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IBSTACT

This thesis considers a Data Dictionary/Directory System

(DDS) fo- the -Stock Pcint Logistics Integrated

Communicaticns Envircnment SPICEk project using the TANDEM
DBMS package. The thesis first gives a backcrcund on

SPLICI, then describes the concept of Data
Dicticnary/Directory Systems. In the coming age of infcrua-

tion rescurce management, DDSs will increasingly bscomp an

important management tool of the database administratcr.

Highlights cf the DDS facilities are mentioned as are design
and distribution considerations.
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I. PICZ AND THE DATA DICTIONARY/DIRECTORY SYST-

1. EICKGOUND

7 he purpose of the Stock Point Logistics Integrated

Communicaticns Environment (SPLICE) is to provide an envi-

ronment to effectively and efficiently support the interac-

tive and telecommunicaticns requirements of all current and

new projects operating within the Navy Uniform Autcmated

Data Pocessing System for Stock Points (UADPS-SP). The
Naval Supply Systems Ccmmand (NAVSUP) is the project spcnso:

for SPLICE with the UADPS-SP sites being the primary users

along with cther Department of Defense (DoD)./ Navy systems.___,

[Ref. 1]

NAVSUP initiated the SPLICE project to consolidate the

teleccmmunications requirements of several different

projects, in various stages of design, which will impact all

of the Navy UADPS-SP sites [Ref. 2]. (See list of prcjects

which follcws this section.) Implementation of SPLICE is

expected to provide the following capabilities:

* sign-on security

* CRT/terminal maragement

• screen formatting

edit, validation and correction

* fault-tolerant operation

d data communications front end

p processing with menu capabilityI interact-ive transaction entry

* access to database management systems

SPLICE will consclidate the telecommunications network

with a standard suite of hardware and software. The SPLICE

concept involves the use of a single minicomputer hardware

8



and software suite in conjunction with the existing Ut.D S-SP

Burrcughs system. The SPLICE minicomputers are int-nda -o

absork and contain tte communications handling workl.cad the-
is currently forcing the host Burroughs CPU's into satura-

t icn. 7he SPLICE ccncept calls for standard minicomputers
to be !ployed as fcreground processors at each UADtS-S?

si--e and interfaced via a high speed data network (HSDN) to

the Burrcughs medium size system. The forsgrcund minicom-

puter vill handle ccmmunication lines and -erminal marace-

ment, suppcrt interactive operations and stage mssages for
the backgrcund processors. The Burroughs background systems
will handle large file processing applications, r.port prep-

araticn, batch processing and data base management

functions.

SPLICE will utilize a standard minicomputer and a

modular software desicn. A modular set of embeddsd computer

s oftware components will provide flexibility in that the
configuraticn of each site within the SPLICE network can be

designed tc meet its unique requirements. The SPLICE

ccnfigurat i cn will consist cf multiple processors with
shared resources. A SPLICE configuration may interface with

one or mcre mainframes, function as a satellite off another
SPLICE complex, or function as a stand alone system

(Ref. 3]. Within tke SPLICE network, each terminal and
computer process in the syste' can potentially access any

cther terminal and computer process.

A commcn element within the SPLICE system is the use of

CRT's to provide interactive processing capabilities for a
"user oriented system." The CRT display terminals will

interact with the application logic and fetch infcrmation

from system data bases. The current stock point system dces

not siuport interactive processing nor does it have the

capacity tc add a zajor increase in terminal support or
associated processing requirements.

0.
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The design philcsophy reinforced throughout thp SPLIC:

project vill be device independent management capabi2.:ty.

No application program will read or write directly to or

from a particular device. The driving force behinl the

SSPLIC_ project is the nee,! to provide computer and commuri-

cations interfaces for the xany application initia4 ves

which crcss boundaries of tasking and funding of many Navy
major claimants [Ref. 2]. Projects that are to be tied to

UADPS-SP under the S.LICE project are:

* Autcmation of rrocurement and .ccounting Data Entry

|APADS)

* Centralized Acccunting and Billing (CAB)

e Closed Loop Aercnautica! Management Program (CLAMP)

% Cisk Oriented Supply System (DOSS)

a Fixed Allowance Management and Mcnitoring System

(PAMMS)

e Pinancial Improvement Program (FIP)

. Integrated Disbursing and Accounting (IDA)
M ultiple Activity Processing System (NAPS)

• .anagement Information System International Logistics

• Navy Automated Transportation System (NATDS)

• Navy Automated Transportation Documentation System

INAVADS)
* Navy Standard Civilian Payroll System (NAVCIPS)

O Cn line Autodin (OLA)

* Operating Target Accounting for TRIDENT (OPTAR)

E eceipt Improvement Project (RIP)

* TRIEENT submarine Logistics Data System (TRIDENT LDS)K Beqisition Monitoring and Material Expediting (RMSME)

10



E. NATUPE CF THE PRCELEM

Eesearch and thesis work cn the SPLICE project "- .

has primarily emphasized telecommunications and Iccal area

netwcrk ILAN) desicn within the SPLICE project (Ref. 4].

Eecause of 4he nature of the project and the ;xtent of Is

future ifpact on other DoD/Navy systems, SPLICE shculd aiso

he locked at as an environment which calls for the anplica-

tion cf a Data Dicticnary/Directory System (DDS) -o fullfill

its expectations.

C. OBJECTIVE

TANrIM has heen select.d as the minicomputer of chcics

for the SPLICE project. As a result, the objective of this

thesis to suggest a preliminary DDS design for SPLICE based

upon the TANDEM DBMS.

D. BETBCDOLOGY

This thesis will look at the current state of the SPLICE

LDS and what an active DDS can do for the SPLICE prcject.

it will icck at methcds to evaluate a DDS and apply these to

the ErS design. DDS design considerations within the SPLICE

envircnment will be identified, such as which resources need

to be represented in the DDS, and to the extent possible,

integrated into the recommended proposal. In the process,

questicns cn the distribution of the DDS within SPLICE will

also he addressed with recommendations for selection of the

format which is most beneficial to the objectives of the

SPLICE project.

11
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I. T DICTIO__RYDIRECTORY SYSTEM CONCEPTS A,3D

CONS IDEPATIONS

A. INTECDOCTIOU

Data is a very us.ful and necessary resource to an crca-

nization. Data is a ceneral term used to express any or all
facts, numbers, letters, and symbols that refer tc or

describe an objisct, idea, ccndition, situation or cther

factcr. It can be used to influence management decisions,

by providing the manager with timely and accurate informa-

tion. With these thoughts in mind, it is very important that
data as a resource be easily accessible for proper and

* effective management.

The early design of Navy data procsssing systems

revolved around specific application systems (UADPS--P}),

hence the data was organized so that it would be machine and
application specific. Therefore the data seldom crcssed

cperaticnal, functional or organizational boundaries. The

cutcome of this early design was multiple definitions of the

same data as in dividual/independent data files were

generated creating much redundancy and overlap.

As the role of tte computer has grown in th Navy Supply

System, the need/requirement for system integration has

tecome evident, especially in the area of data. The intro-

ducticn cf Database Management Systems (DBMS) solves many of

the information resource problems by organizing the data
elements under consistent controls and structures, by

providing a single flexible facility for accommodating

different data files and operations, and demanding less

programming effort than conventional programming languages.

12
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This centralizaticn of ccntrcl is growing in acc-p-.-.c

and the furction of irplementinag this centralized centrcl is

in the hands of the Database Administrator (DBA) (ef. 5].

The data administration function is responsible for -h

system wide inventory ani centrol of data. Iz requires

pertinen- facts and relaticnships about the varying dat_

elemrts, processes, users and equipment to be located in

the data-processing environment (Ref. 6]. Data admiristra-

tion internal ccnttcl procedures restrict access tc data,

manage development cf new types of data, and protect data

from erroneous update and system failure.

A software tool that is used to control and manage data

elemerts in a uniform manner and is therefore an aid tc the

EBA is the Dictionary/Directory System (DDS). The DDS can

serve Database Administrators, system analysts, software

designers, and programmers by providing a central repositcry
fcr information about data resources across organization and

application lines. It is a set of one or more databases

containing data about an organization's information

resotrces which can he retrieved and analyzed using standard

database management system capabilities. (i. e., query

languages, processors) (Ref. 7].

The range of information which can be held in a DDS is

very large. The simplest system may only hold sufficient

information to dccument, say, COBOL file structures. The

more complex systems may hold design requirements, desigred

database structures, possible future structures, operational

information, extensive details cf access to data, and even

retwcrk specifi!caticns. Such complax systems initially

build around data structure recording facilities, but once

developed, are really the data processing departments' own

database [Ref. 8].

The primary advantages of a well designel DDS which are

applicable to SPLICE are:

13
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* It contains a urique identification, a set of ph y_ c-a-
characteristics, and a textual d.scription for sach of

te data elements.

It shous the relationships of el.merts to each c-h.r,

and tc components of the systsm.

* It specifies the source, lccation, usage and dstina-

tion cf the elements.

* It has validaticn and redundancy-checking capabilities.
* It contains security safeguards to control the acccssi-

hility to the data elements.

e It has a command language.
* It has reporting capabilities, such as:

- predefined management-oriented, statistical or

summary repcrts

-ad-hoc user-deflned reports

-cross-reference repcrts

-elements usage reports

-audit trail reports

-change-effect reports

-error reports

. It has retrieval capabilities, such as keywording,

indexing, and orline queries.

* It has facilities for interacting with a DBMS [Ref. 5].
A DDS wculd be useful tc SPLICE as a documentaticn tocl.

ithin tke applicaticns .nvironment, analysts and users of

the rES would be required tc define system data definiticns
and zeccrds as well as other elements of the dictionary. In

the process, old definitions would be updated, cutdated

definiticns would be discarded and new definitions would be

input. Redundancy-checking capabilities would prevent two

d...
14
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eaemerts frcm having different descriptions. Use of a Dos

would enforce establishment of standard data definitions an!
£-scriptions for those applications programs used by the

SPLICE system.

When the DDS has been designed and is part of the SLICE
system, it could serve as an important basis for thp future
develcment of projects tied to UADPS-SP. By catalcging

data requirements resulting from requirement analysis activ-

ities [Ref. 9]. the DES becomes an aid in the development of

new programs. Eventually, the DDS for SPLICE could facilJi-

tate conversion of the present file-oriented application
system to a DBMS-oriented system when the DBMS becomes

available.

The key aspect of a DDS is that it provides resource

independence. Resources are protected from changes in other
resources. Modifications or changes may be made within the

rDS and this would not necessitate changes in the applica-
tions prcgrams. Conversely, changes in the applications

programs would not necessitate modifications of the DDS data

entities. In a distributed environment, this resource usage

flexibility is particularly advantageous. Uniformity in
resource description standards, enforced by a SPLICE DDS,

would enable a smoother and more convenient interface of
large application systems like APADE and UADPS-SP (Ref. 7].

P. PASSIVE AND ACTIVE DDS

DrSs can be grouped according to whether their

dicticnary/directory function is active or passive.
Further, DDSs can be subdivided into free-standing (indepen-

dent) or dependent depending on their implementation. Table

I presents a schematic representation of this

classification.

15
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TABLI I
DDS Functional Classifications

SOFTWARE TOOL FUNCTION IMPLEMENTATION
I I

I I FREE-STANDING

I ACTIVE

DOS DEPENDENT

PASSIVE DEPENDENT

A passive DDS is a software package that dces not
require that the prccesses cr system componcnts depend on

the DDS fcr their data. In its simplest form, a passive DDS
cnly registers the data elements for programs and processes

cn an after-the-fact basis as a documentation facility.

Passive tDSs usually are embedded functions within ancther

system, serve as the data and file pre-definition mechanism,

and are an integral physical part of another system. Since

the passive DDSs are embedded within another system, they

are necessarily oriented towards the characteristics and
0 internal representaticn of that system.

An active DDS is a separate and distinct software

package that functicns mainly as a tool for identifying,

locatirg, controlling, reporting, and manipulating the

informaticn about data elements in a database. It is a

tasic tccl within the database environment that can assist

the data administratcr, the system analysis/designer, and

16



the programmers in maraging, planning, and evaluating -:h=

collecticn, storage, and usage of the data resources. DDSs

are sail to be active with respect to a program or Drccess

if and only if that program or process is fully daperd=nt

upon thli DDS for its data [ ef. 5].

The existence cf active DDSs as s eparat e erti -tites

rather tlan as a part of ancther system is a reccnt inrova-

tion in the. area of data management. They may be imple-

mented in such a way that they rsquire a DB:1S to function

consist-ntly. A further subdivision of DDSs tends to make

clear the iffplementation of these packages. They ars free-

standing (independent) or dependent. A point that needs to

be made is that both cf these divisions function principally

as rDSs, an they are different on.ly in their

implementation.

6| 'The rajcr differences between an active and a passive

-EDS are:

@ The active DDS Is a self-contained system, whereas the

. passive DDS is an internal function of another software

system.

* The reporting and retrieval capabilities are extensive

* for the active tcs, and modest for the passive.
* Active DDSs have more extensive security control over

the data elements.

1. Free-standinc

Free-standing DDSs are self-contained, and perform

the basic functions of controlling and managing the data

elements without dependence cn a DBMS. However, they may

use prcgiats not specifically written for the DDSs in order

* to enhance +heir capailities and performance. A DDS that

is free-standing may support one or more DBMSs through the

use cf interfaces, achieving mutual benefit from this asso-

ciation. It should te emphasized that the free-standing DDS

17
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does rot depend on tie DBMS tc function but the us= of D.EMS

interfaces can provide the database administrator with a

greater degree of ccntrol over the DBMS. It i even

possible for free-standing DDSs to have interfaces tc mcos
than one rBbS simultaneously. Free-standing DDSs are also

known as Generalized or Independent DDSs [Ref. 5].

2. tependent

She depe.ndent DDSs are separata software systems

that are srecifically tailorezd to a general purpose DBMS.

They provide the DBMS with ccntrol and management of the
data elements by supplying the DBMS with the descriptions,

definitions, locations, and cross-references of the data

elements. In turn, DBMS resources such as file structure.
and access methods are made available to the DDS. Because

the dependent DDS is designed and i mplemented to be

DBMS-specific, the portability of this type of DDS is
restricted to installations having that particular DBMS.

C. SOPTUARI INTERFAC!S

The software interface provides a formatted pathway,

enabling the DDS to provide a set of data attributes to

other software systems such as compilers and Data Definition
Language (DDL) processors and enabling these systems to

retrieve and update information in the DDS either statically
cr dynamically [Ref. 6].

The static interface links the DDS with another system

indirectly via the extraction of a file of formatted data.

For example, the tEA enters into the DDS all pertinent
transactions to describe the database. After reviewing the

accuracy of this database description the DBA activates a
DDS ccmmand, say GENERATE, that uses this descripticn to

provide a file containing DDL translates this generated DDL

18
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into a schema file that the run-time unit of the DBMqS can

access,

Static interfaces differ depending upon wheth: t lev

interface the DDS with user-written programs c7 with
vendcz-sipplied software packages. Static interfaces for
programs written in languages such as COBOL and P-L/1 prcluce

file, record, and database descriptions for tha user

programs from the DDS. These interfaces fea'ure edit capa-

4ilities, format options, and various other functions to

make the interface mcre flexible. Static interfaces for
software packages such as DDL processors, communication

monitors, and query processors, produce formatted statements
for those packages or create specially encoded control files

for their use. The options for customizing the interface

with these types of software packages ars more limited than

are the options provided for interface with user-written

programs. Also, tlese packages generally have more rigid
language formats and the interface statements are usually

used only by the DBA [Ref. 6].
Stat c interfaces are prevalent because of their

utility, compatibility and efficiency. The static DDS can be

made compatible with many versions of other software pack-

ages (i.e,several different EFMS's) and can be developed

independently of the source code of particular software

packages. A disadvantage to the user of a str-ic interface

is the extra effort that may be required to generate and

catalog data for the EDS. Plus, the static interface Itself
has no capability of updating the data of the syste+m with

which it interfaces and therefore data in other systems can

become inconsistent with data in the DDS.

Dynamic interfaces provide direct access of the DDS to

other software modules. This direct access is commonly
achieved by high-level interface commands that shield the

software package frcs the physical details of the DDS.
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Dynaic 4inteir-fa czs pzcv4-I= cons" s:zcv c' nro- and c-...
z=. "or ic th uD !at s and Z azrizv a 1. Z h _a r!s *:c D*'D

au- om at--,Cal Y r: &I 'C4.ed in . n~x-: zx cuti:: ,

wi=r? .akaq'zs to wHi-ch the DDS Is 4:terfac :a S. A a

DD. cr zxampll, a COBOL p'roso can rernv=:..
dc-scrirn-ior~s fromi ths DDS and update t hs DDS o:>t:

n C ccrilltion iats h s J. id n t if Jca t. n v, kIe--

.. All 3~~t V scft6wars oca~ So an

r-~edn-rough -she DLS by a dynamn-c =cefc:nc:',s

tUe scuri ty and validi-y chscks of the DDS arie al1w ays

a pl.i ed (Ref. 6.

Use of a dynamic interface incur s si nf *c o v ? h a d

due to the size and complzex structura of nHq DDS.

Azp2. icanc de vslo pmnt sup port a.-;.2s , sucit as ;:eprc casscrs,
source orogram maracers, and de sign, aids, caenerally can

afford thlis ov,:rhead bscaus- rsooa-r.s= t- is~no critIcal

but on t he o ther hand, ?fficisno:y I: z cr=iti-Cal for
transaction-procassing systems (i. --. a query 7,c'rcssor) that

r:eference the DDS. Tc reduce the potenatial zw:.acommon-

queries may be preccmpilsd ani stored in ZDS or th c

sof-twara packages can ratrizva all the3 data rcquired for a

t~ansacnicr at once and therefore future acczsses for this

transacticn bacome memory lookups.

1D. CCNVZET FUNCTIONS

7 ~h- intgr at Io n of a DDS itto I ts 3-.virnm en t is

provided by convert functi cns . Th ess fuzctions alleviate-:

*soms cf the problems :?rcountsred in initi-ally pcpulat-Ing a

LDS. The conve t functi6ons cf a DDS scan' sourcs programs,

A* databas~ dsaziptions, and teleprocessing environment

d=_scrip-'icns and autcmati-cally produce maintenance trars-

acz::cns. Th s DB A will s:.have to scrut-inize these?
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Ccv:func- ions a=-l off~m- j to corvzr.: --=.6 zr,' b.
usr-w1--*"= :)cgrams anA- 'frcm a :)2:!S av :- d ~c

n-76-. ~.s is shcwn a ZDS t-h=: fni'sc:v:c.

Szi as :n'z.Lr as at2 as ....:.. :7 h D D nc SZ _C zi

I r ~p~ wri~ of a a Iv =n D M S C.3:: .: Z;iC ,S h a Vi ±U

-~nfiat characte irast:cs:- 1) -:h:-: cott cl t%- a- =
transac-, cnz, 2) teinput fi-,3) ccrrmand ortic.s, anj

4) -6hr 7cu::cB prz=gram analysis. Ths datadiic y
nac =~an sac t * n s t6Lha-: arz- cr-eaFtd by cozvzrt f u n ccn

0~uiuajly also onn th eltionshnps be-: ween dat a int -ties

(: h. etween a record and an elameat) ani most language-

clauses. Fcr examp.le, zlem-ant tra-nsacticns gereratsd by a

COBOL ccnver-t 'funct-ion capture data for tha DDS from -:hze

-program12 OCCURS, PICTURE, and USAGE clausles. A cCnVg7rt

F unc t-4c n is zcnsidarel to be equivala-n: -4f 'he DDS can "

rs-gsneratc the= input source data description from the DDS

data. TAIe ability to analyze 1-h-3 data of source programs
can make tlh' DDS a valuable too! for auditing adharence to

soft-ware ccntrol techniques. rhe DDS can 'A ztsct an!

disclcs-e inconsistencies in tha names, formats and clauses
(comment--, initial values) of tha record defini-tions used i

*several programs and the corresponding standard recor!

dg firiticns In the DDS (Ref. 6].

R. !INYIPCIRENTAL DM!UDENCY

The environmental dependency charactqriLsti"c of a DDS is

Nedetarmined by its reliance on a spec:::--c hardware
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Acon::-aUr a cn, an opzrating Z y S 13, a DBZS or -

c:i~C o:o.4-:). Ths DES shoIuld b; ib>: to oF,:a- -.

7.V Ir C n, I= 1: _ wit nC los of- Sfii~c s: Of~
but at z-Azesot:e :Jnis is nct atainab2. (Rf. 6].

.-*-a aj.o,4n:- c-; env~zonm.erntal di;e-nd:nyb wt i -.

~DB*:~s is da trmn:ned b-y th s =.gree- zo whi -ch :~D

DE.IS f cr d atI:a mang-im4t sirvicas and -cu rc- ~

Sused hv h s DBMS for acciss to storad a . :h
C f i . -*ro ent- doCd-Z

'r th- ID7P.ND3NT apcroach, teDDS is a~,:cno,_ioas. :
DS IS -ati.--is own sourca of data and the, DDS usss n-c-I

C e EEY!Sutlie for provi ding data dictionary manags-
x Z.t f un c-,I cns. The bnfisof thi aPrach ares th-at it

mak as an d ct icn a ry more portable and wilD pobabl 1y b

p ossiblS to us-? the dictifonary on a variety )f ha:&dars and

coerat-Ang system con figurat ions.
7n the OBMS-APPLICATION approach, the DDS appears ,:c the-

ZBMS as just another databasa. The DBMS maintainz ItS cwn

dalta for ei'h databass and thise are- srsoarats from ths )DS.

-- h DEMNS utilities prcvide most of the DDS managemqn-- fur-c-

t% tons. hut da-,a 's defin-ed sepFarately for the DBSS and for

th ; D 11S. Sha DDS will intsrface dynamically with only one

- B~iS and Its related components, but thera can be static

iztemrfacss to o-ther DBISs th at o p arat e v i tI the same

hardware.
In the ZMBEDDED a~proach, t 1 r DDS Is actually a ccmio-

nn of Jhe DBMS. _.sapproach provides complete I ,t e g ra -

tion of t!hez D DS. T419 DBMS utlt p rovidz- the DDS

man agem rnt facili-tie--s and ths D2MS uses the, DDS --c dirzct
access -,c stored datatases. No other internal directories
exi St f Cr th e DBMSO a -ad its related components rely
CT 71?:eeY on t he DDlS for d at a. For example a qu sr,

irocessor e;&racts ussr views from the DDS a - the D B10S
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applies integrity ccr.straints specified in the D-L z-fs-

storing a data elemert.

The tBA needs to dscide what functions this -c--_- r-i

tool in a database ervironment Is to perform. Th= - 1

have tc svaluate the pros and cons of each function has
been discussed and t en weigh them according to zh-4 ria-:I';:

importance, cf each function to the DBA's envirc-2en2 . For

example, does be want the scftware interfaces to link to

cther systems statically or dynamically, how much does he

want the convert functions tc do automatically, what pric -

is he willing to pay for this service, and what reliance
dces he want the DDS to have cn the hardware confiuraticn

."" or~- -Tr t4erce~n on,r
an operating system, a DBMS, or a te.leprocessing mon:-or?

Cnce tlese questions are answered the DBA must be sure that

the functional requirements of his environment have baen

met.

P. CCRTENTS AND LOGICAL STSUCTURE OF DDS

A useful DDS will contain more than merely information

- about data. It is desirable that the DDS represents such

system resources as data, hardware, software, transactions,

"erscnnel, and documents. Entities, attributes, and rela-

tionships associated with these resources are presented

below.

.Lata resource information should include the fcllcwing

entities: data elements, data groups, schemas/subschemas,

records, files, and databases. Attributes for these snti-

ties must be determined by the anticipated usage of the DDS.

[Ref. 6] suggests typical attributes for the data element

entity and these appear in Table II. These attributes have

been chosen from existing ccmmercial data dicticnary/

directory systems. Attributes for the file entity have been

3-: suggested in the SPLICE specifications (Ref. 10], and appear

in Tatle III.

2.3

",3.



I-...

TIBL II

Data Element Attributes (from Allen et al 1982)II
TVpe Language namesR ain qe Repetit.ionsLength 88 Levels

I Uni* of Measure Key
Usage Default valueJ Display format

I

_TBLEII I
1File Entity Attributes I

I __ _ _ _

". jFile name Formal, (se5, random, bin)
l ocati11ons Access con-r'o 1

I size (in bytes) Access security protection i

I -I

.elaticnships are associations between one or more data

ent : ties and are also a function of anticipated usage.
Figure 2.1 is a possible network structure relating data

entities. This structure, implemented in the approriat

EBMS would provide answers tc the following queriets via
conventional query languages and processors:

e "List the record layout (all data eleme.nts and kkzys)

for- the Master Stock Item Refarence (MSIR)?"
* "What locat ions in the network stock i atam

e "What fTi1s and rcords contain the data lmnt

N AT ION AL- S TOC K- NUMB ER?"
S "Who is the manufacturer tc t folnr 2 rW-2v-A?"

a"2

V
4
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I I
+----------------- --+ .. . ..

D BASEI I FILEI - I

- coRD_

GROUP _

V.. .. .. .. .

!, L

-,"Figure 2.1I Logical Structure Describing Data Resources
j (from Scbniedevind and Dolk 1983).

-Hardwar. entities and attributes i-entifi d in ef. 10

Shave heen specified as part of the Configuration Management

System (CMS) for SILICE. A selective sample is shown in
Table IV. The DDS could be of value regarding hardware
xgsource-s if it could display topological information about
all or part of the SPLICE network. one !oai-ca! structure
which Might provi~de this capability within a conventional
EBMS ervironment is given in -n Figure 2.2 [Ref. 7].
rossitle queries might include:

* "How many terminals are located within each LAN?"
o "Which LANs have database processors?"

25



I TABLE IV
I II

Selected Hardware Entities and Attributes

I Entities
Processing system CcncentratorsSeccndary stcrage TerminalsCcmaunications system LAN I/O peripherals

* I Attributes

I TYDe Features
roael Descript4on

IModel number Docu. references
Serial number Usage by site
Ifger's numb-r Cost
Source Maintenance activity

Reccmmended softuare entities and attributes from

[Ref. 10) are summarized in Table V. One possible logical

structure for software, transaction, and report entities Is

given in Figure 2.3. The advantage of this kind of struc-

ture is that one can extract data flow information from it

relatively easily. Thus a query to tha effect of "construct

a data flow analysis (input files, modules/transacticns-

cutput files, reports) for the APADE system" should be

reasonable to ifplement. Inclusion of these resources in
the DDS contributes greatly to the viability of the DDS as a

systems analysis and design tool.

The EDS can catalog documents other than reports. A

summary of entities and attributes for various kinds of

documents is shown in Table VI [Ref. 10].

Perscnnel is ancther rescurce which can be represented

in a EDS. Is-formaticn about users, account numbers, and

access authority may have important impacts on security

considerations. DBAs could find it useful to have access to

data about programmers, analysts, and the programs/systems
which t~ey are responsible for. Because of the diversity of
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I, ,.%Pigure 2.2 Logical Structure of Hardware Resources
". ( rom Allen et al 1982)

- -[, .possible relationships between users and other resources in
' the DDS, nc structur-al representation will be addressed. AsW ih "e other resources discussed, the--p

~relaticnships will be a functin of the ineddusage. of
D > the DDS.

G. IIPACT OF A DDS

SIt has been statd In the introduction that there is

4 nF creasirg awareness of the importance of data as an
- orgaizaicn resource and a recognition that it must be

27
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TIEL!I VI

Selected Software Entities and Attributes

* .I" Entities
I .Operating system
I. Cpqrational support system

Environmental system
Applicaticn software

Attributes
Program-id Datz rel-asc I
Revision number Product number
Revision date Source
Date comoiled Fea'ures
Type of ;cmpiler Documenta'ion
Patch level Usage
Change level Cost
License MaintenheCe activity

0

I -'-1

* I .... I
TR ANSAC TIO NJ REPORT

I -- -- --------- -----

Figure 2.3 Logical Structure for Software, Transactions,
and Report Besources.

conticilld as carefully as cther major resourcas within the

crganization. When management has gained control of the

. data resource by reccrding all information about it, it can

• then begin to impose controls over the availability of the

resource and to develop standards for its use. In this way

the data resource can be managed to the best advantage for

--"2O.
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TABLE VI

Document/Report Attributes
5.-. I

ISName Source
Num ber Featue I
Product number Descri.6tior

I Release date Quantity I
I.Revision number Cost

the existing infcrmation system and can be effectively rede-

Floyed tc feet changing information requirements. To obtain

this control of the system resources, a DDS was described as
being tbe software tcol that will help to insure the best

use cf the system resources.

In -be process of gaining ccntrol of the resource, indi-
viduals %ill lose the freedom to define and use resources in

their own way to satisfy their needs alone. In return for

this loss of freedom, the user will have access to accurate

information about the definitions and usage of all the lata

contained in the system.

A DDS improves a Database Administratcr's control over

the design and the use of the database. A DDS enables him

to ccnA-cl and document the formulation, meaning, and usage

of data structures. It enables him to evaluate existing

data redundancy, provide accurate data definitions for

* inclusion in prcgraws, and it enablas him to insure that

managemert's requirements for data standards are obeyed.

The mcst important benefits are that the DBA will be able to

assess grickly the impact of any proposed change to commonly

• used data and to estimate the likely cost and time-scale of

any such change. ruring this changeover, the DBA can be

assured cf completeness (because the DDS will show all the

•rograms, files and reports affected) and accuracy (because

the rES can generate new coding to reflect the change).

29
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The systems designer will be able to usp the D"S as

central scurce of information. It will allcw him to make

use of data that is already available and help him to avoid

duplicating data definitions, thereby preventing redundancy

and inconsistency. The DDS can generate data fils- to ba

used for system testing, enable him to check the contents of

data filc.s produced during systems testing, and provide the

desicner with documentation of the system.

Application programming management will b able to
enforce data definiticn standards by insisting that all data

definiticn coding is produced by the DDS. This will also
make it easier to control the implementa 4ion of designrogzamm .rs~~~~~~~ thmevs ofc desiteimofwiin agn

changes that arise during development. For the application

programmers themselves, much of the tedium of writing large
amounts cf coding will be removed. As the DDS becomes mcre
involved, greater amcunts of coding will be generated by the

EDS itself. Further, assistance with the gensration of test

data and the checking of results by the DDS will reduce

application development time and improve the accuracy of the

finished prcgrams. Once management has used the DDS to

assess tle impact of a propcsed change, the task of amending
the applications can proceed with increased confidence. The

DDS's crcss-referencing will show the maintenance prcgrammer

Frecisely what programs will be affected by a particular

change. As programs are constantly amended, the DDS can he

used to record the changes ensuring programming management

control cf the progress and completeness of the change. A

.ig impact that the DDS has cn the current system is tha+

before allowing tke changed programs to replace the

production versions, the DDS can be used to generate test

* data and check results.

The operations department will be impacted since it will

be able to maintain the privacy of data by reference to the

DDS tc check who is allowed to use what data. The DDS will

30
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aid the department in the creation of Job control !--nc-az-z

parameters, control of different versions of :rcC:am

libraries and data files, distribution of multiple ccpi.-- C:

output, and disccvering the source of invalid data.

In summary, it becomes apparent that the intrcduct on or

a DDS will hav* an effect at many levels in an organizaticn.

It will create new tasks, but in raturn will reducq the

effcrt re.quired by such activities as documentation, ccding

cf programs, creaticn of test data files, checking and
auditing of output files. The DDS will e-nable management to

control data processing at all levels and will prcvidq an

effective means of communicating data processing require-

ments ktewe.n user departments, operations departments, and

the ADP department. System resources will be recognized as

immensely iupoztant corporate resources and will be managed

and ccntzclled accordingly.
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III. 1N M DDL DATA CICTIONARY AND DISTRIBUTION STRATEGIES

I. DICTIONARY

The need to manage data resources requir.s systems -hal

identify, describe, define, and relate the basic unit of

information, the data element. The TANDEM Computer Company

cffers a Distributed Database Management System (DDBMS)

called ENCOMPASS that handles this need. ENCOMPASS cons-sts

of standard software products: DATA DEFINITION LV GUAGE,

ENFORM QUERY LANGUAGE/REPOrT FORMATTER, TRANSACTION

MONITORING FACILITY, PATHWAY TRANSACTION PROCESSING SYSTEM,

and ENAELE SCREEN CCBCL GENERATOR (Ref. 11,12,131. The

. ccmbinaticn of these software tools works with the TANDEM

NONSTCP systems to pzcvide a reliable and high performance

system that is capable of accommodating psak workloads,

hardware expansion, database modifications, and application

. growt h.

'he Data De f inition language (DDL) is a language

processor that enables the user to design and create a data

dicticnary. This creation takes place through a combination

cf statements and ccmmands that can be used both interac-

tively and in batch mode. By using the DDL statements, the

user can define or mcdify the structure of the database,

0 generate file utility statements to create database files,

and provide source language data definitions output for

COBOL, FORTRAN, and TAL compiliers [Ref. 13]. This

interaction is illustrated in figure 3.1.

The actual DDL looks like COBOL and provides two types

cf statements: DEFINITION statements and RECORD statements.

The DEFINITION statement is a data description independent

Af any record that specifies fields and groups. The RECORD
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LANGUAGE
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Figure 3.1 Interaction of the DDL.

statement d-efines record structure and file attributes, and

can refer tc a DEFINITION. When this happens the groups and

fields of tte DEFINITION are inserted into the RECORD state-

m nt at the point where the DEFINITION name is written.

Many PICCRD statements can share the data structure of the

same DEFINITION. This application of DEFINITION statements
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makes it easy to standardize a data structure thrcuahcut

large database. This insures consistency of

and data types among diffsrent records, files, and programs.

The rEL will take every DEFINITION and RECORD stater-mi-: -

the EL input file, plus user ccmments, and catal ca thezm to

form a data dictionary. The data dictionary will a

complete, centralized description of the data structures,

records, and files that make up the database.

This data dicticrary will essentially be a database

about the system databases. It will provide a powerful
development tool, a central source for data d--finiticns, and

complete latabase documentation. There are two main

functions of the data dictionary in the rsalm cf the

'ENCOMPASS DDBMS. First, the DDL data dictionary will

provide a database cf what kinds of informaticn are main-

tained, such as stock numbers, document numbers, or rout-ing

identifiers. Secondly, it supports ENFORM by providing

"mapping" information to describe the file type and access
information of the database. The query processor of ENFCRM

uses th1S mapping information to determine the most

efficient way to access the database.

A feature of the data dictionary, once it has been

compiled by the DDL, is that it becomes a single source for

all data definitions in the database. This means that every

program that accesses a database can use data declaration

source generated from the dictionary. Therefore, the rBA
can exercise control cver the structure of the database.

The data dictionary also stores information in a form acces-

sible to the ENFCRM (UvRY/REPOPT WRITER, so users can easily

prepare ad hoc dicticnary reports. One of the best features

cf the TANDEM data dictionary is that separate data dicticn-

aries can be stcred cn separate disk volumes for different

databases. This feature allows concurrent users of a-

different dicticnaries to perform database interactions 4-

34
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withcut access conflicts that can causm bo-t3_!s-ck!

[Ref. 13].

Since- we now kncw what the data dictionary wi-hi th
ENCOMPASS DEBMS is made up of, what it provides, -- i-

produces, and what its features are, ws must now ask thz

question what can this data dictionary do for SPLICE? The

make-up cf the TANDEM dictionary will be qvaluated according

to the kasic profile civer. in the earlier part cf this work.

B. DATA DICTIONARY CCBPARISONS

The following ccmpariscn of the below described data

dicticna.ries is intended to give a rough evaluation of the

TA.DEM product relative to what is currently available from
cther vendors. In no way are we endorsing a particular

product. The intent of this limited survey is to lock at
selectel features offered by the different software packages

and note how the four products ccmpare without making quan-
tifiatle Judgements whether one or another is good, bad,

supericr cr inferior. The information provided in the

follcwing tables was derived from [Ref. 5,6,11,12,13.,1].
The section begins with a brief general descripticn of each

of the fcur data dictionary packages considered.

1 *rat a C2R=21 Sst (RgS)

The Data Control System (DCS) is a dictionary system

produced and developed by Cincom Systems Inc. The system is

implemented as an application program that requires Cincom's
DBMS which is called TOTAL. DCS was previously referred to

as the Cinccm Data Dictionary.

2. i

Datamanager is a free-standing data dicti nary

system that is developed and marketed by SSP Inc.
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ratamanager is the nucleus cf a family of product. -

contains the facilities for creating and maz::::::..

dictionaries used in a traditional file env:rcr.i.-.

Datamanager also has dictionary query facilities as well as

a repcrt generator. Datamanager ms not tied to a Darticular

rEMS and is capable of interfacing to IDMS, ADBAS, ImS,
TOTAL and SYSTEM 2000.

3. EBZjC Data D._ctionr

S."There are twc versions of the DB/DC Data Dicticnary

which is a product of International Business Machines (IBM)

Corporation. One v.rsicn is fcr op-ration under OS/VS and

the cthir is for operaticn under DOS/VS. The DB/DC Data

Dicticnary is a DE S-app licat ion orogram with z averal

management features b.ich have evolved since the product was
first released in 1974.

4. rDL Data DicticnarZ

The Data Description Language (DDL) Data Dictionary

prod uce - by TANDIP Software Products Inc. is a
EBMS-application approach that requires th TANDEM DBMS

called ENCOMPASS. The TANDEM format for dictionary file

entries was used in the preliminary DDS design proposed in

this thesis.

-.
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. C. AN 17PLAINATION CF THE TERMS USED IN THE SURVEY

SOFTWARE PACKAGE NAME: Name or acronym by which thi D/C is

known.

VENDOR: Name of the company that markets the rrc.4uc:.

CPERATIONAL MODE: Mcde in which the D/D operatss, ta-ch or

online.

ESE OF A DATABASE NAVAGE.'IEZT SYSTEM (DBMS): Note infersEnces

to, cr requirements fcr, a DBMS.

ONLINE QUERIES?: Does the D/D have online query capability?

ONLINE CUEBY LANGUAGe?: Does the query language require

fixed-fcrm cr free-fcrm queries?

SYNONYM?: Can a syncnym (word or abbreviation) be used as a

substitute for the data element identifier?

KEYWORD CAPABILITY?: Can an element be identified as a

keywcrd?

DATA STRUCTURE: What data structure is supported by the D/D,

network, hierarchical, or relaticnal?

VALILATICN: Is data validation performed by the D/D cr by

scme cther means?

EEDUNtANCY/I!ICONSISTENCY CHECK?: Is there a specific feature

that id.rtifies whether the data element is redundant or

inconsistent?

DEFINITICN/DESCRIPTICE?: Is there a facility for defining

and/or describing a data element in narrative form?

RELATIONSHIPS?: Is tlere a capacity for specifying the rela-

tionship of a data element to another data element or to a

higher level structure?
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CWNEB,/USER?: Is there a facility for indicating autho:ize

users (perscns or prccrams) c: owners of data elements?

AD HOC: Can the use: structure his own reports, on a a"' hoc

basis?

V. ACTI17 OR PASSIVE

The TANrEM data dictionary function within the SPLICE

project would have tc be categorized as an activs/ipenien1
DDS. T~e reason for this classification is that the soft-

ware package does reguire the Navy Supply System components

to depend cn the DrS for their data, and is a scftware

package tha' furcticrs mainly as a tool fcr manipulating

information about data elements in a database. The deDen-

dent classification is attached since this software tccl is

specifically tailored to the ENCOMPASS DDBMS. In this

format the DDS will provide the DBMS with control and

managemert of the data elements and in return the DBMS

resources, such as file structure and access methods, will

be made available to the DDS. Since the DDS is designed and

*. implemented within a specific DBS environment its port-

ability will be restricted to installations having this

_EMBS.

1. SCPTIIR INTERFACES

The software interface provided in the ENCOMPASS EDEMS

.: is a static interface that links the data dictionary with

other systems indirectly via the extraction of a file of

formatted data. The dictionary contains the descripticn of

the records within each file and identifies primary and

alternate keys. The relational QUERY/REPORT writing

4 language ENFORM uses these as a template for accessing the

records. This accessed infcrmation will provide "mapping"

-4.



informa ion to describe the file types and to desc- .-

database.. The query processor of ENFOR. then ,ss -his

I nformaticn to determine the most efficient way to ac-_.ss
the database. By supplying the software package tc i-tar-

face with 'he data dictionary the user has acau-:- r

capabilities, format options, and various other functions tc

make the interface acre flexible.

The drawbacks in having static interfaces and using
-, vendcr-stpplied software packages compared -o -.hs c-icn of

using dynamic interfacas come in several areas. Charges tc

the data in the data dictionary will not mean that the data

cf the system with which it interfaces wil_ bs automatically

updated and therefore data in other systems can brccme

inconsistent with data in the data dictionary. Software

packages cannot directly retrieve and update data stored in

the data dictionary nor are all requests by these packages

routed thrcugh the data dictionary so that security and

validity checks of the data dictionary can be applied. The

use of static interfaces is prevalent in thP world of

dictionaries because of their utility compatibility, s.ffi-
ciency, and small overhead. Since SPLICE is largely

concerned with efficiency in performing transaction-
processing, this static interface approach will be a plus

"t for the Frcject.

P: F. CCUVIRT FUNCTIONS

The convert functions offered by the TANDEM software

packages do not completely match the definition aiven by

[ef. 6]. Convert functicns are described first as being
able to scan source programs, database descriptions, and

tele rccessing environment descriptions and automatically

produce maintenance transactions that will spare the DBA

many horrs of manual effort. Secondly, the convert

41
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functions are offered to convert data from both user-wr4--n

programs and from a DBMS and its related components. Th

1ANDEM DDL does not perform the first task but in the na:ea

of the seccnd function it does operate very strongly as a

conversicn facility for programming languages CCBCL,

FORTRAN, and TAT, as well as fcr the DDL compile: and the

report writer of ENFCRM. The DDL compiler, once it has been

given a list of DDL statements, can produc- the follcwing

files:

* a data dictionary

* a file utility Frogram for file creation command source

* a data declaraticn source for COBOL, FORTRAN, TAL

* a schema report summarizing each record's structure and

each file's access keys

The ENSCRIBE file utility Frcgram (FUP) ccmmands will be

used to create the actual database files with the specified

attributes. The data declaration source generated by the

DDL is available either when the schema is first compiled or

by accessing the data dictionary at any other time. The DDL

will also provide edit checking for all three scurce

outputs. For example, if the user programmer asks for COBOL

source output, the rDL checks to make sure that the schema

includes ne COBOL reserved words, and will report what items

are unsuitable for the selected language. [Ref. 13].
The question is what does all this mean for SPLICE? By

gathering all of the various database definitions and data

structure declaration functions into a single language, the

DBA gains ccntrol over the database design and implementa-

tion. It also gives the DBA a data dictionary that docu-

ments the database, and can be used in the ongoing process

cf database management. With the data dictionary being able

tc regenerate the input source data description from the

dictionary data, a valuable tcol for auditing adherence to

. software control techniques is gained. This means the data
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dicticnary within the SPLICE environment will be ablis to

detect and disclose inconsistencies in the names, forza-s,

and clarses of the record definitions used in saveral

programs and the corresponding standard RECORD daefiniticns

in the data dictionary [Ref. 6].

G. !NVIFCNMENTAL DEPENDENCY

There are three levels cf environmental dependency

between a data dictionary and a DBIS: independent,

r' £BMS-application, and embedded. The environmental drpen-

dency characteristic of a data dictionary is determined by

the degree which a data dicticnary relies on the DBIS for

data management services and the source of data used by the

DBMS for access to stored databases [Ref. 6].

The data dictionary within the TANDEE schema would be

classified as having rBMS-application characteristics. This

allcus randcm processing, on-line updates, query processors,

and report generatcrs to be more efficient. The

DBMS-application method used by TANDEM means that "ad hoc"

queries and special reports can be processed quickly and

that data redundancy can be avoided. It also means that

dicticnary data descriptions can be used directly by the

rBMS rather than having the dictionary generate DBMS data

descriptions. The best advantage of the DBMS-application

approach is that a customized data dictionary can be

5designed and implemented which meets the special needs of6
the SPLICE information resource environment (Ref. 7]. The

drawbacks cf this technique are that 1) it makes the

dicticnary less portable since it is tied to a specific DBMS

and 2) it forces the user to buy and support this particular

DBMS software. Applying this to the SPLICE project, these

drawbacks are negligible since the project will be using the

ENCOMPASS DEMS provided by TANDEM.
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B. DISTRIBUTION CONSIDERATIONS FOR THE DATA DICTIONARY

In a distributed database environment there are a numhsr

cf options for distributicn of the data dictionary. -hin

the SPLICE system every lan will have a database maragemr-nt

module fcr centralized contrcl over the data. Th=:e are no

distribution of databases within a lan [Ref. 4]. Tha d ata

dicticnaxy in the distributed environment itself bacomes a

distributed database. Databases may be distributed cve- the

entire SPLICE network and the database functions are

centrali2ed within each lan. The goal here is tc satisfy

contrcl and integrity of the data within the network.

I. MA DISTRIBUTION STRATEGI!S

The system architecture and the network database manage-

ment system software det -rmine the distribution strategies

which may le considered. There are four types of distribu-

tion strateqies for ccnsideration.

1. Centralized-a single ccpy of the database is located

at cne node.

2. Partitioned-a single copy of the database is

ccmpzised of disjoint subsets or partitions located at

various nodes.

3. Replicated-there are multiple copies of the database

with each node having a cciplete copy.

4. Hybrid-there are multiple copies of subsets of the

datakase where each node may have as many of th

partiticns of the database as necessary.

0 There are different advantages and disadvantages to each

of the four distribution strategies mentioned. The primary

consideraticns for discussion are reliability, data storage,

retrieval and update response times and various ccntrol
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mechanisis and tradecffs in either software or communicl~ticn

costs.

1. Centra lizedl

The centralized database concept has simplicity as

its major advantage. Control and update problems are mini-

sized since all the data are located at a sing e node.

rrawbacks of this strategy include potential problems of

reliability or availatility. If the central node fails, the

system is down completely. If there is a high volume of

communicaticns with the central node, there may be bottle-

necks which slow down system response time. Depending upon

the amcunt cf secondary storage, there might also be a limi-

tation cn the possible size of the database. These consid-

eraticns are applicable to each lan but are not Cf concern

for the SPLICE systen as a whcle.

2. Partitioned

"ith the partitioned database distribution strategy

there is still only cre copy of the database however, it is

divided into disjoint subsets or partitions which are

assigned to particular nodes in the system. With this

approach, the size of the database is not limited to the
amount of secondary storage at a central node but is the sum
of the totl storage available within all nodes of the
syster. Retrievals and updates present less of a problem

since they can be directed to the particular node where th .

data are located. Access to the local database partitions

lessens the possibility of bottlenecks and may reduce ccmmu-
rications costs. If the requirements are for data located

cutside cf the local node, communications costs are greater

and the delay in respcnse time also increases.

The benefits of the partitioned approach are highly

dependent upon the lccation of the data required to satisfy

...
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user requests. This is alsc krcwn as locality of r

There is a high degree of locality of reference if -6 a

is partitioned such that the data at a particular Ce-m As

used almcst exclusively by users at that node. If fhIS is
not optimized, database availability is limited _- - h

system. With the partitioned approach, reliability of the
system is improved over the centralized approach because

failure at one node cnly causes a performance degradaticn,

not failure of the whole systen. In contrast, the avail-

ability of the entire database is less likely because

failure cf any node in the systm is more probable than

failure of the central node in the system. The partitioned

"0 strategy is most appropriate in a distributed environment
V where there is a lizitaticn on secondary storage at the

central node, where reliability of the system must be
improved, cr where there is a possibility for opsrating
efficiencies to to be gained. A high degree of locality of

reference in database access patterns implies that opsrating

efficisncie.s can be gained through partitioning of the data-

base. Within the SPLICE environment, determining the

cptimal Fartitioning strategy to ensure system efficiency

poses a difficult prctlem.

3. _eRicated

in the replicated distribution strategy each node

within the system is allocated a complete copy of the data-

base. The network database management system is responsible

for coordinating the multiple copies of the database but
there is not a problem of determining which nodes have which

part of the database as there is with the partitioned

apprcach. The replicated approach is most advantageous in

the areas of reliability, availability and retrieval

respcnse time. As with the centralized approach, the size

cf the datalase may te limited by the size of the seccndary

'46
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storage at each node. Faster response times for uZs
4. o

requests are possible because thers is no need to gc ou-sid'=

of a particular node for database access. This also "m2!i-es

that ccmmunicaticn costs would be cheaper as most nstwcrk

communication would be localized. Wirh the rqplicated

approach, reliability is high in terms of data availability
and if a particular node fails, there is no lost pcrtion of

the database. Another copy of the complete database could

he generated from a reighboring node. This simplicity of
P. backup and recovery operations is another of the advantages

of the replicated approach. If a node within the system

fails, there must be controls in the updates that may be

performed tc maintain the integrity of the database. This

is tc say that independent updates of separate nodes must
not ke allowed or there will be likely data inconsistencies.

Locking mechanisms must be employed to ensure data

integrity.
The replicated distribution strategy is most appro-

Friate wherc the database is not too large, reliability is

critical to the system and inefficiencies of updates can be
accepted. This implies a retrieval-intensive database

system. The amount of overhead for communications and

processors needed because of synchronization and control

complexities in a replicated system is dependent upon the

level cf consistency required. Within the SPLICE system the

data dicticnary should be fairly static cnce implemented.

% iith only limited update requirements, the replicated

strategy for the SPLICE data dictionary is the recommended

approach.

-'. The hybrid distributicn strategy is a combination of

the partiticned approach and the replicated approach to data

d distribution. The database is partitioned into disjoint
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subsets bchever, in this strategy there may be s-v;ral

replicated partitions. Each part of the databasze can b-

replicated any number of times and each node may have -.hat

portion of the entire database which optimizes performance
at that node. This strategy, if properly implemented with a

high degree of locality of reference, should limit the need

for node tc node ccmmunications thus reducing costs and

potential communicaticns bottlenecks. The hybrid strategy

imprces ths reliability of the system over the strictly

partitioned approach. The key advantage of tha hybrid

approach is flexibility in how the data are stored. Nodes

with liffited secondary storage may tailor their partition

for functional optimization whereas nodes which demand a

high degree of reliability and faster response times may

duplicate a larger pcrtion Cf the database tc satisfy their

needs.

Tie flexibility provided by the hybrid approach is

achieved at the cost of system software complexity. The

retwcrk DBMS must not only keep track of where data exist in

the network but it must also be capable of synchronization

cf the data upda t-es. Query optimization and query

processing are nontrivial tasks in the hybrid environment.

Because cf the software complexity necessary to implement

the hybrid strategy, the question is whether the flexibility
to be gained by this approach is worth the tradeoff. A

likely candidate for the hybrid approach might be a system

with a large database that has only a few nodes capable of

handling a replicated approach and where high reliability is

essential in the ncdes which have the secondary storage

capacity to accommodate a large portion of the database.
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4.. J. 2 -2 LE OF TANDEN DATA DICTIONARY FILES

The follcwing scl.ema consists of 20 objects (18 ,

tions and two records) These objects will be use, to

construct an example for the SPLICE dictionary an! it

'.elated fi!s. (Ref. 13] was used as a format guidt and for

explainaticn of the files which follow.

CO 'IME N T S

* Document N.umber uniquely identifies requestor, datq and
• local serial number.

"EF OCNUN HEADING "Documinnt Number"
• 02 Service PIC A.

02 Unit Id Code PIC (51
02 Julian date PIC
02 Serial num PIC 9 ()

* National Stock Numbers are classified by groups
* catgorizing items b¥ individual characteristics, and
* uniquely indentifie within the Federal Supply System.

DEF NSN HEADING "Nat'l Stock Number".
02 Fed Sup Class PIC 9(4).
02 NIIN TYPE *.

* Document Identifier which indicates the ur ose and use of
* the document (i.e., requisition, referra ollowup,
* status, etc.). The Document Identifier is a mandatory
* entry cn each milstrip document.

DEF EOCID PIC AXX HEADING "DOCUMENT IDENTIFIER"

* Routing identifier is used to represent the address of the
* intepded recipient cf the document; to denote the actual
* consigno; of material; or to identify the supply activity
* o-igi.tating the action.

DEF ROUTID PIC AX9 HEADING "ROUTING IDENTIFIEE"

* Forecast level of expected demands for next quarter
* according to demand for the past six months.

DEF DmDFOBECAST PIC 9(4) HEADING "DEMAND/FORECAST"

* inium items on hand to meet war reserve requirements.

DEF RESERVATION PIC 9999 HEADING "RESERVATION"

* A stocking level that is computed by adding demand during
O. * lead tize plus safety stock.

49
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DEF RECRDERPOINT PIC 9(41) HEADING "REORDER/POINT"1

*A managerial technique used to protect against a stccko'it.
*An erder can be COm~uted and placed so zhat th4 dsliv=ry
*will arrive when a certain level of inventor-y is stilJ.1
*there.

DEF SAFETY LEVEL PIC 9(L4) HEADING "SAFETY/LEVE1L"

* Numter of units that have outstanding requisiti4ons against
%J * them.

DEF BACKOF.DER PIC 9(5) HEADING "BACKORDER"

*This gives the general categcry of a part, . ., resi-stor.

DEF PART NAME PIC A (1O) HEADING "PART/NAME"1

*The Media Status Ccde indicates the recipzient of status
*and the means of trarsmissicr.

DEE MEDIA STATUS PIC X HEADING "MEDIA/STATUS"
6 -leswosa

* This two digit alp ta/numeric figure identifis hoha
* * i~~;nventory and tech nica). responsibltyfra em

DEE ACCOUNT/COG PIC XA HEADING "1ACCT/COG"1

* Priority combines tie assigned force/activity Issignator
and the appropriate urgency of need designato and enables

* the requisitloner to determine the appropriate p r Aar it y
* code.

LEF PRI PIC 99 HEADING "PRIORITY CODE"

* Exrected means of transporting items, and received in
* shimpment status documents.

EE MonE PIC X HEADING "MODE OF SHIPMENT"

* National Item Identification Code uniquely identifies a
* line item within the Federal Supply System.
rEE NIIN PIC 9(9) HEADING "1NIIN"

*descri ton 0of the types of unit under which material
* is issueg1

D EF UNIT CF ISSUE PIC AA HEADING "1UI"1

* * Cost of an itemr per unit cf Issue

LEr UNIT PRICE PIC 9(6)V99 HEADING "UP"$

* Number of items of the ob leter unit of issue that are
% * physically located at tha tar icular stock point.

DEE QTY ON HAND rlC 99999 HEADING "ON/HAND"
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* PRIMAR-KEY = rOCNU?

* ALTERNATE KEY = NSN

RECORD rH1 FILE IS "$DATA.SUPPLY.DHF" KEY-SEQUENCED

02 rIC TYPE DOCID.
02 NSN TYPE *.

02 ACCT/COG TYPE *.
02 E0CNUM TYPE *.
02 RIC TYPE *.
02 PRI TYPE *.
02 QTY ON HAND PIC 9(4) HEADING "ON/RAND".

* KEY IS tHF.DOCNUI.
* KEY "NS" IS DHF.NSN.

END

* PRI!ARI-FEY = NSN
* ALTERNATE KEY = PART NAME

RECORD MSIR. FILE IS "$DATA.SUPPLY.MSIR" KEY-SEQUENCED

02 NIIN TYPE *.
02 PART NAME TYPE *.
02 FUROS7 CODE PIC A HEADING "PURPOSE COlE"
02 rATE ACTION PIC 9(4) HEADING "DATE LAST ACT"
02 rATE INV PIC 9(4) HEADING "DATE LAST INV"
02 UNIT PRICE TYPE DISPLAY "M<zzz,zz9.99>".
02 CTY ON HAND TYPE *.
02 REORDER POINT TYPE *.
02 UNIT OF ISSUE TYPE *.

02 RESERVATION TYPE *.
02 EACEORDER TYPE *.
02 rEMAND FORECAST TYPE *.

02 SAFETY LEVEL TYPE *.
02 1EAD TIME TYPE *.

KEY IS MSIR.NSN.
KEY "PN" IS MSIR.PARTNAME.

END

The Lictionary Definition File (DDF) is an unstructured

file ccrtaining only cne record. The fields that have any

meaning are NEXT-OBJECT and NEXT-TEXT-ID. There are 5 ctker

fields that give DDL versicn irfcrmation. The NEXT-OBJECT

is a counter the DDL compiler uses to assign object numbers

to objects (the schema previously given has 20 objects-- 18

definiticns and 2 records) as they are entered intc the

dicticnary. This field will be incremented by one each time

an object is added and this new value is assigned as the

cbject number of the new object.

The NEXT-TEXT-ID is used by the DDL compiler in the same

manner as the NEXT-OBJECT. Dictionary comments, PIC
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*-....... .......:,..... ................... .

.1

St rgs, FEADINGS strings, DISPLAY strings, a Wd rALU
literals are all text itams. The previous schema his

75 text items and therefore the text count stand= at 75.

F'igure 3.2, shows how this file would look.

'I ---
I I

NEXT NEXT DICTIONARY
OEJICT TEXT-ID VERSION I

*1. I20 75 1

I I

Figure 3.2 Dictionary Definition File.

Th q Cbje ct Definition File (ODF) is a key-sequenced fils

that contains on= record for every object ertered into the

dictionary. Figure 3.3 shows this file according tc the
schema previously given. The ODF file uses the object

number from the DDF to identify the object. The object

number is folcwed by object name with an object type
to

(either ID the symbcl for definitions or RD the symbol for

records). The COMMENTS- TEXT- ID field is used for

-- dicticnary comments associated with the entire RECORDS

(comment lines that immediately precede a RECORD statament

in the DDL source schema). The values are assigned by the

rDF.

The Cb~ect Build List (OBL) is a key-sequenced file that

contains one record for each element of each object in the

DDL schema. The records are !dentified by the object number

that they received in the ODF. An element number is

assigred that identifies each element within an object. A

complete description cf an element can be obtained from the

CBL record (i.e., the elements name, data type, size, offset
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OBJECT CBJ'ECI OBJECT COMMEN TS
N UMBER N AME TYPE TEXT-ID

I 1 DOCNUri ID
I 2 NSN ID

3 COCID ID
4 ROUTIC IDI 5 DEAND FOR ECAST ID

I 6 RESEFVATION ID
I 7 REORDER POINT ID

8 SAFETY LEVEL ID
9 BACKCBDER ID
10 LEADTIME ID
11 MEDIA STATUS ID

12 FUND CODE IDI - P RIOFITY I14 M OD E ID
I 15 4!IN ID

16 UNIT CF ISSUE ID
I 17 UNIT F.ICE ID

18 CN-HA1ED ID
I 19 DEMAND HISTORY RD 61

20 'ASTEE STOCK RD 64

Figure 3.3 Object Definition File.

withir the object, and text-id number). Figure 3.4 shows

how the OBI element records are linked to the ODF for a

typical cbJect, the DEMAND HISIORY FILE record.
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The CbJect Text File (OTF) is a k-v-saquenced fle tha

contains cne reccrd for each line of input of a dicticnary

COMMENT, HEADING string, DISPLAY string, PICTURE stri.g, and

VALUE liteal in the rDL schema. The OBL links to th CTF

cn TEZT-ID fiaelds, cne to many. Figure 3.5 shcws a Part-ial

layout frcm the previcus schema.

TEXT LINE TX IEXI
NMBR NUM.BER TP LINE

" 1 0 C DOCNU? IDENTIFIES REQS
1 1 C DATE AND LOCAL SERIAL NUM i
2 0 H DOCUMENT NUMBER
3 0 P A I

I 4 0 P 95
•.5 0 P 94II 6 o P 9(4)

7 0 C NATIONAL STOCK NUMBERS I
7 1 C ARE CLASSIFIED BY A 137 2 C DIGIT NUMBER -----

67 0 H UNIT/PRICEII'I
68 0 D ?1(ZZ,ZZ9.99>

I - -

Figure 3.5 Object Text File.

Tbe Reccrd Defirition File (RDF) is key-sequenced and

contairs one record for each RECORD in the DDL schema. The

cbject number assigned to the RECORD through the ODF
uniquely identifies each record. The RDF record also

contains a DEF-NUMBEE and if the record has been defined

with a rEFINITICN IS clause then DEF-NUMBER will hold the

cbject number of the rEFINITION. If this is not true, t.en
the rEF-NUMBER assumes the cbject number of the RECORD

itself. The file type and file duration fields give details

to the structure of tke RECORD (i.e., unstructured, rela-

tive, entry-sequenced, key sequenced) and the permanence of

the FECOED. The RDF links back to the ODF one to one plus
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the RrF links tc the OBL one tc many. Figure 3.6,

example cf this file.

I ICOFD DEF 1.ANDEM FILE FILE FC
I BE NU MBER FILE NAME TYPE DUR T
I 19 19 $rATA.SUPPY.DHF 3 0 41

20 20 $SATA. S UPPLY. MSIR 3 0 59I - - - - - -- - - - - - - - - - - - - ---- ,

Figure 3.6 Record Definition File.

The Key Definiticn File (KDF) , is also key-secusnced and

contains cne record for each primary key and each alternate

key declared for each record in the schema. Ths ider.tifica-

tion cf the KDF record comes from the object number that has

teen assigned by the OBL. The RDF links to the KDF on

BECOD-NUMB ER, one to many and KDF links to the OBL by

rEF-NUMEBR/LEF ELEMENT one to cne. This layout is shown in

figure 3.7

I ECOFD KEY DEF DEF KEYTAG OFF-
NUMBER NUMBER fUMBER ELEMENT VALUE SET SIZE I1 19 0 19 1 3

I 19 1 19 2 13
19 3 19 4 14 I

19 4 19 5 3
19 5 19 6 2
19 6 19 7 4

Figure 3.7 Key Definition File.

With the dicticnary files described and examples

provided, it is important tc realize that these files can be
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linked t~rcugh primary and alternate keys. This cz_=**_!__6"
provides the DBA with a complete picture of th::zat

elements within the supply system. Figure 3.8 shows -- Ss

o f pcssibla linkages between the dic.ionrary files. Ev nc

means does "his diagram show all possible links betwaen th-

files.
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2NEXTOS - 02 OENO_4TIPR J
02 VERSION ___3_ __, - - 0 UE

32 CREATOR .2 7i0?T YpE02 CRETIA--USERIqD O

02 OAJOCP EW O 02 rEXT-L.NE
02 MOOIFIER-USERIO *. - 02 OINTIlPA

C A - - - - - - ,3__ _ _ _ _ 3 C E& JE C T_33 ELEMENT
02 LEVEL

02 LOCAL -NAME02 CCMl -NT- EXT ---- 00
02 AuE-rEXT ---
02 SA1E..TEXT._ __• " 02 0ISIPLAYo-TEXT *.

02 OICTL;RE - TEXT ----.-I _________ 2 SOURCE-CEF"*%02 ELF MEN T- REDEFINED
• *.' 2 CLASS

GOP 02 STRUCTURE
OOP02 sq I

02 SCALE
2 C'8EC,. 02 OFFSET• •:2 :GENT F 02 OC ¢CURS-MIlN

03 N8.A.M[E 02 CCCUR-MAI02 IRM ) 0 OC;CURS-ELEMENT
2 'EAXION 02 STARTING
02 2A'E--CREATED 02 PNAING I
22 1ATI -MOIIEO 02 ILAGS
02 COMMENT- TEXT- 02 NUJ- A"JS
02I EPIC 0LL - VALUE - SIZEI __________ __ .' :.. OX OSOET+  ° :  ........LI

02 O*P.. -------u--

02 KEtCOR-- TIENGIT

0 FIE-NAME02 A5:LE.. : TVP

02 iOl. OUATION

IsI

03 ELEMENTI A.*'
03 DEP- MUMMAR
03 ELEMENTIAU
(13 POPPEET

I 02 SIZE
MW.. .' a NUAL -PUOE3

.i.. NECEPINEE NULL_ FLUGS

MM 10 VW IRAas RAGS

AEEPGS PLAGS
U S-LASS

Figure 3.8 Dictionary Structure.
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IT. VEIGN OF A 21 111_D 02ECTO1Y BASED UPON TANDEM DE!S

A. DIRECTORY

The software package that formulates -he lata dicticnary.

does a good job of describing each data element (i.e., +-ils

what it is) but it dces little to tell a user thq location

of each data element (i.e., where it is) wihin the SPLICE

system. Without the capability of retrieving this directory
information, the present layout of the data dictionary

cannot satisfy the fcllowing queries:

* What locations in the network stock item

59G5-00-255-3699, resistor, fixed, composition?
e Who is the inventory manager who holds technical

xespcnsibility and what is the latest status for a

particular electronic tube?
A. * Who is the -:anufactu-er of an item and where is this

manufac turer located?

Even though all of these questions can be answered in a

matter of time by any of the UADPS-SPs manually, they cannot
he answqred cn-line by use of the proposed SPLICE system,

the ENCC,!PASS DBMS, cr the data dictionary. The develcpment

Cf a "'ctetcmized" data directory, to be defined using the
rDL offered by the TANDEM DBNS, is suggested. Basically
this wculd be the same as defining a database through the

capabilities of the DDL. Once this directory has been

created and is in use, the data dictionary itself can be
queried ky ENFOR.M tc obtain information about the directo-
zy's data structure and location. Creation of a simple

directory is the foundation of the concept. As technology

improves and tho directory becomes a more useful software

tool, its capabilities no doubt will ba expanded.
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![he directory which is to be defined is ore :c -1

contains the necessary information that will answer th-- to

ten cr fifteen questions at a local stock point, Th =s

questions are most likely to be about line items (rp:ra-

bles c= consumables) their location within -he system,

quantity on hand, manufacturer, and who has control over the
items within the Navy Supply System. To answer these qus-

v tions the directory must store information atout the tasic

aspects cf line iters within the systam. Line items will

range frcm repairables for ships, airplanes, and machinery

to consumables suct as screws, bolts, and clothing.

Therefcre it is assumed that this directory will contain

information about inventories and locations.

.he TANUEE DBMS uses a ralational approach in defining a

database and that fits our needs well. The relational

approach to data is based on the realization that files that

obey certain constraints may be considered as mathematical

relaticns, and hence that elementary theory about mathemat-

ical relations may be brought to bear on various practical

*~problems of dealing with data in such files (Ref. 15].

A U. DTA ELEMENTS FOR THE DIRECTORY

The files within the directory must store information on

several aspects of the line items: stock item identifica-
tion, location of manufacturer, and stock point location.

S ' he information describing each of these areas of the supply

system is shown in table IX, table X, and table XI.

C. PILE SIBUCTURES

*O As mentioned earlier, all the files in the directory are

defined as relational files that are uniquely defined by the

value stcred in its primary key field. With a primary key

value assigned, ENSCEIBE, the database manager of TANDEM,
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.ITIBLE IX

I IStock item Identification

I * NATIONAL STOCK NUMBER * ACCOUNT/COGNIZANC

* MANUFACTURER CODE NUMBER * NOUN NAME

I * PART NUMBER * UNIT OF ISSUE

. SPECIAL MATEFIAL ID CODE * SITE NAME

" LOCATIONS * ITEM MANAGER

" TECHNICAL RESPONSIBILITY * PRICE

,.'o [ ....________ _ __ _ __ __ _ _ _ I_. .. .

" 1 I
N7. TABLE I

'anufacturer File I-- I II
- MANUFACTURER CODE NUMBER * ORDER NUMBER

* MANUFACTURER NA. E * ORDER DATE

a LOCATIONS * EST DELIVERY DATE

* PARTNAME * PART NUMBER

a SALES PERSON * PHONE NUMBER

can randcaly positior itself anywhere within these fis for

a read, write, or update operation. Another step in

*; defining each file is to evaluate what data elements cther

than the primary key will frequently bs used as access paths

into the files. If these data elements are assigned as

alternative key fields, then ENSCRIBE can selectively rea,
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I TABLF XI

Stock Point Location File

1 NATIONAL STOCK NUMBER * SITE NAME

I * CUANTITY ON EAND * UNIT OF ISSUE
" LOCATION *PRICE

.. " FECRDER POINT * BACKORDER

" CUTSTANDING REQUISITIONS * SAFETY LEVEL

e SUPPLY CONDITION CODE * REPAIR STATUSII
I P PURPOSE CODES * MODE OF SHIPMENT

" HOLr CODE * PERSONNEL DIRECTORY

records from the files on the basis of sither full or

partial alternative key values. These keys a-e not required

to be unique [Ref. 13-1.

1. Stock Itetm Identification

The Stock Item Identification information is broken

into three files: line items, stock location, and material

control. The data elements within these files describe what

line items are stocked in the Navy Supply System, where

these items are stocked, and who has been assigned the

overall responsibility of each individual line item. Figure

4.1 shcs the information in each file, primary and

alternative keys and the linkage between the files.

2. _ anufagl rS ile

The manufacturer file uses three files identified

as: manufacturer, order, and order description. These files

hold infcrmation Fertaining to the manufacturer

62

0%.



I I'.
I I

ILINE ITEMS MATERIAL CONTROL
A*TION.AL STOCKNUIER ITEM MANAR

- PART NWSER LOCATION

NamN NAME TECHNICAL RESPONSIBILITY
SPECIAL. MATERIAL 10 CODE LOCATION

.I MANUFACTURER NUMIE * ACCDUmT/COMNIZAM

I MUN1 OF ISSMI
PRICE I]

ISTOCK LOCATION

IRME
,:..A -W/COMIZANO E
%- -NATIONAL STOCK NUMKR

' *SITE NAME

• LOCAT ION

-ADDRES
-CITY
-STATE

• * PRIMARY KEY ONE TO ONE LINK

• ALTERNATE KEY MANY TO ONE LINK

Jigure 4. 1 Stock Item Identification.

40 dentification and Iccation, crders outstanding with that

manufacttrer, and wlen these ordars ars to be delivered.

Shey rill also show what part these orders are for, how much
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they ccst, and with whom this order? was placed. Fiour - 4.2

represents 'his structure with the keys identified s :h=

:elaticnships between these files.

I .I I*I _ __

I MANUFACTURER ORDER DESCRIPTION I
HAUFAC7URA NWS(R * I~fEI *MANUFACTRER NA*E -ORERiUM

I LOCATION -PAR7UW
-ADDRES PART NAME

-CITY SALES PERSON
-STATE QUANTITY

-PHONE IIER PRICE

I I

+i I
ORDER I

** ORDER NUMER

ORDER DATE

4. -WONT%
-OAV

Y'EAR
EST DELIVERY DATE

* NAWACTURER MUNE I

** PRIMARY KEY : "- ONE TO ONE LINK

* ALTERNATE KEY MANY TO ONE LINK

I I
I

Figure 4.2 Manufacturer Pile.
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3. Stock Point Iccation File

The informaticn needed in this file is divid d i:to

three files that are labelled inventory detail, si-l d4i:c-

tory, and status. These files would give the requestor

detailed information cn each stock item that is carried by
this particular activity, a directory of the psrscnnel

within tie activity stock point, and the status of any docu-

ments cf the requestor that iright have been passed to this

activity. Figure 4.3 shows these files and how they relate

to one another.

A M. DIRICTCRY DISTRIEUTION

The question of which distribution configuration to use

in locating this directory within the SPLICE project can

best te handled by deciding the characteristics of the

data/infcrmation to he controlled by the directory. The

data within the defined SPLICE directory can be classified

as either static or dynamic when considering updates
[Ref. 16]. The static classification does not mean the data

cannot change but charges occur infrequently and thersfore

this type of data presents few problems in controlling data

integrity. On the ether hand, dynamic data, that is data

with a icy to high update rate, presents a challenge when

trying to maintain data integrity.

1. STATIC OR DYUANIC
The SPLICE directcry that has been defined consists of a

combination of data that has static/dynamic updates. Within
this area cf concern are several classes of data. The

classes are divided according to the complexity of the
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I _ _ _ _ _ i

I STOCK ITEMS STATUSI

I * NATIONAL STOCK NUMBER * ROUTING ID CODE

I SITE NAME * OCUMENT NUMBER

QUANTITY ON HANO STATUS CODE
PRICE HOLD CODE

BACKORDER MOOE OF SHIPMENT
SAFETY LEVEL

OUTSTANOING REONS

SUPPLY CONDITION CODE

REORDER POINT

I I

SITE DIRECTORY
** SITE NAME
* ROUTING ID CODE

CUSTOMER SERVICE DIVISION :

-PHONE NO.

-PERSONNEL

MATERIAL DIVISION
INVENTORY CONTROL DIVISION'I
AVIATION SUPPORT DIVISION I

PRIMARY KEY ONE TO ONE LINK. !

ALTERNATE KEY -- MANY TO ONE LINK i

Pigure 4.3 Stock Point Location File.

updates. These classes of updates range from CLASS 0 (i.e.,

data which does not etange) tc CLASS 4 (i.e., data for which

an udate may trigger an action in a different machine)

(Ref. 16).
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The data that would be located in the stock item idEni-
fication files meets the definition of static upa.s ani

ccntains CLASS 1 data. Updates to th-3 data in th-s c-rtion

of the directory would be made by additions, deletions, or

replacement and would most likely be made via batch mode.

Simple updates of data such as these, if parformed twice,
cause very little harm. The data in the manufacture: files

would he grcuped in the dynamic category with updates heing

fairly lcw and ccntairing CLASS 2 data. This class cf data
is a little more sensitive to updates and any updates
applied twice could cause the loss of data integrity.

Update transacticns in this area would involve cancellations

cf orders or possible changes in the quantity ordered. If

repeated, this would mean the loss of data integrity. If

the update is only delayed but not lost, there would be no

harm. A simple control technique of assigning a serial

number to each update transaction would ensure that no

transaction is lost or double-processed. The stock point
location data is alsc dynamic in nature but with a high

update rate. The data is categorized as CLASS 3 meaning

that the data is very sensitive to time-critical updates.

Updates in this area, if reapplied at a different time, may
not have the same effect. For example, if the quantity-on-

hand field shows 100 EA in stcck for a particular screw but
the recent issue of 50 EA is not reflected before a request

for 75 EA ccmes in frcm ancther activity, the requestcr is

going to stop looking since he thinks his demand can be

satisfied by this activity. In actuality he needs to find
an activity that has 25 EA more. A control technique that

can te applied is tke use cf timestamps to ensure that

transactions are nct processed in an invalid sequence.
Serial numbers may te needed as well as timestamps to

prevent loss or dcuble processing of transactions on
recovery [Ref. 17].
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Ihe ccncept of system architecture and the nztc-:<

database management system scftware deciding th_ d's-ritu-

tion strategies for dictionaries also holds true ±cr th.

dis-ributicn of directories. The four types of dis.ribu-ion

strategies which whet discussed in Chapter III, alcng wit-h
their advantages and disadvantages, similarly apply -c th-

- directory portion of the DDS. Of the four strategies

* menticned, -t is sugcested that the hybrid solution h- aiven

the most attention though its inherent complexity is

ackncwledged.

1. IIBRID SOLUTION

A hybrid soluticn is one where multiple copies of the

subsets cf the directory are replicated within the netwcrk

and each node may have a partitioned fraction of the

directorl [Ref. 16].

I ith this description in mind it is suggested that the

stock identification files and the manufactureer files be

replicated at the inventory control points located at ASO

PHILAI:IPIA and SPCC MECHANISBURG plus NSC NORFOLK, NSC

CAKLANt, and NSD SUBIC BAY. The stock point location files

would then he be partitioned at each UADPS-SP activity that

held line items for issue. The justification behind this

type cf distribution falls back to the characteristics of

the updates toward each file, and the differences in data at
each site. Since the first two files will experience static

or low volume updates and therefore is less likely to have

high volume of ccmmunication, the problems concerning reli-

ability, response tize for both retrievals and updates, and

data integrity are nct as hard to control or manage. In the
,case of the stock pcint location files there is very high

4.i updating and the make-up of line items carrried at each site

is very diversified. Since the data that pertains to each

6e
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dispersed activity is centralized at that location thz w_- -

lems of data integrity, commuD cation cost, and

synchronization cost should be lowered.

This sciution takes advantage of natural patterns of

usage and transacticn processing and is structured arounl

those patterns. For example, most of the customers at a
local site will normally operate through thsir local supply

department to meet their needs. These transactions require

only simrle transacticn processing. This makes it feasibl=
to keep the stock pcint location files at each local site.

It is also true that sometimes the customer cannot be satis-

flied by the local site and therefore has the need to gc off
staticn which will require a complex transacticn tc be

performed. When this happens the requestor is looking for a
central site that can give directions to a site that can

handle the requirement. The directions that are being

sought %ill be handled by the replicated directory at

whichever cf the five sites is closest.

ihis information is obtained by a user through the use

cf a "LINK" command statement that is offered by ENFCRM, the
query specification language. This statement offers a

convenient means of connecting associated data independent

cf its iccation and without altering physical files. Using

a key field, LINK identifies the relaticnship between two or

more file descripticns from the directory. Once this

process has taken place the relationships are combined so

that they appear tc the user as a single logical file

[Ref. 12]. The three groups of files that have been previ-

cusly defined are shown together in figure 4.4. This figure

shows scme of the possible links between the various

distributed files.
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-LINE ITEMS STOCK LOCATION MATERIAL CONTRCL
* ,, NATION& STOCK NUMBER - . PAINNlEY * ITEM MANAGER

-" , MAMACTU ER NUIMIER -ACCOUNT/COGNIZANCE LOCATION

NOUN NAME -NATIONAL STOCK NtJWSER . ACCOUNT/COGNIZANCE

- PART NUMBER * SITE NAME
LOCATION

STOCK ITEM

ID FILESqr

MANUFACTURER ORDER ORDER DESCRIPTION

ANUfACTURER NJMIR ORDER NUWER* PRINKEY

,1 * PAJIACTURER NAME GROER DATE -ORDER"PJN

* 1 LOCATION mANwFACTURER ,NUMBER -PARTNUM

, ,.* PARTNAME

," PRICE

. .°- I
ii II

MANUFACTURER FILES

STOCK ITEMS SITE DIRECTORY STATUS

-r ,• NATIONA. STOCK NUNIER 9. SITE NAME * ROUTING 10 CODE

- SITE NAME *ROUTING 10CODE *DOCU(NT MSe.ER

QUANTITV ON HAND MATERIAL OIVISION STATUS CODE

OUTSTANDING REQNS VAhIOUS DIVISIONS MODE OF SHIPMENT
R EODER POINT

'* PRIMARY KEY - ONE-ONE LINK
* ALTERNATE KEY STOCK LOCATION FILES - MANY-ONE LINK

.:Figure 4.4 SPLICE Directory.
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The Navy Sunply System is a good example of a cCTz.!=

distributed informaticn system. To solve a problem w:hin

this system, the patterns of usage and methods of - : -

acticn processing must be fcllowed and used to a-.sw.= tha

questicns cf where, how much, and what data tc ou" at each

node. The hybrid sclution does this, thus facilitating the
dssign ard implementation of a directory.

G. EINEFITS OF A SPUICE DIRECTORY

The SPLICE directory as defined above wculd put thcu-

sands of useful records at a wide variety of users' finger-

tips. Thzcugh this on line directory, a user could access

the lccation of available stock, manufacturer's action on
crders, and even the status of thei- requisitions at
different sites. Valuable time would no longer be wasted

looking up and writing down line items carried by a site,

manufacturer's name and address, or stock site personnel

contacts every time they were needed. The SPLICE dir.ctory

would prcvide this information to the requestor. The direc-
tory reccrds would be available through any of the sixty-two

proposed sites, would be current, and updatable. Cnce the

directc:y irformation has been retrieved, a user can revise,

create, or delete a report/record of the selected inforra-
tion that is needed by using the features of ENFORM. At the

same tAme, the directory would be secure by only allcwing

alteraticns made by authorized personnel.

It is easy to see that the directory could provide many

benefits to a wide variety of users. The immediate result

¢f pxcviding a directory would be that the directory would
take the place of numerous manual searches, saving time and

money.
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V. CCNCLUSIONS

A. IDENI1PICkTICN OF NEED

Ccnsidering the diversity of the applic.cation p-ograms

that will be tied to UADES-SP under the SPLICE prcjact,

there is a critical reed for a tool to manage the prepcnier-

lance cf system re.sources. A DDS will offer the capatilities

needed to control and manage the data resourc-s in th:.

intricate and highly ccmplex distributed SPLICE netwcrk

system. Relative tc this, a key aspect of a DDS is that it

provides resource independence.

E. B!NEPITS

There are many benefits that a SPLICE DDS can provide.
A' The rrs serves DEAs, system analysts, software designers and

programmers by requiring definitions of system data
elements, files, programs and reports. Conversion tow.4h_.

A uniform rescurce description standards allows systems wit hin
the SPLICE network tc interface easier and more freely. By
establishing standards of data definitions and descriptions

for applications programs thrcughout the SPLICE system, the

DDS serves as the focal point for future analysis and
design. Using a DDS, data can be managed to the best advan-

- tage fcr the existing information system and can be effec-
.7. tively redeployed to eet changing information requirem.nts.

The DrS can be used tc generate test data and check results
4v. before allowing changed programs to replace the production

versicns.
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C. SINoESIS

Tbhis thesis reviewed the current status of th-- S L-C

DDS and proposed a TANDEM DDS for SPLICE. Basic co-z-.-.= :

and ccnside-rations in evaluating a DDS were discss n

these fundamental principles weri applied to --.hs TAIDEM Data

Dicticnary and a preliminary Directory design based upor ths

TANium rEMS. A brief ccmpariscn was made of the TANrEl Data

ricticnary and other commercial products.

The TANUEE Data Dictionary is essentially a data s.imenr- "

dicticnary. It is a DBMS-application approach to a DDS.

The product does not have directory capabilities at this

time. The dictionary is an active/dependent system which

would require that S;LICE system components depend upon the

dicticnary for their data. Its usefulness, in its present

form, would primarily be as a tocl for manipulating infcrma-

tion abcut data elements in a database. The TANDEM

dicticnary cperates effectively as a conversion facility for

three different programming languages as well as for the DDL

compiler. By placing the data definitions and data struc-

tures in a single language, the DBA gains control over thz

database design and implementation. Considering the volume

of data in SPLICE and its ccmplexity, this would be an

advartageove feature.

V. PIINX CCMMENTi

A DDS is a powerful information management too! with

potential, positive payoff for the SPLICE project. It is

important to note that the EDS can only improve system

productivity and accuracy if its design potential is

explcited. As a minimum, it must indicate what and where

data is stored, when and how updates are handled and which

applicazicns programs are accessed. A DDS implemented to

perform these functicns clearly provides a great deal of

autcmated system control.
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Naturally thare are some drawbacks in employing a DS.

A DDS imrlies system cverhead and maintenance as well =s an

initial hurden on database management personnel. HoCwver,

proper planning and early organization-wide commrin-:mt to

managing data as a resource will create a climate in which

an active DS can facilitate crderly data processing whils

avoiding chaotic data management. A DDS can be a valuable

too! in the management of distributed lata for the SPLICE

project.
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