec-
tives. It also assumes that individual file may serve many

different applicaticns. All of this is far too nmuck

complexity to be managed without precise and up-to-date
documentation and control. The data dictionary is desigred
to define all appropriate aspects of the enterprise's data,

LA AL S SEA AN us A%

so that it car be used as a tool to control and manace the

datatase system no matter how great its size and hcw corplex

Ty

5 its structures.
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B. INFCRMATION RESOUECE MANAGEMENT (IRM)

The concept of IEM is that information is a vital enter-
Erise asset that should ke invested in, and used like cther
resources [Ref. 5].

IFEM is the task ¢f maraging information resources such
as data, ©[processes, users, software, ard hardware in an
integrated and coordirated manner. IPMY includes all marage-
rent asrects of the information-related operaticrs of ar
organization, such as policy formulation, resource alloca-
tion, imrlementation, and control.

A definition of IFM was formuiated at a workshop on Data
Dictionary Systems and Information Resource Manajement spon-
sored Ly the Association <£for Computing Machinery and the
National Bureau of Standards in 1980:

Information PResource Management is whatever gcli
action, _or rprocedure concefning information (totf au
mated and non-autcmated) whic management estatlistk
that serve the overall current and fufure needs of the
enterprise, Such policies, etc., would irnclude consid-
eraticns of availaltility, timeliness, accuracz, integ-
rity, rrivacy, security, auaditability, ownership, usé,
arnd cost-effectiveress.

y
3
e
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This definition ¢f IPM was chosen to emphasize the
enterrrise-wide rature of plarning and execution of infcrma-
tion pclicies, acticrs, and procedures in order that iata
can be treated as a true resource. It also reflects the
Frimary shift of data processing uses from processing-
centered design mnethodoloqies to data~-centered
methcdologies.

1. Data Dictionary as the Tool of IEX

Cne of the frobleams encountered in IPM is the vast
amount c¢f data abcut information —resources required to
managed the enterprise data, together with the very corplex

and numerous relationships existiny between then. This is

18
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Frecisely the sort of task that a Data Dictionary Syster cau

te made to do, provided that it has been cornditioned tc¢ xnow

how to deal not just with data entities or process enti

1
tut with the entire range of information resource ertities.

A o out b A L L
f o .

2. Lata Dictionaryv

]
A data dicticnary is a collection of meta-data (data i;
about the enterprise data) that could consist of: the rame 1
of data (including its synuryms ard/or hoamonyms), the loca- ‘
tion of data, a description of the meaniny of aata, the
relaticn tetweer data, how the data is used, who is respon- i?
sible for the data, the source of the data, etc., 1in shert,
a store cf all the afpfropriate information about the data.

Recently, there has kteen a trend towards usinj dita )

dictionary to include the followiaj functions:

.

a. Definiticn of other data constructs suachk as
records and files.
k. Definitico of processes such as programs or 4
’ manual frocesses. |
Cc. Definiticn of data users whether individuals or ‘
organizatioral entities.
Along with these definitions, the Jdata dictiorary

also began to be used to documert the <cross-references q

tetween them and to record their usaje and organizational

responsitilities.

3. rLata Dictionary System (DDS3)

9.

A Data Dictionary System is a combination of soft-
ware and procedures that aid an enterprise in setting ur and

maintaining its comgplex structure of Jata resources. The

L I

' software itself may te produced in-house or acgyuired froa
software vendors. Fcr the following three reasons, it is
oiten Lbetter to purchase instead of building it in-house:

PEPEPE S TN |
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a. Desiyn ard Implenentation

Trhe task of designing and implezentingy a DTS,
even cne of modest functiorality, is deZinitely a rcn-
trivial cne. There exists good poterntial that the majritule
of the task will ke underestimated and that greater

resouvrces will be needed than those originally estimatel
L. Gaining a Success

If the use of DDS 1is to be at all success:iul,
the software 1itself must conform to high standards of
quality assurance. The use of the same software at aany
other 1irstallations, as 1is the <case with a <commercial
package, aids in the early discovery of possible software
errors and their ccrrections.

c. Technology Progress

There are good reasons for assuring that DS
technology will <continue to f[rogress and that substarntial
enhancements will significantly increase the usefulness and
value of the DDS, and it will be difficult for an in-lLouse
syster tc keep pace.

There are several DDS commercially availatle
now, such as DB/DC Data Dictionary of IBM, DATAMANAGER Ly
¥SP Inc., Integrated Data Dictionary (IDD) Ly <Cullinet
Software Inc., DATADICTIONARY by Applied Data Research Inc.,
Extended Data Dictiornary (XDD) by Intell Systems Corp., oC

@]

TEN ty University Corputing Company, and Data Contrcl Systen
(CCZ) Lty Cincom Systems Inc.

In the fcllowing section, features that ore
could expect +tc fird on those available DDS will be
discussed. It nust te pointed out that nonre of the avail-
atle DDSs mentioned altove will necessary have all explained
features, and there is no such implication that all of these

features are required in all ©DS applications.
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C. FEATURES OF A DATA DICTIONARY

There are several issues will be liscussel here, sich as
Icplererntatior and Architectural, Data Dictionary (ZP) and
DD Schema, Extensikility TFacilities, Status Facilities,
Dicticnary Commands, Eridge Facilities, ard Data Dicticnary
System Security.

1. Izplementaticr and Architectural Issues

a. The PRelationship Retween DDS and DBMS

The primary purpose of a DJBMS is to manage date,
whereas the primary zurpose of a DDS is to manage meta-datea.
Therefore, it is clear that there is a very little overlap
tetween these two, in fdact they are complesaentary; both
functicns are required for proper management of infcrmation
resources.

Some of the functions a DDS will perform are in
support c¢f one or more DBMSs. This is to le expected as the
DDS will mandge all nmeta-data, including meta-data where the
actual instances of data are stored in a datatase, which in
turn is keirg managed Ly a DEMS. An elemert reguired for
this latter function, the DBMS's manageaent of data in data-
bases, 1is the knowledge on the part of the DBMS of certain
meta-data of the datatases which are required by the D2BYS in
crier fer it to 10 its processing. This meta-data is
comnonly referred to as the DBMS-Directory, and it should be
clear that this potentially is one area of overlap tetweern
the DLS and DBMS. 1In this sense, it is preferatle to 3design
a DDS rprior to the DEYS implementation rather than to tuild
a DDS that has to be fitted toward an existing DBMS. This
reasor together with an existing method of implementing a
LDS as cne of the L[EMS's applications may explain why irn
this thesis Jdesigning the dictionary is done prior tc the
design of tne databases.
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t. The Methcd o0f DDS Izrlemzatation

Tt 1is preferable to desijn a data dicticrary
prior to the 1aplemerntation of the DRYS. On the other hLani,
the igplementation of thnat designed lata dictionary as 2
complete D3S is a gcod <candidate to Le one of the DENS
applications, and indeed a numlter of existing DDS are irgple-
mented in thkis manner. Rut this is not 31 sin,le optiorn, the-
isplemertation of DDS can be either :

s DBMS-defperdent systen.

This is a DDS that uses a DBMS 1in its iszplemen-

taticr.

e Free-standing system.

A DDS that doesn't use a DB4S in its isgplementa-
tion is consicdered tc be included irn this category.

There 1is ro wultimate answer as to whether a
free-starding or DB S-dependent DDS is tne best. There are
toth fros and cons tc this cuestion, and these depend cr the
enterrrise's specialized circumstances, such as whether the
entergrise implements a DBMS or not, and whether it uses
multiple ©CBMSs or a single D3NS for its databases.
Enterrrise(s) that have ro intention to implement a CEBMS Lut
DCS will give a favor toward a free-standing system. Orn the
cther hand, the enterprise(s) having mwmultiple DBMS ©Eay
implement a DBMS-derendert system and <cLoose one cf its
D3MSs to iszplement it; or, they may implement a frece-
standing system in crder to provide more flexible and fair
contrcl.

Other <ccnsiderations include the DS security
and a view that the scope of DDS wusage is substantially
broader than the DBM¥S ernviroraent. With a DBMS-dereniernt
system, personnel familiar with the use of the DBMS wmay €find
it easier to break the DDS seciurity than would te the case

with a free-standing svsten.
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Tor the sake of completeness, there 1is arctter
concept ¢f DDS implementation method referred to as inte-
grated DLS. This method offers an eliminatior oI overlap
retween data dicticnary and DBMS-Directory Ly ccabining
these features into cre. The advantage jained by ccnbining
tihese twe features 1is that redundancy oIf storing tue

meta-data 1s eliminated.

C. Active and Passive IIDS

[
[
ct
)

In the rrocesses that require meta-data fo

camand

(@]
n

executicn, there shculd be a command or seriass of ‘
representing some TLS functionality that produces tke
recuired meta-data. This functionality is called dicticrary
interface, and there are two xinds of such interface: active
and passive interface.

An active interface means that all [processes
that require meta-data will use the aost current meta-Jata
in the data dictionary. Similarly, all processes which in
the course of their execution generate =2aeta-iata are
required to store the jenerated meta-data in the Ccata
dicticnary.

On the other hand, the passive interface will
have all that an active interface has to do as the orprticnh.
The other option for all processes thit require zeta-Ja*s i-
its executlon are eithker retrieve it rfrom data dictionauy or
some other locations; or if tle process already contains the
meta-data, there exist an option for the syvstem to check
whether cr rot this reta-data is the most current versicn in
tLe Jata Jictiomnary. In the case of generating 1 meta-Jdata,
the process also has an option to store or not to store the
generated meta-data.

Therefore, two «ccnclusions can be drawn alout

trte dictionarvy interface :
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{1) A DJIS may have soue interfaces wiich are
active and others which are passive

(2) The fact thaet an interface 1s active is a
Froperty rot only of the DDS, but also of the overall syste:x

of which the DDS is a part.

2. CLCata Dictionarv arnd Data Dictiouary Schenma

Cata Dictionary denotes the organized and structur

e |
3

]

e
cocllecticr of meta-data which coamprises +the contents of th

s

TLSs. Trhe data dicticnary schema denotes the logical struc-
ture of the data dictionary, ir a manner ana.iogous tc¢ the
use of same term in the context of a DBMS.

The structural characteristics of data dictiorarv
a3 the «contents of data dictionary schema will determine
what kinds of meta-data can be stored in the data dicticnary
ard what kinds of relationsaips can be estalblished Letween
them. Scme systems have extensibility facilities wherety ar
installaticn can custcmize the data dictionary schera.

The schema is described in logical terms in crder to
gain a clearer insight about what kirnds of =meta-data are
supported tv the DDS. This 1logical description will, of
course, be gquite different from the manner in which these
structures are actually implemented in a specific systen.
This description should be made independent cf anv
implementation.

A data dictiorary has a coanceptual similarity tc¢ the
Entity-Relationship-Attribute model. Tne basic unit in the
data dictionary is a [Cictiomary Entity or Entity for sthort.
Ertities rerresent real world ckjects or things about which
certain information exists in the lata dictionary. And the
information about entities thenself, exists in the form of
Attrikutes which generally denote the jualities or juanti-
ties of —rproperties of the entities. Finally, lata

dicticrary also contain information about Relaticnships
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fetween entities, ard relationships mnay have at

assijned toc then.

*.l
or
b..‘.
M
in

The tern Entity-type is applied to somz ernt
a

n
m
t
O
[

that have sinilarities anon then. FOor exXalkfie, 1=
4
1

[
(o3
(1%

is descrited ip the data dictionary, each file wil

th

to

()

represented ty a distinct entity. It ther becozes u u

se
estatlist an Tntity-type called File in tke data Jdictionery

ard to say that all such entities representing files Lave
the entity-type File. Attributes oI entities ol the sane
type will exhibit a certain degree of similarity.

Entity-type File will likely rave an attribute of what kind
0of access method used, and nmaybe another attritute shewir,
the tlocking factor useld. These both access method anil
blocking factor are then called as an Attribute-type which
is assoclated with the entity-type File. Beside the erntity-
type File, there will be an entity-type Record. The infcrza-
tion would exist in the data dictionary explaining which
types ¢f records are included in a given file. All suct
relaticnstips betweer these file entities and their associ-
ated reccrd entities, then be callied as a Relationship-tyrge.
In conclusion, the data dictionary schema would Le vieweld as
containing all existing entity-types, relationshifp-tvpes,
and attribute-types. Any one of these three types ray also
te referred to as a schema descriptor.

Every entity 1in the Jata dictionary has a primary
name whichk, depending on the particular DDS, will te urigue
either in the dictiocnary or within the entity-type to which
the entity belongs. Some systems may facilitate durlicate
user-supplied rames Ly assigning thea distinct sequertial
nunbers. Ir this case, the concatenation of user-sapplied
name and seguential rumber constitutes the unijue licticnary
name. The allowable length of the primary rame <chcould ke
sufficiertly large enough to convey the meaning of an entitv

in 1its primary name. It 1s comamorn that at least scne
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entities wilil also Ye known by other names. Such alterrate

names ar<¢ called aliases or synonyms, and the most imporrtant
things are the capakility of the DDS for tracking them ani
allowinj; access to the data dictiorary via +“hese alternatie
names. Scuretimes 1t is corvenient if non-uniguae synonyius
are allowed. To fulfill this regquirement, DDSs have facili-
ties for tracking synonyas eitker as attrikbutes of th2
resrective entities, or as separate entities related tc the
primary entity. Therefore, it is important that the systen
should ke atle to reccgnize the context in which the synonya
is nused.

The attributes can te Jdiffererntiated irntc scre
attritute-types, among which are: Description = it consists
of an English language statement descriting the wmearing of
the entity. Classification keywords = thLese are attacined to
the entities which then can be used for selective retrieval

of these ertities., Audit-attributes = these are attributes,

generated by the DDS, indicating the identification c¢f the
perscn who created, the date of creation, the identification
of last person who mcdified, the late of last modificition,
and the total nuabers of modification, all for each entity.
The entity itself can be convenierntly separated into

three entity-types: TLata, Process, and Usage entity-tyres,
a. Data Entity-types

The most common of this type, listed with
typical attribute-types and relationship-types are:

(1) Items/Data Element. In some systems the

lowest entity-type is 1Item, which is coansidered to be the
atomic unit. In other systems, the lowest entity may bhe
Data Element, which in its turn it amay contain other Data
Elements. This 1is usually specified by contains clause,

which exrresses the relationslkirg.
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Commorly provided attribute-types relate
to the rhysical <characteristics of the Iten/Zlemnant,
including distincticrns between Source, Target, Irternal
representations, and the validation <criteria that aay be
rejuired for the real-world instances of the Tten/Zlenment.

(2) Grour/Record. Systeas that recognize the

Item as an entity-type will contain Group as a separate
entity-type, whereas systems that have Data Elemernt as an
entity-tyre do not have an entity-type for Groups. Record
is logically the same as a Group, therefore separate entitv-
types fcr Dboth of them may or nmay not exist. i
relationship-type is rrovided to express the structure of
the Grcup/Fecord. Commonly available attribute-tyres relate
to the manner in which the constituent elements are aligned,
and other physical characteristics of the entity.

(3) FPile. Relationship-types are provided to
e€express the structure of the file. Attribute-tvypes relate to
the access method used, Dblocking and labelling informatica,
etc.

(4) DBMS-related Entity-tyres. The entity-
types that exist are dependent on the specific DBMS for-

which the DDS provides support services, In all cases, the
entity-types eguate tc the various data descriptions used Dby
the DBMS, such as Schema, Subschema, Database Directory,
etc. Relationship-types and attribute-types are provided to
allow the DDS to express the structure of these entities.

(5) 0Other Data Entity-types. Some DDSs cifer

Report, Screen, and Form entity-types. In each case,
relationship-types are provided that allow tLhe cortents of
such entities to be specified in terms of the cornstituent

elements.
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k. Process Ertity-tyrpes

There are two most comaon Process Intity-tyrpes.

N TOPPN

They are Program/Module anil System/Subsystem as will be
discussed telow.
(1) Program/¥Module. This entity-type repre-

sents irfcrmation atout a collection of executaltle code.

w NS

Typical attribute-types are the languaje of the source code,

the size, and the characteristics under whicn it oferates. 4

Relationship-types are provided to other Programs/Modules,
as well as the data, i.e. databtases, Ziles, and elerents, or
which it operates. Gernerally speaking, different
relationship-types are provided for input, output, and
processirg-in-place.
{2) System/Subsysten. This entity-type

descrites a collecticr of programs and/or Modules associated j
with a major function of the enterprise. PRelationship-tyges
are provided to associate a Syster with Subsystems, as well

as the ccnstituent Prcgranms.

ol

o
P

Cc. Usage Entity-types

i

Users and their organizational environment, and
the data communicaticn environment can be thought of as
Usage (or CZxternal) Entity-tygpes. They are nct directly

PR, YIN

components of a system, such as data and processes, tut
nevertheless play an important role in its operation.

The User and organizational component entity-
types may have relationship-types that allow users tc be
associated with organizational components. These components
thiemselves, and selected relationship-types that associate
users or components with dJdata and process entities nmay

describe the responsitilities assignel to those users.

RTINS . .

The example of Data Communication envircnment

Pt

entity-tyres are Terminals, Messajes, and other entity-tyres
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that describe the communication retworks. Their

relationship-types may provide the associations <¢f 3uca
entities with other usage entities, i.e. a given terminal is
assigned to a certain set of reople or a certain crganiza-
tional unit. Or it may provide such associations with Jata
ard fprocess entities, i.e. a givern terminal! i3 authorized
to execute only a given set of transaction prograas, <r to
access only certain Files or Databases. It will ke agcro-
Friate tc note here, that the role of the DS 1in these
ratters is strictly a repository f£or documentation, and that
the DS Ly 1itself cannot be expected to enforce such
restrictions and limitations. In order for DDS to Lke used
for enforcement, appropriate "active" interfaces would have
to exist to assure that the restrictions ani controls wiich
are documented in the data dictionary are always irvoked at
execution time. It will, on the other hand, create more

complexity and much overhead.

3. Extensibility Facilities

The concept of extensiftility facilities is to allow
an installation to modify the system-standard schema as
delivered ty the DDS vendor. Any new scaema Jescriptor
created through the use of extensibility facilities will be
referred tc as an extensibility descriptor.

Extensibility facilities are extremely powerful, and
their usage should ke done with great care because exten-
sions to the system-standard schema, once thev are used, caa
only be undone with some difficulties. Additiorally,
changes to the syster may create confusion anong the users
of the <ILCS as well, and decrease th=ir confidence i the
systeun. Due to these reasons, it is recoammended that thei:

usage shculd be restricted to the Dictiomary Administrator,

0]

the rerscn who i1s res;onsible for DDS function, i.e., *h

recordirg of all meta-informations and wmeta-data and it

(9
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mainterarnce through the wuse of the DPS, aiong with maning )
its facilities availakle to the users orf the svstenm. 1

There are three kinds c¢f such facilities that exist
in current LDSs :

3. Intity-tyre extensibility: the abiiity to adiZl rew
entity-types to the dictionmary.

. Attritute-type extensibility: new attrituate-tyres
for either entity-types or relationship-tyfrecs car  be
declared using this facility.

et bt

C. Relationship-types extensibility: tuis faciiity

v
-

allows the installaticn to declare new relationshig-types.

4. Status Facilities

e,

These facilities allow the DDS to be used in a

System Life Cycle environment where, for instance, a certdirn

-y

entity may both part of a production system and a new test
systeam. Due to its intended wusage, it is preferable t9o

maintain the same name for the entity in different stagjes.

Therefore, a facility is vregquired that will allow two !
distinct dictionary entities to have the sane nare, yet 1

;
different attributes and relatiocships. In some systeas, ]

such entities can be distinguished by assigning different

versicr rumters to then. in systems having a status
facility, it can be accomplished either by:
a. Appending the entity-status to the entity-nam=
which provides the unijueress of the nanme.
t. Logically partitioning the dictionary into sefa-
rate databases fcr different statuses, and rejuiring 1

uniqueness of the name only within each partition.

S S. Lictionary Ccmmands

e
AL -

A DDS may have one or more interfaces +*that allow a
user to interact with the dictionary. Such an interface nay
in the fcro of :

30




command language.

. screen-oriented interface.

A

A
e ) fixed format batch data entity facility.
e A programmatic interface that allows user written
application programs to access the dictionary.

A screen-oriented interface is more user-frienily
comparei to the others. It results in higher utilization of
computer system resources, but makes the DDS availatle to a
larger class of users. Another benefit may te that the
error rate is substantially reduced.

The dictionary commands may be differentiated into
€ight categories on the basis of their functionality:

a. Dictionary Mainternance Commands: this ernables arn
installation to create and maintain its data Jdictiorary.

k. PReports and Queries Commands: an installation
ray generate reports using meta-data contaired witiain the
data dicticnary using these commands.

c. Data Structure Interface Coamamands: enable cthrer
systems to use the descrigtions of data structures contained
within the dictionary.

d. Extensibility Commands: vehicle to exploit the
extensitility facilities.

€. Status-related Commands: the ability to distir-
guish erntities in different stages of the life cvcle.

f. Security Commands: usel to allow security decla-
raticns to be assigned to the dictionary.

g. Dictionary Processing Contrcl Commands: used to
contrel the dicticrary process such as logor-logoff,
processing defaults, etc.

he Dictionary Administrator Coamnands: €xclusive

commards especially designed to be used by the dicticnary

admiristrator.
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6. 2ridge Facilities

Cther facilities of a DDS exist in the fora

tridges cr interfaces to other systems. The contents of

th

dictionary may be made availakle as part of the proce

functicns c¢£f that systea. In each case, these syste

rrovide tools whose functionality 4is outside the DDS
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which require data altout entities which can bhe expected *c

exist in the dictionary. By accessingj a dJicticrnracy

anc

extracting the required inforpation, the Zisaidvantigjes of

kaving tc store and maintain redundant Jata is eliminated.

Those such interfaces are :

a. Report and Query System: the ability to suypport

various kinds of repcrts and queries.

E. Validation Criteria: support other systeas by

rroviding a module which performs the specified valilatior

and which can be inserted into a progran.

c. Database Design: the ability to previde lasic

data needed by automatic database designers.

d. Test Data Generation: support test data genera-

tion Lty rroviding descriptions of the structures ani foraats

cf the files and datatases.

7. LDS Securityv

As mentioned before, the term DDS =security

is

applied here to denote the security of the DDS itself.

Entities in the dictionary may have attributes describiry

access characteristics to the real-world instances cf these

entities, but this data is entirely informatioral in nature

and cannot bte enforced by the DDS, since the system is
rart of the loof in the execution of programs against
"real data". On the cther hand, unauthorized access tc

not
the

the

CLS can te eliminated by applying such security proceduies,

€.9., the assignment of passwords, or the inclusicen
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security levels which control the various kinds of access to

dictionary entities., 7o gain more integrity and reliaociity,

r

Q

the security of the LS must Le considered tc be rclatel

tn

the security of the entire computer systeax. The level

try O

S YR SR

security existing in the coamputer systea is influenced
the security of the rasic systems software and the phvsica
security of the installation, as well as thke procedures 1ise
Ly the personnel of the installation. These latter are cften
notakly lax, and it is not at all unusual to observe cases
where rasswords are nct kept confiderntial and may, 1indeed,

openly be shared with unauthorized people.

D. CCST/BENEFIT ANAIYSIS FOR DDS

As applied to any system acquisition, Cost/Zeneiit anal-
ysis should be done prior to and in order to Jget a justiti-
cation for DDS acguisition, implementation, and usage. Th?
following list of costs and savings represent tangible items
that can be used in assessing the costs and oeneiits for an

ecornomic study of the feasibility of implementing a 2DS.
1. Costs

There are eight possible costs which may te corsid-

ered:

8]

a. Acquisiticn cost is the accunmulatior of leacse ©
purchase cost and the maintenance cost of the systen.

. Data Administration staff cost is self exriana-

tory.
c. Hardware Cost is the sum of storaje device Cost

and CPU time cost.

L . . A

. d. Start-up cost is the total cost of trainirg Jata

3 administrator staff and all activities such as develoring a
: compretensive plan (see Table I as an example) that shoild
f' ke dore in any data dictionary implemerntatioun.
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TABLE X
Comprehensive Plan for DDS's Usage

1. Cevelopment of a policy for the use of the [DS.

2. Developaent of standards to ve Zoilowed in the
dictionary, including raming conventions for
dictionary entities.

3. Development of decisiors on how to use the control
facilities of_ the DDS, such as the status and
security facilities.

4. Deleyation of authority angd responsibility Zor the
use O0f various LCDS facilities.

5. Definition of procedures for the use of the DDS
and develorment of the rejuired policies to 1mpie—
ment these procedures.

6. Design and implementation of customized fea*tures
for_fhe DDS, shcould any te required. This maz
include change to the_élctlonary schema to allcw
raw tvpes of information resources to Le stored
in the dictignary, production of speciaiized
Ieforts, or interraces to other S/W systens.

€. Data collection cost is a function of the numier
cf entities, attributes, and relationships which are to bhe
put in tke dictionary.

£. Maintenace cost will depend on the degres oi
changes to the application system or systems contrcllec Lbv
the DILS.

g. Application systen change cost 1is a cost fperti-
nent to any change to the application systems due tc¢ the
implecentation of the dictionary £or reasons of efficiercw,
integrity, and maintainability.

h. User education cost 1is the cost for trainirg

4
! reople involved in data dicticnary wusage in additicn tc the
f data administrator staff.
.4
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: 2. Factors for Estimatirg 3avings and Benefits d
: There are four <factors which can be usel as ar aidl ;
L‘ in estimating the quantification of savirngs. The greater the g
- degree tc which these four factors are held to apply to the
enterrrise and its oferations, the more the aigh end of
estimated saving and tenefits can be expected. Those Zcur _
factors are: ﬂ
a. The Maturity of an Information Processin: &
Environment :
This is a major factor in the benefits tlat car q
te attaired with a DDS. Increased maturity will Lelyp
substantially in the integraticn of dictionary facilities
into the operations cf the enterprise. }
&
k. The Complexity of the Environaent
The number of data elements, £files, dataltases, -
and programs can be used to measure how complex the informa- -3
tion T[frocessing ernvirorment is. Problens caused Doy *
complexity tend to worsen geometrically with the number of
such elements, files, databases, and programs. The value of
a DDS will re greater as complexity increases. -4
v
¢. The Degree of Data Sharing :
It should be common practice that data eleaents ]
are shared ty different programs, where some 0f thesge are ]
from different systems. An important issue is that charnjes %
in one part of the system tend to have effects in many cther y
parts of the system. Failure to compensate for such cranges
can cause producticn failures and unanticipated costs.
“rackiry the effect of these chanjes is a valuable feature Y,
of a IPS. It is male possible by evaluating the attrikutes
ard relationships of changed entities as the ‘lagcis for ]
furtrer tracking. 4
¢ )
; ,]
{ 35
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. d. Personnel Turnovers

The personnel associated with informatio

J processing systems is either 3ata processing organizatic:.

rerscrnel or user's organization personnel used to deal with

the information rrocessing systen. In this rejard, a ILDE
i cffers two advantages: Pirst, information which ctherwWise
’ mignt be stored in the minds of individuals and whkich mavy te

b lost to the organization with the loss of the individual is
now piaced in the DDE, Secondly, the learninjg cuirve fOor new
personnel is steeper than it would be without the wuse oI i

3 LDS.

Bl el

5. Savings and Benefits

There are five areas in which savings and tenerits

Aoa i

" |

may be expected. The four factors mentioned in the previcus
secticn can ke used as aids in predicting specific monetary
savings in each of these following areas:
a. System design and development: the prime advan- E
tage of the DDS is in its use for better commurication o
retween users and implementors. This results in <fewer
éhanges or iterations and conseguently faster fprogrannirg X
tecause the srecification is bLetter docurmertel ani 4
understocd by all parties. !!
t. System nraintenance: better ard more complete
documentation in the dictionary, the ability to analyze the

effect of proposed changes, and the iaproved communication ;}

tetween wusers and maintenance projrammers on fprogcsel 1
changes or corrections.

c. Data redundancy: reduction of unplanred data

redundancy will result in ap improved system which has »

greater integrity and better operability as well as bl

Fotentially decreased requirements for random storage

devices. )
L |




d. Datalrase <creation: may take advantage <cf tone

descriptions containe? ithin the DD3 to reiuce iteraticus

in tte design process and faster concurrence bv all partie
on the ccntents of a dataltase.

€. Improved Ccmmunication: self explanatory.
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A. GENEFAL

|

hi As mentioned before, the initial desizr c¢cf DJata
t“ Pictionary will re 1limited to four application ar=as:
{" personnel, ravroll, intelligence personnel, and territcrial
f personnel. This design is a £first step in the <Stage
h! Develcpment approach used, therefore it may Lbe exjarded in

the future.

v

B. LCATA CICTIONARY SCHEMA/SUBSCHEMA

E. Ir 2 manner analocgous to the «context of a DBMS, Data
i Dictionary Schema denctes the logical structure of the Jdata
dictionary (DD). In this regard, thern, the term Sukschena
will dencte a subkset of the schema to be seen ty a givern
3: applicaticn (process) or user [Ref. 6}, and it is ccrmratitle

with application viewes of a database [Ref. 7].

|
[ 1. Lata Dictionary Schema
r

@E The structural characteristics of tie LD and the
r
[

contents of the DD schema are important aspects cf the usa

of a LDS, since by evaluating these, users may Xrncw w#ihat ]
kinds of meta-data and relationships between them exist
within the DD. As suggested by Lefkovits et al [Ref. 8],
the structural characteristics of a DD may tbte described iz
logical terms in order to gain a clearer insight of what
kinds of meta-data are supported by the DDS. The logical
o structure of a typical DD drawn by Allen et al [Ref. 5] sceun
to te arpropriate fcr DISPULLAHTAD's DD with ornly nlnor

changes, and it is presented as figure 4.1.

At B i ol b o D
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DATA DICTIONARY SCHEMA

DATABASE USER
L TERMINAL
SUBSCHEMAS
1 l_——-
| | !
| | PROCESS PROCESSOR
| |
Y 1
RELATIONSHIPS FILE
v i
|
Y
RECORD
I
]
]
i
I
I
1
Y ‘__.....;l'l..........I
DATA REPORT
ELEMENT |
......... i
Figure 4.1 Logical Structure of DISPOLLAHTAD's DD
(adapted from Allen et al [Ref.

There are three kinds cof

entities

(£rom the left to

rignt) within the logical LD in fijure 4.1
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a. Data Entities

These consist of dataltase, subkschema, relat:

[}
3
|

titi

Wwherein each record may consists of some elements, ftut zay

o]
m

ship, file, group of elemerts, and data element o s.
or may not have group cf elements ian it. File and/or recorid
entity 1is the subject of a jrocess entity, while data
element entity is thke subject of a transaction or a report

entity.
Y. Process Entities

A process entity may be an applicatiorn rrcgrarm,
a program nodule, cr a system/subsystem that typically
generates a report or does a transaction involving either

data e€lement or a grcup of data elements.
c. Usage Entities

Included in this category are user and +*heir

organizatioral envirorment (such as processors ané terri-

nalsy, and Jata communication environment (such as

comnmunication network, communication nodes, messages, e€tc.).
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Since there are four applications included in t:is

initial design, there might be four subschemas accordinjl

[OEEEY
D

Cue to the relatively small amount of meta-data that will

1 stored in the initial dictionary, however, and in crler

« O

t
, @ reduce ccmplexity, it is better not to apply subschemas a
- his [fceirnt. Later, if the dictiorary has gcown subtstan-
tially, and many applications have bLeen added, tre

.
;‘ subsclemas may be applied in order to improve efficiency &ni

® security.

S AR L L L oAl Ca AR A L L a” i s s s MEEMAA £ ol L el e A




dind A S R 4

T T T Y . T T L. . |

bl N A AR R A Y e S S N

C. DISPULLAHTAD'S DATA DICTIONARY

The design of this IC is based on current apglicati

@]

n
ba

e
n

[S TR ()]

for which the TBYS has rnot Dbeen iaplemented vet. pt
following tatles precsent the lists of Data, Process, anrn
o

Usage entities and cne or two of the actual 1irstances

DISPUILAHTAD's data dictionary.
1. Entities

a. DJata Entities

Table II summarizes Jata erntities atstracteil
from the personnel arrlicatiorn [Ref. 9 ard Ref. 10]. Takle
ITI presents data entities for the payroll application [Tef.
11 and Fef. 121. fata entities used in tae intellicerce
personnel applicaticn is presented as Table IV [Ref. 13 and
Pef. 147 Finally, data entities from the territcrial
rerscnnel application are shown in Table Vv [Ref. 15].

t. Process FEntities

Process entities belonging to the Zour applica-
tions are presented as Table VI . This tacle 1lists orly
routine jrocesses, not irregqgular processes, since ttke latter

ones are not yet standardized (they are done uas requestei).
c. Usage Entities

Table VI1 presents user entities for the fcur

applications.

3
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2. Relationshigs

- — e e = = ——

The relatiorskips can be represeated Ly the
follcwing relations:
RELATICNSHIPS(relaticn_name,kig,composite_key,secondary_key,

e

o r_entity_names)
- - - key -

a. Relation lMaame

In pre-DEiMS situation, this may be £1illed with
the reccrd entity name to represent the relationshirs
retween element data entities. In the case where a D2XS Las
teen irrzlemented, it should be filled with the relaticn name
since a lcgical reccrd may consist of sowme relationz in
order to reduce complexity ard/or fulfill the <five ncrmal

forms.
k. Key

This is ar entity name that is usel as the key
for Loth storing and accessing the relation. If the reiatiou

uses composite keys, this will be the first part of the

-composite keys where the second part will be storel as

composite-kev attribute.
c. Conmposite Xey

This is the entity name used as the seccrnd part
of a composite key. If primary key 15 not composite, this
attritute will be filled with '"NOXZ",

d. Secondary Key

This is the entity name used as the secordary
kev. If the relaticn has no secondary key, this attritute
will ke filled with "NONE".
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€., Cther Entity Names

The names of other entities (except keyvs) irn the
relaticn will be £filled by this attribute. A2 ampersand sign
{ ) will be used retween two entity names ani a sernternce
of "REPETITIONS OF" will be written in front of a repeatinj

group of elements.

3. Attributes

—— s e e e o e

fu

Every entity has infcrmation attacked to it calle

attritutes., In the £fcllowing, all information that zav 2

]

included as attributes will be discussed.
a. Data Entities

There will be several pieces of inZcrzatiorn j
included for each data entity (either file, reccri, or
element entity). Since the DL typically be implemented as

one of the DBMS application, these <can be represented as a

relation of:

FILE_ENTITY (entity_name,block_size,access_method,logical_
" record_size,physical_storage_device)

RECORD_ENTITY (entity_name,length,fixed_variable_code,key,
composite_key,secondafy_key
npdatlng_flme,updatlnq_modef

& _va_  EEBEs e 4 T _a a8 MG a2 AR ookt

- key -
ELEAENT_ENTITY (entity_name, length,code,source,user,

: definition)

. - key -

¢

¢ (1) Entity Name.

: The name of the entity is limited to a

[ maximum cZ eight <characters, this may be a coabinaticn of

3 alphatetic ard numeric, but shouldl contain an aiphaltetic as j
e its first character. !
s (2) 3Block Size ‘
| Self explanatory. Z

4

.- !
1 59 !
[ )
. |
9

y
| B - I Y




This may be encoded as:

S - Sequential

I - Indexed Seguential

L - Direct Access

V - Virtual Storage (VSAM)

(4) Logical Record Size.

This is equal to record length.

(5) Physical Storage Device.

This wmay be coded as the following:

TABE - Magnetic Tape

DISK - Magnetic Disk

DRUM - Magnetic Drunm

FICP - Tloppy Disk / Diskette
CARD - Punched Card

PAFR - Paper Tape

(6) Fixed ¢ Variable Code.

The codes used are:

FIX - PFixed Length Record
VAR - Variable Leagth Record
(7) Key.

This is an entity name used as the key for
Eoth storing and accessing the relation. If the relation
uses composite «keys, this will be the first part of the
composite keys where the second part will te stered as
compcsite~-key attribute.

(8) Compcsite Key.

This is the entity name used as the second
part of composite key. If a primary key is not composite,
this attrikute will te fillel with "NONE".

(9) Seccndary Key.

This is the entity name used as the seccn-
dary key. If the record has no secondary key, this
attribute will be filled with "“NONE".
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(10)

about hLow
nunber of days.

(11)

how the updating

ofiten this record will be updated.

A ANAENE EPE I A e N Y

Updating Tiae.

This attribute contaicns a descrictizn

This wilil Le a

This attribute contains description about
is dcne. It is encoded as follows:

BATCH
ONLIN

BCTH -

Batch Processing

Online ProcessirLng

Both of Batch and Jnline

(12) Entitv Lenjth.

This denotes the leagth of an entity (zay
te record, or element). In the case of variarle record,
this information will be filled it zeroes, since the
length of each record will be attached witain the record
itself.

(13) Entity Code.
This is a code for the character type:
A - Algphabetic .
N - Humeric
AN - Aphanumeric.
(18) Source.

This dJdenotes the organizational ertity
responsitle Zor prcviding, updating, ana deleting the
entity.

(15) OUsezs.

This Jdenotes the organizational entity
(entities) allowed to retrieve and use the entity. If
subschemas are applied to the 2D, this attribute will nct be
necessary.

(16) Definition.

This provides a detailed rarrative

descriking the entity. This may include the infecrmation

atout frequency_of_urdate,

SO Onhe.

range_of_acceptable values, and
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(17) Alias.

At the present tiae, every entity nrame
(especially element entity) has no alias attribute attache?l
to. Ia the future, this attrilkuate sure will be needed. Cnae
way to accomolate this need is by add another relation
called alias relatior in which has at least two attributes:

entity-name and its alias-nane.
t. Process Entities

The inforzation 1included as attributes in the
process entity are: name, input_entity, output_entity, and
the description of the process. These can te represented as
the relation of:
PROCESS(process_name,input_entitg,output_entity,description_

Seabro e et sutpu et neataf t-ne e
--=-- key =--~-

But, since a process may have more than one of either input
or output entity, this relation should have a composite keys
rather than having only the namé as its single xey. Eecause
cnly one input/output entity is allowedl in every instance of
FROCESS [Ref. 6], frocesses having more than omne input/
ontput entity may waste storage since all attributes will
appear unnecessarily more than once. In the case that this
relation has a compcsite key, a gquery asking which 3data
entities are input (or output) to a given process alsc fposs-
esses a difficulty since this relation can not te retrievei
using only the process_name (it nust be retrieved using its
composite key, instead). In crder to make a better rayoff,
those attributes may be arranged using the <£following tkLree
relations:

PRCCESS (process_name,description)

- key -
PROCESS_INPUT(process_nane,input_entity,degqr?ption,
media
—————————— key - o -
62
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PROCESS_OUTPUT(process_name,output_entity,deggr?ption,
media
........... key - D - D - -

(1) 2rccess Nanpe.
Prccess name will be limited to rcaximun of
eight characters as afprlied to data entities.
(2) Description of 2rocess.
Self explanatory.
(3) Input Data.
The 1input data may be either a file,
record, group of elements, dJata element, o»r data enterel
frox cornsole.

(4) Description of Input.

This attribute may be £illed with a
description such as the input data is "sorted Lty ERANX" for
instance.

(5) Input Media.

As to physical storage device attriltute,
this attritute may be filled with input storage device, or

data entered via conscle.

TAFE - Magnetic Tape

DISK - Magnetic Disk

DEUM - Magnetic Drum

FLCP - Floppy Disk / Diskette
CARD - Punched Card

PAIR - Paper Tare

CCNS - Data Entered via Console
(6) Qutput Data.
The output data aay bLke magnetic-data,
displayed data, or printed material.
(7) Description of Cutput.

This attribute may be Zilled witk a
description suck as the output data is "sorted Lv KOTa™wa"

for instarce.
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(8) Input %edia.

This attribute may be filied with outyput ,
storage device or rrinted output material and these are |
encoded as follows:

TAEE - Magnetic Tape
DISK - Magnetic Disk
DEUM - Magnetic Drunm {
TICP - Floppy Disk / Diskette

CAFD - Punched Card
PAER - Parper Tape
PEIN - Printed Material

Cc. Usage Entities

The information pertinent to these entities have
teen included and can be derived from data ertities in terms
of who is responsille <ifor update operations and who is
allowed to retrieve a data entity. Here, this infcrmation
will re stated again from the reverse point of view, that
is, which data are the responsibility of this entity, ani
which c¢ata are allowed to be retrieved by this entity.
Informaticn that will be included as the usage entity's

attrikutes are: user_nane, description of the | user,
entity name, and type_of_access. Ffor reasorns similar to
those discussed concerrning the process entities, since a

given user may have more than one data-entity as its resgo-
sibility and/or to Le retrieved to, these attritutes 2ay be

represented by the f£cllowing three relations:

USER (user_name,description)
- key -

P o AL 2 e p vt ML L a4 A ARERME L P 4 e m o BEERA' . " .. . 4 . S MR . .

L Jan s e gua e
AR f

USER_ACCESS(user_namekentity_name,type_of_access)
........ ey D —— - - -

®
Y S

USER_RESPONSIBILITY(user_name,entity_nane)

........ e - o -

"

a
PR AN | /YO N
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(1) User Naze.
As with the 3data erntity and process erntity
names, the usage entity rame will be limited to a raxizur of
€eight characters, toc.

(2) Entity Nanze.

Entity_name here means a data_entity_rarxe.

(3) User Responsibility.
This may be a list of file, record, grcuan
o element, or data element entities that are tais usei's
responsikility. This can be viewed as subschenma.

(4) User Access.

This may be a 1ist of £file, record¢, crcu;
of elemernt, or data element entities that may ke retrieve Lty
this user. This can be viewed as subschema, and may cr rmav
not be same as the list of user responsibility itenms.

(5) Iype of Access.

The type_of_access 1s either:
- Read only
- (Update only
- Both R ard U

- No access

> o o I == - & |

{6) Description of Ertity.

Self explanatory.

¢. Summary cf Kelations

(31

Table VIII sumrarizes the relaticns o]
relaticnships, data entities, process entities, anl usaje

entities.
€. Example cf Relations

Table IX presents exampgles of file, record, ari
€lement entity relaticns. Examples of process entity rela-
tions and user entity relations are presented as Tatble X.
Finally, an instance of the vrelationship relation is shcwn
ir Talkle XI.

65

., J

u!m Y

A

. o
PP I T P |

RPN,/




- —————

!
K.

M I Mswata s i 23 .

AT IR PRs

e 5.5 T ey i}
(Puru £313ud ‘Buru MWW9VN&HAHmHszmmmm gydsn
(sss00e” 30" adi3 aner" I3 13U0 mau:luvwzvmwm00¢lmmm:

(vot3drIosoap’sweu 18sn) ¥yisn

*SAILIINE-IOYSH

llllllllll £OY e
ﬁwﬂcws.:OMpmHuummo~muﬂu:mlusmusomwamclmmwoouavH:wH:OImmmuomm
Toormensms ADY ——me e ~= -
(etpom-uoridraosap’{3yTius yndut’sumeu mmmoommVHDQZH 5590044
-——= fOY —--C
(uotidraosap’sueu ssad01d)SSTI04d

*SAILIINI-S53ID044

--— A3y --- -
(UoT3ITUTFBP‘I25n/20IN0S/2D0D *Y 36U *oeT maﬁucmv»aHazm INZRITH
. —_— 9y -—--
— (epom butaepdn’auty
lmsﬂummgs~»mx Kiepuodasfay a31sodwoo _ _
Koy ’apoo arqeriea paxTI’ujzfuat’omweu wvcmV»aHazm ayoo23y
- - -—- Y ---
(eo1a0p 3bevioys Te2TsAyd’s2TS piooaa _ _
Ted1boT1’poyism Ssadoe’szTs yooT1q’aueu £313ua) X LIINT F1Id

*STILILNI-YLYC
——ee KDY mmmm

_ “wammlxuﬂucwluwMuo -
*Kay " Lavepuodss?Aay a31soduos’Lax’ouveu UoT}eToI) SITHSNOIIVIIY

*SAIHSNIILVIIY

wo3sds A1euo13IOTQ AVIHVITNASIA 103 T9POW [RUOTIRTaY
IITA 374V

o

IPIP RPN Yy AT PANPEP

66

e L ) . 9. L J o L J :
ﬁ. ?...f.,..\b!. T A PRI : PO R At 8N A ieian A oaaa A Ak b
‘a -

-




| aaamel INUEEA ARSaEe 18 AR ESOOOIES SR I AR -

ISR 0t A NON dHON ddd El 8¢l 4d4d¥231YC
NITINO L 100 TN 0! SdIJdON Iz S6l TLNISYdd
............................................ spo> " "
dpoOK 20T Lay Loy L3y 37qeTaea yiybuay _ ameu o
futyeyidn Sutyepdp Faepuooses o3Tsodwo)y -XJeutig paxtd piooad -A£313U3i u
- - - --- Koy --- :
{(apou butiendn‘’snty butriepdn’fa3) KAivpuoonss _ e
‘fay o31sodmon?’Iay’apod oTqeriea po¥TI’iuibuar’oueu” f3TIus) ALILNI-T130034 e
tUoT3IRTIH

AUsWBO0r ddIncs Jruloy Aruo ayy

ST 83®OTITIISD Y3ITq ’aueu [aUvTOSIAG HOHD SEIANIN ¥ 9C YW YN r~
Jaqunu uotTieoTTdnp e

pue 3TETP-3084Yd3TAas snid NSS Haun SEIGNIN NY hi  SHIION

...................... ssaooe (sdimos) spes

03} MmOoTTv® r"suodsax 331L3 yizbuot speu

TOT3ITUTIBQ -39S -Iasf1ey) A3tT3jul -£3T3U3g

—_—— %@x -———
(uotyTuTIap’Iasn’aoInos’apoo’yyhuar’euwen A3TIUS) ALIINI-LNIWIIT
TuoT3IP[3Y

°S3T3TIUd 3jUa3waTy

suotrieray LA3tTjug eieqg Jo sardumexy
XI dT49YL

— e e —— _— " |

bbb




" Cr e S -
- 51 DOSENEEST BOCCERe A T I o
T
»
p
A
y
- __
: 3
; 4SIq 8z1 A 0C g¥iIITId
¢ %SId S6C A ot TINIZTIS :
. " T351a5p T Tezys T TTTTTTT oTTTTT o TTmTTT L
L -abelols -pi102a1 poy3 au azZTs smeu
T ~TedT5£4g -TeotboT -SS$320Yy -)%0014g -f3t3ug
. o0
I - _ —— wa -—— ©
f _ _ {(eoTAaSp mmauowm Tedtsiyd _
3 ‘3zts pacosa Tectfor’Loyiaw ssooow BZTS YooTq’suweu £3TIUd) XLILNI-IIId
ﬁ TuoT3eray
N — A —— - v —— ¢
' "S9T3ITIUI BT Td )
w; L
(*Ps3u0d) suorierey £3TIUT eRRQ Jo satduwexy v
XI a1qeg -
- i _
k
,‘ »
m.. R . — R o S PTU - fa el A at ALkl ettt bt




DN [ NG | AMMCMMMASE I SECMAMEEMRY B ST 7 amsacsanencesne  iens

_W,

,ﬁ.

- _— _

ﬂ_.

ﬁ N

d (oL sddg 3o

_ 3ndyno) b asuw

ﬁ -21d a7113

T d4dvl -I23SPW MIN A4ayodYd

. ZLsdd eliej payoley
931 anc 3 3TTJI231Sey

LA S SOGA Sl S

-U1 3yl se
£pe31 o712
ddVl -I231SeN M3N dddX¥04d¥d d0Td

vipau uoi3dT10s3p ameu erpsuw
inding indano Indiny 3ndul

(etpow‘uotidrasssp’iyTiua 3ndino’sueu ssao01d) 1ndIn0-SSidduc
(etpsu’uotidTtaosop’ f3T3ua” 3ndut’aueu ss3201d) LneNI-SSTD0Ud

suotiera2y £3T3ug 19sp 9 S$Savo01gd Jo satdumexy

0L Sddd 3IO M3N UdaM}aq
indino) ejeq squny TToIAed

UTeKH T2Yd23PN ddd¥0d¥d Agq 3dIsw 3JOS LLsddd
" TUotadriosep  omeu  uoradTiosep  ameu
3ndul jndug SS80017 SS8dd%1gd

e ————— £BY -

M S € ' (S,

lllllhwx _———
(uoTidTIosap’/ameu ss0901d) A LIINI-552004d
TudTIeYI3Y

- - - —— - - ——

*SaT3TiUg SS9°501d

X I3TAVL

69




L Radh ]

Ll
.

SatAu Sad st st aead b h Sedl ol et e R RS Sl Al

it JuEgsadd
d TINISHId (J¥-I§L S¥Iis) 3FFeas
4112548343 g 41145834 T2uuUOosiIdd Awly ueIsauopul $33ds
4 44 dLs43d
g TLNISH¥Ad (QV-IN§L W¥dS) FFeis
TLNISUY3d 1 d113S93d ©OUsHTITT83UI Auay ueIssuopul RVYdS
T s313T3U»  ssoool T satqrrue CTTTTTTTTTTTETT TS T
J07 mo 03} S$Sa30oe £3T13u3 338 JO Ki13Ua
aTqisuodsay adi g POMOTTY uo13d 1I0853Q Jasn

llllllll Koy emmeeaeo__
(oweu »uauaw«wsoaawwmzv»quHmHmOQmmmumum:
Ammwuomtuolmm»u.mam:l»uqucm«wsmmluwmsvmmmUUmlmumz
== ADY -- -
(votydriosep’swed Josn) ALILNI HISH
ruotreIay

*S3T3IT3UD I3sp

(*pP,3u0D) suorjeray K313ug 10985p 9 SsSes01g Jo sorduexy
X atrqel

. . - . v
Vo E .. FRORAPAN m\r . e u .
RN DR S N -n? a P G W) £ a4 s

70




SRl RN 4 T IR - TR —_——
“ s
3 R
3 “..q ._
a ;
“ g
' b
w. K
g ( LY¥ONVd 3 NYL¥AYC ‘
) 3 @VLLWL 3 TYOONVL 3 dd dOoN) ]
10 monwkuwmm
3 =<md:gx< 3 HYJddYd :
. 10 monaHHmmmm .
- 5 ( ONISVAYV 3 ONISY P
: 10 mZUHHHHMWmm 3
1 4 (NINDHYL 3 zqm:qmq w NILVdWI & :
_ : SNOILILIdTY )
[ 3 Azoﬁ<mzma w NANOHY L ¥
. 9 NASNINT 3 NAMNIAEYT 3 NIMIQVR) .
g - 10 szWHHHmmmeo b
5 3 TINNIG 3 ROYMIQ 3 AINUNY 3 MINYNV L
] g fupsra wwiou g HIREIOL 3 YRHIvauc
1 W b T .
9 SYIJON 3 Sd¥0D 9 LYWoN¥d 3 YRYN A KON dNON SgAdoN TINISHId — "
" Rty >t S Iay  sueu
E soueN A3T3ug I9430 KI1epuodas ajtsoduo) Kaewtid udotIeTaY C
r.. e KBy === L .
: Amwamclwuﬂu:w!umsuoimx “Kzepuooas’fay “a31soduwod’/kay’aueu QOaumeuvmmH HSNOILYTIIY o
3 TUoT3IerdY T
3 e o
., *sor3tTiud dTYsuoiie[3y ]
3 . ,_
. uwoTaeray drgsuorjersy jJo sordwexy R
. IX JT4dYL
b )
w 1 .._;
9 ®
m K
¥V ...-L
P -
[ )
|
& it R BSIUTTI . FOVUOUDY /SR IR e e T Y S




4., Example of Data Dictionary's Queries

reta-1ata contained within data dictionary may bpe
used to answer guesticns asked Lty top managers, users, or
technical staff (svch as system analysts, programmers, and
operators). In the following, several gqueries and tne

corresiondirg responses will ke presented.
a. Top Maragemert Queries

Top management may ask a guestion like: “hHow
ofter 1is the personnel masterfile updated 2?v
Possiktle answer 1is:
PERSFILE 1is updated once every 30 days.

. User Queries

The user responsitle for personnel 1management
may ask the following Juestion: "I need a list of perscnrel
having rark of captain who sgreak French fluently and ar=

vrperienced irn the intelligence £field. Is DISPULLAHTAD acktle
to prcvide these data ?".

Possible answer is:

See entities:
1. PANGRAT (rark) in relation PERSINTL
2. ASING (foreign language) in relation PERSINTL
3. ARPASING (active/passive code) in relation PFRSINTL

¢c. Technical Staff Queries

"Wwhat are the inputs and/or outputs of process

DPPS17 ?", is one possible question asked by an operator for
instance.

Possible answver is:
Process DPPS17
Input is/are:
1. DAPORDPP (sorted by DPP ), media: TAPE

Output is/are:
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1. DAPOKDPP (sorted by ROTAMA ), media: TAPE
2. KEKPANGN (sorted by KOTAMA ), media: DISK

d. Unanticirpated Queries

One of the advantages of designing the
dictionary iusing the relational model 1is it can accommcdate
unanticirated queries. As one of the DBMS's applicaticn,
this dictionary supports any guery expressible in a
relaticnal gquery langquage (e.g. SEQUEL).
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V. IHE IMPLEMENTATION OF DATABASE AT DISPULLAHTAD

A. DATA CICTIONARY DESIGN AS A STEPPING-STONE

q
-

The 1inplementaticn of a database at DISPILLAHTADZ may ;
take advantage of the dJesign of Data Dictionary in the }
preceding chapter in zany ways: ]

» The designed DL may be used as the Zirst D31S applica-
tion. Then, the exrerience gained here can be used in the q

future agrplication of the real databtase implemertaticn.
e DD as a repository of all meta-data will provide a
full specification and description of ail entities and rela-

tionships between therm. Given this, the implementaticn of

Y. I

I3%S will re faster due to fewer changes and iteratiorns in
datalbase development.

e In the case where an automatic database design tool is
used, such as DATA TESIGNER, it may be interfaced witi thLe
[DS in order to take an advantage of the DD3 contents. The

J

database designer may benefit from the £full descripticns of
each entity contained within the data dictionary.

In this regard, the design of DD for current
PISPULLAPTAD applications can be considered as a stepping-

i storne to the DBMS inrlementation.

:? B« DISPULLAHTAD'S DATABASE DESIGN

¢

p—

a From Takles II through V, it can be seen that there are

1 many data element redundancies withir the four applicatiors.

;‘ These redundancies reed to ke eliminated by designing a

V. datakase £fulfilling the £five normal forms. One p[possitle e
E; method is by gathering the common data elements in cre rela- .
! tion, and other specific data pertinent to each of the four

& applications in separate relations. The specific data rodel .
] ’
. :
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for each aprlication must likely consist of more thar cne
relation.

In designing the database, availability of data descrip-
tion may re exploited to make this work easier. For exarmple,
suppose the following relationship is designed in the
personnel databace:

MAINPERS (nopers,nama,pangkat,corps, jakatan,satminkl)

"ere, the possilkle descriptions contained within the
dictionary that may te extracted are:

e Thich files ard records would have to be accessed in
crder to establish ar instance of this relation ?

e What 1is/are tke Xey/composite keys of each <records
derived from the preceding query ?

e VThat is the length of each of those entities ?

Furthermore, in crder to satisfy the five rormal fcrrcs a
full and clear descrirtion of each entity is needed. ThLese
descrirptions are contained within the data dicfionary. The
issue of actual datakase design is beyond the scope of this
ttesis and is left fcr possible follow-on thesis work.

C. CHOOCSING THE DATA DICTIONARY SYSTEM (DDS)

1. Features

The availabkle commercial DDS have most of the

following features (see Figure 5.2 for more detail).
a. CLictionary Schenma

This is a feature used to Jenerate a manufactur-
€r's standard schema, such as entities, relationshirs, ani
attritutes,
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¥. Schema Extensibility

- This 1s a feature wherepy an installatior is
t atle to customize the manufacturer's standard schema by
adding to it new erntity-tyres, vrelationship-types, ani
attrikute-types.

ﬁi c. Dictionary Maintenance

- This is a feature that enables an installation
,

to (-eate and maintain its data dictionary.
“ d. Reports and Queries

| An installation may generate reports using meta-
]

' data contained withir the data dictionary. A DDS rrcvides
these abilities via these features.

€. Bridge/Interface Facility

This feature generates descriptions froa the
data dictionary needed by other systens, typically an
application development tool such as DATA DESIGNER.

f. Program Access Facility

This enables an installation to extend the fuxc-
tionality of a DbS, i.e., the preparation of programs atle
to access data dictionary contents.

g. Status Facility

This feature provides the status of each entity,

especially when the data dictionary is used in the systen
<~ life cycle, by providing aids in application developmert.

P h. Security Facility

An installation may restrict access to the Jdata

g ¥y voyw-

dictionary to authorized personnel only. This reguirement is
fulfilled by this feature.
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2. DISPULLAHTAD's DDS Eecuirements

NSRS, § DRI

. a. Data Dictionary Features
There are five data dictionary features required
in order tc implement DISPULLAHTAD's data dictionary. These
are:
e Dictionary Schema which is needed irn crier to

LY. X1

generate the entities, relationships, and attritutes.
e Schema Extensibility which will be needed to
accommodate specific needs that cannot be fulfilied by the

dicticnary schema.

AEPwY T SR

e Dictionary Maintenance which is used tc create
and maintain the data dictionary. :

e Reports and Queries which are reguiaired in .
order to generate regorts from and to extract data coatained é
withir data dictionary. .

e Security Facility, even though the ilata ’
dictionary has no actual instances of "secured" data, it i
will cortain information about such data that can be used to |
access it, i.e., entity_name, access_method, where such lata '
are stored, etc. Therefore, a security facility is regquired
to add and strengten the level of security.

Other features are optional. These carn be

considered as "nice tc¢ have",
b. Active Versus Passive Data Dictionary

A full-active or partially-active system is very

desirable because it provides features such as enforcing
standards, range_of_value auditing, transaction amoaitoring,
etc. On the other hand, an active system possesses much
] overhead, suffers in terms of longer turn-around time, and

Y. WORIEIN

requires more complex processing algorithas. Thterefcre, at
this time, a passive data dictionary system is more appro-
priate for DISPULLAHTAD. In the future, after enough
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experience has been gained, a partial-active systenm nay ke
applied in order to take fuller advantage of the Jdata
dictionary.

C. TFree-standing Versus D3MS-dependent Systen

A free-standing system is very appropriate for
an installation having different DBHMSs. This may happen in
an installation with databases using network or hierarchical

structures in coanjuction with newer technology such as th

®

relational system. 1In this case, all systems may access the
data dictionary inderendently, since the usage of the lata
dictionary is not limited to any one systen.

On the cther hand, a data dictionary may be
implemented as one «c¢f the DBMS applications (some DDJSs arc=
implemerted in this manner) [Ref. 8]. This aprinach is
appropriate for an installation implementing databases using
a single DBYS, and DISPULLAHTAD falls into this category.
Therefore, a DBMS-derendent system will provide more advan-
tages for DISPULLAHTAL, e.g., it can be used as a trairing
tool in implementing the database. Another possible advan-
tage is that 1f DISPUILAHTAD should change from a passive to
an active system, there will not be too many modifications
required because the data dictionary and the datatases arc
already compatible.

d. Make or Euy

Baying an available conmercial Systen a

£3

D kg

[92]

rrovide a high gquality and ready-to-use system. Figure .
summarizes features c¢f current coamercial systeas that zay
te used in choosing the best system fulfilling the required
features. A commercial system used by many installaticns
without much trouble may be an indication that it has a
certain quality. Criteria listed in Figure 5.1 may te used

in selecting the best system for DISPFULLAHTAD.
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It should have at least the following five featuares
that may be considered as the primary criteria:

a. Dictionary Schena.

. Schema EZxtensibility.
C. Dictionary “Yaintenance.
d. Reports and Queries.

€. Security Facility.

2. The following fcur criteria may be considered as
the secondary criteria:

a. Compatible with current hardware.
b. Compatible with applied DBMS.

C. High quality_ assurance.

d. Low ACgquisition and Set-up Costs.

Pigure 5.1 Criteria for Choosing
Commpercial Data Dictionary Systen.

On the other hand, one significant advantage of
designing a DDS in-house 1s that the system can be fittel to
specific requirement of the installation. furtheraore,
given that DISPULLAHTAD will izplement a DBMS, the rela-
tional d4ictionary presented in the previous chapter nay be a
good candidate for the first application. By implementing
the dictionary as a relational database, onl;y; one systen
needs to be acquired (DBMS) instead of two ({DBMS and DDS).

3. BReccmmendaticre

For the reascns discussed in the previous secticn,
it is tetter for DISPULLAHTAD to implement the <Jata
dictionary model described in the previous chapter as the
first aprlication of the DBMS. The dictionary will be a
DBMS-dependent systen. Initially, the system shculd be
passive, and later, if appropriate, it may be changed to an

active systen.
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VI. CONCLUSICN

Irplementing a CEMS is a "must" <Zor DISPULLAHTAL in
crder to corntrol the proliferation of its applications that
in turn raises problems of data redundancy and da*a incon-
sistency. Primarily, a DBMS provides data manipulation
capakilities whereas a data dictionary provides mapagement
and ccntrol. Applvin; management and control (by imple-
menting IZDS) <first will nake the job of database design and
inplementation easier in term of lessening the 1ifficualties
ard trLe time and effort reguired to develop datalbases. In
tkis regard, designing a data dictionary ma7 be consilzrel
as a stepping-stone tc the implementation of a D3MS.

This thesis has presented a relational model of a
dicticnary which can satisfy the needs of DISPULLAHTAZ. The
advantages of this mcdel are:

1) it is compatible with any relational DBMS that
DISPUILAETAD may procure.

2) it obviates tle need to'buy a DDS 1in additicr tc the
rs¥s.

3) it can be tailored specifically to DISPULLAHTAL's
needs because of the flexibility of the relationai molel.

4) it satisfies the criteria for a DDS (see Figure 5.1)

In crder to attain the objective of wmarnaging and
controlling data rescurces, the following l1aplementation
£0licy is recommended:

e All personnel involved in software development (suck
as system analysts, programmers, etc.) should use the lata
dictionary extensively in Jdoing their jcbs.

e Only the data administrator staZf may update the lata

dictionary, others may access it in read-only node.
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e A1l suggestions concerning the dJata dictionary aay be
addressed to the data administrator staf:.

This thesis has =stopped short of suggestiny a database
design fcr DISPULLAHTAD's personnel application. Fcllcw-or
work could te Jone usingy the dictionary model sujjested

herein as a foundatior.

22
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