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ABSTRACT

The goal of =z2fficiernt managjezent of an >rjanizatiown's
information ra2source can b2 acconplisaed throujh the igple-
menatation arnd use oI a data dictionarvy. This thesis Jdefines
th2 structurs and fuynctions of a d1ata 3dictionary and
aczilyzes the atteapt of tha Natioaal Bureau o2f Standards to
promulgate a standard software spscification for use in the
evailuatior ani selection o5f dJdata dictionaries in the federal
governmnent. Criteria for the "ideal" 3Jata Jdictiorary are
developed tased on the role a dictionary can play in infor-
mation resourc2 1anageaesnt ard ace then used to evaluate
£51r conopercial data dictionary pickijes. Firally, soas
ijeas concerning possible applications for data dictionary
technology are presented.
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A. BACKGROUND

One of th2 most important resources of aw srcgyanizatiown

@, .

anl one that 1s too oftan overlooked 1s Jata. Pecple,

dn

dollars, aaterials, and time are usually well controlled ani
buigeted, vet the Jata about an orjanizatior azd its opera-
tijsns is often managed haphazardly, 1f at alil.

Database technology has made pd3sible thz storage ani

ntagrated whole

',l.

processing of an organization's data as an
anl1 allows th2 sharing of that processed dati, or infcrma-
tion, throujaout the organization. A Jdatabasz management 1
svstem (DBMS) acts as a librarian for the datavise, storing 1
and retrieving Jata accarding td> a particular format

[r2f. 1]. Howavar, a DBM3 does not 12cessarily provide for p

!

th2 security, integrity, accountability, or maintainability
of data. These objectivas are best acaisvel whern a 3ata
diztionary is usel in conjunction with the DBMS.

Simply stated, a data Jictionary is 1 central repository
of descriptiva data about the definition, <characteristics,
location, and usage of the data founml in an orjanization. & f
fully utiliz=1 3Jata dictionary will control the collectiorn,
maint-ltance, and retrieval of this 3ata. For 2xanmple, 1if

th2 aircraft zcarrier J.S.S. Zonstz2ilation aal a dJata

ey

diztionary, it would be possible to ask juestiotas such as

(P

dhat type of _Jdata is contained 1in a "Controlled
Zquipage® racocri?

jow many pragrams use the "persoarnel" file? ®

fhicht departments receivas tne ‘*Axaunition Transaction™
teport?

Ahat is th2 relatiomship betwe2n "Invantory Itzm" an?
"Peorder FPoint"?
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In w..'ch rscorls Is the field "™35z1i1l Secu-city Nunober"®

founl? ]
. . - . L

Who _is authorized to 1pdate the "Readirnsss Statas" 3

£ 2

field? *

i at is ths ranje of valaes for 'Readiness Statuas'" Jdata? X

£ N wé%ch database 1s the M"PFrevantive Maiontz2pance" Iile .

founis: ;

-

Those who will  bhenefit frd>c the aasw2rs td ti2se juestions
inzlude not o2alvy the ship's data adainistrator, Lut also

pcograamers, syst2ms Jevaidpment parsonn=l, dita processing

A4 4

r‘l

stai{f, auditors, and, 20ost importaat, ead 1sers at every

’.—J
V

f the orgyanization.

Zven thoujyn Jdata dictionary softsare has bzen available

cozmercially since 1970 and the 1ivantages ind Lenelits

..;

ssociatel with lata Jdictionnaries are widely recojnize

[TV
i

a

Bo5t organizations nave teen slow to iaplament taem, and th

Danartnent oI Dzfense 15 as exceptioa. A reszent study bv ;
th2 Comaittee on Peview of Navy Lonj-Raage Autozatic Data

Processing Planning [Ref. 2] points »uat that &

Virtually =every actioc by a commander, w@anijer, or
1dministrator in the Navy, as ia _any lacge orjanization, l
involves tha ac qu151tlon and aniarStaanling O3f informa- :
tion: inforzation abdat the ahganlzatlon, about its

status, atoat its resourzes about 1ts =2aovircoaaent. qis J
actions usuilly result ia fne cceatioa and _promulyatiorn .
of pol*c1e: aud directives: that Ls, infdcmatidon for

saukordinates, peers, orC auperlora.

AN h e SR s

If it is truz that "the beaefit decived from a dictionary 1is ]
® proportioral to the size of the dictionary its=21f," [Ref, 3] ;

th2 military stanis to gain a1 grezat 3123l froa tae inmplexnzen-

v,

tation of data dictionacies.

A R gui

At presert, there 1s no cons2asus in Zoapating litera-

[ ture about exictiy what 3 Jata diztionary shoald 4o or what

PR o4

kind of data dictionary 1s best for 1 pirticdalar organiza- k

tiorn. There icre wmany Jifferent data dictionacy vacka jes of
- ) , _ .
L n2 parket from whiczch to zaoose; 105t of tnes2 have sSi1miliarv
¥
o ' 5
3
L 9
! 10
-
¢
b {
o "
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featuces. Tacrerore, “a2 potentlal [fuarcuiser 22 3 11
diztionary is 1o need 22 Juilance #4521 21KiLJ tals Zhoize.
Th2 Urnited States Soverraszat nas r2cojuez2i tnis oprocloen ang

kas 1dentiZiel standards for data dictionari2s w0 Telsoal
Information rrocessing Standards proaiigated oy the Yational
Buceau of 3Standaris. An understacding 2f tna2s2 craniacis

anl oI the [i1ncti and objectives of

o

S lata Jdictionary
will provide the reader with a UL1si3s oo whilica to evaluat-
data dictiornary pickajes and to us2 tuen zflectively.

B. PURPOSE OF THE THESIS

We Ltelieve that 1t 1s im;portant £or =@:anajers in  the

-
1

military to uaderstand what a 3ata dictionarvy is anld Wnat it

can do to help an orgarnization 2anage its data. Thus, th=
pucrpose of tnis thesis 1is to proviie toe r=2ader with an
unlsrstardiny of the structure anil fuactlons of &  Iata
diztionary, jiidelines Zor the evaluition and sa2lecticn .I a
data dictionary, 2and an analvsis of sa2veral commercial lata
diztionary prolucts. We will sho>a the reader Low the

maaagemert of an organization's Jata rcesourca2 zan Le accoa-
plished by m2ans of a data dictionary and «#ill recoanen?’

e d

[o¥

wiys for the role of the 3ata dictionarcy %2 L2 2xpan

1M1

V-4 TR
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II. THE ANATOMY OF A DATA DICTIONARY

A. INTRODUCTION

Recause 3Jata Jictionary technology is a new and continu-
ally evolving field, it suffers from a lack of consistency
in its termiaoloygy. Th2 many t2xts aad articles on the
subject and tae various coamercial 1ata 3dictionary proldacts
us2 a wide variz=ty of diffaring tecas. The data dictionary
itself 1is knowr as a 3data dictionary/3irectory, a data
diztionary systean, or an information resourcs managenent

t

dictionary. In order %to provide a basa of refarence for e

h
renainder of this thesis, we will »pressnt our own <set o
dafirnitions distilled from our refarznzes.

Data dictiopnaries run the gamat from macual, on-vaper
systems to highly sophisticated softwar2 ani can be usel
both in database and non-3atabass enviranments. e will
discuss automated data dictionparies only as thay relate to a
database, where they have the nost to offer the potential
usar,

In order to assess the benefits 5f a 3ata dictionary, it
is necessary t> understarnd now a data dictiospary is orja-
nized and what its capabilities ar=2. A Jata dictionary does
not contain the actual data that coanstitut:s an organiza-
tion's database; instead, it is jits2lf a1 .atioase called a
metadatabase that contains aetadata, or data about the data-
base data. Two types of onmetadata are £ouni ir a data
dictionary. Jictionary metadata t=21ls what 1ata exists, thae
origins of tha Jata, the attributas the 1ata naiy have, how
andl by whom tae data may he used, what the structure of the
data is, and what the relationsaips between the Jata are.

Dicectory netadata tells where the data is located, how it

12

et ATA A AR . NV DY T S SR RUS SN Y ORI DN DL PR 1Y SEY



cal be accessa2d, and what its physicil ravoressntation withirn

tha computer 1is. Togethar, these two types of metadata
- - —-——— - ——
_______________ T
[ DATA ‘
! DICTIONARY
_______ T———----
[T R [
| T | P T
DICTIONARY i DIREZTJRY |
METADATA | METADATA }
- Data Present - Data (Locatiorn
- Data QJrigin - Access Modes
- Attributes - Physical .
- Security/Access Represantation
- Data Structure
- Relationships

Figure 2.1 Types of Data Dictionary 4estadata

provide the m2ans for accessing aad controllinjy the data ia
the database. FPigure 2.1 1illustrates this 1divisiorn of
metadata.

Data dictioraries fall 1into two catajories--free-
stapnding and DBMS-Jdepeniant. Fijure 2.2 sho+ss a rartial
listing of some commerzial Jata 3dictionarcy packages
according to type. A frze-standjinjy 3at2 Jdictionary (also
called indep2nient or stand-alona) is not tied to anv
pacticular database w®managament systea (DBMS). It manages
data by utilizing software routines built 1iato the iata
dictionary package and thus is not dsperdent oan D2MS soft-
warte. This indepencdence provides flaxibility: a free-

standing 2ata dictionary can have th2 capability to support

i

i®

N . VIR . OSSN,

moce tharn ore type 2£ DBM¥S. However, this flexibtility is
gained at the zost of 3duplication of jdata d=a2scriptions in
tha database and the data dictionary. ;
13 I
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Figure 2.2 Free-standing and Dependent Data dictionaries

system; it uses the software facilitiess availanle within the
D34S to manag= the Jata in the databass. This type of Jata
dictionary wminimizes redundancy and liaits tae number of
possible errocs bacause data descriptions exist in ounly one
place, 1in th2 Jata dictionary. It 1lso ber2fits from the
sophisticated backup and recovery facilities of the DZ¥S.

A data dictionary is also described as having active or
passive interfaces or a combinatioa of the two. Ar inter-
faze 1s a seriss of <commands which connect the data
dictionary with other soft#are such as coapilars, operating
systems, repart generators, and osther prograns. The Jata
diztionary sapports these applicitioas by pcoviiing tne

m2tadata that is required for their axecution. An active

14
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data dictionary is ore in whicn 1ianformation Ls created,
acczssed, ot 1olified throuch tne 3data dictionary inter-
faces. HNew or changed metadata is automaticaily updateé ani
stored in th2 3data dictionary. This is not true of a
passive data dictionary: when new m2talata 1is generated,
tha data dictionary may or may not b2 automatically updatel
and when data is retrieved, 1t may be accessel through the
data dictionary or directly from the 3atabase,

There are 1any perspectives £froa which to look at the
data that resides in a database. There is the physical {or
internal) wviaw that consists of th2 3actual physical repre-
sentation, format, and location of th2 Jata as "seen"™ by the
computer. Ttere is a lygical (or ~conceptual or <ciokal
eaterprise) view called a schema which lsscribss alli of the
data irn the latabase in its logical format, i.=2., what types
of records are to be maintairned, the2 contz2nts of those
razords, and the relationships am2a3 those rezords. This is
the data as it would ke presented to a human, not its actual
conputer fornat. In most cases, anly the database adminis-
trator Las access to the schensa. Another view is the
external view, also called a subschena, wnich is a subset
orf the logical view tailor2d to a particular user or afppii-
cation. This is analogous to a "winlow" throujh which orniy
a portion of the total data is seen. Subschemas c¢an be
utilized to implement s2curity >y restricticg a user's
access to data.

Figure 2.3 shows thes three diffzrent perspsctives of
data in a sample database of students at the VYaval
Postgraduate School. (AY 1is th2 coaputer's o2nysical view
anl thus is rnot visible to the huzan aser. () showe th
ovarall logical view of this small database. {2) is a
suaset of (B) 1s it would be s22a Ly a aser who 1is
interested in only a portion of the 2atabase--in this case,

th2 senior Aray officer who wants informatiorn only on Acmy

students.
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Physical View as 'saen!
Yithin the Coaputar

-—— - - . . = - -

Logical View of Storel Data
NAME SSN SELVIZE RANXK
MAEKZY, &onald P. 452-43-6028 JSaA 2-5
JCHNSCN, Bruce M. 348-57-8826 JSN 0-4
BROWN, Jennifer C. 512-47-2228 USNE 0-2
DAVIS, Thomas E. 662-76-8239 USAF 0=-3
MASON, Eobert J. 823-48-3991 JSa 0-3
GEIL, Thomas w. 773-34-8725 JSH 0~4
LANEZ, Doarna F. 371-67-7475 USNR 0-3
WAILLIAMS, Suy T. 547-23-3412 Jsa 0-3

- - e W S S - T R S W R s L - e W S G 4n WP M W e P M R D e - - -

Jne Externil View 2f tne Data
(subset of the lojical view)

——— e - ——— . —— T ———— - ——— . . — D Wt T ——— > " —— —— —— —

NAMT S5SHN RANK

YAt¥EY, 3onald 2. vE2-43-5023 2-5

MASON,  Eabert J. 323-48-3951 3-3

vZLLTA%S, Suy T. §47-23-341) 2-3
(<)

Pigqure 2.3 Views Within a DBMS

L B. THE STRUCTURE JOF A DATA DICTIOVARY

There are three kinis of eleam2nts apon whiz-har the struc-

ture, or screuni, of a Jata Jictioazary is built: entities,

16
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attributes, acd relationships. The Lasic elespert of the

édiztionary is the eptity. FEach entity hias a unigu2 naze axl

represents an object 1in the real sorli, such as a perscrn,

thing, or ili=2a about which infornation is rscorded. For
exanple, ir our QNaval Postgraduata School datalase we

collectel informzation atout students. 42 also lescribed tte
students by name, Social S2curity nuampar, service, ard rark.
Tha2se charactaristics of an entity are <called attributes,
arl can be eithasr guantitative or jualitative.

A relationship is a logical Llink between two eutities
ttiat can also be describel Ly attributes. A relationstkip
will fall into one of thre2 categories of mappings: one-to-
on2, one-to-zaay / many-td-Qne, oC Rpany-to-many. 4 one-to-
on2 relatiornsaip exists when eaca =satity or aittribute 1is
logically linked to one anl only one other entity or attri-
tute. For instance, we say that ta2rz is a onz2-to-one rela-
tionship betweez ar irdivilual*s s50cial security number and
his name. In 3 one-to-many/many-to-one relatiorship, -each
entity or attribute is logically link2d to> one oc more other
entities or attributes. An exampl: of this is the relation-
ship between the 1instructor of a -lass and .th2 students irn
that class. A many-to-many relationship occurs when one orC
more entities or attributes is related to> one or more other
entities or attributes. For examplez, thers is a rany-to-
miay relationship between the attcibutes "coloc" and "model®
of a type of <car--each color miy vpe available on many
differert car models and each car aodel may be available in
maay diZferent colors.

In order to urnderstiand the Jeneric terms we have
presented in their proper context, it is important to
differentiate between th2 dictionacy schema itself, the
metadatabase that it governs, anl tae "real" data in the
orjanization's datatase. These concepts are aiade even more

confusing because the terminology us2d to r2fer to these

17

.. . . | ' T - vt - R L .
N T TR YT T SN SN Y L. DY WY TP SN Y S S W T I T T P P TR T T S N P T o T T P e l




Rl R SRV SN S e A e A M~ T A i it v

< -

thcee levels of 31ata Giffers froa veandor to vaalor and froa
author to autaor. we will look 31t tnese levals using the
Apo>liel Data Fesearch, Inc. JATADICTICNARY terminology
{R2f. 4] Lecause 1t provides the ~clearest Jdistinction
between the threz, (DATADICTIONARY will be iiscussed in
Adepth 1n Chapter 7.)

At the frijhast level of abstrictior, =2ntities, attri-

sutes, arnd relationships are groupa2d by type:

tkoa of =z2s
iatlonanlo-

ti.e dictionary schema <can thaun b
)
; whl A will also

=oLtainirg all existing entity-typ
tvpes, and attcibute-types, any one
E€ reierreld to as a schema Jescriptor

The scnewa l2scriptors are the j2neral categories of data
thit 1is storel in the metajatabase, fijur2 2.4 shows €Lax-

pl2s of some stapniard schema descriptars.

]
Eptity-tvoes  Attribute-types  Relationsaid-tynes
Tile Author Contains
Eecord Description wns
Field Passwori . Processes
¥odule Status Derived Froa
progran Version Resides
Eegort Frequency Uses
Jo Security Class Iacludes
Dataview Alias Aathority
User Comment Accesses
Systen Effective Date
Process Usage Statistics
b ——_— e~ —_— ——— —_—— —_— - —

Fijuce 2.4 Sample Sch2ma Descriptors

At the aetadatabase level, we look 1t specific instances
of schera deszriptors. Thus, we 12fin2 aa gatitr-occurreale
as 2 specirfiz tnstance 2f the gena2ral category entity-type

F PFCGEAM 15 tne entity-type, ACTOUNIS RECEIVABLE coula bpe

or.2 entitv-oczarrerce. Similarly, a celationship-occurrsnce

18
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is a specific irstance of the jenoeral Zatejoly Celationsnip-
i

type. The relationship-tvyre ray have as a
relationship-occurrence D230 AMN-3I738553-F1ILT, At tais
level, we also talx arout the speciLIic chLaracteristics c¢f ar
attribute-typa. AL attribate-tvp2 i3 the rame of a charac-
tezistic ¢f an entity-occurrence, as 3o0-ial S2curity Nunber
cniracterizes a stulent. in attributs-charactacistic is not
ta2 value of the attribat2-typs, wowut tanz2 pacamsters oI an
attribute-typ2, such as its length anid format. For exanple,
th2 attribute-*type Social 3=2curity Nuaber will be character-
iz22 as eleven d1igits 1long, of tn2 foran 95G6-99-99146,
Encity-occurrances, relatiosnship-occurcences, and attribute-
characteristics will be referred to as the 31a2scrintors of

th2 metadatabase.

at the "r=2al" data level of th2 orjanization's Jatatase,
we think in tzras of actual wvilues of data, sich as
“"Jennifer C. 3rown®, "S547-23-3410r, "left-a1anied norkev
wranch®, "IBM 3033", or "33943n, These are 111 values cf
th2 attritutes of an entity, aad are call=l attrilate-
values.

An exanmpls £ each Jf the levels of 2aty 1s giveln in
Fijure 2.5. 2 Wwill use the gJenaric terms entitv, a*tii-

bute, and relationship in this thesis waare it LS Lot heZes-
sicy to distinguish between thLe three levels.

WheL a data dictionary i1s rec2iva]l froam ti2 vernlor, 1t
coatairs a systea standacl schewa walch inziiles certtulrn

tasic entitv-tvres, attribate-types, 1nd reliationsiip-tyres

chosen by the verndor. A lata dictionary is ext2ansit_e if an

orjanization is able to custowize tne sche2aa by Jefining its

owa erntity-types, attrituts-types, anl ralationship-tyvpes in

adiition to those ircludel in the systen staniicl schexa.
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Scheta 25522;22925 Exazole

Entltg Recori

Attri ute t Name

Relatlonshlp t]pe cxntains

Metadatabise Descriptocs Exaampls

Entitg-oc:urren:e . . Stulzant ‘

Attrifute-characteristic 2> characters, alpha-

. . nun=acic i

kelationsaip-oczurctencea St%iant-:ontaLns—
Naae2

Datakase Jata Ecaaple

Attribute-valusz fonall P. Markzy

U R - - - —

Fijure 2.5 Comparison of Data Leveals

C. THE FONCTIONS JOF A DATA DICTIOYARY

The functions perform2d by a typical data dictionary
fall into four categories: definition, apdats, retrieval,
anl software interface. A data dictionacy sh>ald be evalu-
atad in each zatejory according to th2 =2ise anl success with

whicl the functions are performad.

1. Derfinition

The first step im the implamantation of a data
dictionary is to <collect information about somz portion of
an organization's data, such as tae U.S5.S. CZonstellation's
supply <departaoent. This 1is done by inotervi=wing supply
department p=arsonnel, i1ientifyiny the Jata receivel ani
produced Lty the department, and analyzing the software that
maaipulates that data. Once entities, attribates, ard relza-
tionships have been definel, these dati =zlzments arc entercd
into the data dictionary using the dictionary's lata defini-
tion ccmmands. The elements are classifi=2d aczording to the
entity-types, attribute-types, and relationship-types 2% the
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systep standacd schema, or the dictionacy adoiaistrator nay

usa customiz=l data typzas S necsassary, 13suriny a=s
diztionary is extensible. N
2. Update
As an organization svolves, 3> joes its data. One

of the functions of the lata dictisnary i1s to allow the
adlition, modification, and lelation of eiznents. For
instarce, a n2w Navy rejalation @mi3yht reguire the supply
department to keep track of certaia 3ata about i1 new inven-
tory item ard to ra2port this data juarteciy. Jr perhaps the
adninistrativz department will have tO> changz zip codes to
th2 new nine-3iigit format on alli correspoadence. Tach of
these changes will be introduced wvia modificitions to the

dictionary schenma.
3. PRetrieval

Infornation can be retrieved from 3 3ita dictionacy

[

by usirng gquery lanjuage commands or the repart-generating

caoability of the dictionarvy. A Jictionary will proviie
structured. coananls or an Eanglisn-like juery language that
will help th2 supply department to £inl out tas avy part

[. nuaber for 31 monkey WrC2nChe It will als> allow the

Sy -

$ dictionary adainistrator to> £ind out waich us=cs5 hLave access
to a particular subsclena. Feports are prolaced Ly a lata

diztionary according to a verndor-lefin2l format or to user

\_JV o

P spacificatiors. Rejorts gjenerally produce a larger volume

response than gqueries and are oftan printel out in harld

cooy.

4. Software Interface

The s>ftwire interface functioa provilas a wmeans of
access to th2 data dictionary £for applicatiosas software,

ierzludin compilers editors, apd databas2 a@anajemeat
P J

21

e AW i e afa s A, 4




P

ey

" v ad 3 Al A v % ki .F‘V' - Rt “Yed e v w yav Al g i - J- e = v "1
systeus. i ZJdeY conmoani is usel to orirng ity descriptioLls
(e.j., of r£zcoris or L[iles) Jirectly ianto the »2rojrdii beinj
developed Zron the lata dictionary,. Tkas, ta=2 job of tne
progranmer 1s 2i1de easier and data us2s 1is stanlardizeld. It

is also yossibia  Zor applicatioas software to Jdirectly

retrieve ard make «chanjes to ta2 elzaeuts 1a  a  lata

diztionary.
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III. FEDERAL INFORMATION PROCZSSIN3 STANDAXD PQR DATA

A. INTRODOUCTION

The Institute for Computer Scieaces and Technology of
th2 National 3ureau of Standards is in th2 procass of Jjevel-
oring a standarl softwarz specificatioan for 1ata diction-
aries. The F2dsral Information Pracessiny Staadacd for Jatza

Dictionpary Systems (FIPS JD3) i3 intenied to serve as

™

guideline for the svaluation and sa2laction of Jata diction-
aries to be wused by the £federal Jovernmeat. The Zfour
volunes! "spezify aad describe th2 fuanctionality, database
stcucture, anl user interfaces of the FIPS DDS' [Ref. 6].

~ . - |
voZaana

We examina2l three voluames of tha TIPS 233

Language Intarface Specifications (voluze 2Y, Interactive
Interface Dascriptions (voluma 3, ani Dictionacv
Administrator Support Spacifications (volumz2 4). The
sabject of each the volumes corresponids t> one of the
three <categories of wusers who will intaract with a 3ata
dictionary--the experienced user, tha rela*tiv2ly inexreri-
enced user, and the administrator >f the lata Jictionary.
The FIPS DOS describa2s irn d2tail a sugjzsted systen
standard schema for a data dictionary, iacludiag definitions
and use of the schema descriptors. Each of the volunmes
pra2sents the syntax for conmands necessary £or its target
users to zapipulate the Jdictioniry. In aiiition, the
results of 2ach cormand are detailed, with =srror
ani "successfal conpletion® m25s132s listed where

apoplicable.

INote;  Vvolume 1 is not yet available for ceview. The
FIPS DPDS 13 in_draft form and has aot oeen foraally approvel
Ly the Naticral Pureau of Standards.

23
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B. SYSTEM STANDARLC SCHEMA

The systenr standard schezma s2t £orth in the FIPG D102
pravides basic entity-types, attributa2-types ani
relationship-tvpes as follows:

1. SYSTEY--a collectior of frocesses and 1ata

2. PEOGRAM--arn autozated prccess

3. MODULE--an automat2d process which 1s a logical

subdivision of a1 PRECGRAM or au 1independent process
called bty a PKOSPRAM
L. TILE-=-an organization's data collectioa
S. PRECJORD=--logically associat2d 3Jata whiza Leloris t»2
the organizatiorn
6. DOCU4iENT--human-readsbtle data coliectioas
7. ELEMENT--3ata beloaging to tke orgyanization
8. USER--menbers or collections of meabers belonging td
the organization 1sing th2 facilities avaiiable in
the data dictionary

9. DICTIONARY-USER--users of tne dictisonary sv¥sten
itself

10. ACCESS-:ONIROLLER--spécifias iccess restrictiors to
an entity or set of entitias in the aictionary

SYSTEM, PROSRAM, anl MCDULE are Oof the class
FILE, RECORD, DJOCUMENT, and ELEMENT arz of th=2 =-ilass "Data";
USFR 1is classed 3s WYExtarnal', aad DICTIDVAEY-USEE ana
ACCESS-CONTROLLER are of the class "Sacurity"™.

n"process";

There ar2 535 attribute-types 1included i1 the svstean

standard scheaa, similar t> the on2s shown in Fijgurs 2.4,
' . - l
I Relationsnip-types
]
’ The standard relationsaip-types provililed by FIPS are as
‘ P
! follows:
]
'
'.
»
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1. COuTAINS--lJescrites entltizs zocposal CSonfeltiilly
of otlar =2ntities

2. PROCESSES--suows tne relatronsnlp b=tw2zn 3 LOTe3S
ard data

3. BLSPONSIBLE-rOR--shows the assacliation between ¢ontl-
ties rezpresenting organizational corponernts arni

entities Jenoting organizationil ca2sponsibility

4. EUNS--shows the r2lationsaip petieen 21 udser and

fu

process
5. TO0--shows the flow between twd procoessas
6. DERITED-F&IVM--show3 tnat an 2atity 135 tae rejult of

some d>p2ration on another 2ntity
7. The TIPS [0S includes an 2xtansizility facility to
provila f£or the customization 2f the svstem stanlard

schen2il to match tha2 organization's neels.

C. CC3NMAED LANGUAGE INTEEPACE SPECIFPICATIONS

The experienced wuser is one wno 1s familiar with tae
structure and comnaands of the data dictionary acd whe neels
access to th2 full functionality of the dati: dictiornary.
Conmand languige commands are used to> facilitat= this access
by allowing the user to:

--define lata elements

--maintain the dictionary (2dd/molify/delatz2y

--report on dictionary elements

{ --query the dictZonary about 3i1ti 21l2:m2nts

- --build 2atity lists 211 perforz operations on groupings
of ertities that nmeet certair critsria (useful for global,
vize 1individual, operations)

--support applications prograas thait int2rizt with tn2

[ . .
data dictlioracy
3 .
; --perform jeneral utilities, suza 31s chirjing the mode i
! of operatiorn anl obtairinj help inforrition.
o

T
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The synrtax oI each oI the comrand languag2 commands is
pr2sented in the FIPS D)5 usingy Backus-Naur form.2 For
exanple, thke £ollowing <command #>ull be usel to modify ar

entity that alrealy exists in the lictionary:

MODIFY-ENTITY
{{ WEERE] NAME [IS] <entity-name>
[ ADD NEW-VERSION [<version-numoer>]]
WHERE ATISIBUTES [ARE] <attribite-clause-1>
(¢eee., _Kattribute-clause-n>]];}

where:

-—-entity-naxe refers to a single ertity in the
dictionary

~=NEW-VEKSION is an optional clause which ra2sults in the
creation of a new entity which has a primary-nize consisting
of the assijnel-name of the entity-name specified and the
next-highest version-number

--attribute-clause-n ra2fers t> a clause ussd to desig-
nite the attributes of the specified =entity which are to be

nolified

D. INTERACTIVE INTERFACE SPECIFPICATIONS

The interactive interface for tha relativaly inexperi-
enc2d user is designed to lead the usar step-by-step througa
th2 desired operations. fiithoat naving to master the
co>amand languige conmmanis, the int2raictive 1ianterface user
has a large subset of tha total fanctionmality available
within the Jdata dictionary, inzlulding nanipulation,
reporting, ju2rying, and 2ntity list operations. The FIPS
DDS reconmmends thiat this interfac2 b2 impl=2am2atel Ly uears
of "panels" (screens) that are pra2sant2d t> the wuser in

sejuence and #bhich contain the £ollowing inforaition aress:

—— . ———— — —— . -

2Backus-Yiur form is explained in Appendix 1A.
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1. state area--tells the usarg whersa (in wnich
dictisnary) he is and what he is doing
2. data area--for entarirng anl 3displayin; 1ata
3. schema irea--used mostly for dictioniary updates to
show available options and liaitations on actiorns
4. nmessaje area--for a2rror messijy2s iand warniags
5. action area--tells the usac how to praceed fromx the
current panel
6. help area--for the display of help information
requested ty the user
The user bY23ins his session with the Jdata Jdictionary at
a "home panel" which proviles entry iato tha systez. At any
point along tae way he has the optioa of saving or urndoiay
any panel with which he has keen working. This panel-driven
interface ensures that the user alwWways koows where ke is in
th2 dictionary, what mistikes he has made, wirit choices he2

kas to continue, and what help is available to hinm.

E. DICTIONARY ADMINISTRATOR SUPPIRT SPECIFICATIONS

The administrator of the data dictionary, 2f course, has
access to botn the standarl commani Jlanguage 1nd the inter-
active interfice. His or her maian concern, however, is the
management of the schena. This 1s aczomplish2l by means of
a specialized set of commands for

--extending the system standarl schenma

--reporting on the schanma

--implemeating access control aeasures

--controlling export from and import to tha dictionary.

We have already defined the 2xt2nsibility facility as
th2 ability t> add schema descriptors to the system standard
schena. The report facility allows thz adninistrator to
g2nerate a listing of the wentire schema or any subset

thereof. The security facility provides :comxmands £for

217
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restricting tane access of users t> the iictioracy by speci-
fying whkichk commands the user is alilowed to =2xecute. Tie
export/import facility allows transfer of »parts of ore
dictiorary to aaother, buat only between 3ictionaries wrnose
schema are iianticzal 1in ovder to preserve th2 integrity of

th2 "target® 1ictionary.

. EVALUATION

it 1is certaimly trae that tas FIPS DDS ocasents wune
realer with vary Jetailed specifications 2f the commands ard
facilities for a standardized Jata dictionary; ths voluaes
we reviewed could serve as the basis for an izitial Jdesign
sp2cification for the deva2loprment of 3ata Jistionary soit-
wire. A dictionary ftasel on the FI?3 specificatiors woulil
pecform the required functions discussed in Chapter II and
woald contrioute to the srganizatioa's manajgament of its
data. The military and ths federal joverament would berefit
gr2atly from the availability »>f standard software to
achieve control over its 3ata resoar:ca.

The major contribution of the FIPS DDS is its orienta-
tion to the needs of the differernt «xinds of usa2rs of a data
dictiornary. This i1s particularly wevident in the interface
that is suggestzd for use by inexpari=zaca2i users of the lata
édiztionary. The panel-lriven fornat with its six informa-
tion areas is far less intimidatiniy tnin the syntax reguirel
by thLe conmard langjuage. Even so, the iuateractive interface
still reqguires a certain degree 2f sopaistication on the
pact of the "inexperienceld™  wuser iIf ne 1is t2> bte able to
manipulate the Jictionary. Another strony poiat of the [FI2S
PDS 1is its coonsistency of fpresentation and f£oraat. No
matter what tane operation, the proc2lires neei23 to manipi-
late the Jictionary and the wmanner in which tae dictionarv

"rasponds" to the user ar2 logical aad predictable. The

28
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conrands, however, are complex and rejuire knowlelge of

Bazkus=-Yaur form.

1
@
1

Zven thoujh the FIPS DDS does indeed provile a coampre-

hensive software standard for the computer profassional, we

do not believ2 that it achieves its goal of providing 2

guide for th2 svaluation and selection of data iictionaries.

'
Aneen

Although the addition of the 1introdactory volame mav zelp

o

renedy the problem, the three voluaes of specifications
ignore the forest of reasoas behiad the implemantation 23 z

data dictionary while concentrating sol2ly on the patteras

‘!A‘—A PRV S Wy

cf +the leaves on each tree, The FIPS DDS will not be
extremely wus=2fal to the individual searchiay for basic
assistance in =2valuating commercial data dictionary rpack-
ajes. Many of the books and acticles we hive reviewed
praovide better =2xplanations of data dictionary features anad ol
coaprehensive evaluatior criteria.

We found that the terainology that tha FIPS DDS uses for
the dictionary schema and the metadatibase is not explaiaed
clearly nor is it any less <confusing than that of any othasar ®
publication. In addition, no sp2cific examples of how an
orjanization's 3Jata would be entered in the data dictionary
are given. We feel that it is mor=s iaportant f>r the potean-
tial data dictionary asar to understand how a data ®
dictionary will assist in the manajy=za=at >f data than to see
sanples of every conceivable type of -error 1essage that
coi1ld occur. A summary of recomma2njel fsatur2s such as the

on2 we have Jjust presented and a list of sritsria for evalu- ®

ation would b2 far easier for the cealer to digast. ,}
None of the data dictionary packiges we a1ave reviewai

do2s things totally the "FIPS way", 211d it is inlikely that

any comuercial dictionary vendor will =2var <conform exactly §

E_ to FIPS DDS juidelines. However, it is likz2ly that the }

’ feleral government will insist that FIPS standards be *

inzorporated into future lictionaries intendel for jovern- 1
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c2nt use. In the rext <chapter we will deva2lop a set of
criteria for an "ideal" Jata dictionary, tac<ing TIPS DDS
raconmendations ianto account. In Chapter V w2 will examine
foir commercial data dictiorcary packajes and evaluate their

success in meeting the ideal criteria.

pe——
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IV. THE ROLE JF IHE DATA DICTIONARY IN INPORMAIION RESOURCE

- - ——

In this chapter we will se2 how a data Jdictionary can
contribute to the joal of efficient management >f an organi-
zation's data. We will first discuss ta2 proza2ss 2f Jevel-
oprent of ar information system 1a 3aa organization and thern
will discuss the three objectives of 3ata dictionaries that
we have identified as contributirny the most to> the accom-
plishment of this goal: data secuarity, 1ata iategrity, anid
dozunentation/maintenance. We will then dev2lop a sect of
criteria for the "ideal" 3ata dictionary to b2 use

evaluation of data dictionary packages.

A. INFORMATION RESOOURCE MANAGEMENT

Organizations today have becone iacreasingly aware ol

the need to minage lata just as taey aanije other essential
gsources. If properly aanaged, the aecessary data will be

aviilable, up-to-3date, and retrievaole wh2n required to
provide information that is of waluz to the >rganization.
This concept is knowr as Iafarmation R2spurce 1iapagement, or
IFf4, althouj;h it might also be refecrc21 to as Data Resour:ze
Management.

TRM has o2er the focus of a jreat dzal of interest in
rezent years. In Octobar of 1332, th2 Institute 1or
Conputer Scieaces and Technoiojy >f the National Bureau of
Staindards (l335) and the Associatiosn tfor Computing Machinery
(A2M) <co-spoasored a workshop on IRY strategias and tools.

It was b .sed on the premisa that

IPY is curcently one of the 1nost sijnificzaat topics
being discussed¢ Concerninj inforration “syst21s, and is
221ing discussed along a “variety 2f lires >f thought.
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These 1inclide pbusiness systems planning; information
systems analysis, design, 3ani dsvelopfment; database
i2sign and 1lmpleaentatidn; the ilSClpilneS.Of office
aanagement, piperwork _manage®ma2nt, and information
sciences ainagenrent; anl the various probleas and costs
issociated wlth implementing I3¥ to iraclale eacu of
these areas. [Ref. 7]

Tr2 Proceedings of the workshop definel IRY as

shatever policy, actioa or procedire conceraing infor-
pation (both Autorated .and aon-automated supported)
#hich manajemeat establishes to serve ta2 overall
current ard future _needs o2f the a2nterprise. Suck poli-
Ties, etc,, would 1iaclude <consilderations of avail-
ibllltz, tigeliness accuracy, 1ategrity, rivacy,
security, agiltﬂblll{y, ownership, use,  and cost effec-
tiveress. _Ref. 8]

Th2 recommerndations of the NBS/ACM wocrkshop on the role that

th2 data ictionary shoulld play in IRY were 1incorporated

into the Fedzral Information Processinjy Staniard for Data

In order t» unierstand how th2 data dictionary contrib-

utas to the production of valuabiz iafocmnation for an orga- 1
nization, we will look amore closely at ths organization
itself and at its functioas. An >5rganization is made up of

. maay systems that convert resources into usabla output. An
information systeam, then, is on2 that takes raw data anl ‘
trinsforms it into information that caa be usei by the orga- 7

nization. If the process by which thz organiziation develops

A

its information systems is the heart >f information resource

management, then it is the data dictiopary taat keeps it

™ A

tizking.
Assume that the U.S.S. Const21llation has identified a
probler with the way a particular information system 1is

cucrently op2rating--it <could t2 prevantiva maintenince

1w,

rasord-keeping, the supply depacataewt invantory, the
pecsonniel adniaistration system, or a1 system that affects

thz ertire orgjarization. The process of analyzing the

—-ﬁ
-
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system and czveloping a system to solve this prcoblerc evolves

p
tticough four listinzt phis2s, =called tu2 3ystar Develorneut

Life Cycle (SDLC). We will shos how tne data dictiorary

supports the 3DLC, arnd taus, IBM, thrdoujn piiaaiing, staly,

Iy

éasign/codiry, and operation and maintenince. Je have tased
our araliysis orf the SDLC on that of Leong-Hony and Plajaan

[R2f. 9].

1. Elancing Phas

The Proceedings of the NB3/ACY workshop erphasized
the neeé for a "top-down'" approaca t> IRYM in an organica-
tion. During the plarnicy phase, tha osrgarization's lorng-
raage plans, 1its functions, and structure ar2z analyzeld to
ensure that any informatior systen that is Jesveloped wiil
coaplement tho>se needs.

If a jata dictiorary is alceady in existence, it can
pcovide inforzation akout the functions of th2 organizatioan
thit have beea defined, or it can Jdocaneat the initial defi-
nition of those furnctions. For =23aza functioa, it wmust be
determined who Joes it, whkat is produced, what other furnc-
tions it intecacts with, and what inputs are n22123 to acca-
plish the function. As an examdle, we can say of the
Payroll furction tkat it is perfora=2d by th2 disktursicg
of lice, raycaecks and lsave and earnings statements are
pr>d.ced, it interacts with thz persocn2l alwinistration
system, ancd it rejuires lata about all merbers of the crew,
inzluding rank/rate, tims in service, ani so oo.

At this stage of the developnent procass, the "bigy
picture” is 1rawn while the details 3are left antil later.
Th1s, <general categories of data suzn as "ac:sounting data?”
ard "personnel Jdata" and tne transactions thit affect tihen
ate defined and entered in the 1ictionary.

In th2 aggregate, this plaiaoning information consti-

tutes a4 conceptual Jdata aodel. ")afinition and analysis of
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subsequent information rejuirem=2nts {and eventially, data-
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~

base desigrn) will e dspendent upon this data @nodel"”

[R2£. 10]. The fact that the deva2lopament of tais moiel has

v

bean automatz21, rather than manual, easurss a2 jiicker, stan-

.

dardized procsass.

At this point in the SDLC, a jJr=ater lavel of detail
is introduced. The data dictionary proviles 3 -ommon, stan-
dardized source of information abo2it the inputs and outputs
of the orgarization's functions. Spacific entities, attri-
tutes, ard relationships are chosen froa the J2neral catego-
riss of data identified in the planning phases. The entity
PART in th2 Constellation's iaventory systen pray be
described by th2 attributes Navy Part Nunber, Description,
Starage location, and QJuantity. Th2re may 3lso be a many-
to-many relationship assijned between PART ani DEPARTMENT.
Peoorts requiced to be produced are also defined and the
necessary input Jata is identified.

This infocrmation provides w#hat is called a detailed

10
=]

onceptual model, an expinsion of tas conceptual model of
th2 planning phase. The data dictisnary <can ke used to

identify redundaacy within the dita model by determining

whether the data entered already axists. In aliition, with
+ th2 aid of thz dictionary, the systems analyst w#ill be

Lp able to Jeterminz what d

ata is 3val1ahle, how it is
1 beiny used, how 1t can _be ac:es:- who 1as primar
! CESPOHSlDlLLtK for its d=2firitign. a apkeep, and _mos
p Laportant, ther there is confli :t in usinj this Jata,
= that 1s, what meact it will kive >n other lppllcat101
{ systens [Ref.
!
[
}
p
}.
P,.
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The pirpose of the desiyn phiss is to provide speci-

fications for programming ind impleazating ta2 systen. It

v
b
$-e

is here that the data dictiorary's schena Jdescriptors

*

be used or expanded to meet the n2els of the systan.

A
T Hh
o

a3

cr

datapase does not already 2xist, and it is destermired tha
on2 is requirad, thke data dictionary schema will provile 2
basis from whizh to implement on=. Data integrity is
enfo-ced because the dictionary servas as the s>le source 2%
data definition and structure.

When software 1is being coied, the data dictionary
Fravides docamentation £or the prograaner and a J0?2Y
facility for transporting record 1efinitions, £or exanmple,
into the program being developed. An important eieument of
the dictionary is the constraints that are defined for 3data
values. In this way, data that is input to a program can be
checked against the constraints that navs be=2a estabiisaed.
Documentation of the program includes the authoar, a descrip-
tion, input raquirements, output producei, aal information
or what other programs ar2 callel upon, 2all of which are

ircorporated into the data dictionary.

U, Cperation and Maintenance

After a new systen has beea inplementel, the work of
th=2 data dictiorary does n>t end. All of the ds3cumentation
that has been recorded 3during the d2vz2lopment 2f the systen
serves as a base of reference for the users »>f the systen,
In addition t> the database administrator ani the adminis-
trator of the dictiomnary, the n2y playsrs 1ia informatioc

rasource natijement who bencfit from the use of a Jdata

dictionary fall into six jroups, asccorlinjy to Allen, Looais,
arnl Manniro: [Ref. 12]

t
5




1. Zke Zata administrator, whd 1s responsible for the
overall administration of ta=z 3ata r23d5urce, uses
the dlctiorary as a tool to enforce th2 wav Jata is
storei, maintained, and monitoreil.

2. Data processing managers oeneflt from the diction-
ary's reports on data usag>a.

3. Operations persona=2l retrieve inforamation Zfror the
dictionary about jobs that are being rua.

4. Programmers and analysts use the Jdictionary to
retrisve lata 3d2finitions apoi t> docuz2at a systea
beirng dsvelopeld.

. End users access the 3Jati 3dictionary <£or descrip-
tiors of their dataviews.

6. TIinaily, auditors will us2 the 1ocumertation
proviled by the data dictiopnary to trace data ard
programs as they are used in tane comput2r systen.

It is the process of implementing a Jata dictionary that
we nave Jjust Jdascrited--the analysis of the ocgarization,
the definition of its functions, ani tha ds:zamentation of
its irnformation systems--that makes the dictionarcry so impor-
taat in information resource manag2mant. fle 11ve seen that
curing the developmernt of an information syste=z, the lata
dictionary 1is involved from th=2 initial plaaning stage,
thcough the programmirng pracess, tarsajh the osparation, ani
into the maintenance of thes systex. The dictionary provides
th2 standards for data which will be used taroughout th=
life of the system and referenc2d whea devaloping other
systems. Key contributions includz d2cr=2asing the amount of
relundancy of Jdata requirel to be stored, enforc-ing security
of the wvaluable data resource throujh access controls ani
imolementatioa of user viaws, ani proviiing iocurmentation
which serves as a "corporate history" and as a reference
upon which maintenance and auditiny are based. These objec-
tives of data dictionary usage are Jiscussed in detail in
the next section.
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B. OBJECTIVES JF A DATA DICTIONARY

’n this szztion we will focus 22 the thre= najor contri-
tutions of tih2 data dGictionary to tn2 zanagesm2at 2£ an orgja-
rization's Jjata,. Trhese are data secarity, 3data integrity,
enl documertation/accountability. Although +se recogomize
that other oecjectives of 3ata Jictionacy usage aigat e
ilzntified, w2 believe that each will fall int> one o0i tuese

three major ngings.

1. Data 3ecurity

There are two listinct l2vels oI secarity oI the

u

data In arn orjanization's Jatavase whiza will be provilsl
either by the data dictionary or by the databiase manageuernt
svsten itself. rirst, procelures should exist to ensure
thkat only authorized personnel are allowed to access the
information contained within the 1atabpase. The widespreal
us2 of cotputars ard the increasiag s>phistication of users
has made an arganization's data vuln2raple t> emtezzlers,
amiteur "hack=ars", corporate spies, and carelass erployzes,
Sezond, the systen shkoull contain pravisions for controlling
the amount and types.of 3ata that ea>h authorized user is
allowed to access within the systen. Some of the sophisti-
cited data dictionaries, far example, inclule a trace mecha-
rism which increases security by racording 2very inguiry
that is made into system files and data. If ao intrusiom is
mils 1into tae system by unauthsrizesd [ecsonnel, the
spacifics of that inquiryvy, incliading tae 1ata which was
accassed, will be recorded.

Metadata should bes affordzl a1t 1least the sane
protectior, Lf oot more, than the data in the datalkase.
Leong-tong anl Plagman [Ra2f. 13] pr=sa=nt an 2xampie of the

importance of the security of metalata as it concerns
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the data resources ir intelligence/zilitary 1opilcations
suck as the :labslflcatlon coiz of thEIlL 2rce JocCi-
rer+ts. Shea security profiles Zor the netalata ertities
ir€ stored in tne metilatibase, aniataoric2] access to
the metadata coulld bc Ti2s5t damagjirng. This is uebauf
dresurmarly 2n2 would Le atle to 136 inrto!' tne systec
using that information.

PYSE
e
f“

‘g
r

It is the task orf tlLe dictionary adzinistrator to analyze
th2 metadata to Jetermine tne levals of security recuire?
ari to jrant access irivilasges (re2ad and writ=s, read ornly,
uplate) to asers for certain portions 0of tai:z metadata.
Irformatiorn about users, ‘thelr password, ard grivilejes is
stored in th2 3ata dictiosnary and Ls accessible oniy to
recsonnel authorized by th2 adoirnistcator.

ke lLave aiready shown in Fijiare 2.3 that subschemas

rn

coatribute to security vy liaiting ta= siz2 of the "window"
through which a databas= uaser 1oo<s 3t iata, When 3 user
attempts to access a particular sibschera, tha request is
roited throujn the data dictionary +to Jesteraine whether
cczss is authorized ani, if s2, the structure of the
subscheza. dnly at this point 1s the "real" Jata in tho

database accessed.
2. Data Intejgrity

-

The k2ys to data integrity ar2 thz zontral of ir

)
"3

3

to the database and the minimizatioa of data duplicatiorn.

w

Properly used, the2se keys will enhaanc2 coamunicition retwceol

Py

users by ersuring that a single, cocrrect source of data is
unaintained.

Because the data ian a Jatabase is sharzd azong nanv
usz2rs, 1t 1is =2ssential to have som2 m2ins of eaforcing stan-
cacrds for entaring data, apdating it, ard maintaining it.
I'>c example, the Jata dictionary ilentifies coastraints, or

lin,tations oa the values data cin have. Fiells can be

Celined as b2ing mandatory or optiosnal, alpaanuzeric or

nuneric, anl a1 ainizuz or wmaxiaunz length. The lata
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Ciztiorary contains comrents on how 33t3 skouall be used in

oclar to assist those using tae data  Iictionacy. another
laportant control featur2 or a 3ata Jicztiornacy 1= ho

deals with synonyas--an 2atity or attribute with wmore than
on2 rane. Faor instaace, the (!
FESICNAL_MANASER, and EXEZZITIVE may all be
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w
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departments in  tnes orgarization to
Th2 administrcator aust stanlardize ta2 taraindlogy usel ia
52 organization and ellalaats as nacy sSynonyns as rpossib.e.

han this is not feasiile, 11! O thess synonyms, o

aliases, nust Lz recerici 1o *he data dictionacy. Van Suvn

{t 1s rot uaasz:il *¢ nsve oiailarc types of 1ata eienents
Ln the Zataoacse  arl 1n various 1ppixcatlons.. In such
cases, anl il CisoS wheCe tihe ide 3ata type Ls known by
pther ranes, tue DS "lata chtlanityé can bPe usel tO
iarforn the 1s5ers  of thl relationsaips that 2xist aaong
these data ind of the jisgosxtz:n 5L theilr asaje. 4
atker woris, tne 27F° [rowviles 1inforzition 13 O Wwhizh
nodules/pro a3 3and systens lse thz sime data type and

Ca
wow tney relateo,

L_u

“he lata ctionary also cZontritutes toy> data intej-
ritr oecause it reduces the necessity for daplication of
data anl therefore lessens the opportunities £or error. 7Ta2
information 2504t the corpdneats of li
the same logical view is stored in th
place of the 1ata itsel:. A user, wh2t i
or creating a nzw 2ntity-type, shd>ull be able to guerv the
data dictionary to ensur2 that the aecessacy cout o

cntities do not already exist withio tae systea. Perhars

ore of the nost important benefits of D2DS [ 1ata Jiction
iries] 1is that because it 3Jives 1iccurats ind tlmel
Lnfornatlon, management can control aor2 2fficieatly not
>nly the autonated ard nmanual data 2I the entorprise tut
1ll7its resourca2s and 3g°ratlors. Zons23uently, zarage-
nent is provid2d  with precise 1 C
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Thus, the possibility of two users guarying ths latabase ani g
recaiving different answers to the sane guestisan at the sanme }
tize is decreased. :
4
3. Documzntatisn/Maintenance

Because miintenance is the most expensive and tine-
coasuming phase of software dJdevelopmant, 3docarentation anid -
maintenance of the organization's lata 1is probably the most T
sijynificant objective of the data 1ictionary. It is a fact -]
of software life that documnantatioa is often avoided during ﬁ
system development and program design. To a large extent, é
this is because documentation can be prepared as an "after- 1
thought"; it is not essential to thes opzratiorn of the ]

system. But when a systen is developed that includes a data
dicztionary from the beginning, the 3ata which is required by é
tha data dictionary forces documentation to bezome an inte- k
gral part of the design. "The us2 of a Jdictionary provides i
documentatioc of a quality and fora that 15 simply rnot .
availabtle through less formalizel proceiures in the data ;
pracessing environaent" [Raf. 16]. ]

The data dictionary can also reduce the amount of
effort requir2d by maintenance persoannel becausa2 it provides ?
"3 'roadmap' for the prograanmer 315inj maintzanance. It }
records the programs being maintaiaed, their data structures )
anl their relationships" [Ref. 17]. N2 have defined an -
active data dictionary as ome in which iaformation is |
; cr2ated, acca2ssel, or modifiel tarough thes 3ata dictionary ;
3 interfaces with n2w or chaaged metadata automatically stored X
L in the data dictionary. This "continudsus maintenance"™ can }
- be used to allow the database admiaistrator to aonitor where 1
;. data is used, who uses it, how oft2n it is us24, and what :
3 chinges have been mnade to 1it. Because the data dictiornary B
provides a wealth of documantation, 1t is possible to trace )
an "audit triail" through the organization's data, <froam user N
‘ :
) 40 ‘
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nanes and department to the kind >f 1ati usel in 3 program

to how marny rescords a certain field appears in. Also,

The trackiny of how projrams/aodales use particular data
3s well as ghich files/52gments contain Certain data 1is
extreuely importarnt to thée systeas analyst in perforaing
syster chanjes. Through the DDS “3ata dictiosnarv?, hé
>C she 1is _3ible to asc2rtain what iapact the proposed
cnanges will have on othar components >f tn2 system and
upon functiosnal areas withit the entarprise. 5"_hdv1n3
in accurate up-to-date assessm2nt of the L:;aélon ana
asage of fata that will Dbe ipvdlvel in the systen
change, the ana;gst can accoomplish ths task “aore
2ffiliently [Ref. 18].

er
1
ot

Once an organization has decidel to mike 2 commit-
ment to maraje its data asing a lata dictionacy, it nust
dezide what kind of data dictionary past sults its partic-
ular needs. In the next sectioan, we will 1lcok at the
features of waat we have =zalled ta=z "id=al Jati 3dictionarv"
as a basis for evaluating the many cozzmerciially available
data dictionary packages from which th2 orjyaanization must

ckoose.

C. THE IDEAL DATA DICTIORNARY

Faving idantified the functions of a data dictionary in
Chapter II and how tkey support tne accompiisanzent of the
objectives just discussed, it will be helpful to use these
cdacepts to 2valuate data dictionariss. Tha "ideal" data
diztiorary woull be one that possasses all ths capabilities
recassary to support all potentiil usars in 111 ©possible
applications. However, this ideal dictionary would be
imo>ossible to conceptualiza, muzh less to creat2. The ideal
data dictiorary for an organization will 3depeni on the orga-
nization's size, functions, and neels. The potential users

of a dictionary will have t> develop 1 set of criteria urpon

which a candidate will be judgel.

oL ..

'

P

®

»._Je




Mary refa2rences provile «criteria for eviluating 2Jata
diztionaries and 1ilentify these characteristics whick are
vital to the nanagjeazgt Sf the dats resource.
Unfortunately, it is difficult to fiad two rz2fcrences that
prapose the sime criteria. One excellent source, Leong-Hcag
anl Plagman “Ref. 19], lists nine zatesjories for eavaluation:

1. data description facility

2. data documentation support

3. metadati generation

. Security support

LV B =

. 1integrity support

. user interface

~N D

. ease >f use

8. resource utilization

S. wvendocr support

It is important to recognize 1 3istinction betwesn two
citegories of criteria for the ideal data dictisnary: those
that evaluate tLe vendor and op2rating enviconaent, and
tho>se that =evaluite the 3data dictioaary itself. In the
focmer category, items like vendor support ani reliability,
th2 choice between free-standing or DBMS-12p=2ndent 3Jata
dictionaries, the degre= of intejration with other systen
coaponents, and the guality of systea documz2ntation are
important consilderations that may drive the decision between
tw> comparabl2 data dictionaries. It is, iowever, the
latter type of criterion that will be wvital in identifica-
tion of the essential r=quirem2nts of th2 ideal data
diztionary. We have grouped all sach regquiream2nts into six
categories: system standard szhema and 2xtensibility,
conmand and zuery languajes, ease J2f use (inclading menus),
security, docamentation ani reports, and application inter-
fazas, (de a2ave assumed that th2 objective 5f lata integ-
rity will be accomplished by the correct, and =aforced, use

c

of any data dictionary.) If a particular dicztionary fully
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. supports each 2f these six criteria then it will most likely

b

! r22t all of the orgarnization's dati minagenment needs.

} )l
g 1. Systen standard schema 1nl Extansibilit ’
The 1ideal data Jdictionary aust provide a systen

standard sch2ma with all the 1lescriptors aecessary to

B, & P

support the range of applications rcejaired by the organiza-

tion whkile still being simple enduga to be conpetitivelv
priced. It nust provide "enough" descriptors to be fully

capable withoaut providing so many that the s:chema becoaes

W .Y S A

confusirg. 3313itionally, the ideil dictionary must support

T p———r—"

the user (cr data dictionary administrator) in modifying
existing schena descriptors and cr2ating new entities, rela-
tionships, aad attributes. This extensibility is vital in
P supporting applications specific to the oJrjanization's ]|

neads.

2. Command and Query Languages

’t The ileal dictionary must provids botn command and »
quary languag2s. Ihe command langiage must suppdrt creation
and modification of data structures aind subsaguent entry oI

data into taose structuras. Tae comaand liarnguage =zust

R, _ ST

*i inczlude edit commands to facilitats addition, 1noiification,
anl deletion of system data. It should include conmmarnds

restricted to use by the data iictionary alministrator,

£t

€.J., passworl assignment. The ideal system will inciude a

quary language to support the analysis and production of

aa s I®

usible information £from the organization's data. Pernaps
one of the most important features of 1 data di-tiorary (and

—a

database), guery languajes allow data to bes screened in

P orler to provide concise and specific information to support

A .

tinely management decisioas.
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[ 3. Zase 2f Usz2 -
F‘ Ease 2f use, or user-frieniliness, 1s azother iajorc- 4
{ taat aspect >f the 1deal Jata dictionary. It must ke {
} supportive of =new users while still o»oroviding Zull fainc- )
{ tijonal support of the systean "experts". TwWwO primary ingre-

ii diants of usa2r-frierdliness are the availability oI mernuas 4
{ and carefually conceived examples in the 1ictiosnary's reler- %
[ ec>-2 manuals. A hierarchy of menus cia reduce zomplex oper- *
F ations to a s=2ries of smialler, friesnlli=sr st2ps while user

} docunmentatior provides easy-to-uaderstand z2xamples tnat p
Le Y

guide the irnsixperienced user throijh =23ach phise of systen
oparatior. As microcoapatars and the concept of the auto-
mated office continue to spreaid, 2as2 of use will become an

evan more important consideration in Jecilding waich softwarce

A4

! products to utilize.

4. Security

Security will be a2 vital concern of tae ideal data

- dictionary. Protection and control of syst2a information :
E must be provided. The data dictioaacy adainistrator must be }
{ pcovided the ~capability to control pesrsonn2l access ¢to ;
b system data. de or she must also be anle to grant different é
- degrees of access to different users. Similarly,  users 1
should have the <capabilitiss to protect, anl Jrant access :
§ to, those structures and data which tiasy control. ;
o 5. Documsntation and 2eports é
- The d>cumantation and regdycts created by the ijeal |
E data dictionrary must also be <clear and unierstandable. b
r. Timely anil accurate prepacration of ra2ports is a key objec- J
{ tive of any J3MS. The data dictiozrary is unigi=2ly gualified ]
to assist with this function. By ensuring th2 integrity of
data accessed and supportiajy juery coazands, the ideal data
. :
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dictionary can provicde reports anl docuaentation to answer

spacific cguestions as they arise.

6. Applization Interfaces

SSlomasie ENSa=SsS=acoo

The final important characteristic of tae ideal data
dictionary is its ability to interfaz2 with th2 othasr appli-
catiors that may exist in the orjanization. If the lata
dictionary is fre=-standinjy, it should ipterface wita many
of the currently available Jatabase management systenms. I:
DB1S-dependent, the dictionary saoulil 1irnterfaces witn all
conponents of that systean. Adljitionally, th2 1djeal data
dictionary <chould interface with code jJjenerators, coumurica-
tisn systems, and other agents of the us2rs' =2avironment.

Ir th2 following chapter, vse w#ill stuldy and evaluate
foar of the popular data dictionmaries that are «currently
available. He will use these <chiractaristics of the ijeal
data dictiorary that we have defin=2d to compare and contrast
th2 features 2f the four Jictionaries. In adiition, =each
will be compared to "stapiarc" dictionacy preszited in the
FI?2S DDS.
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V. EVALUATION OF COMMERCIAL DATA DICTIJONARIES

The purposs of this chapter is t> review and evaluate a

crass-section of <commerzial data dictionary packaces. Ve
selected four dictionaries: DATA DESIGNER, OJAaTAMANAGES,
ORACLE, and DATALCICTIONARY. User documentation and likrary

soarces were the primary sourzces of information for ouir
evaluation. Adiitionally, ORACLE ~as availabl2 on the Naval
Postgraduate School's Vax minicoaputar, anl we observa?l
denonstrations of DATA DESIGNER and DATADICIIJONARY.

A. DATA DESISNER

DATA DESISNEER is a fr2e-standing data dictionary devel-
opad Ly Databise Design, Inc. [t #4as introduceld in 1675
with tre goal of supporting 1lojyical database design ov
solving some of the traditional proolems issdciated with
maliple-applization databiase manajement systa2as, suchk as
dunlication of 3ata, excessive storiaje reguir2ments, data
consisterncy, coaplexity, and modifiability. JATA DESIGHNZE
caax te wused in cornjunction with a variety of database
managemernt systems, including IMS, IDYS, ADABAS, NO4AD, and
others. Additionally, it can produce designs that will
irterface with CZCBOL and other non-DBY5 tools 2r systens.

DATA DESIGNEEF can be characterized as an

iutomated, easy-to-use tool that assists the database
designer in fotmulating normalized viaws_ of the data
requirements aud syntnesizes these views intd> a cangn-
tcal aormalized form. . . . DOAIA DESIGNE®? maintains
information neeled to physically structure taiz Jatabase
for efficient performance [Ref. 2J1].

In alddition to providing the staadard functioas of a Jata

dictionary, J4TA DESIGNER goes saveral steps beyond. It
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provides an 2vtensive set 2f «connaals catejoslized Aas iser
coamands, edit commands, and plottinj; comaands, i3 showh in
Tasle 1. It also supports limited producztion 5f models ani
graphics. Furthermore, DATA DESIGNER'S capabilitias iacluale
powerful genecation options and rceport featurzs that will

support the desigan and maintenanc2 of appilczations.

— e O
TABLE 1
Standard Zomamands of J)ATA DESIGNER
User Comaanlds
ADD BATCH BUILD
copry CBEATE ExprY
END FILES GENERATE
HELP HIERARCHY PLOT
PRINT RENAME REPORT
SHOW 0OPTIONS TRANSFER VALIDATE
Edit Commanis
DELETE EDIT INSERT
LIST RENUMBER REPLACE
Plotting Commaads
DRAW DONE RETURY
SET ALT SEP CDEVICE SET RANGE
SET TITLE SET TYPE SHOW
L — e o —— . . o —— — A . ————————— o . o o o o —t o o 3

DATA DESISNER supports logical database design through a
five-step prozess:
1. A datai dictionary file is <created tuat contains a
list 5f all standard data itex nimes t2 te used.
2. Subscaema files are created that describe all of the

views neca2ssary to support us2r Jata ra2;uirements.
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3. The eacodel  user views are valilatel. This ctegp
verifies the syntizx of each wview anl ensures that
each Jata item nan2 listed in a view 15 in the data
dictionary.

4. All of the verified user vieds are synthesized into
a 1logical data moiel. Reports aui liagraas are
generated to> reflect this noial.

5. The md>del is -evaluated to ensur2 that 1t meets all
user reguirepents and is modified as recessary by
repeating steps (1) througa (4.

DATA DESIGNER utilizes three kinds of files: dictiornary
files, subschema files, and generatel dessijan files. A
dictionary file ($DIC) <contains a list of all 3ata elements
that will be us2d in an application or subschsna. This list
szrves as a base for further development, e.J., additiornal
vizaws. A subschema file ($SUB) contains data items and
relationskips pertaining to particular viaws. Finally, the
generated design file (3CE3S) contains a logical data model
geaerated by DATA DESIGNER using the applicaole dictionary
and subschema files as inopat. The j2neratel i=2sign files,
in turn, serve 3s the input for th2 report and graphics
functions.

Key cormands utilized 3Juring the creation of a logical

datatase design include thz following:

CREATE--3lefines dictionary anl sibschema files.
BUILD--enters data itam names into createl files.

VALIDATE~--corpares_th2 subscha2ma filass to> the
dictionary file.

GENERATE--creates_a 1logical D3 Jd=2sija fron the
validated files.

REPORT--preEires.design documantation for the
lojical 3esign.

PLOT--uses the plotting subsystea to draw tae
logicil J=251ign.

EDIT--supports modifization of 2xisting filss when
necessary.
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Ir order t> acjuaint the reader with thes operation of
DATA DESIGHNEE, we will J=2monstrite tha 3Ii1ialoj associatel
witn each step 0f the procass necassary to crzite our Naval
Postgraduate School database example of Chaptar II. The
user of DATA DESIGNER amust first create the 1ictiorary file
STIDENT.DIC and the subsch2ma <£il2 SIJIDENT.SU3 (user inputs

ar2 indicated by boldface type) as follows:

DCREATE STUDENT.DIC DICTIONARY
DDFC0101I Fil= "STUDENT.DJICY of type "3DICZ" created.
D>CREATE STODENT.SUB SUBSCHEMA
DDFC0203I Fila "STUDENT.SUB" Of type "3FSUB" created.

Yext, the BJUILD command is used to loaj 1ata iteus into the
two created files. First all possible data itzns are listed

in the dictionary file:

>BUILD STUDENT. DIC ]
DDBS0065I The file type is $DIZ. .
DDBS0018I There are nd records in the file.
B>NANME
B>SSH
B>SERVICE
B>RANK
B>DONE _ o .
DDBSQQ64T File building is don2.
DDBSQ068I 4 racords wefe enterad ) ) )
DDRNOO98I Lime 1100 is now tha last lin= ia your fils=.

Th2 subschera file will support crzsation of on2 or more user
viaws, In our example, the susscnemia file <contains two
viaws, the basic, overall view and the view intended Zor
Aray use only. lotice thit after the user entars the BUILD
process, each line must start witi a modeling code. These
coles are usel to identify components and to establish rela-
tionships within the views. %h2n ouiliing the subschena
files, all desired relationships aust be specifically
stited. DATA DESIGNER uses "1" to sp2zifv 3 one-to-one
relationship and "M" for a one-to-nany relationship. :
conplete list of the moda2ling coles wused in this exzaaple

appears in Table 2.
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>BUILD STUDENT. SUB .
DDBSQO075I The file type is $SU3. )
. DDESQO081I Taere are nd records in tha fil=s.
3 B>V ,STU-1
‘! R I I I T T T I T ™™
. * THIS VIEW SUPPCFTS THE OVERALL VIEW L
\ Aok i dokkhk kdodok kkokkk kA ko kkkk ko Xk ko kkkkk X
: B>F,0100
B>7,0003
B>K,SSN
B>1,NAME
B>1,SERVICE
B>1,RANK
B>V.STU-ARNY
A A R Il LT ™™
* THIS VIEW SUPPORTS THE ARMY VERSION  *
ARk AR kKRR KAk kR Rk Ak xRk kR Rk kR ke kR XK R R KR &
B>F,0125
B>T,0002
B>K,SSN
B>1,NAME
B>1,RANK
A B I
B>DORE . . . .
DDBS0064I File building is donz2.
DDBS0068I 13 records ware enterei

T T s T - == 1
TABLE 2
DATA DESIGNER Modeling Coles
Colde Moleling Use
v Name 3 user view
F Specify fregu2ncy of use.
T Specify regq¥3l response tin2
K Name 13 kez
c Concatenate k2ys and iata
S Concatenate keys 1n short way
L Label a data *rpaf ' ,
[ y| Identify a muftxp e associaition
{ 1 Identify a sin3gl2 association
! N Name an associition
° % Insert conmments
r
o e o e e e e e e e e e e e e e e e e e e . —— — = — — — ————— —— e s e e -t ot §
5
}. Cnce the dictiorary anl subschema files are formatted,

f thhe VALIDATE command 1s us23d to ensur2 that all entries an?
relationships in the subschema fila2s ire valil based on the

information previously spacified in tha dictionary file.
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DATA DESIGNER will vrespaond wita the nunber of views
pracessed, th2 number of lines real, arnd the rnusnber of wvali-

dation errors, i1f any, that were locatal:

>DVALIDATE STODENT.SUB STOUDENT.DIC
DDVS0013I Validation bagins.

DDVS0024I 2 Views were processz23.

DDVS0025I 13 lines wer2 read.

DDVS0015I 0 validation errors wers Jestectai.

Onz2 the fila2s are successfully wvalidated, th2 user w#will
utilize the subschemas to generate a loagical database design
for his or her application.

The ten GENEEATE options from waich the us2r can choose
ar2 powerful features that allow tne user to control the way
thit DATA DESIGNER produces a design and suppdorts reguests
for varying degrees of information during the generation
process. If the SENERATE command is called witaout options,
CATA DESIGNER will <create a desiga that removes all redun-
daat data el2ments, generates intersaction iita groups as
necessary to resolve many-to-many relatioaships, suppresses
repeating data elemernts within dati groups, gea=rates sircgle
key cdata groups from concaterated kays, and considers all
fra2gjuency and timing inrformation that wis contained irn the
subschema filzs. In all cases, th2 end pcoduct of thLe
GEVEEATZ cormiand will be creation of 1 $DES (file, 1mn thic
cise, STUDENTI.DES. The factory user's guide recommends that
options 4, 5, 5, 9, 2nd 10 te us2d when J2nsrating the
initial desiga or after nmajor revisions to th2 input files.
A brief description of each ja2n2rate optiom 1is showr in
Table 3. Continuing with our stulent databas= exarmple, the

will be

E OPTION 8 5 6 9 10 T) STUDENT.DESLGN
Eé?éﬁtéiﬁiéit%??ebﬁilgiaoaur.;us

£198 5 gdnafsfed™i3Elilia keT Thrormation.
Lon 6 Jenerates canlidats key inforaatior.
tion 9 Generates cross-referenze iafo.

tion 1) ijnores fra2qguancy anpd tininy 1nfo.
sign generation has finished.

usar!

[®]

oISlelelvlwlolel
ODDOODDOUVUV ®0
212121212 131212 )
it o
OOOOOOOOE |-
SLWWNINO O &
NOOODmaNWED
U = SN
AP AR ()
COOUVOUN
"halsnlsalzolio]
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TABLE 3
DATA DESIGNER Generite Jptions

Option Purpose

ress generatilly invecssa

r

nerates cross-retferencs
poress frejuency/tiaiag

nerate unspecified associatilons.
ppress resdlving r23unlant 3data.
prress creatirnyg interssac
p
n

erate forz2ign Xey information.

llow repeating data 1t=2s in Jroavos.
appress genarating single «<ey” yrours.
e

d

.= T

tion files.
iinks.

information.
information.

At this point, the logical dataoase 3
wha2n using the options spacified ia tae

reports will be automatically g2necatei.

2sign 1s cocpleted.
exacplz, a series of

A4 list of rerports

crzated is coataianmed in Table 4. To

the user's dialog will simply be

TABLE 4
Reports Available with DATA
Report Type

1 Data 3roug links Report
2 Canonlical Schema Report
3 Data Sroup Iadex Report
4 Yultiple Occurences >f Dat
5 Data Relation Eeport
€ Data Group Candiates KXeys
7 Data Item tc User Viaw Ccoss-Refarance
8 User View to Data Group ’r
9 Data Sroup to User View Cr

DESIGNER

a Items.
Report

oss-Peference
oss-Refzarence

print these reports,

R N . S S S

i

A
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2 3 4 56 7 8 9 PRINTER PROM STUDENT.DESIGN

>REPORT 1 ]
00731 The reports were priantzsi.

DDP 2
As a finil aid in evaluation of the logical database
design, DATA DESIGNER 1is capable of proluciny diagranos of
(1) an overvisw of the logical datibase design ard/or (2) a
hisrarchtical representation of that lojical lesign. To
produce the l>gical overviaw diagram, the following dialog

is reguired:

>PLOT

DDPT028¢I DATA DESIGNER Print Plot Relz2ase 2.52

P>SET TYPE OVERVIEW

P>SET TITLE LOGICAL-DESIGN

P>DRAW FR0M STUDENT.DESIGN L .
DDFSQ310I Design STUDENI.DESIGY's lescription loaded.
DDNX0271I The Overview plot generation is 1one.

P>RETURN

P>END

After using the printed reports and diagjramss to zvaluate the
database design, the user w#ill, i1f satisfied, tcanscribe the
d2sign into a specific DB¥S format, siacn as ADABAS, or use
DATA DESIGNE&'s EDIT capabilities to revise tie Zesica as
necessary.

As discussed in Chaptzc IV, data dictionaries carn be
eviluated on the basis of thrheir 2:cooplishment of security,
integrity, anl documentatiosn/maict2naace. DATA DESIGNER, as
a free-standiag data dictiomary tumiat z-imn be us2] in conijanc-
tion with & viriety of DBAS and won-J34S syst=21s, dJoes not
aliress the security aspact. It was appacrently desigyred
with the assumption that the parsnt systza with which DATA
DESIGNER int2racts will handle access contral and ottler
security-related functions.

DATA DESISNEE does, however, raceive hija marks for
maintairning Jd2ta integrity and for the juality of its docu-
m=2atation. 3ecause it is designel to support the develop-
peat of logical datalbase designs, it atilizes its dictionarvw
files to ensure that duplication >f data is preventel

hrough gereration of <cross-refareace files. when 1

supschena 1s mcidified, DATA DESISGUER 31u3ain utilizes 1its
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cata descriptions

4 »,
_ dictionary files in the subseguent da2sign gernacatiors. The

5' PLOT and PREPIRT functions provide 3 wealth »of£ information B

‘ ab>ut the 3esign, its <comrpomnents, and all users of the »

1 sudschemas. Relationships, ftotk those inclulel by the user 1
anl those produced by DATA DESIGNER, <can be s221 in written

reports and visual representatinons. dhen modificatons and 1

re+4 designs are produced, the —reports are automatically ‘

upiated to reflect all changes. ?

8

B. MSP DATAMANAGER ]

DATAMANAGEE, develop2d by M5P, INC. oE Lexington, .
Massachusetts, is one member of the MANASER family of

diztionarv-oriectasd software products. Jthar products :

>‘ in-iude DESIGYMANAGER, PRJOJECTMANAGER, SOURCEYANAGER, and .-

: TESTMANAGER. The ertire line of products, while capable of ]
- batch operations, is designed specifically to support inter-
% active operations with I8M 360/370/30xx/430)0 series (and

}‘ plug compatibie)} <computers. While DATAMANAGEI is designed »
E as a rucleus £5r furtker -expansion or specialization, it
i pravides alil basic capabilites necessary to cr2ate and main-
! tain user dictionaries, Additional capabtilitas, availatle

‘ as a series of extra-cost, add-on 1odules, inclade: »

1. interfaces to IDMS, ADABAS, I%S, IOTAL, SYSTEM 2000, k

and othesr DBMS 1

: 2. teleprocessing intarfaces L

t' 3. generition of COBJL, PL/I, or other so>uarce language :

- 3

3 .

4. generation of DATAMANAGER 1ata definitions froa

' e

ﬁ existing COBOL or PL/I source code
5. interfacing of a DATAMANAGER dictionary to user-
written programs

6. status, audit, and security facilities "9

7. extensibility through a usar-defined syntax facility

Py




DATAMANAGER carn provides data dictionary capabilities to
usars utilizing a variety of hardware/software -combinatiors.
By providing interface modules for saveral popilar database

management systems, DATAMANAGER is obviously nore flexible

than one that is tied to a single, distinct database systenm.
However, DATAYMANAGER's flexibility 2xtends beyond the

obvious:

W)

DATAMANAGER is intended for use in any organization ia
which there is a computerized Jaita prdocessinj_function.
Its use, howevar 1s not confiized to those 2lements of )
Jata that are heid in computer filas or that are_actead b
upon by computerized systens.. Dafinitions of_ all data :
keld and used by an orjamization, in its manial systeas

3s well as its’ computerized oncs, can be _held ' in a

DATANANAGER Jdata diclonary. DATAMANASER is _designed to

be used both with traditioral files, powerfal database
systems, and in a mixed enviroanamant. Os2 2f the Jata
dictionary remains independent >f the databiase manage-
1ent system, @ althouqh further adi-on facilities enable
DATAMANAGER data definitions to  be generateld directly
from the 3database data description langiije source
coding. [Ref. 21]

. J

The architecture, or structure, 2f the DATAYANAGER data
diztionary is composed of four (or five) data files, called »
data sets in the user docuaentation. 1

The sourcse data set <contains th=2 33ata 1=2finitions as 3

originally input into the system by the usa2r. aten the user
modifies or appends changes, the Jata definitions are auto-

AW

matically updated within the file.

, The data entries dati set contains all encoded data
r definitions ga2nerated by DATAMANASER after eviluating the .
t contents of the source data set. Data definitions are q
encoded to reduce the time regaic=231 for DATAMANAGER to

pracess the information within the data dictionary. During

this encodiny process, relationships, aliases, and classifi-

¥ v v v

cations are also identifiei.

The index data set is an autonated index containing the

(e amn 4

nanze and address of each 2ntity Jdefinition that is in the
source data or data entries 3data sets. The inlex data set

Ty 7.
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serves as a Jlata directory to support the fastast possible
retrieval of 2ntity édefinitions and associated iata.

The error recovery data set is used by th2 system as 3
tenporary backup storage file. Phis capability was imple-
meated to increase reliability by proviiing £for automatic
recovery of the dictionary contents 1in the cas2 of external
interruption or other system failur2 3Juring 1 dictionary
uplate.

The log 1ata set 1is an optional <capability that is
highly recoma=nded by %SP. All uwpdatingy comranis, associ-
at=d data definitions, and amendmants are logged into that
file as they occur. Entrias inclule command ilsntification,
full date, time, user, and statas of all physical input/
output accessas. Additionally, the 3lata administrator has
th2 option of specifying that all conaiands dicected to the
data dictionary be logged. #hea combined with other system
bazkup facilitizs, this allows DATAMANAGERE to be "rolled"®
focward from the last backup point 1in case full recovery is
ever reguired.

DATAMANAGER is a powerful systam that utilizes a series
of interactive commands to <create, 1saintain, and document
data dictionary contents. Thes2 staniard commands are
listed in Table 5. TCATAMANAGER provides a3 preldzfined series
of standard entity-types, relationship-types, a3ad attribute-

types thkat fora the systam stanlard schema. These are
listed in Table 6. As shown in Tabl2 6, DATAMANAGER uses
only six entity-types 1ian the standard scha2ma. Those

elz2ments exist within the system as members 2f a logical
Lizrarchy as shown in Figure 5.1. discussion in the user
dozumentation reva2als that DATAMANAGER strivas to provide
tte capability to maintain all system 3ata whil2 maintaining

ease and sirplicity of logical 2esign.
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PABLE 5
DATAMANAGER Standari Coamands

ADD ALS0 ALTER

AUTHIRITY BULK COPY

DICTIONARY DCES DROP

ENCOJDE ENDDME FORMAT

JLOSSARY INSERT REEP

LIST MIDIFY PERFORY

PRINT PRIOTECT EEMOVE

REVNAYE REPLACE REPORT

SHOW STATUS AHHAT

WHICH WHI WHOSE
L — - -— - — —_——— —
e ———————— e -_— - —

TABLE 6

DATAMANAGER Standard Schema Descriptocs

PROCESS ENTITY-TYPES
MJODULE PROGRAM SYSTEY
DATA ENTITY-TYPES
FILE SROUP ITEM
RELATIONSHIP-TYPES
SEE
ATTRIBUTE-TYPES
ACCESS-AUTHORITY

A
S c
ENT D
CTIVE-DATA g
S

=zmO e
QOmor
rar3rmg X
oo e 3o

<

A conplete specification of tha 3ata resource of _ an
drganization reguires the definition of the characteris-
tiCs and of the interrelationships_ of iata, and of the
contexts in which the data _is used.  Accorlingly, the
design of DATAMANAGER provides for a hisrarcay of memter
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, @
: types, within which it is_ possible to dascrite all j
g elements anl assemblages of data and the prozsssess _that )
‘ ict on the lata, The nuaber of nembar types lefined Zor ]
: the_basic hierarchy has been kept as small 3s possitle 4
r‘ shile meeting these reguirements. [Ref. 22] i
3
a
= — e - - - —— ]
....................... "
I SYSTEHM ] N
IS S J
| {
, PRIGRAM l q
{
SR D
‘ MODOLE | "
| |
. DATABASE .
| |
l FILE ‘
GROUP 1
L Y |
ITENM i
LI |
b e o o e e e e e J—— - —_——— —

L Figure 5.1 DATAMANAGER's Hiecarchy of Entity-types
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At the lowest level, an ITEM is a fundamertil elezernt of
data, the smallest unit witnin TCATATANAGER. A GEOUP is a
collection of items or othar groups. The thirl entity-type,
th2 FILZ, <caa either be implemented as a traditioral £file
orjanrization (a collection of data Jjroups, 1inlzpenient >f 3
DBMS), or as the equivalent assd>ciatioan of Jata within a
database. If DATAMANAGER is used with a database, another
entity-type, DATABASE, will be proviis] witis the database
interface modale, e.yg., ADABAS, that is selected. The new
meanber, in this case, ADABAS-DATA3ASE, will either replace
th2 FILE elz2npent within the hiacacchy, oCc Ccoexist by
r251ding betw2en the FILE and ¥JDULE =zlsmants. A MODOULE is
a collection of 3data that ircludes descriptions of a data-
base (if used), FILEs, GROJPs, and/or ITEYs. l'he module is
th2 lowest unit that can directly or indirectly manipulate
data, and is a3 subdivision of a PRDGRAM. The PRCGRAM 1is
defined in teras of collections of wmodjula2s arnd those
processes that input or output data to/from the system, A
pragran is exacutaible. A SYSTEM 1is the high=sst element cf
th=2 DATAUANASZIR hierarchy and «coctains all subordinate data
declarations.

While DPATAMANAGER stra2sses simplicity 1in the logical
design of the system standacrd sch2ma, it can oe configured
to be highly 2xtensible. An add-on a>3ule, the User Defined
Syatax Facility (UDSF), is requirel to support user declara-
tion of schema descriptors. If presernt, this facility
provides several unique capabilitiss. First, in addition to
allowing the 1ser to define2 his or her own entity-types, the
module allows the data administrator ts> iasert >ne (or more)

of three staniard sets of 2xtendel entity-typ2s. These sets

ar2:
1. The fxtenled Data Processing Structurs (EDRS) which
proviles additional entity-types fraguently usel

witlhin the data processiag envirotemaut. These

incluile PROCZEDURE, SUBROUTINE, ani DATASELT.
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2. The Structurel Agalysis structure (SA3) wkich
proviies entity-types frejueatly used when
condusting structured design. These include
SUBPROCESS and DATASTRUZTURE.

3. The Structurel Developaeat Structure (SD3) which

strivas to provii2 all 2ntity-types a1ecessary to
satisfy the requirements >f the majority of poten-
tial users. This collectiasn o2f entity-types include
all those found in the EDPS aal S&S subsets.
Sa2cond, thea UDSF modale supports wuser 2efinition of
attribute-types related to> both system standacd and user-

created entity-types. Three Jistinct Zitegories cf
attribute-types are recagnized within DATAMAVAGER. These
are:

1. Global (coumon) attribute-types which #ill apply to
all 2ntity-types within the strusture, €. 3.,
SECURITY-CODE.

2. Generic attribute-types which can be 3ijed to those
of a specific standard eatity-type, £for exanple,
FILE. Whenever 3 user Jdefined entity-type is
created that uses the standar] sntity-type's format
as a 2ase, the generic attribute-types of the stan-
dard 2ntity-type will be pass2i into ta2 new entity-
type.

tailor aa entity-type to satisfy ta2 particular
requiremeats of that organization.
Finally, the UDSF module supports user 1=2finition of
ralationship-types in both forward anmd backward directiors.
This enables DATAMANAGER to support the tarz2e (or four)
relationship mappings we have previously described.

Once DATAMANASER is i1ustalled >n tae compntar, two major

sta2ps must be conducted before information zan be eantered in

the data dictionary. First, an 2apty data dictionary must
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be deficed using CZorntrollar coamaads (restrictad to use by
th2 data alainistrator), DICTIONARY, 31l AUTHOFITY.
Briefly, th2 dictionary nust be <created and operned,
authority levasls aust be lefined, 113 potentiil users nist
be identified. As the second major implead2atatiorn step,
menter entity-typas, both standard and user-creited, nust be
be defined. Every session with DATAMANASER is conducted as
a "run", in which a series of systa2m comzands, specified by
the user, are carried out. Every session must initiate with
th2 commands JDXIZTIONARY and AUTHORITY. After rceview of the
user documentation, this process will probably seem diffi-
cult and confusing to most users, aven to those who have
wocked with other data dictioniriss. DATAMANAGER 1is,
however, an iapressive, powerful packige in thk2 hards of an
experienced user. Cur sample datibasz2, STUDENT, would bhe
entered as a FILZ (or DATABASE, if implenented). The format
for an indivilual student's record becoaes a 5%)JJP, in which
each data element, e.yg., servic2, S5SN, etc., becomes an
ITEM. The structure of our exaampla, after implamentation in
DATAMANAGER, w~would appear as shown in Fijure 5.2.
DATAMANAGER aggressivaly supports each »>f the three
objectives of data dictiornary usije: Jata integrity,
security, and maintenance/documentation. It 2nforces 3ata
integrity tkrough its hiararchical structurs of  entity-
types, predefined standard schema reiationships, iderntifica-
tion of aliases, and automatic update procelures. Systen
definitions 1ard zrror-chezking are ased to validate the
structural "correctness" of each eatity, relationship, and
attribute as it is created or Jdefin21i. Once the FILE or
DATABASE is dz2fined, DATAMANAGER mdonitors input of data into
system structures by comparicg the input to thz appropriate
TTEM's characteristics. Zach of the ¥SP products, incluiing
tn2 DBEMS interfaces, displays evildence that Y5P recogrizes
th2 importarce of Jata integrity as a1 vital link to effi-

cisnt and dependable contral of data.
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270205 PEJDUCE STUDENT LAYCOTS,

00206 PRINT SIVING OESCRIPTIONS.

Sk kk Ak kR kR ko ko ke k kk ke ko ko ok Rk kR kR ok kK kk ok
* DESCREIOPTION OF STIDEUT ¥
kb ko kR Rk ko Rk kR ok k ke ko ke k ko kokk Rk
* LEVEL NAME LEN TYPE REMARKS %
Hokhkok bk hk Mk ke ok kR Rk kb k bk ka Rk kK k ko k k&
: 1 STUODENT 069 3RO0P STUDENT :
Mok kR okt kA Rk kR ok kR kR Rk Rk ke k kA ke kb A Xk kk &%k
: 2 STUDENT-NAME 050 C1AR 50 DIS/ALPH-NIM :
Eok kR kk ko ko ok ok kok ok k ko ko kxR ke xRk Rk ok kR k%
* 2 STUDENT-SSN oM CiAR 3 NgM, /M, *
% 2 NUM /v _4 NJM =*
Ak kR Rk KRR A KAtk Rk Rk Rk ko ko kR kR Ckk k& kK kX &k
: 2 STUDENT-SFERY 005 CHAR J5 DIG/ALPH-NUM :
kb ke kR kkdok ek kR Rk KRR Kk Rk ok ok ko okk ok kk
: 2 STUDENT-RANK 003 C1AR } Cge?,"—", :

%

L
Tk ok ke ke ko k ko kA kR ko ko & ok kakkk kX

Figure 5.2 STODENT example in DATAMANAGER Structure

The DATAMANAGER nucleus proviles secarity by inclusion
of one type of security «zechanism, password cortrol. The
Coatroller, or dictionary administrcator, 1ast assign a
unijue password to each authorizad aser. £ach user ani
password combination must be ra2yistered withiro the
dictionary. DATAMANAGE will reject any comrand session
which does not «commence with an AJTHIRITY <conxnand followel
bty arn authorizeil passwori.

Several alditional security m2chanisas caa be provided
by including the Audit and Security Facility 1odule in the
system implemantation. First, th=2 Cloatrolla2r jains the
capability 2f r23isterianj general aand specific security
levels within the dictionary. Each usasr may be assigned a
general security level in addition t> the unijue password
pcaviously assigna2d. Within the syst=2a, the Cortroller will

assiyn a spa2cific Tnsertiosn Security Level and a specific
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Protection Szzurity Llevel. A user Wwnose general level is
lower than tae specific iasertior 1l2v2]l 1s not allowel to
insert, modify, or delate iaforaation withirn the data
éictionary. This proviles the cipavility to assign "real
onilv" access. A user whose ygeneril iavel 1s lower tuaarn *he
sp2cific protection leval, or on2 who 3525 not have a
general security level assigned, 15 not 2llowed to estaklisn
protection for system membars, or lata structuras.

Second, users who do have a geieral sacurity level ejual
t> or higher than the spezific protection lev2l may use tae
PROTECT command to assign protection to specific menbers irn
thia form of AZTESS, ALTER, and REMIOVE s2curity lLevels. Thls
capability allows key usesrs to coatrol, or even prohibit,
access to those structures that thay own. Any member wnich
is not owned but does reguire secarity zan b2 assigned the
s21e three control levels by the dictionary adainistrator.

Finally, the Audit module proviies the =capability to
pcoduce over 53) 1ifferent audit reports, wusingy information
contained within DATAMANAGER. The majority of these reports
ars reserved for use of the dictiosnary administrator alomne.
This includes the capability of 1d33injy all coanmands issueid
to the system. Tais "trace" mechaaism increases security by
pcoviding a record of all entries, or attempt21 entries, to
the systen.

The last significant objectivae of 1 3ata dictionary aust
Le to support maintenance and docimentation of the informa-
tion contained within the information systen. DATAMANAGER
provides a sa2t of commands unique to> the maintenance func-
tio>n. A listing of these is shown as Table 7. Mainterance
can be supported during botn interictive and bat:-h sessions.
A serles of zuery ané reposct comamiands are provided with the
nuzleus moduls to support wusage studi=s, @naintenance, and
documentations. These coanands are listed in Trable 3. The

REPORT, PRIMT, anl GLOSSARY commanls provids 3 jrezat decal of
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TABLE 7
DATAMANAGER Maintenaace Coanands

INSZRT MODIFY ENZODE
REPLACE BULK ENCODE copy
ADD RENAME ALTER
REMOVE KEEP DROP
ALSD KEEP PERFOER M
L — . — . e A - e 2 il S . . S e i e - p—
_____ - —_— - - —
TABLE 8
DATAMANAGER Ra2port/Query Commands
Report Conmands
PRINT BULK REPORT LIST
SWITZH REPORT SKID
GLOSSARY SPACE BULK PRINT
TEXT
Query Commards
WHAT WHD WHICH
WHOSE DOES SHOW
-— o e ot e . — ———————— — . > ot -t e . e

informatiorn to the dictionary adminsistrator and other
designated users. When system data is 3o0difi=2i, the query
anl report commanis can be wused t> provilde updited documen-
taction and records.

One additional [CATAMANAGER capability wacrcants mention
with respect to maintenanc2 and 3dscupa2ntation. One svsten
entity-type which has not beern discuss=2d and doa2s not reside
in the hierarchy shown earlier is the CZOMMAND-SIREAM entity-
type. This structure is a unigie feature »>f DATAMANAGER
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that allows graviously stored szries of coarands to be
exacuted by usirg the PEPFI2! connani, The us2 of specifi:c
CO4MAND-STEEAMsS <can ke compared to the subroutires of a
general programaing lanugaje. Whila th2 COMMAND-STKEZIAM can
be used ir wmacy ways within DATAMANAGER, it becomes esge-
ciilly usetnvl during generation of raports and docuzentation
durirg raintenancs sessiors, A 7?subroutine" can lLe speci-
fied that «ill produce all standard reports; wha2n systen
information is updated, thz2 applicable reports are produced
by one simple P2ERFORM command at the ernd of ta2 mainterarce

session.

C. ADR DATADICTIONARY

DATADICTIONARY is ore 3f fourteen separate, but highly

integratec, software products producel by Applied Data
Fasearck, 1Inz (ADR). Iai+ially introduced in 1578, the
integrated systea, R2lational Information Yaragement
Envirorment (RI%E), 1s coasiderel t>2 be on=2 2f the first

trae examplcs of the fourth generatiosa of systeas software.

Three <conditiors are c2rtain in thz 198)s....Yirst
applications packages. will not neet the neel for nmos
apgllcatluns hat will be computeriz2i. Secoal, svrsteas
software gfroducts that iaproved productivity, reduced
appiication costs_and increased acZcessibility to :nfoc-
nation in the 1370s will be weven more valuible in the
198Q0¢<. And third, existing agplx;ations will not be
ceadilv rewrittan or replacedan 7#1ll have to be mairn-
tained for many years....The success or failure oi many
drganizations 1a th2 1330s will depeni oo how wffec-
tively +they_ improve anrd Lptsagrate Jata prozessing in
their operations. This 1is pattx;ularlg critical® for
>rganizitions that have beer tralitional data prosessing
users over the last 20 y2ars anc have wdorked 4ith secon
and third aeneratlon miainframe airdware 311 so.itware
systems. [Ref. ]

Prior to analyzing ADR's Jdata dictionacy, it is iamportant t»
raview briefly th2 objectives of fourth jJereration software

anl integratel systems and to provide an overviaw of RINT.
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1 generation providsi prizarily assenrdly langiaje
programs. The second geaeration's Jifts centered arouni
developrmnent of high-level languaj2s and improved o
systers. Humzrous advaccas surfaced lariag the third jcener-
ation, <.5., latabase managsnent systa2as, data iictionaries,
structurel yprogramming technigues, early efforts at decision
support syst=21s, aad program generators. During the fourtk
generation, it is anpticipated that advances will occur in
three primary areas: very high-level languages, relational
datatase ntarnajgement sSystens, and ta= automatad office or
integyrateld information center. In th2 latter, all automated
functions, including data processing, word procassing, data-
base and file management, Jecision support, proajram cdevelop-
ment and maintenance, and commuanizations, “ill be combineld
into one "total" systen. This co2ald, ia theory, be accom-
plisked by one giant program, or, 1ia the zas2 of ADK anil
othéer vendors, 1s 1 seriss 5f smaller, iategrata=d packages.
During 1932, the U. S. Army awacrizd 3 coatract :zor the
lacrgest, most <complex information processiny project ever
funied by the governaznt. ¥ianzed VIABLE (Vertical
Irstallation Automation Baseline), th2 project will proviile
a nationwide automated retsdrk that will connect forty-sever
military bases to massive computar powar at five regional
data processiaj centers. The netsdork has been designed to
support the manajement of ipformation in peacza2time and in
tines of war and other national =smerjencies. Durinyg the
planning period, interest center21 on three priancipal €unc-
tiojnal areas: commanication, interactive projram develop-
reat, and Jdatabase wanayg2ment. Th2 primary contractor,
Eiectronic Data Systeas, sa2lected 11 of ADR's products for
s2 as the base of the VIABLZ systenm. A cCcoaplete list of

u
ACR/RIME elemapnts is includel as Titbtle 9.
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TABLE 9
Components of ADR's DATC)JY Systen
Component Function
DATAZOM/DB Relational Database 3ysten
DATA DICTIDJNARY Resource Jontrol Systanm
DATAQUERY n'llsh-LL&e 2Jdery Larnjuage
DATAREPORTEE Info. Retriavail/Reporting
DATAENIRY Jn-line Data Entry Systed
COoBJL/DL cxtended Lanjuaje /JtllltLeS
LIBEAERL AN Progran fanajexzent Systen
ROSCZOE program faint2aance Syster
LOOK Real~tinz Hd2asacedent Systex
HdETAZOBOL Language Pre-coapiler
AUTOFLIW II System’Davalopaznt Isdl
* ADR/D-NET Distributed JDatabase Vetwork
* ADR/EMAIL Electroniz Miil Systan
* ADR/IDEAL Interactive Jdeveldp. 3ysten
* New ADE procucts thCh hare not yet bt22n
incluied in the Aray's VIABLE project.
e e e ————— g |
Some of these elements can b2 coasidered to te Lijh-
priced extras or application-specialized optiorns. IZ an
orjarnization were to utilize all compouznts, users woulil
have access to a1 complata database systa2nm with Jata

dictionary, a celational guery 1anguiage, ~r=2pdort and graph
generators, =2=xtended COBJL compiler, pragraa Jeveloprent
support, distributed 1ocal data network, alactronic zail
system, ard more.

According to ADR literature, tne a=art of ths integratel
system 1s DATADICTIONARY. The cohmpany's database systean,
DATACOd/DB, a true relational datanas23 system that utilizes
a patented flaxible data structure, Jas designzd especially

to interact w+itia DATADICTIONARY. As an active dicticrvar:

3A relational Jdatabase is one in waicza the celationships
between data are lmglled by the wvalyes 2f tha2 data. For
example, two re:or ar2 relatel 1if taoey hive the saae
attribute, as STJDINT anl PROFESSOR ace crelatad hy the fact
that they are assoc1ated with a partizulac CLASS.
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system, DATADICZTIONARY is jueried by all other :zouponents of
th2 system prior to access of systena iaformation. This
maximizes dati 1integrity while minimizing data redundarncy.
DATADICTIGCNARY offers a menu-drivem usar intzrface. It
provides security, suppliss full docamentation/mainterance
capabilities, 2and can be extendel to interact with futara
system products and to sapport fatare user requirenents.
The documentation provided with DACADIZIIJONARY and other ADR
packages is alnost overwhelning in its complateness. The
dicztionary alona has fifteen separate volumes. ¥hile an
extremely capable system, DATADIZTIJONARY 1s aot one that
will ke easily or guickly nastered.

DATADICTIDNARY provides 20 staniarld entity-types in its

system standard schema ard supports user creation of addi-

tional, more application-specific schema descriptors. For

most applications, the standard typas listel in Table 10

r— G D ———— e — e —— - 9
TABLE 10

ADR DATADICTIONARY Standard Entity-types

DATABASE KEY SYSIEY REPJORT
AREA ZLEMENT PROSRAY JJ8
FILE LIBRARY MODJLE STEP
RECORD MEMBER DATAVIEA AUTJIDRIZATION
FIELD PANEL PERSON NODE
b e e —_— - - p—
will prove to be sufficiant, DATADIZTIONARY maintains a

lojical hierarchy among th2 principle standard =ntity-types,

as indicated in Figure 5.3. Many of the standard entity-
tyoes are provided with primary relatioasaips adlready
defined with key subordinate entity-types. For exauple, in

oucr STUDENT example, we will initcially use ta2 =2ntity-type
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DATABASE to
database en
is autonati
ocsurrence
lished by D

e 5.3 A Logical Hieracchy of Entity-types

creats our sample datajase, When we deZine the
tity-occurrence, the JATABASE-APEA relationship
cally proviield. Similarly, wh2a the area-
is defined, the LREA-FILE relationship is estab-
ATADICTIONARY. In the casa of REZJRD, creation

of an occurrence provides taresa relationship-types:

REZJ3RD-FIEL
relationshi
support act
system~-defi
DATADICTION

D, RECORD-KEY, and REZIRD-ELEMENT. These three
ps, a2t the lowast level 5f the logizal hierarchy,
ual entry of attribute-valu2s, or 1ata. “hether
nel or user-cr2ated, 111 relationship-tvpes in

LRY hkave four attributes:
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1. Relatianship-mapping =-- describes tha nunker of
entity-occurrences which are the subjz2cts and the
objects of this relaticnship, =2.3. ta2 type cf the
relatiosnship. DATADICTIONARY supports four tvges of
relationship mappings, i.e. one-t>-ome, one-to-mnany,
many-to>-one, and many-to-many.

2. BReguired-relationskip -- describes whath=:r each
entity-occurrence in the named object entity-type is
to be relatad to at least ona entity-occurrence of
tke razed subject entity-type.

3. Automatic-celationship - lescribes waether each
entity-occurrence 32f the named object 2ntit;-tvpe is
to be automatically related t> an entity-occurrence
of the named subject entity-type when tae =clject is
added.

4, orderei-celationship - describes whether the order of
relationships addel in tais relatioaship-type |is
significzart. An ordered-relationship 3allows entity-
occurrances to be retrieved ani Jisplayed in a
specific orler.

If using the interactive version, DATADICTIONARY Onlige,
thz user will be prompted by a series of panels, oI menus.

The Master Menu is display=d ia Figur2 5.4. Th2 mas:er menu

sugports creatiosn, wmodificzation, aad deletiosa of entity-
occurrences., Adiditionally, it provides access to all otaer
system menus through option (7). Th2 following procedures

would be utilizel to <cr2ate th2 SIUDENT example within
DATADICTIONARY. First, the Adi D2tail routine, opt.on (2},
is selected. In answering the syst2m proupts, <he user
cr2ates the na2w entity-occurrence, DATABASE.STUDEN'" irn the

following dialog:
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DDOL: SELECTION CRITERI# FORK DETAIL ADD
LY TY GENTITY KECJORD DD OJZCURRENCE NAYE VER ZETAT
00 E DATABASE STUDENT 001
CURRENT OCZCURRENCE QJALIFIER:
DATABASE STUDZNT (001) TEST
wdckkok ke hkhhkkkhhbkkhkk bk Sokdokkdkkkokkk Rk dokkk k& ok dokk k¥
DETAIL Aa)D
ATTRIBUOTE VALJE
DESCRIPTION NPS STUDENT DATABASE
CONRTRBOLLER DEPARTMENT OF RESGISTRAR
AUTHOR REGISTRAR
BASE-ID 001
BASE-TYPE ADR/DB
DBMS-USED RELATIONAL
MASTER MENU
ENTER THE REQUESTED JPTION ==> THERE ARE 03 OPTIOKS
1. DISPLAY MENT MENU FOR _DISPLAY FUNCTIJNS
2. ADD DETAIL ADD DETAIL ENIITY-OCCURRENCZ
3. DELETE DETAIL DELETE DETAIL SNTITY-OCZURRENCE
4. UPDATE DETAIL OPDATE DETAIL ENITITY-OZCURENCE
5. CopPY COPY/MODEL ENTITY-OCCURRENCE
b, STATIS CHANGE CHANGE ENIITY-DCCURRENCE STATUS
7. SUPPIRI YENU RLIAS, DESZRIPIOR, RELATIIONSEIP,
TEXT, AND QLIST
8. SECUORITY 0ZZUFRENCESEZURITY MAINTENANCE
L~ - _— - —1

Figura 5.4 ADR DATADICTIDONARY Master Menu

Each of the 2) standard entity-typa2s will contain predefined
key attributas. Values for thes2 attribute-types are

entered duriny the Add Detail routine. In the case 0f the

DATABASE entity-type, and as was shown abdve, the key attri-
butes are DESCRIPTION, CONTROLLER, AUTHOR, RAST-ID,
BASEZ-TY2E, and DBMS-USED.

In similar fashion, the user must create th2 subordinate
l>3ical structures, AREA.STUDENT, FILE.STUDENT, ani

REZOKD.STUDENT. As each 2ccurrencze is createld, it must be

\_JUA

s - J pL_JN

e,

I\

L R




AU ARaCh DI A A A I N A S P 2% R e e

r~lated to th2 next highest erntity-occurrence in the Zogical
hierarchy, 2ed., FILE.STUDENT aust b2 related to
AGZA.STUDENT, rFor this process, the uszr invckes the
kKelationship Jdefinition Panel to iefine the r2lationships.
DATADICTIONAFY will responl with tae Relationship Definition
Display which presents thes characteristiczs of eaca o0f the
relationships as it 1is eracted. Exaaples of these panels

are shown below:

———— — —— ———— — ———— —————— — ——— - —  — ———— . ——— - ——— ——— — — —
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Y
REA A
As a fipali step in installirg the STUDENT datibase, (CLIST
conmands must be usead to Jdafine spa2ciiic fields, keys, and
el2nents within RECJORD.STUDENT. This is the piint whkere the

spacific attributes of the STUDENT exaaple, e.3., SSFN, Nane,

Secvice, and Raak, are 2ntered into tha2 Jdatabase design.
Th2 user definss attribute naae, parent, <class, type,
leagth, and naaober of repetitions. Jne exaaple of this

process is as follows:

=>
DDOL: SELECTION CRITERIA FOR RECIRD QLIST MAINT
LV TY GENTITY RECORD DD OJOCCURRENCE NAME VER STAT
00 E RBEZORD STUDENT TEST
CORKENT OCCUEFRENCE QJALIFIER:
REZOBD STUDINT (001) TEST
ke kb ek ko ke kR ek kek ek ke kb ok ok khkkkdokd k&
FECORD QLIST MAINTEWANCE
E FC FIELD NAME DPARENT NAME INSERT AFT C T LEN REP
A SERVICE SSN NAME S C 004 001
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Looking at th2 last line of the fijare, the 1s5er has indi-

cated the following:

FC (function code% = Add a fi=1l3

Field Nanze = SZERVICE . ) . .

Parent ¥ame = SS&N éln this case, this is ta2 Key fielil

Insert After = NAME (NUUMBER's valae will follow NAME's

C Classy = Slmple (as opposel to 3 zcompound field
Character [vice a numeric or binary field)

LEt en th of Field) = 4 ]

REP Nunaec >f Fepetitions) = JJ1 (vice a2 ra2peating

At this poirt, the schema 9f STUJDENT nas been 2ntered iLto

DATACICTICNARY. The user may now 15e DATACOM/IR facilities
to erter attribute-values into th2 systen. Jpon completiorn,
th2 datakase administrator or authdrizad asers zan create as
many external views, or subschemas, as desireld.
DATADICTIONARY receives high marks in the aceas <f Jdata
integrity, security, and dscurentation/mainternance.
DATADICTIONARY's logical hierarchy of structur2s and systea-
atic installation procedures tend to enforce 3ata integrity.
Ta2 dictionary's extension routin2s 1apd vi2w generation
processes have be2n written to ensure that data integrity is
maintained throujghout expansioa or specialization of the
database. I'o enforce sacurity, DATADICTIONARY provides
multiple layers of protection. Twd s2parate and independent
mechanisms ara provided ia all implemsntations. These are
(1) use of entity passwords, and (2) 1inclusioa of locks and
ovarride codes. If the installation is the Online version,
a third mechanism, user validation, is available. As each
eptity is created, or at any time aftarwards, a four-digit
passwerd can be assigred to that 2atity. Passwords can be
either unique or assigned to a series of related erntities.
Any user attempting to modify or access a passsord-protected
entity-occurrance will be gueried to provide the applicatle
password prior to gainimgy access. The seczond layer of
pcrotection ca2nters on use of LJ)ZX aand OVERRIDE ccles.
Unlike passworis, which either 31llow or proiibit access,
lock codes <can be utiliza2d to limit the degrcee of access

granted., Thr2e levels of security are provideil:
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10Ck0 No cestrictions exist on an entity
(default settiny)

LOCK1 The entity canz2ot be updata2d or deleteld
without an_overcida c53e. Tne entity
can be copied, displayed, o>r prirnted
witnout restri:ctions.

LOCK2Z No action will be pernitted inless tne
overrile cole is jiven to tie systen.

Th2 actual ovarrile codes will be 1sed dicticrary-wide, tilat
is, a singls zcole will =2xist to satisfy LOZ%1 conditiors
while another cole exists to access entities protected by
1J)ZK2. Finally, if using DATADICTIONARY OJnlins, the higrest
layer of security becomes user validation. Th2 naame of sach
usar of the systea is defined as a PERSON entity-type. Each
entity-occurrence will include a unigue passwdrd which aust

be provided to eater the system through the o>nline inter-

face. Four levels of authorization are supported by
DATADICTICNARY:
DIS The user is allowel t5 3isplay all data in
- the dictionary.
_UPD The 1ser is allowed t> uplate the iictiorary.
_cop The user is allowed to copy an entity.
_ADN The user _is allowed the use 2f all commands

and is allowel to prozess all panzls.
Aathorization at one level will automatically provide all
lower authorizations.

ADR's multiple-layere? approach to> s2curity provides a
system that is both highly flexible and very secure. The
database administrator will be 1ibla t2 provide whatever
dejree of access that is raguired to 2acn individual user as
well as to =e2ach jroup of users within the systen. If one
layer of security is broken, access will be pravented by the

other security mecharnisams.

Invocation of any function thus iuthorized on any entity
is still subject  to th2 password anl lock provisior
Jiscussed earliar in this section. Thus, 31 dser with
BDD_UPD _authorization c¢anrnot molify an entity that is
pasSword protected_ unless the vrejuired paSsword 1is
supplied. [Ref, ]
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DATADICTIONARY provides extensive cagpabilitss to support
naintenance and documentatiorn of the 3ata dictionary. It
cin be wmaintained by wusiag either the Jnlin2 maintenance
fazility or availatle batch commanis. If usianj the online
f3zility, a series of screern paaels will again guide the
us2r through the desireid mainteninz2 activity. This
fazility will greatly enhaace Individual changss, however,
major changes affecting numerous eatities would be initiated
most easily through batch zommands. [I[n either case, mainte-

nance centers arourd four principal functioans:

1. adding, coryving, updating, or 3d=l2ting systenx
ertities
2. Search for, 1identification of, anl creation of

entity aliases
3. maintsnance of descriptors ani schema I12scriptors
4. maintenance of dsscriptive tests assaciated with
systen entities
Similarly, DATADICTIDNARY vprovides namarous report
generation <capabilities, wmost of waich <can be initiateld
thcough eithar batch or Onlin2 Yaintenance sessions.
Principal regort types ar2 shown 1in Taple 11, Senerated
raports will support btoth the imitial generation of  user
databases and subsegquent maintenance >f systen data and the

structures utilized to displey it.

TABLE 11
Principal Reports of DATADICTIONARY

INDEX INDENTED DETAIL
FIELD TEXT ALIAS
DESCRIPIJPR RELATIONSHIPS DEFINITICONS
- - - - —1
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D. ORACLE

CRACLE is a re=lational databass management system devel-

., .5

op21 by Relational Software Incorporatad of "enlo Park,

California. It was originally developed for use with
Dijital Equipsent Corporatior PDP 1i1niczoaputers and has beer

coaverted to operate on IBM mainfranes as w2ll [Ref. 25].

h_ Y

Inzluded ir JRACLZ is a dependent data Jdictionary that \
pecforms a limit=23d number of *hz2 Ffanctions liscussed 1in
previous chapters.

Data is storzad in ORACLE is relations, or two-

~..

dimensional tables, which are sr3jaaniz231 1iat> rows ani
colunns. SQL (System Qu=ary langiage) 1is usei for query,
malipulation, Jefinition, and coatrol of th2 JRACLE data-

case. Information about the contents of 3 table, its

-,

crzator, authdriza=d users, cealling pragrams, 2and associated
vi2ws is kept in the data <Jictionary ani can be retrievel
via SQL commaads.

ORACLE's logical hierarchy of structures, as shown in
Fijure 5.5, 1Jlemonstrates the comparative siaplicity of this '
system. In this figure, =z single arrowhead represents a
ona2-to-one relationship while the douable arrowheads signify

on2-to-many r=lationships. The latasaszs is 3ivided 1into

lojgical partitisns which <car only be created or altered by
ths database administrator. When usa2cs iefin2 tables, the
system allocates aemory for one inda2xspace and ore dJdata-

space. The inda2xspace is used by the 3atabase/dictionary to

..

store information about the tabls wnile the lataspace \is

utilized for storing the actual information. As Jata is
entered into the 3latabase, the syst=21 automatically apypernds R
! extents (and pajes) as necassary to sipport specific tables. 3
4 C . .
E ORACLE's 13 3ata dictionary tables are lescrited 1ir B
: Fijure 5.€. An example of one of th2 tablas, CATALOG, P
{ appears in Fijure 5.7. Tables wita the "SYS" prefix inclule .
‘ |
' L
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i INDZXSPACE ! | DATASPATE |
/ b
v v

[ EXTENT(S) i I EXTENT (5) i
] |
v v
v v

1 PASE(s) | | PAGE (s) [

Figure 5.5 ORACLE's Lojical Hierarchy

information o3 system data in addition t> the user's data.
For example, a3 display of SYSCATALOG might appear as Figure
5.3. In this particular =xample, thare are 2) entries, 18
of which are system tables or views.

ORACLE's lata dictionary is auatomatically apdated when-
ever any additions or deletions ar2 wade to taz2 database or
wh2n views ar2 defined or uaser privilejes are cnanged, 53 it
aldays has a current description of che dataoase. s an
eximplie, assule a new view, NAVYVIEW, 1is created using the

SQL CRFEATE command:

JFI> CREATE VIEW NAVYVIE4 AS
2 SELECT NAME,SSN,RANK
77
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= Description of tables & viaws in Oracla Data
dictioaary
SYSCATALJS 4

-~

- Profile of tables § views accessible to user
CATALOG ] )
- Profile ot tables accessible to uaser, =excluding
TAB data dictionary ]
- List of tables, viaws, clustars, and syaonyans :
creatad by user 1
SYSCOLUMNS . . . . '
- Specifications of columns ir accessible tables
and views
COLUMNS ) _ )
- Specifications of columns in tanles (=2x-luding
coL data dictionary)
- Specifications of columns in tables created
the user
SYSINDEXES | .
- List of indexes, underlyinjy coluamns, crsator,
and options
INDEXES i
~ Indexes created by user & inlsxes on tabies
creatad by user
SPACES , L )
- Selection of space definitions for creating
tables 3 clusters
VIEWS ) .
-~ Quotations of the SQL stat2ments upon waich
views are based }
SYSTABAUTH ) , -
- Directory of access authorization granted by R
or to the user '
EXTENTS L _
- Data structure of 2gxtents within tables
STORAGE )
- Data and Index storage allacations for user's
own tables X
SYSSTORAGE
- Summar{ of all database storaje -- for DBA -
use oanly d
SYSUSERAUTH
- Master list of Oracle users ~- for DBA uase only
SYSEXTENTS
- Data structure of tables throujhout systaa
-- focr DBA use only )
PARTITIONS ) o o
- File structure of files within partitions
-- for DBA use only

[ 20 O

s "

DIENEIPRIELT §.. S

Figure 5.6 Tables of the ORACLE Data Dictionmary

3 P
4 W

Tiew createl.
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IP—---_—'-‘—-"—————'-___-'—-‘-'—"__—_— ________________________ 3
NAME CREAIOR TABIYPE TABID
STUDENTS LANDIN TABLE 228609
ARMYVIEA OWENS VLEA 268809
NAVYIVIEA LANDIN VIEA 288240

_—— _— )

Figure 5.9 ORACLE CATALOG Listing With Now View

taole. Initial privileyges, or subsegasnt zhanjyas tc author-
izad privilejes, are 1issued usiag the GRANI or REZIVIK:Z
conmands. JACLE also supports aulti-layerel access: in
alilition to privileges authorized by thes D34, a user can
grant various dejrees of access privilage to others for
tables or visws which he or she has created. A list o=
current authorizations is maiptained 1in tha 3dictionary's
SYSTABAUTH viz2w, 3s shown in Figur2 5.10.

ORACLE 1is a strong perforaer in the data 1integrity
categorv. Since the data dictionary is an iata2gral part of
the databtase system, data is only maintained at one location
within the database. This prevents two users from acquiring
data froc the Jatabase anil getting different rcesults. If
data were duplicated within the systza, it woull Le possitle
for one location to be updated while the okazr was not.
Fijures 5.7 tarough 5.10 show that the JRACLE iser will deal
mostly with subsets of the databas2, or subschzaas.

ORACLE's Joacumerntatinsa is lizited to tk2 information
that can be found in the 3ata dictioaary tatbles. Tt does
not provide 1information about whizh users usa which data,
how ofter data 1is used, or when it is used. JRACLE Joes
support maintainability through automatic uplate of its
tapies and through the coancept of data indepenience. This
concept impli2s a separation of 3Iata definitions from the

projrams or gqueries that aight acce2ss the 1ata in  the

80
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database. This allows tha structires or Jefinitiorns of tte

data constructs to be 10dified witanout necessitating changes

in the prograas or queries that aczass the database. If a
table 1s extensively modified, a1 view <carn bz createl to
interface with current prajranms. JRACLE's data integri

will maintaian thes currency of taes view by automatically
uplatingy the wview whenever applicable portions of the
governing table are modifi=3i.

ORACLE do2s provide the basic functisns of defipitior,
update, retriaval, and software intarfacs. iowever, like
otaer relational database mana meat systems «ith dependent
data dictionaries, it does not offer the ranj2 of functiozns
of the other data dictiocaries discussed it this chapter,
nor does it ascomplish satisfactorily the tar2:z zain objec-
tives of data management discussed ic Chapter IV. CrACLZ's

data dictiornary

provides little more than a 1n2taod of 12’
chema. Th2 relational latabase managezent sy

tlorari arises because the systa2a neeis R

the schema _acd it does this hroagn the use tre sarne

t% les érelatlous) as 1t uses f3cr thh2 @maia database.
ef

ORACLE could, however, serve as a 3201 startiag point for

further develspnoent.

The_ modern relational DBMS does provide a very good
basis for a 20d dictionary syst2m. This is cecaiise” the
normal _relatiomal DBMS is egulépei with two features
that help in making the implementation 2asy:

. Many relational DBMS now have a "triggering" feature
hat causes a procedure to be invoked” oan gone data
ondition 2r event. Such a feature 1s neeizad to tie a
BMS to a dictionary systen.

. The availability 3f the schema tables substartially
educes the effort in impleaentiuy the Jdictionary
ystem. [Ref. 27

WANO) M-

Th2 most 1irportant shortcoming of JBAZLE's 3dati dictiorary

is its lack of doczumentatiosn, witaout which it is difficult
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to manage all aspects of an organization's data. If this
objective wer=2 incorporatel into tae systam, OJORACLE wouli be

a an1uch more valuable tool.

E. COHMPARISON oF DATA DESISNER, DATAMANAGER,
DATADICTIONARY, AND ORACLE

Now that four representative samples of coamercial datsa
diztionaries have been evaluatel, we will compare the
primary features >f each and identify which orns(s) have come
cild>sest to providing the f2atures >f our ideal systen. For
ease of comparison, we have groaped all of the features,
functions, and guidelines that have been identified irto t!=
six evaluation criteria categories: system standard schena
&€ extensibility, <command and query languages, ease of use
(including menus), security, docum=ntation ani czports, and
application interfaces.

As the data dictionaries are evaluated in sach oZf the
siz categories, a brief chart will be used t> compare esach
dictionary ajainst the FIPS standards. Each chart will

conpare five Jata dictionaries:

FIPS = The id=2al/FIPS data dictionary
MSP = MSP DATAMANAGE

ADR = ADR DATADICTIONARY

DDE = DAIA DESIGUER

ORA = ORACLE DEMS/DD

A very subjective scoring system will be usel, with grades
ranging from three to zeros. ke ideal/FIPS standard will
automatically recesive a grade of *3" in each irea, repre-
seating the ileal conmbination of features. The meaning of

each grade is as follows:

n3nw = Verg strong performance by DD; no criticism

n2n = Gool perfofmance by DD; ohe or more significant
shortcomings .

"1" = (1) DD supports fanctional area very poorly;

2) DD does not support functional arc2a, but

another component Of the system does.

"0" = DD,  (and remainder of systemn) fails to support
this function
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First, the data dicticnary shoald provide a1 sycstem stan-
dacrd schema aad the capability to a33d rew entities, rela-
tionships, and attributes to it. As showrn LL Takle 12,
winile DATADICITICNARY and DATAMANASER <closely resemble the
ideal system proposed by the FIPS, DATA DESIZNER and, in
particular, JRAZLE fail to providz these —capabilities.
DATAMANAGER supports thres "add-oa" <collectiosns of schena
descriptors. When added t> the standard scheai, each will
increase DATAMANAGELR's capabilites to <support a srecific

application, =2.3., procgracaing.

- —_—— \
TABLE 12
Category One: Schemas anl Extensibility

Functional Category FIES 15P ADR DCE Cra
System Stand. Schena 3 3 3 1 0
Entit 10 7) 29 2) ?)
Relationgglp-types (é7} 111; 1%19; %4 S?
Attribute-types (55 {13 50+) ?f 2?‘
DA/User Extensibl 3 3 3 J 0
Category Subtotals € 6 6 1
- —_—— - _
Second, the data dictionary shoulld provile a coraanl
language that will support guzaries fron users while

reserving soae <capabilities solz2ly for the use of the
diztiorary alainistrator. This 1last iangredisnt supports
security and 3lata integrity. Again, is seen in Table 13,
DATADICTIONARY and DATAMANAGER provide all <capabilities of
th2> FIPS stanlard while the other two lag behini.

34
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TABLE 13
Category Two: Command/Query Languages

Functional Category FIPS isp ADR DDE ORA

" TcMD Intecface Lamg. | 3 | 3 | 3 ( 3 | 2
" Query Commands | 3 [ 3 | 3 § 1 | 1
“pa-only Zommands | 3 | 3 | 3 | 2 | 2
Category Subtotals | ¢ | 9 | 9 | 4 | 5

L e —_— —_— - —

Third, the ideal data dictionary must be ralatively easy
to use, yet still powerful enough to support th2 experienced
usar. One of tha major ingredients of user-friendliness is
a menu-driven (or panel-dciven) format. Gs>>d, easy-to-
unierstand examples are another important aii to the new
us2r. Table 14 reveals that, in our opinion, none of the
foar systems zan be considared easy to us=2. L3oking at the
four as a group, two fail to use 1enus, one provides exanm-
ples which are <complex and hard to understaad, and the
fourth fails to provide either menus or 3ood examples.

Fourth, security is one of the primary objectives of a
data dictiomnary. It should not only be abl2 t5 control
general access to the system, but should also support the
capability to provide different 1lavels of access ta
different us2rs. In Table 15, thctee »>f the four,
DATADICTIONARY, DATAMANAGER, anl ORACLE receive high marks
for providing both aspects of security. Security for infor-
mation cortaiized within DATA DESISNER aust be provided by
th2 parent DBYS.

Fifth, the clearness and logical layout of system docu-
meatation should be considared. Adlitionally, the reports
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TABLE 14
Category Three: Relative Ease of Us2
Fanctional Category FIPS 1sp ADR DoE ORA
TTWemw-privea .} I TSI T T T
__New gser Friendly | 3 | 1} 2 | 3 1 2
SR Pocunaheatiob® 3 1 2 3 3
Category saptotals | 13 i 2 1 7 1 5 1 5
— e —
TABLE 15
Category Four: Sa2curity
Functional Category FIPS 1SpP ADR DOE ORA
“Taccess control | _ | . R
(Passworl) 3 3 3 1 2
““Degrees of Access | . | . 4 . { . .
{Lévels) 3 3 3 1 3
" DA-only Privileges | 3 | 3 | 3 | 2 | 3
Category Subotals | 19 | 9 i 3 I 2 i 8

and the documa2ntation prepared by the data dictiorary must
be evaluated for usability. As indicat=1 in TI'able 16, =ach
of the four lata dictionaries apprdaches that of our ijeal
FI?S standari. It 1is interestiaj to note that the two
frontrunners, DATADICTIONARY and DATAMANAGER, have sone
problems with documentation complexity.
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TABLE 16
Category Five: Documentation and Reports

Functional Category FIPS 1sp ADR DJ)E ORA
SYS Docunentation
clear/laid out well 3 2 2 3 3
Good Examples of
Report Iypes 3 2 3 3 3
Reports Readable 3 3
Category Subtotals 7 3] 3 ]

. - A D - - ———— SR e WS D e e o P W P AR e S S - - — - - -

Finally, the ideal 3data dictiomary should support a
variety of applications, interfaciag with both CBYS and
pragramning languages. DATADESISNER and DATAMANAGELR both
praovide interfaces to one or more DBYS and to two or norea
pragramming languages. Table 17 perctains. While DATA
DESIGNEE and DJRACLE only interact with their system DBMS,
DATAMANAGER provides flexibility and versatility by
supporting several popular DBHMS.

TABLE 17
Category Six: Application Interfaceas

Functional Category
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When total "szores" ara calculateld, the r2sults are as
shown in Tabla 18. While none of the systeas proviies all
of the characteristics of the 1i23l1/FIPS systen, ADFK

DAT.LDICTIONARY and MS? DATAMANASEE cone the clasest. If an

organization were starting "fresh'", witn ao pravious invest-

B T o ) ]
TABLE 18
Data Dictionary Comparison Totals
Functional Zategory FIPS 15P ADR DIE ORA
" Schemas/Zxtensible | 6 | 6 | 6 | 1 | 0
" Command/guery Lang- | 9 | 9 | 3 | 4 | 5
" rase-of-0se | 9 | 2 | 1 4 5 | 5
" security | 9 | 9 { 3 | & | 8
" DocumentationsBpts | 9 | 7 | 8 | 3 | 9
" Application Inter. | 6 | 6 | 5 | 2 | 2
Comparison Totals | 8 {33 [ we 125 123
L -—— - ——a — - - —

ment in software, the ADR family of products, R2IME, warrants
serious consileration. TIf, on the other hand, the organiza-
tion already has one of the popular DBMS, 1ad 1is simply
se2kirg to aid a new, or Letter, data dictionary, tke free-
standing DATAYANAGSER might very well satisfy the need. In
each of these two excellent comazarcial packages, the
observed shortcomings lie in the areas 2f user friendlirness
anl clear examples for new users. Although importaat
rajuirements, these faults will be overcome 31s the users
gain experience.

In the case of the othar two dictionaries, their short-

conaings would be far harder to forjyiva. Their protleams lie
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in areas of standard schemias, extensioility, s2:-urity, 2tc.

Each seems adore user-frisndly, bat, since they do less,
there are few2r procedures to be eoxplainesl. JATA DESIGMER,
altnough an Linteresting package, simply does nrot provile
several of the primary <characteristics that we expect %O
find in an id=al 3ata dictionary. JRACLE is certainly the
weikest of ths four dictionaries we 2valuated. As part of
ths ORACLE DBMS, this system .does providse some data
dictionary features. Howaver, it is not tha fuaull~featural

data dictionary w2 would racommend.
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In this chapter we will suggest ways in waich the role
of the data dictionary can be expanded beyond the basic uses
discussed in previous chapters. A2 will look first at Low ;
the2 data dictionary can. enforce standards in today's -!
increasingly common distriouted data procassing 2nvironment.
Th2n we will show how the process of decision making can be
supported through the use 2f a data Jdictionary. Ir conzla-
siosn, we will attempt to foresee wheres data dictiornary teck-
nology will lead information ressource manajament in the ]
years to cone,

A. DISTRIBUTED DATA PROCESSING

Cur discussion of Jatabases up to this gpoint has y
ceatered around the assumption that an organization has onsz f
centralized Jdatabase, with centralizsd database management e
and control, that would be accessel by all users. However,
many organizations have decided to distribute czomputing

power to vairious departmerts and/or outlyirg sites,

PRI Y

depending on th2 organization's structure. Ia such a situ- ®

ation, it is also l1likely that th2 organization's database
{ will have to be distributel. A listributed latabase is "a
; consistent, logically intercelated collection of data stored 4
g at dispersed locations" [Ref. 28]. Thase dispersed loca- ®
tisns, <called noies, are connected by means of 3 petwork

which allows the nodes to communicite.

Many facto>rs have contributed t> the increasing popu-

N

larity of distriputed processing. Twd of the aost important
ar2 the following: [Ref. 29]
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1. Numerous advances in technola>gy that have provided
more powerful processing hardwirz it lowesr cost ani
ipprovel coarunicatior and network capadpilities.

2. The n2ed £for £faster and easier acca2ss to ¢tize-
critizal information to assist 1in the decision
making of organizations with j2ographically
dispzrs=d components requiciag unified informaticn
sharing and processing. {This <conc2pt will be
discussed in detail in the next section.)

For organizations that employ a1 c2ntraliz21 approaca t»>
coatrol widely-dispersed, autonoamdus iivisions, an attezpt
to adhere to tha traditional <concepts of centralized irfoer-
pmation resources @may be irneffective and sa2lf-Jdsfeating.
Th2se organizations wight be teaoted to sacrifice tre
ability to batter satisfy user n2els in ordsr to preserve
coatrol ard traditiormal relationships. Forturately,
malagers are rapidly becoming awara of th2 @many potential
advantages of distributing some, or all, of thke orgariza-
tion's data processing functioans to the user level.
Ta2zhnological advances continue t2> 2pcouraje these changes

because

The availability of major computing resour
low-cost packages allows the dedicatior ani
>f needed caga ilities, =2ither stanldinj _al
ccnnected, nhen and where they are ne2i2i.
complexitizs >f certralized largz2-scale con
ities are n> longer necessary. _Ref. 30]

-~
-

© O
[=]

It is iaportant to remember, howevar, that

the complexities of intagrated systems reguaire digital
jata communications, apprdpriate Software, 311 2xtefisive
planning anl cpordinatipa. These :onpiexxtles should
aot be dndecestimated. [Ref. 30]

Cne very successful corporition, Hewl2tt-Packar3,

utilizes a coanbination of <centralizei, 1lecentralized, and
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distributed systems to support a variety >f ne2ls within the
orjanization. Corporate planniny, =2aplcyee b2refits, ani
establishmernt of standards are parforzed o8 mairnfranes
located at cs2ntral manag2ment. Diily operitions, jcta
praocessing, and asmploye2 pay and recorls have been Jdecen-
tralized and ace independantly pacrforaed ty =2ach divisior.
Otaer functions, 2.g., customer sales and suppdct, Lave been

distributed to increase responsiveaess and timeliness..

Successful systems put the control 2f the data close to
he souyrce "of the information and the cortrol ot
rocessing <close to the_ manager responsible for _the

functicn balng performai. In an_ organization_ like

Jewlett-Packacd,  this will freqiently, “but 2ot always,

iaply _ distribating . the processing. Distrituateu

processing nras madé it possible for s to adapt to a

Zonstantly expanding js2ographic operation, and_ _a

constantly chaanging” orJjanizational structarce, while

pglgtaﬁqﬁng consisten adainistrative support.
e L]

Another class of organizatiorn includes tad>se that have
bezome so largs and dispersed that they simply cannot te
supported effactively by totally cantralized ra2sources. The
arned servicss are prime examplas of this type. For

example,

In an  organizatior as large apd_  1=2centralized as the
Navz, it would be impossiblé and inappropriatz to impecse
centralized control over the thousinds of individual
small systea applications that are c¢learly being put to
productive ise. In fact, their main strenjth is their
ibility to solv2 many_ of the iaforzatiorn-handling prob-
lems of users at the local level, _without tie need for
;gn%rallzed software devalopment and procurezznt delays.
ef.

In the years ahead, a growing awareness of tha2sz conditicns
will drive an ever-increasing numoer of military organiza-
tions to distribute som2 portion of their inforaation
resource needs.

Data dictionaries that are desijned for operations
within distributed environments will vr2guir2 3all of the
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capabilites o5f those operating sola2ly in 3 cenrtralized envi-
ronmernt. However, a distribut=d 3Jata dictionary nmust
support three specializei functions in 2addition to bhasic
data dictiorary functions:

1. the ability to locate data witain the na2twork
Z. the coordination/nanagyement of distribated Zata

3. the ability to perfornm data trausformaticr in

support of user applicatioas

it to identify which network node <contains the specific
information that is need=3. Wheth2r the particular database
is distribut=3d by replication or partitioniny, the 3Iata
diztionary must provide ianformation about its logical arnd
physical characteristics.

In the case of reEllcatei data, wher2 functionally iden-
tical copies o5f the _data_are stored at_rpultiple nodes in
the netvwork, the distributed 3D/25  “1ata ilstlonaryg
nust have knrnowledge of th2 known redundancies throughou
the network. SynChronization of updites in tais caSe is
critical. _Ref. 33]

In a partitioned database, where only certain portions of
th: databasz are located at individual nodes, tke data
dictionary's role becomes even @more important because "it
must know the relationships amonyg the pieces, and be able to
manage all ths parts, such that this physical iispersion of
th2 data is transparent t> the usarc" [Ref. 3%]. Finally,
the distribut=d data dictionary may be requirad to perform
transformation of data to support various users. If serving
a heterogzrneous network--osne irn which dissimilar types of
hardware and software coexist--the data dictionary will have
to translate between different Jata anl storajs structures.

The distributed ©D/DS ~3ata dictiona;g] can facilitate
these translation rocésses bz grov1 ng the_ netadata
nappings to allow the sourca o be transforn2d irnto tue
target cdata. This is accomplishedl by storing_ in tae
data dictionary the source and target metadata descrip-
tions to te usel by the mapping proless. [Ref. 35]
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It is possible for thz distriosution of dictiorary cajpa-
bilities to b2 accomplishel Ly several alternative coniigu-
ratious. Znz possible configuration, as mantioned earlier,
irvolves duplicating the Jata dictiosnarcy in its entirety at
each node of the network. An exanmpl2 2I this 1s showa 2as

Fijure 6.1. (Dasked lines indicate node-to>-noie communica-

tioes ard dotted lines 1indicate dictionary-to-dictionary

| DATA DICTIONARY | seeceeeees | OATA DICTIONARY |

A bk o A

Fiqure 6.1 Duplicated Data Dictionaries

conrmunications.) Each 1Jata ictiosnary will <cortain a

complete copy of the entir2 organization's metadata. While

th2 nodes themselves will interact fragu=ntly, the various

A A A A SaToa

copies of the dictionary will not. Jjowaver, when one copy

! of the dictionary is updat2d1, all othar copies nust Le auto-

F’ matically updated if data integrity is to ts raintained. |
' This duplication of metadata will r2sult in some degre2 2f
aillitiornal ovarhead, but it will iaprove the ra2sponsiveness
of the system and ainiaize the necsssity of 1inter-3ata

L éictionary gqu2aries. In some implexzeatations, communication ]
[ costs can be significantly reduced. Thils confijuration will
i e most desirable in cases ian which th2 >rjanization's data-
[ tase (s) are i1lso duplicatzd at each rnoiz2 or if rnodes woull

3

o 1




be likely to 3access eaci other's zetalata oftan. A stalkle

orjanizatior with well-establishel data proc2ssirng, where
metadata is not continuously beip3y updat=3, #ould benefit
most from thkis configuration.

In the s=2zond configuration, tha2 Iata 1ictiorary 1is

pacrtitioned anong the various networ« nodes. As shown ir
Fijure 6.2, each node :contains oniy that poction of the
diztionary that contains the .metadata it rejuices. No one
et -——— —— - - hdd —_—1
--] VNetwork Node I | N=twork Node |-
] DD Pactition | ecaceeesss | DD Partition |

- — —————— - —— - = - ——— - -

—— - — —— ——— — —————— -~ - - — - - ——— . ———— - ——

L e e _ ———— [, —

Figure 6.2 Partitioned Data Dictionary (DD)

node or station within the system will have a comnplete Zata
dictionary. This configuration woull be usel when there is
not much neel for the nodes of the n=2twdork t> access each
other's netadata and there is a relatively cleac-cut 2iffer-
entiation between the furnctions opeing carried on at each
noje, which implies differesnt metalata. Because redundancr
is kept to aan absolute minimum, problems coull arise if a
roje's data Jdictiorary partitioan wa2rz2 lost uniess 350d
backup procedures were in effect. Since eaca node 1is ornly
responsible for maintainiag its own portion of the whole

’

th2re 1is little update overhead and thas littls system delay

i
as long as the required m2tadata 2xists at that particular

noie.
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Ir ¢the final <configuration,

r“, "azacter"
coplies throujgnhout the netwark, as

copy 2f the dictionary

[ distrivuted ia a hierarchizal stra:z

tn2 Jata dictionary is

ture. Ther2 will be on=
and on2 or nore partial
shown in Fijure 6.3. In

LAs AicH

this configuration, each node that coatains a partion of the

- ——— - - - ——— - -—— - - ——-— ey = o - - - o -

Figure 6.3 Hierarchy of Distributed Data Dictionaries

data

dictionary whenever its portion is modifi=3.

dictiouary 1is responsible for upiatiny the master

Tais structure

ensures data integrity anl providas flexibility by allowing

vacying amounts of metadata to pe 1listributed. Another use

foc this hierarchical structure might be to
e.;.'

and programming functions.

szparate furnc-

tionality within a network, l1atabassz2, automated

office, Each of thase functions

is able to maintain its portion >f the dictionary locally

while one master copy is available to handle inter-partition

queries.
There are prasently ssveral commerical packages in the
¥. developmert or testing stiges that will be able to satisfy
{ th2 requiremeats >f distributed processinj. Jn2 system that
[ is already available and being usel in numerous applications
t . |
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is ADR's Felational Information ¥iniajement Environaeat g

{(RIME) systen. As discussed in Chapter V, this systen ’
f2atures fourteen separate compon2ats that can 52 integrated ji
into one "totil" system. One componaat, D-NET, <corkines a

database, data dictionary, and coaaucicatiors interfaces to

support the special reguira2ments of 1istributsl processing.

]
4
D-NET is capable of supporting both hdomdjernesis and hetero- ‘?
geneous networks:
1

fhe flexitility providel bg D-NET and the oth2r software -
comporents allows usecs o <configure the Iistributed - ]
system networks based on the nésds of =ach nrode.

various orerating systems, computsr types, 1and cooper- .,
iting software pfoducts can be used to Ccreat= a specific i
2anvironmert without impactingy application 13levesiopment

and operations. [Ref. 36]

D-NET can irplement the systano's data dictionary, .t
DATADICTICNARY, 2as either one ceatralized dictionary or as ]
multiple copies stored at remot2 locatioas. Similarly, »q
EIME's database, DATACOM/C3, can b2 maintained =2ither at one .
centralized location or distrioute=31 to virious nades P
throughout thz network. D-NET serves as the bLasis of the B
Arny's . project VIABLE, providiny numesrous banefits that g
include cost effectiveness, highly exéandable, increased 7&
praductivity, rasource control and synchronization, ani ol
iniependent operation at the local user's level. .
-:
B. DECISION-MAKING 3
!
In thkis section we will show how the data dictionary ‘!
provides manajers with the efficiantly rscori=1, accurate, -]
arl timely informatiorn nec=2ssary t> make decisions in conso- E
naace with tae g3Joals of the organization, whether in a ]
centralized or Jistributel enviroamect. According to the -!
report of th2 Zommittee on Review of Navy Long-Range ADP
Planning, "information technology", which includes data
dictionaries, is
o
1
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critical to2 th2 Yavy's abilit to fulfill 1its wartize

v

and peacetine roliles in an ogtimul niiner. The availatle
technologies would enable the Navz to approach its
nissions with information and data that (1) have been
collected and recorded siamply, (2) have improved accu-
cacy,. (3)_ have been sp=edi c2portael, collateld and
listributed {4) lead to summaries that are tlmeiy and
to the poln{, as and wanen neeled, anl (5) 1ave =nablel

osts t> be recduced.

poth mianpoder commitments and c
_Ref. ]

Herkert Simon's classic molel 5f the d=2cision-maxing
process, as citel by Sprague and Carlson _Ref. 38], consists
of three distinct steps: intellijenc2, design, and choice.
The use of a lata dictionary supports the decision unaker as
he takes each step.

a. Iatelligence involves searching tha2 envirornaent
for conditions <calling for decisions. FRaw 2ata must be
obtaired, processed, ani examinel for slues taat may iden-
tily problems. However, s> auch 3ata is available withirn anxn
crjanization that a seeainjly infinit2 parade of information
ci1a be produc=d--this situation i35 called ipnfycmatior over-

et e —m—w a=m=a

io0ai. Thers must be some war of narrowing lown the arount
of information that is presentef to the lecision maker. A
data dictioracy used in coajunctioa with a database can play
an important role in this narrowiag pro:sasss. As discussed
earlier in tne thesis, the dictionary helps an organization
iisntify and =2liminate redundant 1ata. Its ju=sry language
can be used to select infomation about 3 particular entity
anl its report Jefinition capability -in be us21 to generate
agjregate, rather than detailed data. Relationships betwen
ectities are easily identified so thaat managars' guestions
suzh as M"What is the range of values for 'Reajiness Status®
Jata?" and "Which departaents recz2ive th2 ‘*Ammugnition

Transaction' report?" can be answerei.
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k. Design entails invantiajg, levaloping, ani

analvzing possible cours2s of actioan. Tiis 1involves
processes to inderstand tk2 problez, t> jenerite solutiomns,
anl to test sd>lutions for feasibility. The data dictionary
plays a key role in documenting tae Jdecision raker's envi-
ronment so tniat he or she will have 3 zeatralizel souarce 3¢
information froa which to> develop possible choices. The
diztionary can also be us2d to tailor information to aeet
spacific ne2ls by defiaing us2ar viaws of data ani
restricting user access to certain data. In this way, users
can be presenteld only with the information th2y are supposei
t> have and n=223 to have, as Jdatecamin=2d by hijher authoritv
ir the organization, instead of naving to deal with non-
essential informatiorn.

In aldition to recorldiny informati>a about th2
plans, structure, ard functions of the organization, the
data dictionary can also be used t> recorl information about*
the decision 1nakers themselves. In the case 52f the U.5.S.
Coastellatiou, for exaapls, information acout tae coamanding
officer and the key elements of his environment =an te doca-
meated: which decisions he wishas to aake and which ores
his subordinates will make, the mission assignel to rta=
carrier by th2 C.O.'s superiors, the relative priorities he
attaches to various subjects, his snort term and long tera
pecsonal goals, previous decisions he has @made, and so on.

C. <Choice involves selectinjy 31 particular course %
action from those avaiiable and implementing that cnolice.
Of course, the ultimate d2cision will liz wita the decision
miker, and not with the 2ata dictisnary. At bast, the data
dictionary can present options to the 12cisis>a  maker ani,
onze the «choice is made, <car docuzeat the st2ps taken to
implement that choice.
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Tne accuracy and tineliness of iaformation provided
to the decision maker beczomes of critizal iaportance when
th2 decision-making process occurs Juriag a crisis situ-
ation. In wartione, for 2xampie, thar2 1s usually a great
d2al of risk associated with a decision: 1arny decision
makers are involved, information mist be zonsolidated from a
variety of sources and lacations, little tim2 is available
t> make decisioans, and, Jdue to th2 uniguen2ss of events,
thare is often no pre-defined structure for making the deci-
sion. Thera are four wiys that tne data dictionary can
prove especially helpful in crisis decision-making.

a. The dictionary speels ap the information-
gathering process. As 1iscussed aarlier, us2r views anl
aczesses have been pre-defined ard <c<2n be chanjed easily as
neaded. Active 3ata dictionarizs proviie for automatic
uplate of ary <changes that are 1aie, so information 1is
always current.

b. The dictionary prioritizes inforaation. The
priorities of the organization ani th2 12cision wakers are
taken into acsount and can be updatai as events osccur. In
this way, the attention 9f decision makers is fccused on
traly important information rath2r than disparsed over a
wide range of information.

c. The dictiounary proviles a common iaformation
base. This is important when amany Jdecisioa makers at
different locations are involved. All partizipants hLave the
latest information and <can als> take advantage of the
"cacrporate menory" providedl by the d3ictionary.

c. In short, the dictionary provides 'intelligent®
information 2manajement. It reduces ianformation overlosad,
tailors infornation to specific decision-aakers' needs, and
responds well to inirequent, al hoz raguasts. It helps %o

estaiclish relatioanships between evants as they occur.
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The typical, or even "ideal", 3data dictionary wJ1ill
not be able to> fully support tha decision-rmaking pnrocess
without the nelp of additioral sopnisticatsl software to
tace advantag2 of its capabilities. dAe believ2 that as tae
accaptance anl use of the 3data 3ictionary as a tool for
information rasource manajement become widespread, the
denard for an expanded role for th2 Jdictionary will
increase, Orgjanizations must become more accomplished in
the top-dowr planning process of the system davalopaent life
cyzle in orler to receive maximun ba2pefits from 3lata

dictionary technolagy.

C. CONCLOSIONS

In this thesis, we have discussed the stracture, func-
tions, and sbjectives of a data dictionary. Ye have
conpared posular commerzial pcodacts to an "jdeal®
dictionary btased on criteria we 3Jevaloped anil on PIPS DDS
guidelines. We have analyzed the rola of a Jdata dictiornary
in information resource nanagement, iacluding its support of
a distributed data processing eanvironment and of the
decision-making process. It seems <clear that as organiza-
tions become cognizant of the neel t> manage taeir i1nforaa-

tion efficiently, the importancz and necessity of Jata
dictionary implemantation will continu2 tO incr2ase.

Desigrers of 3ata dictionaries are aware of these trenis

S

anl are moviny in the following dicectiorns:

®
B ‘i
Pirst, toward what_ is krown _as an integrated K data ‘
lictionary and second, toward a fr22-stardinj dictionary
that serves as a driver 3f a distributed datil processiny .
systea made up of several types of :cdoaputers, data baseé -
piragement systaas, file managacrs, 3iad text editors. "]

In reference to the first projection, severil commerciai
systens have Leen developei that feature int2jration of a
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data dictiorary with a 3atacase. dne =2xampl2 orf this is
ADEK's RIME waich features integratioa oI a iataipase and a
cdata dictioracy with npum2rous otan2r zoapounents to form one
vary capable and flexible systea. idldressiag the seconl
prdjection, Rallo [Ref. #4)] foreseas lavalopa=ant of a "super
data dictionacy™ to support futurs intejratel and distrib-

ut2d systems:

In_*his environmnent, the data dictionary wouild act as a
iriver of tae systen. The data dictiohary/jata Jdirec-
tory might 1lso have_ some integrat2l facilities permit-
tirg tfarsier _9f dJdata_ _among_ other syst2n_ sorftware
functions including itself. Taer2 is a tr2ad 1in this
iirectiorn, with other systems depa2nding >a the data
Jictionary/lata directory and tnit systed itseif bezian-
ning to resemble a model 2f the 2nterprise.

He believe the future holds sijnificant improvements and
expansions of data dictionary technology. It is important
that the development of standacds for data dictiornary
conpatibility continue along with the developa2nt of stan-
dacds that ar2 cucrently being developeld to support network
coamunications. It is conceivable that these standaris, if
wilely acceptz23, would allow any 3Jata dictionary to "talk"
to another and to exchange information. The FI25 DDS stan-
dards developed by the National 3ureau of Standards will
most likely becom2 the basis for 3data dictionacies procured
and used by the federal government.

we also forasee the use of foarth generation lanyuages,
th2 extremely wuser-frienily, ">los2-to-natacal-language"
languages that will facilitate user access t> the diction-
ary's metadata. These languages Wwill replac2 the formal
coaxmand languages ard awkward syatag described earlier in
the thesis. Another factor contributing to tae increaseld
utility of Jdata dictionaries will be the use of sophisti-
cated software and artificial iatzllijence tachnigﬂes in

conjunction with the dictiosnary. As the central source of
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data about an srgyacization, the Iata dictionacy contains a
troad base of imformation upon waica in artificial iatelli-
gance "expert" system can be built. For exaaple, it is
possible that an expert system wouald be ible to verify and
validate additions to the dictioniry schema bised on pre-
determined rules and inforaation 3jiin21 from pravious manip-
ulations oI the schema. It would als> be able to establisan
associations between the contents 2f the lata lictionary ani
£113 them for the attention of the decision makar. In addi-
tion, a "separt” Jata dictionary would b2 abl2 to '"realjize"
that every time a user logys on to tha systen, he asks for
pacticular iaforaation, so that =2ventually, the data
dictionary will provide it for him automatically.

No matter what changes occur in data dictionary tech-
nology, the lata dictionary's rol2 in ths effi-ient aarnage-
meat of an orjanization's information resocurce will continue
to be an increasingly important one. The Jictionary will
support the o>rjanization in its planaing and analysis of
functions, its 3development of information syst21as, the main-
tenance of those systems, and th2 inteliigent use of taose
systens. We believe that the military will soon proviie a
vast market for Jdata dictionary software and tnat the
deaands of its wusers will drive dita dictionacry technology

evan further.
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APPENDIX A
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BACKOS~-NAUR PORY

Backus-NMaur form is a graphic notation for describing
th2 syntax 2f a languaga. It is us2d1 by the Fedsral

Information Ecacessing Standard £o- Data Dictignary S

(FIPS DDS) to> show the format of tae c->mmands 1523 to wanip-

b
1)
e+
I
14]
(10)

ulate the dictionary. Tha following are commd>a 3ackus-Naur
syabols used by the TIPS DDS:

< > denotes 31 word o>r phras:
{ indicates a <choice betwe2n two or aad>re alterna-

tives, "or"

L ] repr2sants an option that the user man or may not
include
{ } 1is used to set off choices separat=21 by "|" and

to enclose th2 format of the commaai

The syntax for the ADD-ENLITY command appears 1is

follows:

ADD-ZNTITY
{[OF] (ENTITY-TYPE | E-T} <entity-typa-name>
WHERE NAME "~ IS5] <name-clause>
[ WHEEE {AITRIBUTE | A} [FOR] <attribute-cliaisza-1>
[ 4eee,s "attribute-clause-n]]]
WITH SECUORITY <security-clause> ]}

It indicates that there ar2 several differant ways oIf adding
an entity to the dictionary. At a minimum, the command must
inzlude ENTITY-TYPE or E-T, an entity-type nama2, WHERE NAME,
anl a name clause. The words OF and IS5 ace optional, as are
th2 last two phrases set 2f£f by brackats. It the phrases
ars2 used, th2 same rules hold for choosing ela2ments within
them.
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