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As & result c¢f growing demands <for Automated Lata
Frocessirg at the Navy Stockx Points and Iaverntcry Ccrtrcl
Foints, 1lcpg range flans are€ rteiny developed arcuni the
Stock Ecint Logistics Interface <Commanications fonvircrment
(SPLICE) «ccncegpt. Erckleus and opportunities are invcived
with designing and using distributed systens. This tlresis
investigates the area of data dictionarys/directory systexs
with special focus cr distrituted systems and atteljpts to
cutlire the benefits fcr the SELICE systea from the use of a
data dicticrary/directory systesn. Interface consideraticus
letween data dicticrarysdirectory system {(DDS) and neigh-
rorirg mcdules are alsc discussed.
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I. INIBCLUCTION ;

A. SELICE AND DATA IICTIONAEY .{
. A
; Tte SELICE {Stock Fcint Logistics Integrated 3
[ Compuricaticn Envirorftent) cCccncept comes as a result cf tae
b
- always crowing demards or the U.5 Navy for autoxated data J
A grocessircg [Bef. 1] ard inventcry controcl at variocus fcints. %

A design and implemertatior strategy is necessary lLased in

distriktuted architectcre for a lccal area networx (LAN).
SELICE is desigred to increase ADP facilities cf the

€xisting Navy stock ppoint and inventory «contrcl [cirt.

Eecause tke <current Unifcrm Automated Data Prccessing

RSP

System-Stock Points cannot support the Jgrowing reguirL€lerts
for autcmated data jrccessing (ALP) without a tctal rede- j
sign, an e€ffort has leen undertaken to improve the systea in
the skcrt and long term [Ref. 1]. Two major objectives are
tehirc tte SELICE development: ’

1. Tc ircrease CH1 display terminals SO users can accCess
iunteractively the system's cata Lase. -

1 2. 1Ic standardize the various current interfaces acrcss

the €2 supply sites. 1
! Tte design approach first starts from the Jdesicnirg cf
- the lcgical or virtual local Area Network (LAN), Ly sfpeci-
fying all tke functicral modules, their characteristics, ard
f the ccrzuricatior prcteccols without focusing on the Lardéware )
characteristics. A later phase of the SELICE project will
anticipate the mappir¢ of the virtual LAN reguiremerts crto het
a8 physical lccal netwcrk.
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Tte <fcllowing fvurctional mcdaules are irvolved 1 the

Cevelcpozent of the s)stem.
- Iccal communications (LC)
- N¢érilcpal ccamuricatiorns (NC)
- Frcnt-End frocessing (FEE)
- Termiral managexzent (IM)
- Data lase ramagerent (LEM)
- Sessicn services (S5)
- Feripleral manacement (EM)

-~ Fescurce allocation (EKA)

Tkis 1AN design [provides for distributed corntrcl lrut
does rct frcvide for the distrikution of data bases witlir a
IAN. Tke cata bases c¢f the SFLICE s);stem are geografphicaily
distriktuted over a wide area and for the purpose «c¢f main-
taicing tke integrity cf the sjystem, tihe data base functicrs
are centralized within each ILAN. A DBMS module ifcr the
syster 1gust at least provide dictionary, integrity,
reccvery, query lancuagye, and security features as well as
Cuowpatikility with existing CCEOL progyrams.

Tke functions of the D3M ncdule would Le:

- Catalog, to ormaintain a catalog of file rames ani
status {rate, open <¢r closed, size, phnysical adcéress of
file,rhbysical address c¢r index, agpplication used in, date
entered intc systen, expiration date if any, lccaticn cI
rackufp ccpy, format, access restrictions).

- Cgperations, urder a menu selection scheme tc perfcra
variccs furctions (retrieve and dis.lay a record, ujpdate
specitiec¢ fields of a record, delete a reccrd, insert a

record, frirt a file, grint a record or secified tields or

et B
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a reccrdi, arswer specified gquerlies and disjpiay and prirnt toe

results).

~ L[icticnary for derininy azd cnaracteriziuy trne Jdata
€elemerte. The dicticpary gmust be intejrated with the LEEFS.
This will contribute to cata 1intejrity ard coLsistercy
tarcuckhcut the syster and stould also be ¢I gredt assistilLce
in desicnine repcrt fcrmats.

Witbh this imjrovecé design it 15 believed that the SELICE
systeg will provide econcmical and resgonsive SUppfcrLt caja-
£1lities azcng the 6% dirrerent gJeographical locaticrLs, eacn
havirg e different pix of application anc termirai
[ejuiredents.

Tte SE1I1Cz functional cdesigm apprcack suggests devel-
cping several functicnal mcdules, distributed ir mibnicca-
Futers thrcutghout the LAN with the necessary commuricaticrnce
to supfort tunem [Ref. 2]. This dJesign provides fcr higter
systen availapility than tbe <centralized approack sixnc
functicnal modules «can be mcved <froam one panysical ncde to
anothker without charging tleir lcjical addresses [Fef. 3].
At the time there e€xist po e€xact methocds for <cesicnirg
distrituted systems ard so an okjective of the NES resecarca
frograr fcr SPLICE is to advance knowledge abcut distrituted
systens ard to 1increase understanding of how distrituted
systems must bDe desicred in crder to operate erffectively.

Listrituted systens have probiems associated with their
desicp that need scluticns in fparticular areas [Ref. § pp
2] 1The distributed system must ;rovide the abiiilty fcr the
user tc ccommunicate and access information across thke o2
local petwcrks 1interccnnected by tae Defense Data Netwcrk
(JDN) . It nmust be fossible for the user at Naval 3Suptly
Center (NSC) Oakiané to access tane Inventery Contrcl FEoliat
{ICP) dataltase at Mechanicskurg in the same wajy as the lccal

Catalase at Oakland [bef. 4 ].
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tc ancther local network,
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SPLICE systen. In tle case c¢f
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Tte cdata dictionary must provide sujcort to the atcve Ly
tnijuely raming and 1identifying oujects in the cverall
a Dessaye wLich 1is destired
the dictionary «car ke used to
ckttain tke rphysical destinaticn address witii tne help of

Data Directory
Service Object
subject
code
.-
Data dicttonary
Sessfon g?tat
Services :'2}*?nary
Support - FMnCLions
I [ |
1 Sending Local
Functional Data base
Module
sl
)
rg
}
4
1 Logical Bus
s. Broadcast message
’ e e c—— —— —— — . ——— S . < — ———— e —r T —C———— ———————  — — — ——— — —— ——
{ Figure 1.1 Netwcrk Services Directory and Dicticpary.
3
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Sessicn Services nmodule (Figure 1.1) . FOr oo ject ramirnj

and addressingy ard scftware rcainteLaLce, tue data cicticrnary

can telp ty stecrinc all the Dname-to-address amagpiing and

routirg infcrmation. The data dictionary can alsc fe used
to <specify task reguirerments for the user terrciral
processes. The data dictionary in a distributed ervircrment
will «cccrerate closely with the sessicn services =mcdule fi
which prcvides assistance to the wuser terminal prccesses in f:
carrying «cut their tasks. Taus a distributed ogerating -
system must provide, in additicn to other functicrs, the -3
ability tc¢ access efrfectively the dicticnarysdirectcry !‘1
systex (Figture 1.2 frcm FRef. 4) . ?
Major systems of the SPIICE application e€nvircrmert are
the Intecrated Disbursement and Accounting (IDA), Autcuzated ]
Erocurexent and Late Entry (AFALE), Uniform Automated Data g!
Erocessing System-Stcck Points (UADPS-5P), and Lcgistics '
Lata System Trident IILS. Each of tue above systems has its -]
cwn €lements, files, rprograrms, transactions, users and 'ﬂ
reports [Kef. 4]. '1
It is vital for the system tc manage all the rescirces :
efficiertly and the distrikuted environmert makes this Zco _
more difficult. A data dicticnary/directory system (CLS) ;j
seels tc Le one apprcaca to data design and managibng grctienm .;
soluticn. For the centralized database environmert thiee -
aspects are emphasized [Ref. 5. ]
¥
-Tte =scftware irterfaces between the D/D syster and .4
cther scftware packaces
-The ccrvert functicns ¢f the D/D system ;
] ~-1ke environmental dependency petween the D/D syster and ;
: a8 datalase managemert systeax (LBMS). :
g Fcr tke distributed datatase environment, as in the case
. cf SFIICE, there must te extepsions to the centralized D/D, )
ﬁ o
. 13 .
. 1
t -




————

Ll amr)

vy rwe b 20 g v.vlvvvr—“"‘Y

CRECANA SR Suas |

\ A SN aoul

i e S nan Jnecade Sy ———— et . AR -t Lot At gn T AR diaie

USER INTERFACE

Commend | anguege
Sesston Services

PROCESS MANAGFMENT

Inter process communication
Interprocessor communicetfon
Deadlock prevenifon

Critical section consicerations

SHARED NE TWORK SHARED LOGICAL RAM MANAGEMENT
RE SOURCE MANAGEMENT RE SOURCE " ' vork S
MANAGEMENT MANAGEMENT snsactfon Work Spece
. AYlocation/Deellocation
L] 1 Intre LAN MEMORY (RAM) MANAGEMENT
Commun,
Flle Server Inter LAN Suffer Allocation/Deallocation
Catelog ¢ = Firet FIt Algorithe
Flle Mecros TCP/ID.
Dictionery/
Directory
J 1/0 CONTROL
Interrupt Nendling
Moessgo Prinftives

FIRMVARE (Non (hengeable Part of Operasting System)

y MATIPLE MINICOMPUTER HAROWARE

Figure 1.2 layered Operating System Design (Ref. 4)-.

additicral coftware irterfaces regyuired, and the use cf the

L/D as a distributed catabacse.
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E. CEJECTIVES OF THEZIS

Tte SELIICE project at the Naval Postgraduate Schcol
{N23S) takes thne apprcach of desigpning the lcgyical or virtual
lccal Area Networx  (IAN) first, specifyinjy all the furc-
tional mcdules, thell characteristics and the coamurication
Frotcccls, rather thar focusiny on tiue hardware characteris-

tics of IAN first [Ref. 1] developingy alternatives Icr

SPLICE Iccal Area Networks. After providing a furctioral
specificaticn fcr a distributed operating systea, user
interface specifications are provided, where the

dicticrarys¢irectory system (DLS) constitutes a majcr ccmfo-
rent [Ref. 4] arcd its functicn is to provide suggpcrt fcr
ramir¢ ard identifyirc okjects in SPLICE.

Tte ckjectives «c¢f this thesis are tc investigjate the
area cf ¢data dictionarys/directcry systems (DDS), to cutline
the advantages/disadvantages of these systenms, ar¢ to
presert the underlyirg ideas. Also, to fpay sSpecial attertion
to tle distributed envirconent, and to 1intrcduce thne
Leneiit; fcr the SPIICE system from wusing a dicticnaziy/
directory system. Finpnally an attempt will ke made tc irtrc-
cduce tte interface reguirements tetween a data
dicticpnary/directory system fcr tne SPLICE, and the neigh-

rcrirc mcdules.
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A. GENEFAI BREVIEW

A cata dicticnary is a description c¢f data re2scurces. It
contairs tcth machire-readatie and human-readable descrip-
tions of the databpase tables, their attributes, interrela-
tionski;s, and semantics. It is usually not very large, ltut
it has a very 1ich structure. Yost systems have a Jata
dicticpnary facility wlkich stores metadata about the database
aside frcm the datalase itself. The data dicticrnary 1s
cften kuilt ca tcp of the DEMS as a special agplicaticn witha
a special cdata defipiticn language.

Thus a [DS is a set of cne or more databases ccrtainang

cata akcut an orgamnization's infcrmaticn rescurces. Tccse

resources can ke retrieved and analyzed using standara data-

fase management systenm (DBMS) capabiiities. The ccrcept ci
a data cictionary system has existed i1n tae Jata [rccessiay
industry fcr a numlker of years. Use of such a systen
consists, kasically, ¢f an attempt to capture and store in a
central locatioan definitiors cf data and other <ertries cf

interest [Ref. 6 . Tte ;rincijles of such a system are:
~Ercvide for better data ccntrol

-Frcvide for better documentation

-Inprove the quality of the systems that are rtuilt in
terms of user functionality and satisfaction and =systen
gaintairakility.

The cata dicticpmary helps to capture and document data

elemerts, their definitions and some of their descrijtive

1€
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attrikutes. It alsc provides fcr 1o0Jical groupiry cf Jata
€elemerts duriny the [rocess cf gjatnerluy Cfeguirements to
ftuild a rew system. 7Tlre data element dictiornary prcvides the
vocakulary that can le used retween tne systems aralyst and
the e€rcé-vser [Ref. 6_.

Next in the spectrum of usage tae DD3 help is twcfcld.
First if the data dictionary is availaple it can ke e€xtended
to irclude informaticr c¢f hew and by whom tue data elerments
can ke used. Thus a dicticnary caa be used to sStcre tae
defiriticns of data €lements and the definitions <¢I ctier
data «ccrstructs (records, files), tne deliniticos cof
jLOC€E€ss€s (frograms c¢r manual frocesses), and Jdefiriticrs c:f
cata users (individuals, orgarizations). The 3eccrd trend
that ccontributed to this extended wusage of a dicticnary
syster was the gradual migraticn away from tae use cf tradi-
tional files toward the comcept of a central, integrated
catakase distributed across the DDN but «centraiized witkin
€ach 1AN, ucder tane ccntrol of a database manayement systen.

The prcklem c¢f dvplicaticn cf data (data redundarcy) ca:n
re =sclved inside each LAN Lut another mechanismz must Le
frovided ir order tc¢ solve that grcplem across tke DIN.
This frckler must be examined carefully and that mechanisa
pust [rovide £for eccrcmy because sometimes data redundarcy
pay L€ mcre cost~-efficient thap tne freyuent use of ILN.

The alcve is vital for =system design Lecause in the
SPLICE environment, data are to be shared not cnly Ly
¢ifferent systems, Lut als¢ ky a wide range cf users. The
lasic ccrcept of a TEMS is tc provide a centrally lccated
set c¢f definiticns cf data within each LAN that is to ke
shared in crder to assure that different wusers will access
conzmcr data with a set of ccnsistent definiticns.

Tke LPS acts as a repositcry of ali definitive infcrma-
tion akctt the database such as characteristics, relaticn-
ships, @&rd access authorizaticnos. These datatases, as

17
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inplied ty the tern ‘icgically', can pe raysicawiy stcred iu \
diverse lccations within each LAN but are lcgically linked
via ccrxrurications anc the [DS.

Thke cata dictional; syster located in a ncde withir each
14N can te used to jrcvide the above deiinitions apd tious
the reguirec data corsistency.

Serarating the data dictionary <rfrom the datalkase raises
two prcklems [Ref. 7 .

-1ke dictiorary and data base wmay disagree wita che
anothker trless ore irterface has control of ccth functichns

-taving a separate Jata dJictionary daplies havircg a
separate larguage fcr the definition and manipulaticr ci the
dicticrary catakase.

Users who define tables and other okbjects (case of
systet-K) are encouraged to i1rclude Enjlish text toc descrite
the meanings of the ckjects. later other unsers can retrieve ]
attrikute taples withl certain attributes or cam brcwse amcng

the descrirtions of defined tatles, 1f they are so autacr- i

ized. A user later can modify these entries to change tae ‘
attritutes cf an object. ]

-

E. MAMAGEMENT OF INFCBMATICN FESCURCES

Irfcrozation resourse marageunent (IRM) 1s a aethcdceclcy;

PUPORPSIR . = VI

that attempts tc solve a set of problems related tc the
5 systen life cycle ir an integrated and <coordinated marner.

@ The data dictiorary system will play an important rcle in

o RS T a

this aree.

Ir tke case of SEIICE tbe LDS can play an impcrtant rcle
in frcviding a dccumented inventory of icfcrmation
] IescuIces, a ccrtrcl mechanism for the anaiysis ard desig:z '

ct Dne€w infcrmation 1I1esources and tae necessdry [L[escUIce
indegendence.

1¢
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A cata dicticnary can be used as a powerrul tocl (nct as
@ sclueticn) that can aid in the solution to varicus frcrlems
such as the inventcry contrci, repgort jroduction, [rLOojer

routiny cf cata, prcper routirg of regyuests, data cchnsis-

s 9,

tency, security, etc.
Finally the dicticnary system project 1s 1n fact aL

Informaticr Kesourse ranagement (IRM)! froject. Ihe SELICEL

@i

sSysten [cssesses much valuatle data that has keen generated,
ccllected, and stored in ar automatic and 'fcrmated! state.

Ctilizaticn of any class of data involves on€ CI Wcre

Adei ol

Frocesses. These are [Ref. 6] »

- Ccllection: It 1s a prccess that tends tc Le e€xpen-

sive as tke cost of identification and recording (irciuding

input tc an autorated systes, as necessary) can be high.

- Erccessing: Tlke data ccllected is gyenerally ‘managed!
in scwre fashion befcre and/or after beiny stored. ir toe
case o¢f automated <d¢ata, this <cccurs through tne use¢ oI R

comjputer prcgrams. ®

- Storage: The —repositcry of data and ainifcrmatiow

termeé a "data base".

- hetrieval: Using the knowledje about the stcrage ol
technique keing used, data are retrieved to answeL guesticns 1
cr tc ke mcdified.

- Ccmpurications: A ccorunication line is needed to

connect the user terminal with tne [lace where the

dicticnary resides.

. llpfcrmatiorn _KRescurse Management is whatever C
acticn, crI procedure c¢cncernircg information (both autc
and ncn-autchmated) awlich managément establishes that s
toe cverall current and futur€é needs cf the systen,
folicies, etc. wculd include ccnsiderations of availati
ilme;lness, accuracy, integrity, privacy, security, a
aki1lity, cwrership, use, and ccst effectivern=ss [ Ref. 6

han e i Jute gun cnn B BE 8
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Ite environwent ir which the arove processes take rlace

is ccppcsed of :

- Lata and inforaation. Represents the core cf tae
entire irfcrmaticn prccessing sgectrum.
in tle system. It 1s the personnel invclved

with the system. These are users of data and other irnfcrma-

tion ccmpcnents,

- Ebysical facilities. Ccmputer hardware aré ctter
Fhysical devices used in data frccessing.

~ Elccessing facilities. These are all the activities

which take flace in tle use of physical facilities.

-~ Surpert facilities. All the services which eare

reguired Lty users cf (ata as well as personnel whose resgcan-
sibilities are primarily in the information s;steas area.
Each

c
Informaticr Resource and the ccmputer systez must prcvide

f tke akove <ccmronents is refered as an

for an integrated ard cocrdinated manner to manage th

(¥

entire irfcrmaticn resource of the SPLICE system ang

"t
tr
]

b
+
b3

data cictiocrary bas tc play a major roie in cecnjuncticn wi
the datalase mapnagement module.

C. CSCUEFECFT OF SYSTER IIFE CYCIE

Ir this section, we present some highlights ¢f bew the
cata dictionary suprorts the @aia steys of systen
develciment.

Tte waterfall mcdel ¢f tne scttware lire cycle [Eef. 14]
consists c¢f tbe fcllowing =stages: Systea £feasikility,
Ieguirements specification, product Jdesijan, detail desigyr,
codirg¢, integration, im;lementaticu, ofperations acd cainte-
rance. Cf course tlere are alsc other modeis of a scftware
life cycle fut basically the functions of a ODS are the sate

in whatever model we consider.

<0
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Luriry the <systea's reasifilit; stage tae [IZS carn te
tsed fcr Lesw Jata €lezent ccllection and to &avord rLecurdan-
Cies 4drc¢ 1rconsistercies. Alsc tae DDS cdiL <ccrtain a4
descri;ticn ¢ _rocesses that are aiready availagie ard to
help 1o assessinc tle true gagnitude oL the propcosed task.
Lurin¢ the reguirenents specification staje, tie Ccata
dicticrary can provide tne means to Jdeotect existirg iraccu-
racies ir defipitions and tc ccrrect tuiem Lefore taue s;stex
Cperaticr. TLis 1s because tae [DDS contains ‘the cverall
SCope€ Oof the reguiregernts tc Le speciried.

Luriryg the product design and dJdetail design stages, tre
LDS car tel} because it contaips the Jesign details ci Ekcth
c¢ata anc frccesses, wnich cap te snared Ly all gemrers c:Z

the desich tean. Particularily 1o Jdatabase design the IDS

can record muitiple tser views, fass output troa the lccical
desicr plase to physical <d¢esign phase, Jenerate rultiple
designs fcr benchmark testing, and veriry the existiny
ccnversicns of data in the systea. Fcr the rest «c¢f the
stages tte DDS can telp in data coliection, coding, and
testing, Ly providing any desired degree of ccordicaticrn and
contrcl cver tasks, generatirg data structures, stcringj
instructions for the staff, describing the various Jcks arnd

activities, and finally, providing a means for efiectave and

consistert modificaticn of the system.

Additicral benefits that can Le derived from the [D3

e

[Ref. 6] are naming standards, aid to auditing, 1iLterfaces
tc arfplication procram develcgreat toals, and scftware
conficuraticn management. A DDS5S allows a system tc tLe
extended trcujn the acditiop of new entity tyfpes, relatica-
ship tyres, attribute types, and also can ke uasec tc ada
conificuraticn entity; tyfpes such as —reguiremeats <sjpecafica-
} tions, <charge nctices, etc. . The major advantage frcn the
use ¢f tte [DS is 1D the case cf an active system where the
systenm nct cnly records the entities, tut also ccrtrcls Low

T

tuey are revised.
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I. [ATA LCICTIONARY SYSTEX® CEGANIZATION

Tte crcanizaticnal <structure for a DDS that is to be

adopted must be commensurate with the size <Ccrf the activity

at any cne time. Such a structure is displayed in Figure
—_ _— ————
Date
agminfstrator
Date dictionery Deta iy
sdminfstrator frapection tesa
l
{
| |
Pctn base feta Dase ' Data base
aminfstrator #1 fnfetreator #2 posinistrator #n
|
l..
{
i
|
—_—— -— J
Ficure 2.1 SPLICE Data Adpin. Function Orgamizaticr.
2.1 .

Ttke L[ata Administrator 1is the f[person responsitble icr
articulatir¢ the data poclicy after the major gyuidelines nave
teen laié¢ dcwn by the designirg team. Tnat policy 1includes
rianping fcr data ccllection, its structuring, 1ts stcrace,
and 1ts guality cecntrel. Fcr tne SPLICE sjystem the Data
Adairnistratcr can be a perscn or 4 team iocated it arny
[lace, whcse main furction will Ee the setting ci tne atbcve

fclicy.
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Tte Licticnary Acainistratcr «ho tu€ :ersch ¢L teaw

€d
at

o

ITesgcrsitle for the Jdicticrary systea  withln tre

Adminpnistratcr functicr (e€j. 1eccrdingy ci ali meta- iufcruia-

4
) ]
..‘J

ticn ard geta-data ard its @aintenance througn the use cf

the <dicticrary syster, alcng wita @making 1its racilities
availarle tc the users of this systen). Eecause 1ir the
SELICE system the data dicticrary is unigue tarougn all the °

csystenm ard no difrerent views cf the data dicticrary are
Fermitted in the varicus locations, that team or perscr atst
e urnicue through tle systen. Caliy that team (c¢r f[€rscnhn)
zust Lave trke p[priviledge tc maintain the DD. Ihe L[atabass ®
Admiristratcr whc the gerson (¢r team) respcnsible fcr the

B

techrical aspects of cbtaining, running and maintairirng the

LsMs. fipce SPIICE is a distributed system with datalases
éistriktuted acrcss €z different locations, tae [Latapase ‘
Administratcr does rct need to be unigue. The reguired

policy end definmiticrs are setup by the data dicticnary

administratcr and this 1s ercugh to maintain consistercy

throuch tie whole system. The Lata Quality Inspecticn teaa \

“““ L J
has a rcle also in tte hierarchy, and its functicr ig the :
guality dipspection ¢f the information or Jdata, ard tae
gquality audit trail cf the whcle system. This can te€ caz or
zore tears. In the case of <several teams the entire audit ®

o . 1
effort can le dividec among themn. ]
F. CCNCEEFTIS ON DDS SELECTICN AND EVALUATICN
1
]
. It is very difficuvlt to find a commercialy availakle IDS .1
' to meet exactly the reguirements of a system under ceveicg- ]
g gent. A selection and evaluation [process compcseld of ]
f varicus stefs must Lte develcped in order to select the Lest 5
! systesn. e
Fcur steps are jroposed ty [Ref. 6] rfor the frcceéss of
h cselecticr ard evaluaticn of a I[DS: ]
.‘
' °
,
1 <3 g
. 1
h' 1
<
[ R
®
} ]




Py
27 3

B2
®

P ———

L e s e e s o g

/SEEAEE A ZEM g son ¢
\ .
.

-letermine the 1eguirenments ror the aictionary systen.
These =sacula be classified as either belny mapdatcry cr Lct.
I nct zarcatory estatlish a escaie and assigyn nunkbers irndi-
catirc tlke importance.

-Levelcy a list «¢f features of dictionary systexrs trat
will le used ia the evaluatichL cf systeas.

-Leternxine a mapjping frcn the needs onto these features.

-for e€ach mapping, wusing descrigtions oOf availilatle
systems, a system c¢an be found either tc juailfy oL nct.
Tais fprccess 1leads to eliminate systems that acre rct
qualify.

k€ cannct say tirat the alove procedure is cterfect arnd
does rct have a risk for mistakes, bDecause it 1S csulkjective
and varicusly dejends on the experience and sgartness ci the
selecticrsevaluation team. Scrie pore comnon/general reascaos
leadicg tc mistakes are: Ibe needs were pnever frcgrerly
assessed, ard pctential ysers sere not asked the right gues-
tions, urnecessary but apparently "nice" features were c¢iveu
high values, tae evaluation cf the system was inccrLsistent
kecause different pecple evaiuate different systems witacut
a well-defired measurement metbod, undue emphasis was fplacel
cn features tahat will be needed in the Zuture tut urimgpcr-
tant rcw, e€tc.

Fcr tke SPLICE system we <cannot rfoilow the accve jroce-
dure. SELICE has decided tc¢ use Tandem as their "frcnt end”
Tiniccmptter. As a result, seliecting a DDS is iargely 1
foregcne ccrclusion ir this situation. So we rave tc ise

landen [EMS and the associated dictionary capabilities.

fF. ALLITICNAL ASPEC1s CQF DLS

Ir tle next few years, several extenslons to dicticrnary

systeus, nct availalle today, will aost likely Le ccimel-

cially available. Trese additions will allow dicticraries
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te L€ ICr¢€ effectlve InL LILtelfaCilLy, with tie lrrcroatich
[e30LLCEL. Tne USe CL wxXterg.irillit, racilities allcws aln
installaticr to custcrolize tre Sictionary sSystel 1n crder to
Take 1t e€rfectilive 1in sucn ajpplicatioas. S1Ch eXdalj;ies alc
the use ¢f£ [DS tc ccrtrol tne tcotal i1nformaticn rescuzce, to
ai1d ir tle analysis, desigr and levelcpazent ¢rL 1nicrzratiorn
systens, ard to aid 1r erilcliert datapase design. 1Le last
applicarticr examyle is the use cf DDS as a repcsitcry o:
infcrmaticr [OF an erntire system. Tais 1s exactly the gazcr
1ole tbke [LS has to fplay in the SPLICEZ sSysten.

neferring to the SPLICE apglication environade€nt tre LDS
wouil IL[e€culle users ard analysts to deilhe tune SysStemr Jdta
€clenperts, files, etc. which wculd entail updating cla derl-
riticcs, discarding cutdated crpes, and iatroducing rew CRES.
In thls way standards ¢f data definition and descripticr rcr
applicaticn programs can fte estatlished over trhe ertire
SPLICE system [FRef. 4]. Eut on the otuer nand it is a
terculear tesk tc retrofit a dictionary to existing apglica-
tion £jstencs. Eecatse 0f the rany above aentioned difficu-
lies irn ingplementir. the dictionary to old agplicatica
Ssystels, W€ reccibend as aucCa rcre gprererakle to i1gplement a

dicticrary for new ajjplicaticns ornly. That means tusat tia

o

cicticrar; will ke develcped gradual; and a lcny pericd will
e reeded to Lbte fully 1mplerented ror the whocle SELICE
systern.

Alticujih DOSs hdave Tauy advantagyes, tueir disadvarntaces
should ke mentiorned as well. L[1ctlonary Systems are€ CcOpiliex
SoLtware systems and the executicr oL many dicticrary ruuc-
tions ©dy CoOnLsule a4 slgniticant parct  Oof the systen
LesSGUICES. A3 tne€e sccpe CcI the dicticnary is €rlarged to
irclucde always lerjer rnuamver «cf inzZormaticn I[esSOULCes, the
£05 wi1il tegyin gradiaily tc 100k 1l1i€ the @DAJOI Le€scCUice
L, ard thus tle mdln uJser orf tae host cowmputer systen

Je Wiu€L #e ccusider active lateriaces 9L tne oL3,

in
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contrcls a frocess

[Levicus froblern
trrough
it fcllcws that this [rocess
as the cictionary system has
tine is edded to the whole
can ke meny fprocesses,

accunulateé service time

rottleneck.

Tte frcposed scluticn fcr
avoid (cr at least reduce)
copy c¢f tke DDS in each LAN.
techrigue <e€ach user 1lccated
invertcry ccntrcl
CDS.

Tte number of tsers whc

the same kut the overtead frca

ILDN will be

locating the

the redused Ly
cf

csolve the maintenance fprcblen

master cogy

deleticns ard wugpdates of the
paster ccpy by the Dicticnary
copies «can be updated
DDN,

master cofgy.

only
throuch tne ir such a
image cf tke

(deleticrs, updates,

zate that the whcie frocess of

tne LLS will
will pct Lte significant.

LAN's are wcrking cff the

fecones mcre

ChDE CI these

pLccess tiae.
the ccntinuous

Day

Ecints only

Eecause chnanyges

additicns)

not be expensive,
Cf course

sal€ schena,

serious. 1f the LDS
dCctive 1nterrfaces,
cannot proceed until such tiae
finished its joci. This Jeiay
Given that there
use of the LDCSE apnc tae
eventually result iz a
the SPLICE system [Ref. 4°

this overhead by

can
locatirg cae
®itn this simple and efficiert
ci the o2 stcck and

in any

needs tc consult the lccal
peeds the DDS services rerains

the lonyg gueuing time acrcss
tc 62. By

one place

a factor close
the DDS 1in
cf the DDS,
LDS
Administrator.
by

way as to represent

WeE can
because additiors,
via thae

All the ctler

can ke done only

remotely the master ccpy
the exact
in defiriticnos
are not frequent, we esti-
updating the local ccpies cf
the resultant cverhnead
all 62

and tae application

and

this assumes

€envircrment is homogereous acrcss the network.

¢. FEIERARCEY OF DDS

A ¢gocd hierarchaical

mant tc avcid the

DDS structure 1is sigoliicant

"bcttleneck®

1L Wwe

Jentioned acove. A structeire
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is prcpcseé ip Figure 2.2 arnd we ceileve tkat it 1= less
expensive ir consullr¢ the systed [LeSOUICES thaa toe struc-

ture cf kaving different views CI tue Daster dicticnary at

—_ _— _ - ———
Dets afct!
!Eqa_ t_e_ 9[9{“{"_ aoministrator
| T Fommmmmmmn
, :
1 '
X :
J
v |
Master globe! I
dfctionary |
|
|
|
t
!
|
I
i
|
Repifcatea coby Replfceted copy Replicated coby !
i 2 #6e !
|
1
|
|
]
|
[ LAN 41 LAN €2 LAN ¢62 :
L }
i
T 1] !
: | : :
| | | !
| U Y o e e ) A :
Upoate reguest

Figure 2.2 A First [LS Hierarchical Structure for SFIICE.

€ach IAN. In particular supgose the copies or ‘the lccail
dicticparies are not e€xact images of the master dicticrary,
tut are differernt views of the master, especially Views
containirg informaticr cnly for the local database. It such
a case it is not useftl to separate the definitions frcm the

actual <catatase since the different views of the whcle
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catakase are centralizea withir each LaW. If 2 sgare part
for esanjle cannct e found ir a locai Jdatarase, tner the
tser tas tc consult tke master dictioaary to fird toe lcca-
tion ¢f the reguestec sgare part because the local ccfpy of
the cdéta dictionary dces not ccrtain information akcut ctrier
¢ata Laszes of the system. In this <case the user has to
access tle [DN twice, first tc ccansult tne master dicticnary
and titer tc consult the local database in whkich the spare
part is lccated. Tkis prccedure can easily lead tc lcnyg
waitinc times and firally tc "kottleneck" Lecause the master
dicticrary will Lave to answer in guestions coming frca 62
dififerent LAN's. A second hierarchical structure is shcwrn
in Ficure 2.3 . This structure involves tane locatick of a
copy ¢f I[LCS in selected nodes instead of each node. <ty tlis
way we€ reduse the amcunt of secondary memory needed tc stcre
the L/D kut we increase the use of DDN. This inpncrecase in
use ¢f [LN is irversely propcrtional to the numker «c¢f L/D
replicated copies. Tre soluticpn ci locating exact ccpies ci
the wmaster dictionary 1imn €ach or selected LAN's has tae
disadvartace of constmingy @ore secondary storage Lut cur
€stimaticn is that ttis is preferable and less exfersive
than the freguent use of DDN 1in order to consult the raster
Copy.

W€ cannct say that distrilution instead of replicaticn
¢f LLE is an inefficient methcd not acceptakle for SzIICE.
Since tlere 1is not enough experience -fcr distrilkuted
systeas, arcd especially for data dictionaries, we nave to
€xamire carefully every gossilkle architecture, the frcs acd
the ccps ¢f each one, 1in crder to make the best decisican.
Eut still we believe that the decision will be based mc¢re on
€stimaticns comming from intuiticn and less in exferience
and statistical information. Such an architecture is laced
cn distritution instead of regplication of D/D for SEIICE.
This is shcwn 1in f£igure 2.4, and will be examined ir a next
chagpter.

P N )

y P

A adl

Y . %

S B e i




v

M

T TNV V

——

— ——— —

Data dfctfonary

---JJDO&LE’. _____ 4 aoministrator e

1 ! Order !
J |

| I

v f

Master glods! !
dictionary :
|

1

1

1

l

|
[
]
Rep!fcated copy Rep)icated copy :
[} [ L) h
1
1
|

1
1
1
1
!
LAN #1 LAN 42 LAN ¢60 LAN ¢61 :
[
|
t
\
Vo T Y I N
LAN ¢#62 |l
Replicateo copy >

) !

] |
!

1

1

|

!

|

|

!

AN 03 LAN 44 LAN #5 LAN 18 :
1

!

1

L4 L

] ! : ] :
[ : i i l
e Ve e _ Yoo ___ Y 1]

update requests

—_——

Figure 2.3 A Second DDS Hierarchical Structure for SPIICE.
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Figure 2.4 A Third LDS Hierarchical Structure for SFILIICE.

E. FEATURE ANALYISIS CF DDS

Ir tkis section the features of DDS and a more detailed

analysis of then will Le presepted. This presentaticrn is a

thheoretical apgroact and dces Dot cConcern any
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Systern. A costypenefit danalysis can tell uUs wulcCa featules
reed tc ke included ir a 5DS under develofpaent. it ig ocre
Freferaktle approacn tran to develcg a OLS as descrilec telcw

using tke Tandem DBMS capability.

1. 2rclitecture ard Imrlegentation

The relaticrship tetween DDS and ©0B1S wiil i«
addresseé tere. Tne purpose cf a DBNMS is tc zandage dats acnl
the pftrpcse of DLCS is to manage meta-data.? The guesticn 1is
wnether the DDS zust te a free-standing3 or L[3MS-deyendert®
systenx [Fef. 6 ].

Tte free-starding agproach i1s gocd for ccmE€rciai
systes Lecause eacl enterprise can evaluate the grcs and
cons and reach the oftimal decisicns whether to tuy cr nct.
This agprcacah raises ccmpatitility proklems tetweern the LD3
and tte L[BMS, especially when tane vendors are different
compariecs. There are many factors we have to taxke€ 1rto
acccurt wter deciding whether a L[DS must be free-stardirg c<
[BMS-dependent. These facters include the method of lingie-
gzentaticr, the scope ¢f usage, whether the DDS and L[BMS are
going tc ke developed together or not, and whetner the) are
gcing tc ke supplied ity the same vendor or not.

Cne other feature of DDS architectural structure is

whetler the DDS shoull Le passive or active. Sugpgcse there
is a ccuapiler, application frcgjraa, cr cther process taat
Iequires meta-data fcr its execution. There shculd ke IDS

availakle whkich prccuces autcratically tane rejuired gmeta-
cata. Ttis functicrality is ~referred to as dicticnary
interface ard can operate ip two modes: Passive where there

- — - - - - — -

2Meta-cata 1s the data that describes data

) 33 dictjonary system wkich does not use a )BMS ir its
izplemerntation

43 dictionary system which dces use a DBAS in ite igpie-
gentaticrt

o
-—

W e W

o

PN

@
—rd

At




i S - -
o R T —— LAy Lt Sl S S il i i Sl I ST i iR R
Al . s - S

€xists ar <c¢gtion cI whetaer the process wiil retrieve the

- e ¢ ¥ W ¥

- Iejuired meta-data (tkrough tsne dictionary interface c¢r frca
€iscwlere) or, 1np tue <case where tahe jrocess aiready
contains tle meta-data, there exists an cption fcr the
systegs tc cleck whetlter this geta-data 1s taue DOST CUrrent
versicro in the dicticnary. Fere the dictionary is =oct ia
the critical gpatah of a prccess. Active where the arcve
cpticrs dc not exist and the process always uses the mcst
currepnt meta-data in the dicticpary. The dictiomary aere is
in tlke critical fath cf tne [frccess and the frocess must go
throuckt thke dictiomary fcr the meta-data in order tc e€xecute
FLogerly.

A [LS car cortain bcth kinds of interfaces. &€ nave
to keep ir gind that the interfaces of the DDS syste: dc¢ rot
cnly ccocerr the DDS itself, tut also other modules witha
which tle cictionary has tc cccperate in crder tc gairtain
the wlcle system.

2. lcgical Schenma, Entity Iyres, Eelationshigs

Lictionary sctema 1is the tera denoting the icgical

structure c¢f a dicticrary. Structural characteristics ard

¥ contents c¢f the dictionary schema deterwmine the kinds of

(] teta-¢ata and the relatiopships to Le establisked aucny

L then. Usin: the entity—-relationshig-attribute godel
d y 1%

[BRef. 6] fcr the dictionary, we derfine entities as real

worlcé ckt-ects or thirgs abcut which information exists in

‘ the dicticrary, attributes as properties (gquantities or

letween entitiese.

- In the DIS, resources sucn as Jdata, nardware, <soft-
t. ware, transacticns, fpersornnel and Jocuments may fe repre-
4

- sented, ard erntities, attritutes, and relaticrsalgs

asscciated witn these€ resources BmuUst alsSO Le Cepresernted.

Tables I throug4un V at the end ¢£f this chapter taX€r rich
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[Ref. 4] irdicate [pcssibtle data element attricutes, ile

€ntity attributes, bardware entities and attributes,scrtwarc
entities aré attributes, and dccument/report atcriicttes for
the SELICE syster.

€igpilar wentities in a DDS estatlisn entity tygpes.
Attrilutes can also have a degree or similarity acsd in tcis
case we <£feak about attritute types. Finaily sigilac
consideraticns afply tc relatiomsaiygs and so we have rela-

tionshifp types, that are relationships Lketween entity ty;es.

Sciema descriptor: Ia a dictionary sSchénma
contaiainy aili existirg entity-types, relatioashig-tyjes,

and attritute-types, ary one cf tuem can be referred tc as a
schera descriptor. Informaticn existing in tie sclkera cax
indicate wtkich entity-types are menpers oL a given
relaticnship-type, ard whica attribute-tyres are asscciated
with ap entity-type c¢r relaticrship-type.

Entity-types orf a DDS can ke <classified as data
€ntity-types, [rocess entity-tyres and usage entitjy-tyfpes.

Cn the cther hand attritute ty;es can be descripticrs, clas-

sificaticn and audit attributes created by tihe Jdicticnary to-

indicate identificaticn of the perscn whc <created tiae
€entity, cate of ertity creation, identificaticr c¢f the
rerscrc whc last modified the entity, date of latest mcdifi-
caticr, and total rumber of modifications of the ertity
[Bef. 6]. Ihese capakilities are very useful for a systesm,
€specially cpe as cogplex as SELICZ. Usinyg the akocve caga-
kilities rejforts and summaries can be presented or reguest,
and alsc we can tave a trace cf various interacticrs cr the

systenm vsing applicaticn prcgrams for this reason.

:. Interface

Interfaces mrtst be included in a DCS in crder to
allow the user to ccommunicate with taue DDS via a terczinal.
The termipnal-DDS «ccomunicaticc in the SPLICE systel 13
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carried cut through tle Sessicr Services mcdule. This 1= a
separate tcric whick will re examined segaritely. iu
general an interface can be as shown in Tacle VI.

Cr tbe otner ltand ccmpands can ke classified, c¢i the
kasis ¢f their functicnality, lnto various <ateycries as
showr 1in Tarle VII.

4 dicticonary system can ke rejarded as a scftware
product that helps ir storing dinformation akout data that
already €xists in dJatalkases. Both DUS and DBYS deal with
descripticrs and characteristics of data elements and with
tne lcgical structures obtained froa these elegerts and
their relationships. A closely integrated Zictiomnar; systea
and auvtcnated database design process have fuch tc cffer.
The ipterfaces lLetween a dicticpnary and a database desiygn
Eroce€ss can be divided into twc¢ kroad categyories:

-Ipitial data entry and e€diting
-Icgical model structuring

Initial data €ptry and editing:  For data entry the
data reguirezents irnformation needed by autcnated datacase
desigr fprccedures is almost a complete (proper) sukset of
the idrfcrmation norzally stcred in current ccopercial
dicticrary systens. For the SPLICE tne fiies aireacy ecxist
Fut tlte dictionary dces not. Therefore the whole Jdesigu of
[DS nmust fprovide fcr initial detection and avoicance of
duplicate ecrtries. A& soon as the Jdesijn takes care cf trat
duric¢ tke initial stegs, then the entry cf£ ainfcrrmation
about raew data elesents has to be made onij tc tne
dicticrary systemz. Mext an interrace must exist irn crder to
allow tlke design gprccedures tc access iniormation in raied
ajgyrecaticrs (local views). For editing, the imnitial Jdata
entry 1s rarely clean in the <cense that names, usagje, ard
Ccharacteristics ¢t tike Jata elements amay not 2t Le stan-
dardized across local views. Synonyms, nomonyms ard irncco-

sistert characteristics of the same data usually re€sult wien
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cata reguirements are cathered frcm dirferent sources. Tlne
editirg fhases c¢f tne automated dJesijn ;rocedures, arnc toe
repcrts prccuced therein, can serve as anp 1input filterang
functicn fcr the dicticnary. Woen the interactive e€ditinj
rhases are completed, cksolete information (e€e3J. Lon-stardard
names) can be rIemoved frox the dictionary, such tonat tkhe
infcrmaticn remainin¢ gfpermaneptly; is clean and consistert.
Agair, as we mentiored im a frevious section, tﬁis can ke
done <¢rly fcr new ajpplicaticns Lecause the tasc 0of retro-
fitinc a dictionary tc existing application systems 1s very
Gifficuilt.

logical podel structuring: The structuring jproce-
dure fcr ipitial desicn suould e able to extract filtered,
unstructured data elexzent infermation 1in gpauwed agyregyates
(local views) from the dicticnary such that the ccmfcsite
rodel ané the derived lcyical designs can be Jenerated irn
the rcrnal manner.

For adding new rejuirerzents to existing desigyrs and
when [Iccessing new functions or adding new data tc an
€xistirg database, the design rrocess should bpe aile to
extract frcm the dictionary a description cf ¢t he existing
design alccg with tte filtered wunstructured data element
infcrumaticr £for that whick 1is new. Varicus levels of
constrairts on the freedom of structuring prccesses can ke
set Lere in order tc facilitate the whole design effcrt.

Cnce the autcnated desigyn process is completed earné 4
suitatle lcgical desi¢n has been obtained, the results aust
Le stcred in the dicticrary. Assumingy the unstructured data
celemerts are already cescriked in the Jdict.onary, the rela-
tionshifps defining segmeats, datacases, logicai relatichns

and seccroéary indexes would ncw te stored.
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IIX. INIEGRATION

- i o — -

A. TFE ERCELENM

Ar activeS data dictiorary is desiracile rfor the SELICE
systen. It is alsc known [Eef. 8] that most licticraries
fail tc meet this clkjective. A prereguisite tc¢ an active
dicticpary 1is a higk degree oI interaction Letweer the
éicticpary and varicus other software elements such as tne
LBAS itself, but also including query languages, Tre€pcrt
generatcrs, applicaticn develcypment aids, and the like. An
architecture for a certered and bhighly integrated [LS taken
from [Fef. €] 1s shcwr in Figure 3.1 .

Tte €xisting dictionaries tcday are noticeakly urinte-
¢rated, ané¢ hence 1less than active, Such a situaticn is
shown in Figure 3.2 (taken frcnm [Bef. 8] ) <concerring tae
I54 CE/CC deta dicticpnary ard related scftware. Nctice, in
particularx, that whtereas scre Ltatch feeding cf data 1is
provided tc and/cr ficm the dictiomary, there are nc fewer
than six places where database definition data is stcrec (ia
additicr tc data definitions 1included ik actual frcgraus)
[Ref. €j. 1Ihese are :

Tte [z/LC dictiogpary itself

Tte L[EL,PSB litraries

l1ke CCECL coy lilrary

1te cetakase desicn aid (LEDA)

Tke CIS data defipition talles

1he agplication cevelopment facility (ADF), segment

rLvies 1n an I¥S/LC ernvircnment, or 1in

9 ,somke dejree pecause if 1t is tod active we
i1ciency

4z




ML RN e AP

develcpment 1aragyeaent system (JOMS) riles 1in

a CICS envircruoent.

Tbhere is nc guarabtee that

Will agree at

any gcint in tirge.

gay have a ltigher decree orf irte

eac. Or these lescripticrs

Other data dicticraries

Jration cut no one 1is cicse

Date base DBMS Data definftion Application
generator program
Inquiry DATA Motadata base
DICTIONARY
t generator Applicattion Date base
generator design afo

Figure .1

Highly Integrated D/D Centered Architecture.

to the degree of integraticn suggested 1n Figure .1 . A
bigh level of 1integration is very much needed in <crder to
suppcrt the advanced functicns ¢f an active dicticrary. pee)

sce tlkat tetter,

consider a user who wants to xnow what Jdata
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is i1r tte Catakase, <¢r a DML routine wanlCho wants tc e€dit a
field fpricr to updating the datakase, or tihe Jatakase access
systen wkiclk needs tc know 1ir a user password 1is valid fcr
ugdating a certain record. All tae above functicns recuire
direct access to the cata dicticnary.

The extent to wlich a LS jualifies as being "irte-
grated" is a relative potior determined Ly the sccpe ¢f 1ts
metacata anc¢ the way that it interfaces with cther scftware.
The mcst ccomon use cif the tern "intejrated" is with rerfer-
€ence tc a [/D that is the sole source of metadata ir the
systen. Tke integrated D/L 1s accessed for all references
to meta cdata. Most ¢f the ccmmerciaily available [LS have
reached a Ligh degree of integration with their envircn-
ments, and this resvlts in multiple sources of descragptcers
withir tie systems. The DDS fermits these systems tc access
the L[/r indirectly ard convert the metadata of each systen
to the fcrmat required by the L/D [Ref. 5]. So for example
a DS 1might communicate with a compiler 1in either c¢f two
ways:

-Ey cenerating file and recora definitions

that tke compiler accefts via copy statenents.

-Ey readiny source prograns and creating

transactions to lcad the [DS with descrifptions
cf files, records, and e€lements.

Cre additional area which denmands investigaticn fcr the
develcirent of a succesful L[DS ccncerns integrating sclermas
which describe the logical structures of all data tyfes
€xistirg in a distrikuted (like the SPLICE) database. Tiis
feature fermits the determiration of a data file's lcgical
structure as well as its identity and 1lccation, ard could
possikly Le essential to the development of yuery and data
model trenslaticr shemes. The existence of a master schena
also rpermits the 1cgical relation or data acrcss file
touncaries; then all files in the netwWork car be considered
as areas within a sirccle large datakase [Ref. 9].

by
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E. IMIEGEATION CF CIS

Tiree asgects of integrated 05DS5 1in tue ceatralized and
distriktuted datatase envircomert ror SPLICE®S are ci great
interest ar¢ must be emphasized [Ref. 5].

-1he software interfaces

-lhe ccrvert functicns

-1te environmental deperdency Letween the 2D5 aré tne
IBMS

A [IS is irtegrated witt octher sortware packages Lty
facilities that:

-Alicw direct ané indirect access to tae L[/D

-Autcaatically «c¢capture the 9nmetadata used ty «ctler
systens

Inp the pext three subsecticns we Wwill e€xamine tie three

most interesting aspects of ar integrated DDS.

1. Software Interfaces

—_—— e eem————_— E R e e Ema——

A <csoftware dinterface y[permits anothker system to
access tike L[/D either statically or dypamically. First we

consider the static irterface, which links the D/l with
another system indirectly via the extraction of a <file of
formatted metadata. For the static interface of a DLS end a
[BMS, fcr example, the data dictionary adainistratcr,
follcwine the specificaticns cf the data adminpistratcr,
enters irctc the [DS all pertinent transactions to define the
datatase ard the datarase administrator using the akcve

defiriticns descrikes th. datacase. After reviewing the

. 6Cur ajgrroach .for the  3JPLICZ Jatarase .apd_ data
dlCthDa[¥ Gistributicn is hytrid. SPLICE 1s a distriktuted

) szsten ut the datalases afe centralized within e€ach LAN.
also tfe dicticnary ccples at €ach or tne selected LAN's are
€xact «ccfpies cf” tle master aictionary and gifferent
dicticpary views are Dot permitted. So " the whcle SELICE
system cal Le viewed as a distributed system, but ccrcerniny
€acn gartxcular IAN, the Jatakase and data dictionmary can pe
said tc fcllow the Certraiized database environment <cnceft.
So kcth ideas o©f «certralized and distriiuted enviIchuerts

° can te applied tc tne SPLICE with sligyht modificaticrhs.
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accuracy cf tais datatase descriptioan, a cordand 1 j€ner-

ated fcr CLS that uses this descriptica to zroduce a rile
ccntainincy the DLL. The LEME's DDL processor ther trans-
lates this generatec¢ DCL intc a schena file that the ruan
time uvrit cf the DBES can access. No run-time ccroection
tketween tke ©DDS and the L[EMS exists here; the <LENS's
[Loce€sscr is Dot executing during taue DD3's DDL-gjeneraticn
FLOCE€ES.

Static irtertfaces differ scmewaat, depending ujica
whether they interface the LDS with user-written prcgrams cr
with vendcr-supplied scitware [fackayges. Static irterfaces
for frogracs writter in languagjes such as COBOL ané 2Ll/1
produce file, record, and datatase descriptions for the user
frcgrams frcm the data dicticpary [Ref. 5] These inter-
faces scmetimes featire edit «cafabilities, format c¢ptioss,
and varicus other furctions tc make tne interface mcre fliex-
ible. Edit capabilities may inciude beiny able tc add
rrefixes ard suffixes and even to replace entire rauwes.
Format cpticns may ccrtrcl indertation, level-numler incre-
nents, sequence numbers, and line identifiers. 1Inclusicn of
varicus «clauses suck as ccrments, conditicn narnes, and
initial values also may re allcwed.

Static interfaces fcr software packages, such as LDL
Erocessors, comnmunication mcnitors, and guery fpILCCess0IsS,
produce formatted statements for those packages <cI crIeate
specially ercoded ccntrcl files for their use.

Static interfaces are prevalent because ¢i tneir
utility, cagability, and efficiency. With fpowerful static
interfaces, tbke data administrator cam gquickly <ctltarge
formatteé metadata cr create npew formatted definiticns fron
€existing D/l entities. The static D/L can Lte made ccumfpat-
ible with many versicns of other software Gpackages and can

e develcped independently cf the source ccde of particular

software packages. 2 disadvartage to the user of a static

NN
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interface 1s tane extra efrcrt thdt @ay £e reguirel to

generate anc¢ catalogy setadata for the D/D.

¥cre sigpiricarntl;, tle static interrace itsell oas
rc cararilities <fcr updating the metadata cf the <systeas
with which 1t interfaces. Wwithcut adequate synchronizatioun
and cc¢nticls, the rnmetadata ir the DDS and the meteacata 1in
cther systeis may beccme inccrsistent [ BRef. 5].

Lyramic interfaces gicvide dircect access Lty tke LDS
to ctter software modtles. This direct access is CCREOLLY
achieved via hign-level interface commacds tkat shielé tae
software packagye frcrm the physical details of tae D/l. Ine
ccmpards activate stardard ©:©DS functions, sc as tc select
all ertity cccurrences that satisfy a particular ccrditicr.
A DLS car jprovicde a facility that maxes commands availatle
tnrcuck call statements; any fprogram can then access the L/D
withcut kncwledye of its physical structure. Dynagpic inter-
faces jrcvide consistency ccntrol and capabilities fcr kcth
update ard retrieval. Cuarjes to the D/D aife automatically
reflected ir the next executior of any software fpacxaces to
wnich tte L/D is 1pterfaced; nc intervemniny procedures are
Icjuired as with static interfaces. A software fpackageé can
directly retrieve and wupdate metadata stored ia the /D if
the tser has the authority to do so, and the scitware
packace ~ras a such capability. Otherwise tae scftware
packace &né the wuser would croly nave read authority tc the
L/D.

here 1s Wnere srecial attention must be givern wWwkten
desicrirc a DDS rfor tre SPLICE. We saldé previously, wihern we
descrikec tte first acrd the seccad ailerarchical structure
for SELICE, that the local ccgiles of the SPLICE LDS will e
€xact 1zages of the master copy. Witan this approach caoe can
igajire what will happen if «¢ne progyram 1in any cr tle 62
IAN's attenp;ts to ujpdate the wmetadata stored ian the CLS.

1ae whkcle consistency of the system 1is jone. The local
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coplies will no lcnger re exact imajes oI the rmaster ccpy and
rany jfrcklexzs carn arise. The cnly solution fc¢r the frcgpcsed
architecture for SPLICE DDS is that regjuests for wufpdate,
deleticn, or additior of data definitions must be routed via
tne [L[ILN tc the node where the master cCcopy of the LDS
resides. Then the data dicticrary administrator, wnc 1s the
cnly ferscn responsitle for LLS maintenance, «can afprcve and
rake tle requested <changes in the master copjy. These
changes tust then be transmitted to the various lccaticns
where ccpies of L[/D reside and e€executed. This we Lelieve is
the crly frccedure urcer the proposed DDS architecture waich
can maintair consistercy over the whole 3SPLICE systemn. We
caanct zay that this kind «c¢f cofperation is [furely déynamic,
rut reitler 1is it static. %e might call it is a hykrid
interface functicn wlerein the security and validity clecks
cf the [CLS are always applied.

Tbe wuse of dynamic interfaces incurs sigrificant
cvertead due to the size ané complex structure c¢f TCILS.
Applicaticr developmert suppcrt aids, such as preprccesscrs,
SOUrC€ fICy¢Lal RAahacers, ard aesijn aids generally <can
arfor¢ tlkis overkead lecause response time is not critical.
Cn the ctker nand, e€fficiercy is critical for transactica-
F[Iocessing systems that refererce the D/D.

To reduce the pfotential overhead, coazon gueries may
Le preccuopiled and stcred in the D/D. Ancther techpicue
used tc recuce overkead 1s fcr the software package to
retrieve all tne umetadata reguired for a transacticn at
¢nce; thus future accesses for this transactiocn only irvclve
meacry lcckug. Table VIII frcu [Ref. 5] shows scme typical

types <L soltware pacxajes interfaces for DDS.

2. Ccnvert Fupctions

- _— e —ma——
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n addition tc software 1aterfaces the integratiorn
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tuncticns. A LDS organizaticn nas a .ot oI rojrais, rezcrt
and files tc manaje. The datasdata idictionar; iizZiLnilstiator
1ust enccde tuousands ci xalnterarnce transactions td Cajrtiic
tue metacata of all ttese agpplications. Toe Couvert Ziaoc-
tions c¢I a I[DS scan scurce pregraazs, Jdatafase Jdescrijticrs,

ALy teleprccessing ervironment descriptions andéd altoIati-

.

cally prcduce mainterance trarpsactiosns, thus sfparirng tro
cata administratcr mary hours cf manual effort. Figuie 2.3
frcm [Bef. S£] illustrates the flow of data tarougs a tyfpical
convert function.

(————-—

Source 1an%wqo Convert funct!on Dats dfctionary
statements transsctions

Dats dictfonary Reports

Date dictionary
me intenance

Figure 3.3 System Flow for a Convert Functicn.

Irputs include the source iangudse stategents anl

tae C,/L; cutputs are a file <¢f transactions to Le irput to
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the 1 ,L zaintenance gcduie, (in the <case ¢f SPLICE trat
refers tc¢ tke nalnterance mcdule ¢ the master -Zog7) ani a
Legcrt.

1te D/D mairtenance tracsacticns include Jdescriz-
tions ci{ catapases, tiles, records, groups, elemernts and
[royrarms. The prime purpcse of coavert <functions is to
convert metedata frcm koth wuser-written prograas and froc
local L[E¥S and its related ccopopents. Tacrle IX 1ilustrates
in suvgzary the typical /D ccnvert function transacticrs.

Fcur major «characteristics [Ref. 5] for «ccrvert

functicres are:

Ihe ccntent of the cenerated transactions whare taoe [/D

rainterarce transacticns created by a conanvert furction
tsually also contains thke relationshigs petweer gdata
entities.

The ipput file to a ccnvert function that can te a scurce
I

cr & likrary f{file.

lhe ccumpmand opticns wkich may inciude the ability tc change
rames, €lect lines tc scan, select types of transacticrs to
create, anc¢ override generaticn of some types of metacata,
where tte akility to analyze the metadata of source frc¢grass
can cake the ©DDS a valuable tccl for auditing adhererce tc

csoftwere ccrtrol tectrigues.

ts)

- Environmental Dependency

This characteristic <c¢f a DDS 1is determined Lty its
reliarce cn a specific hardware configuration, an cperatiny
system, a L[BMS, or a teiefrccessing acnitor. Under ideal
conditicrs a DDS must have the capability to cperate in such
an ervircnment without losing efficiency and functicpality.

Eut scrmetices the practice deviates from theory.
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In a completely 1irtejrated JDD0S the DBAS accesses
stored cataktases via tnhe J/L. In a l1€ss intejratec systeg,
tne LEMS may maintair 1ts cwhL 3irector); £f£ii€ LOL accessiny
storec léetatases.

In the 1indejfendent a;;rcaca the D3 15 ccipletely
autorcects, it dces rct rely ¢ auny particular CBY4S, acd the
[EMS meirteins its cwI sScurce ¢f Zetalata.

In the DEMS agpilcatica a4 groacu the D/D appears to
the CEMS as just anotler Jatalase. Ine CEMS nairtairns its
cwn retacdata for eact cdatabase and tiacse getadata are seia-
rate irco tte D/LC.

For the SPLICE syster, 1t is (ro;osecd tkat tiae

€nbedced afpproach be used, where tane DJS 1s actually a

ccmpecrent cf the DBNMI's. Ihis approacn prevides ccofplete
integraticn of the [IS. Ire D/D 1s tne cnly scurce ci
| - T T T T
08MS
] |
o r_v-“-?ﬂ_: =
Dﬂyﬂcnl : ) physicsl
storsge I D/D systems : storage
|
I
L |
——— —_— ——— —— ———— — — nd

Figure 3.4 SELICE Emkedded aApproach to DDS.

tzetadata. The DBMS utilities rcovide the D/D maraj€acnt
facilities and the DEMS uses the D/D to directly access the
stored catalases. Nc¢ cther directories internal c¢r exterral
€exist fcr the L[EMS, and the UBMS and its facilities rely
completely ¢n the Dyl for ©nmetadata. Such a Structure 1s

showr 1in ticure 3.4,
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C for €xandzple a query pLCCESSOL e€Xtracts US€r V1e€ws
iroa tbe IS arnd trke D34S afpplles 1lntegyrity CCLSTLALlLTs
srec1f1ed 1 the D3OS Ly tne LCS adainistrator cerore steri
a data clezent. A pajor Jdifficult; uere, that the SELI
deslchers 1Iust cverccre, is tne fact that toe LEMS f
SPLICE alreedy exists but trhe LS does not. The extedced
a,prcacu is easier ard simpler wnen bpoth LCDS and [EMS are
develcped in paraliel, out tails is nct the case fcr the
SPLICE. Sc special attenticr and eifort must Lte agpliei

durirc¢ tte [DS develcjiment phase.
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TAELE VIII
Types c¢f Scftware Fackages I D/D Systea |

Mcdule

LIl Erccessor
CLatatase control systen

Fregrccessor

C¢terysugdate Processor

Eatch-ccde generator

Scurce—-jirogram marager

Telefrccessing mcritor

Test-data generatcr

Cesign aid

Creates a schema file
Run-tipe unit of a LCENS

Translates [ML ipntc CALZL
statements

Provides direct end-user
access to stored
databases

Reduces the time tc ]
develor a standard
runction as coafare€a |
to a compiler—ievel
language

Provides security
protection, data ]
compression and editang
capabilities for scurce
prograans

Provides the cagarility
Oof interactive Cccmjputing
to remote terminals

Creates test files
and datarLases acccrdirg
to user specificaticrs

Analyzes and Jgeperates
designs of datarases
or idrormation systems
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TAELE IX

fransacticrs for D/l Convert Function

Frcgraguing

Latalase descriptica

Telefrccessiry

Generated transacti>ns

-—— i — e  ————— ——

Element, gr.oupé record, rile,
u

apnd sometlimes Escaema

and process

Latatase, file, subschera,
relationsunlp, reccord,
groug, element

Ierminal, line, frocesscr,
transaction

wn
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A. GENEFAL
Tke ternm "sessionp" is defined in [Ref. 4] as fcllcws:

"Sessicp: All the activity (message exchange and prccessiry)
wnich takes place lLetween twc or more r[processes fcr the
duraticn cf a sirgle task (€.g. text editing or fIccessing
cf a trarsaction rfile)."

Tte session services module of the SPLICE has tc glay
the rcle «cf coordirating the activity of the cther furc-
tional mcdules and prcviding them with work instructions via
the service codes it inserts ip messajes to the FM's. The
sequerce <¢f operaticrs may ke data dependent or highly
interactive, so 1in scme cases, Wwork breakdown <cannct te
completely determined in advarce by the session services.
In such cases sessicr services passes control to the first
(contrclling) FM¥ which is tc perform an ojperaticno, and
subsecuent "calls" tc other FM's, if any, take place
accordirng tc processing conditions. In all case€s DOWEVEL,
sessico services passes contrcl to the first (controlling)
FH. Hcwever in some <cases, all the FM's which will te
involvecd carnot te deteruwined in advance. Sessicn =ervices
retairs anc¢ maintairs state information until either a
completicn message cI €rror message has been received frion
the ccntrcllingy FH. In the case of a wmessage whkiclk is
destired fcr an cbject located in another network, tois fact
1s irdéicated in the ‘"message type" field. The [hysical
destirétion address wculd have been obtained previcusly fronm
the <d¢ata dicticnary which exemplifies the relaticrstig
tetween sescsion services and data dicticnary.
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Sessicn services 1is used 1ir a Jdistributed envircrment
ard irvclves the seven layer arcnitecture moéel «c¢I the 1ISO
for distrituted petwcrks. The IS0 seven layer arcalitectrire
is a starcéard one ard involves tbe rfollowing layers witk the

asscciated functions:

layer

I+
I

cIction

Arplication Us€r process

Fresentation Fcrmat data the user wants it
Sessicn Sets up sessich between

ccumunicating processes

Transpcrt Eré to erd ccntrol
Netucrk Switching, rcuting
Cata lirk Reliakle trapnsmission between

twc nodes
FLkysical Pkysical trapsaission of bits
tetween twc Dnodes
The «ccuplexity «¢f the SELICE processing envircrment
requires thbat user terminai jIrocesses be given c-crsideralle
assistarce 1n carrjing out their tasks [Ref. 4]. Session
gervices can gfprovide tanis assistance. User terrmipal
frocesses s eCiity tasx envircraents, largely by task nanme
and tlre assistance of the data dictionary, where necessary
{Figure 1.1).

E. ABCEITECIURE INTEFFACES

Ic tkte SPLICE layered architecture, the interfaces
Letweer tke 1layers are critically important. In particu-
larly we are very irterested in the software interfaces
tetween the mcdules which ccmmunicate with trte data
¢icticpary. Thcse mcdules are the sessicn services ncdule
and tke LEMS module. Some forms of sottware irnterfaces

tetweep [EMS and D/D can be fcund 1n the current literature

[Bef. S]. Cn the cther hard no one has yet definec the

s 1,
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rejuired scitware irterfaces Letween tae OS/D and session
services mcaules. We believe that tne above menticred scit-

ware irterfaces must Lte of the same type and closely related

to tle interfaces Letween the end wuser and the <sessich
services. in a certralized system where Sess10L services
¢oes nct exist, the end user bas to interrace directly with
the L,D, Ltut 1in a distributed system the sessicn services ®
mcdule acts as the 1nediatcr fetween the end user arc the
¢ata dicticrary. As a mininuf then, the 1nterfaces retween
sessicr services and the data dictionary in a distrifuted
systen ntst include the ilnterriaces retween end user and data ®

dicticrary in the certralized zcdel.

The irterfaces between the abcve modules must te designed
to acccrsciate new mechaniszs and, as far as possitle, rew

functicns when they &may aricse. As new mechanisms and

;A.A_A

netwcrk functions comre into us€ in the system, it is Ligtly
desirable ttat fprevicisly written programs cortinue tc work.
This is achieved by designing the interfaces apprcpriately ]
and [Ieserving then. In the seven layer architecture,
layers 4,5,€ and 7 prcvide end-tc- end communicaticrn ketween

sessicrs iL user macktines. lLayers 1,2 and 3 provide ccmmu-

ricaticn with the nodes of the shared network.

LB

E€ecause the SPLICE system uses a modified 1ISO layered
apprcack, the interfaces between machines need to Lte defirned

in terms of the layers. Sc¢ we will nave layer heacers and
contrcl messajes that are fpasced between the layers. lhe

arplicaticr programmer does nct need tc know anythirng akcut

B

these. Fcr example any ccaomand lanjuage, using ccamards
simmilar tc GZT, PUT, CPEN, CICSE and DELETE, <c¢an refer to

TS

e al

cata cr facilities ir a distart machine.
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C. TEE SESSZION SERVICES MOLULE

Ttere are differerces in the sessicn services prcvided
Ceperndirc uvion type cf netwerk. In the distributed envircn-
ment different types of user scftware need different tyfes
¢f sessicn services. These differences involve nct c¢nly the
software kut alsc the archnitecture. So cne set of session
services ray be frovided for c¢ne manufacturer's arcnitecttire
and a different set fcr anothexr. This is very importart for
the SPFIICE lecause tle harcdware used throughout the =ysten
varies. It may be fossible that services frovided acrcss
the syster are of different tyfes. However it 1s desiratkle
to have ccmIon SeSSiCI services, because this will facili-
tate tie @mainterance task. Also for interfacing furroses
want sessicn services to [fresent a commhon image€e tc the
systen. This can e acccrplished by hidding necessary
interface urits from the sessicn services. In [Ref. 10 pp
491)] there 1is a descripticn ¢f possible functiors c¢f the
sessicn services subsystem in a distributed network. These

functicns are generally divided intc three larye JICUfS:

-Functicns required wher setting up or disconnecting a
sessicn,

-Functicns used during the ncrmal running of a sessior.

-Furcticns erployed when scmething gces wrong, suck as a
rcde failure or a protcccl violation.

Mcre fprecisely these functions are divided ir the

icllcwing categories:

--Assistance in e€stablishipng a sessioa

--Easic netwvcrkirc functicnos

--Applicatiorn macicinstructicas

-~-Frcgram control facilities

--File access fubnctions

--Feccvery ard errcr contrcl

--Editirg and trarslaticre

--Lialcgue scftware

"t hendand,
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~~-®irtual ofperaticns and trarsgarency
--Ccopaction
--Fayzert functicrs o

--Security and auc¢it furctions

L. INIEFFACES —j

ol
Furncticral interfaces between sessicn services ard data

dicticpary nust permit cther scftware @modules to access tiae
L/D and «ccnvert metadata into the format required Ly tkte
LDS.

A LLS frovides mary functicns and rfeatures such as:

.;Al'.u [

Mainterance
Extepsikility

Fepcrt grocessor

“‘gj‘"

Cuery processor
Ccovert
Scftware interface ]
Fxit facility

Tte software interface function must provide a fcrmatted

el

Fathway eratling the IDS to frovide metadata to other =oft-
ware systens such as compilers and DDL processors [hef. £],

to retrieve informaticn rfromr the DDS, to update infcrmaticn

‘.A'.' .

where it is rermited, and tc cktain the restricticr proto-
cols fcr data <consistency and integrity. The <sottware
t interface can generate file descriptions for storace ir a
frogram 1lilrary, or accept the wuser identificaticn and
5 generate a copy of trat user's database vieu. Tt is ot
L Fossikle fcr this study to describe precisely the scftware i;
interfaces needed fcr the SELICE systen. Because ttis
systen is urder develcpment, @many aspgects or the systed are
still urkncwn and the software modules are not yet descrited
in full detail. So, we will coly outline some of the soft-

{ ware interfaces withcut claiming that these are sufficiert

61
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for the SEIICEZ systern. Interfaces «can ke addea tc tne
systeg deuring the later stages cf the systea 1ife€ Cj Ci€ ana
€xistiry dinterfaces can alsc Le <changjeé or 1DfILCcvec as
needec.

EFecause COBOI is used throuvjhout tane system, tle (OECL
"GENEFATE™ ccamand car create frcm the D/C fully fcramatted
file ard record defiritions that can be stored in a lirIrary
file., Ircluded can te most CCECL clauses such as 88 leveis,
SYNCEFCNIZEL, RELEFINES, and CCCURS. The OFTION clause or
this ccmmané can perigit charges in pames, the desigrnaticn cf
sequernce nunbers, level numkers and identifiers, arc the
inclusicr cf program ccomecrts. An exausple of the use of
tnis ccazrané can be fcurnd in [Ref. 5 pp 261]. The Ggerera-
tion cate, last revision date, and revision namkiter can ke
autcratically recorded in beth the listing and the C/L.

Tke cutput file can alsc «ccptain jcb controi statements
to te ircluded on the output file. Taoen the output file can
e executed as a jck that creates and catalogs the CCECL
retadata as a member of a liltrary under control c¢ri ary ct
the varicus source fprcgram managers.

A L[MI [frocessor can be used also to interface Lketween
the sessicn services and data dictionary. A source fprcgraa
trigcers the DML [frocesscr ky sending a service <ccde,
throuch the session services, and the DHL processcr irter-
acts witlk the data dictionary/directory. The ocutput cf the
LML frocesscr is an expanied scurce program that is sert to
a compiler for ccmpilation.

Cther kinds «cf interfaces inciude query [LOCESscCIsS,
source prcgram managdgers, varicus user interface facilities,
and cther scftware fpackages.
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Source progrem

DML proceossor

Expanded source
program

Source compiler
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V. C/D 1N DISTEIEUTED ENVIRONMENT

A. IBIBCLUCTION

In ttis chagter we will ccrsider tne design aund furction
cf DLS ir tie distriluted datatase environment. ScrIe e€xten-
sions tc the «centralized Ds/D are needed in «c¢rdart tc eratle
it tc furcticn effectively in a distributed ervircrert.

Tte distributed sj;stem is @ suoset of a Jeneral infcroa-
ticn systen. It is rot necessary for the user tc kbcw LCW
cr whkere the data is stored ¢r in what way the data will Le
accessed ky a program or hcw and where the prccessicg is
acccuoplisked. Unless the dictionary [fplays a highly active
role in the running <¢i the distributed systen, there 1s
little need to try tc share cre dictionary over tlke ertire
retwcrk. This 1is Fkecause there is not likely to Le a large
amourt cf update activity in a dictionarye. The dicticnary
can ncraally te rerrcduced at each anode and this is the
prorcsed sclutiors fcr SPLICE. Ey using such an arckitec-
ture, frcklems cf updating the dictionary across the netwcrk
can te sclved without much cverhead.

Cf <course the rfrctlem c¢f distrikbuted <contrcl in a
petwcrk is more complex than that of the hierarchical arcii-
tecture cf dictionary systems which has been discussed in
chapter twc. This is one reascn, in addition to thne lack cf
€eiperience witn distributed data dictionary systems, why we
fropcsed replicaticon instead of distribution of tke data
Gicticnary for SELICE. The mcre the Jictionary system acts
as eitlter the <ccntrcl mechanism or a repository cf ccrntiol
informaticn, the mcre ccmplex the DBi4S, network cperatiny
systems, arnd Jdicticrary system interactions beccre. for

example, 1in the case winere we want tc deteraine the Lest
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iccaticn fcr ruoninc a JUuery @ajalanst a distriruted ana
partially repilicated catavase [Ref. 6] tae dictionar; systel
is regquireé¢ to retain inicrzaticn ca tae locaticrh c¢f all
data. Irdeed, tnis may ce tighly dynaaic itselr, arné tlere-
fore thte line tlLetween a dicticanary and 'real" database
Lecoxes very fuzzy.

Creaticr or a distributed 1pZormatico CILesource inplies
that the nuvaber of rardware and software CORpPOLErLts ar
ke Jesicred and intecrated 1intc a controlied envircroiert.
These ccupcnents in the SPLICE include several datarases and
datalkase marayement systeas, user lamjuage interfaces, Jdata
dicticrnarysdirectory cataiogue, transaction ccntrcilers and
data irgutyscutput ccrtrol mcdules. “e will descrike tre
variccs system ccmpcrents apd we will also attempt tc demcn-
strate the integraticr of them with the internaticral crga-
nizaticn fcr standards (iISC) communications architecture,
and a cata storage ard retrieval architecture (DSEHA).

Ir general, a distributed system aust provide to the end
tser trarsparency, cata sharingy, data transfer, [ICCESS
transfer, cr a facility for corskiination of strategic, &mara-
gerial ard cperational reportirg. 1In order.to do that there
are several environmental ccnstraints that must be sataisried
[Ref. 12°. These are:

Lata ccomunicaticrs

Lata stcraje and retrievaa

Metacata

User language sugpjport

Frccess and repcrt management

Irfcroation representaticn

Systex zanagement

Irtecrity

Security

Fcr the SPLICE system, «communicaticn aust be integrated

with cCcccperative fIccessing ©OLf tae various difrferent
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€xistir; scftware ané bardware. In order to do that we need
to adcress the consideratiorns of tne datafase interface witn
distriftutec system tacsks.

A distributed datackase is particularly useful tc appli-
caticns tkat invclve extensive grccessing in dirferert loca-
tions. SELICE fits exactly in thne akove <concegt as Ic
airiires, tanking, retail, and military ccmiand and ccrLtroil
applicaticrs. The distributed datakase of the SPLICE can te
ailocated among the @nodes cf tue networx acccrding to
varicus existing criteria for fragamentatioc. Ic avcid
confusicr in distriluted <systems two differeut teras a4are
vsed : partiticned <atabase which consists cf non cverlaz-
Fing suksets, and rejlicated database, whict has scre data
reduncancy [Ref. 5]. Replicaticn enforces the lccality and
availerility of the database and reduces tane freyuercy ot
accessinc tte DCN, 1rut reculires tine DBMS tc prcvide mcre
sophisticated concurrency and recovery jgrocedures. 1Ic avcid
expensive cverhead ir data managyement, restricticns amust e
€stakliskted as to the degree «c¢f data repiicatiorn jpermitred.
SPLICE Lelcngs in tle class cf replicated datarase Lecause
the same item cof tle dataltase «can be located in =several
locaticrs and the 1lccal datakases provides informaticrn tor
items stcred in cnly cne location.

Maccr problems ir tae develcpaent of technigues for a
distrituted datatase are due to communicaticn vcluges and
delays ard to the Fotential <for jaraliel [rocessing.
Scmetimes it is very difficult tc appiy working scluticrs to
distriktuted data prccessing which are borrowed frcoc tae
centralized processing concegt. These solutions cfiten wcrk
well «¢rly in one ervironment and do not transfer erffi-
ciently. So excessive delays may ocCur. Farailel
[rocessiry also has the pcteptial to 1increase thrcughput,
tut rejuires ccmplex contrcls to synchromize cCcrcurrent

activities at dispersed sites. Eecause a data dicticrary 1is

ot
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a datalkase coataining metadata, tne sSale proobleds existirng ‘
in distrituted <datalases alsc exist 12 a distrizuted data

t h dicticrary.In [Eef. £] are aescrited <Iive rasic [frctlexzs

which mpust e addressed in distrituted data manajemernt:

-Tbe c¢ccrdinaticr ¢i the DEMS witah the data transcissich
netwcIK such taat reliable dJdelivery oI EmessagJes C&rL e
€nSuIe€d.

-1hke deccmpcsiticr of transactions 1nto atomic farts,
selecticn ci nodes tc execute those parts, and ccrtrcl of
any acveaernt of data Letween sites necessary tc  [ILCCESS

(g@ transacticns.

-lkbe syrcnrocizaticn of lcgically related updates ani
retrievals that are jrocessed at aifrferent nodes.

-Tke detecticn ard resoluticn of conditiorns where a part

° ct the <Cataekase beccmes ipaccessikbie due tc node cr lirne
failuze.

-Tlke maragjeasent cf metadata descrifbing the distritruted
datalase and environrent. This last prorlem refers particu-

(Iﬂ larly tc the data dictionary apnd deserves special atterticna.

E. EXIEMDEICNS TIC THE DLS

Tte 1cle of a D/LC in a distributed database erpvircraent
is very significant ltecause 1t contains importarnt inicria-
tion akcut the descrirption cf the datacase distrituticn, tia
cnaractezistics c¢f tte nodes and other aspgects of the Jdata
ccmauricaticn network. Scme additional eptities must Lte
incliuded in the LDS [Fef. 5] :

-1be catabase entity which Jdescribes the Jjlokal view c:Z
the detalase and includes attributes for relation and attri-
Fute rames, validity constraints, as well as iderntifiication
ci iccal databases.

-1he fragmert entity which descrites porticrs ci tae
local catatase. This epctity is @not useful for the SELICE

Lecause there are not frayments of the iocal datatase.
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-1he tcpology ertity which descrices the [frysical
configuraticn of netwcrk ccrjcnents and the 1links Letween
tne rcdes.

-1bke &rncde entit; which describes thne combipaticr oI
retwcrk sukcomponents at a particular site of the retwcrk.

-Fipally some <ctier entities (terminal, line, @muliti-
piexcr, jrccessor) describing network design.

he cannct say exactly what ©Dnew entities should te added
tc the SELICE DDS, Lttt at least initially, we believe that a
fcrm cf tcpclogy and ncde entities must ke included. Thcse
entities are aneeded when ncn-liccal reguests are fprccessed,
recause the software ferforming transaction management reeds
to reference the D/D tc determine tne iccation of the needed
¢ata, tke user's access privileges, the status in adcressed
nodes, etc. The ipterfaces peeded for this purfpese can tce

dynamic cr static exactly as it is in the centralizec case.

C. TEE IDSE AS A DISTFIBUTED L[ATABASE

Eractically, the ©o/D, when suppcrting a distrituted

systen, teccmes itself a distributed database. The ccotents

ci the L/,0L nay reside at varicus locations. We carnct say
that this agproach fits exactly in the SPLICE «case. The
E!: apprcacn we have projcsed for the SPLICE is guite dirierent.
£ No partiticr of the I[/C is [permitted. That mwmeans the L[/D
cannct te a distributed datakase as we know it in the crig-
inal fc¢rm. 7ror the sclutior proposed ror SPLICE [DS, we can
say tlkat it is Lased on replication instead of distritution
cf the LLS. On the ctrer hand, there are scme other reascao-
abtle scluticns which follcw mcre closely the distrikuted
concept. Since experience with distributed systems is 1ela-
tively small, tbe steps needed to reach a decision must te

takern very carefully in oder tc¢ avoid mistakes.
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Tke designer of a DDS erccunters some simiiadr fasic
rroclems as does the designer of a distriputed dJdatatlacse.
When we design a D/L we must determlne tne extent cf envi-
ronzertal degendency ketweer the 3,0 and the DBHMS. As we
said lercre, the distribputed <LC/D is an extensicn <c¢i the
centralized cne and sc¢ the three ©pasic variations tc¢ tae
type cf relationshiys btetween a DLS and a DBMS are still in
force. In the indejendent distributed approach the LLS has
DO rLurrirg connecticrns to any pcrtions of the DEMS ard is
not actively or directly usec in transaction processirjy by
the L[EMS. In the DEF¥S-a plicaticu approach the L/D is just
another distributed catatase tc taoe DBMS and separate data
managemert functions are not needed to handle tae D/L. The
LBMS may macage its cwn run time directory that is sefarate
from the L/L. In the emnpedded distributed approach tte L/D
provides the run-tise directcry for the DEMS. All the
compcnents cf the TLEFS obtain their metadata <frcm the Z/D.
The size, location, and «c¢crtents of the /D wculd also
affect tie ferformance of other DDS functions such as main-

tenance, reportirg, ard query [Ref. 5].

L. A PFCLEIL FOR A DISTRIBUTED LDS

Ir tkis section we are gcing to examine a distriltutei
gzodel for SELICE DDS. 1Its structure is shown in figure 2.4,
and invclves the partition c¢f the gylobal DDS into ditferent
views c¢crtaining infcrmaticn fcr one or more lccal data-
Lases. These different views <can be located at each or
selected IAN's.

Tte glclkal (cr network) dictionary 1s the nucleus arcunli
which all the manajement functions oI a DDS are centered.
It ccrtains [Ref. 11] ipformation to start every malagement
frocess c¢f the SELICE distrituvtea datakase. In fparticulac
it ccrtains:

a.-Ipfcrmaticn fcr the [0S design

6¢
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-File access gprcyrats
-Tctal volumes of gqueries for e€ach file ]
-Tctal volunes c¢f updates for each file

Tkis statistical inforgaticn is very useful esfpecially

for evaluating tte ofptimal rcumker of redurndant copies.

f.-Irfocrmaticn fcr the distrikbution function

P S R ST

-Number and types cf traansmission links, their urit
ccst, their mean utilization factor ’
-Rcuting talles
-CEU wcrkloaés
-Lisk utilizatien
Ttis informatior can help determine the optimal allicca-
tion of recdundant file copies and of possible oferation

Farallelise.

C.-General information abcut data and how data is srared
amon¢ tle various ncdes of the systen. Ahat the punter ci

L/D ccpie€es is and where they are located. ]

d.-Irfcrmaticn alcut existing constraints, status ci the

systen, rcde failures etc. ]
e.-Irfcrmaticn akcut data transportability

f.-Irfcrmaticn related tc data used by applicaticns

baving a global vies. Such arpplications are fcr exanmgle 1
o those wktere differert 1local databases are invclved for

executicr. We said in a previous section that scretimzes

e

c¢ata reduncancy is [freferakle over the frequent use cf the [

‘e

CCN. That means infcrmaticn akout the sites where a ccmgo- 1
nent (i1.€ =spare part) is lccated must bLe somewhere ir a )
central jcsition. Sc in the case where tae componernt canrot

Ty

° te fcurd in the local databacse, the user has to access tlLe \
gloteéel data dictionary to find tuoe places woere the fpartic-
{ vlar iteg is located.
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Tc te akle to design and run agpr+cat®or orL retrieval

frogjrams the glcbal L[/D must ccntain information [HEef. 11]

acout: ii
Lata structures :
[ata lccation -;
Lata availability )
Lata accessitility (related to security, compatitility .‘,
€tc) d
Lata translation maps, access patas ~:
Lata entities ;&
Ccoocn frocedures %
Evernts and tineir irterrelaticos
Ttis dictionary must be akle to answer gueries akcut D3
and [EMS's ipnvolved ip a transaction and how the transaction
can ke fcrmulated to cdtain the most efficieat result. -é
Iccal cictioparies include information abcut local data- ]
tases an¢ ajpplicatiors, 1local data entities, local froce-
dures, lccal interrelations, [fhysical storage structures of
local ¢éata, access methcds, access patas, physical stcrage _J
devices, ané redundarcy of data items. N
Ip [Bef. 11) a structure is proposed for a distrituted ‘
[/D guite different ficm the SPLICE apfproach. Inis struc- ]
ture, as shcwn ip Figure 5.1, 1involves the existence cf: '.:1
f Metwcrk dictionary f
r Glckal exterpal dictionary ]
E Glckal conceptual dicticnary )
{ Iccal external dictiomary "
t Iccal ccnceptual éictionmary .
{ Irternal dictionary _i
r and e€ach cne of the altove perfcrms a different functicr. :
1bkis architecture winich is purely distributed, is fprck- .
ably tcc ccmplicated to be implemented for the SELICE. It - 9
: is a thecretical model and ir we try tc¢ implement it, we may i
t o
{ 71 )
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Figure 5.1 A Purely Distributed Apyrroach for a [LS.

face =sericts interface prcklens, resulting in the data

dicticpnary kecoming the main resource consumer.
SEIICE [DS
we€ want to avoild complex struc-

Tte furctions we intend tc include in the
will rlay a major role, if
ture and saturation. These functions must te the wmirigua
Fossitle needed for the proper operation of the syster. ke
telieve, in the case where the distributed instead cf cegpli-
cated aprrcach will ke follcwed, the architecture shcwn in

Figure z.4 is the mcre jractical.
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Fcllcwirg the akcve architecture a gloral dicticrary

located ir some node ltas the rcle of maintaining ccrsistercy
thrcuckcutt the whole SELICEZ system. Reguests £ cr urdates,
deleticns, and adcéitions are routed througn the data
dicticrary administrator and after an evaluation prccedtire
the glckel dictionary is ugpdated. Then the changes are
transgitted to various locaticns where the local cofpies are
updated. Also upéates are -transamitted to the data
directcry.

Lata directories car be located at the inventcry ccoticl
Fcints (ICE). In «ccentrast with the data dictiorary, the
c¢ata directory cortains glckal infcrmaticn only akcut
subject, service code, object name, and address. 311 the
cther ipfcroation is 1located in the glcbal and the varicus
lccal dicticnaries. The data dictionary administratcr is
respcnsikle for mairtaining the data directory, as weil.
Lifferent views of the glckal dictiomary are located in
varicts I1AN's. Each view can serve one or more LAN's ard it
is preferaktle tc be 1located at the LAN where it 1is mcst
frequently used in «crder to avoid unnecessary usage cf the
LDN.

Kben an item is nct found in the local database the user
routes a value lccaticn reguest through the sessicn services
(service ccde) to the data directory, and the data directcry
replies with the 1lccation address. Using the fprevicus
infcrmaticn the user can reguest and establish a session
with the remote datakase where the reyuested infcrraticn
resides.
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VI. CONCILUSICNS ANL RECOMMENDATIQNS

A. CCNCIGESIONS

Cur ckjectives, as descrited in the first chagter, were
to investicate the area of data dicticnary/directcry
systers, in a distributed environment, to outline tae
advantagesscisadvantages of these systems, to [presernt tae
underlyirng ideas, tc examine the Lenefits for the SELICE
system frcm using a dictionarys/directory system, arcd firally
to delireate tie interface reguirements Letween a data
dicticpnarys/directory systes ard other functional wmcdules.
In additicn to the akcve okjectives we discussed alsc scme
ideas ccncerning the crganizaticn of the data administcation
functicn, ard four hierarchical architectures for L[DE, each
cne with a cifferent cegree of distribution.

The first architecture is rased on the replicaticn cf
the L/ D. There are no different views of the L[/[, orly
exact ccpies of one view lccated .z each LAN. Usicg tkis
architecture we have 62 replicated copies of tane L/D (tiae
same as tlke number of 1AN's), each cortaining the infcrza-
tion {(metadata) abctt all SFLICE data base defiriticrs and
functicns residirg ir each LAN. This architecture mipimizes
access tc the DDN but has the drawback cf requiring a lct cf
seconcary storage. The size c¢f the D/D, statistical and
cther informatior corcerning tbe freyuency of using the CLN,
and the amcunt of infcrmaticn included in the D/D, all will
bave an irpact on the effectiveness of this architecture.

Tte second arclitecture which allccates replicated
ccpies cf the D/D tc selected ncdes (the most active) is
Dcre ccnse€rvative. In the case of a nuge dictionary, ttis

csaves a significant amount of secondary storage, tut

-
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Iegutres teavier use-cf tne DLN. ffere the size cIf the [/D ]
and tle aprropriate rcdes at which to install the replicated J
copies seriously affect the ef fectiveness ci tolis q
architecture.

Tte third architecture is fased on distributicn c¢f tne
L/D. Cifferent vieas of the D/D reside in each LAN and )
contair information c¢rly ccrncerning the local data tace. ';{i
This architecture invclves the use of a data directciy (se )
Fropcse twc regplicated copies, one 1lccated in each ICE).
The use ¢f the data directory (which contains limiteé irfcr-
paticn) fprcvides a kind of "relaticn or connection® lLetween ‘Q
the varicus views, Also a gloral dictiovnary 12 needed in
crder tc prcvide consistency and glokal rfunction facilities i
thrcughcut the systern. This architecture is more dyrnamic
than the previous twc discussed so far. It has the advantage 'd%

c

cf saving secordary storage Ltut, on the other harnd,
increases e€ven mcre tie use of the DDN.

A fcurth architecture was discussed just tc @mention
anotber possibility fcr a distributed architecture, Lut cur °
estimaticn 1is that it would be too expensive ir systen
IesouICe corsumption for the SELICE. il

Tkree envircomertal derepndency ofptions for the [DS
(indefendent, ccmpletely integrated, and L[BMS defendent) ;g

were alsc discussed. The main reason for choc¢sing the

embedded (LBMS deperdent) approach 1is because the data
r Gicticpary is gcing to be used only fcr the SPLICE systen
(so tke independent ajgroack dces not pake any sense), and : .
also the SELICE data lase already exists. Also the enkelided
{ apprcach (LCEMS dependent) was chcsen because of the hcaocce-
neity cf the DBMS envircnments across LAN's. The indegen-
dent and ccopletely irtegrated appgroaches are too ccstly at °
E this time although tlke latter cculd be impiemented etentu-

[ ally fico ar embedded envircnment.
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Frco the investigations perfcrmed, we have tze fcilcwing
gain reccrrzendations for the SELICE system:

a.- The TANDEM data dictioamary that already exists
should Le tle basis fcr the SFIICE data dicticaary.

L.- 1te D/D shculd ke inplezented cnly Icr new aggplica-
tions kecause it is a herculean task tc retrofit the T,/D to
the e€iisting old apglicatiors.

C.- 1he enbtedded (LBMS Jdezendent) approaca sktculd ke
tsed fcr tke D/D.

d.- 1Twc candidate architectures should <re examirel
furthker tased on stetistical and other informaticn (zot
availaktle fcr the present thesis):

-Replicated architecture (Fijure 2.3) witn
selection c¢f nodes where each copy will reside.

-Distrikuted architecture (Figure 2.4) witk the
use of twc replicated copies of the dJata
directory lccated at each ICP.

€.~ A [ML prccesscr should Le used to interface ftetween
c¢ata cicticnary and session services.
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APEENLIX A

TANCEM DATA LICTIONARY

1. (Cuerview

This appendix is irnciluded to mention some€ features
(hopefully the wost important) of TANDEM data dicticrary,
since tte TANDEY DBFSE will ke used in the SPLICE system.
For a mcre detailed descripticn of the TANDEM D/L, see
[Eef. 13,

» ¢ata definition language (DDL) is a language used
Ly the data dictionary administrator to describe reccrc¢ and
file structures c¢f a database. After the descripticrn, the
resulting scurce file is input to the DDL comfpiler, acc the
[DL c¢copiler can create data declaration source language for
catalase records in tiree languages, (CC30L, FORTIRAN, and
TAL. Tte LDL compiler can alsc produce FUP (file utility
prograr) file <creaticn commands for datatase files. lhe
most sijrificant featire of DDl is its ability to create and
gaintain a cata dicticnary. 17The TANDEM data dicticrpary is a
set cf sever files that documents the structure ard lccaticn
cf each file in a datakacse.

The DDI prcvides facilities for wurdating a
dicticrary as the datakase it describes grows and the struc-
ture cf tke database files changes. The DDL ccipiler and
the dicticpary it creates =serve as a central gpcirt of
contrcl cver a database.

TANCEM defines a datakase as a collection <c¢f files
structured to serve cre or mcre applications. Wher a 1list
of L1 statements --a DDL source schema-- is given tc the
LDL ccmgiler, the ccropiler can produce any of the fcllcwing
files:

* A cCata dictionary.
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* A FUF file creation cconmand source.

* A ¢data declaraticn source for COBOL,
FCEFIRAN, or TAl.

4
q
4
1

* A schema report sumnmarizing eaca record's
structure and e€ach file's access keys.

The data dicticnary fprcduced by tane LDDL ccropiler is
a set c¢f files that fcrms a rermanent record of the database
schera. Thus the database schema,stored as a =& ct
dicticnary files, beccres a system resource. The dicticnary
gives datalase managers information about each file in the
datakase and alsc sncws how the files relate to each cther.
After tie dictionary tas been created, the DLL ccupiler cac
read tke dictionary ard rroduce COBOL, FOETIRAN, or TAL data
declaraticn source fcr any record defipned by the scherna.
The dicticpary is also used Lty ENFORH, TANDEM's datakfase
query language and report writer.

2. (Creating a Dictionary

Tte data dictionary files can Le «<created cn any
subvclume in the systemn. The subvolume that is tc¢ ccrtain
the data dictionary is specified with the DDL DICT cczmand
(for exazple 2DICT 3ISTICCKNC.CNIY ). The DDL compiler first
creates tke dictionary files cn the juantity sulvclurme cf

the § SICCKNO volume, and then opens the riles for access.
3. [Lictiomary Rejorts

g
! TANLEM frovides DDI wuvsers with ENFCRM scurce fcr
[ ]
o twelve dicticnary rejcrts. The twelve reports document all
L cf tle CEFINITICN and RECCRL entries in the dicticrary,
t descriking rot only tleir structures, but how they relate to
4
o €ach ctier as well.
: (nce a schema describiny a database has Leen
! compiled Ly the DDl compiler and a dicticnary tas Leen
b
s produced, informaticn about the datatase can easily be
h
L
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ckttaired with a set cf TANDEM ;rcvided ENFCEM gqueries. lhe
reprorts jrcduced by tiese jueries provide:

* Datatase dccumertatior.

* Datalese analysis infcroation.

* Cuick access tc dicticpary contents.

Tkte dictionary refports are projuced £from ENFCRY
source trat is availaklie tc the user. Tnis wmeans ttat irn
additicn tc the stancdard repcrts, you can obtain custcrized
repcrts, tailored tc answer specific guesticns, Ly sim.ly
€ditipg the TANDEM =surpiied ENFORH source. The ENFCaM

dicticpary report scurce file ccnsists of 12 _Jueries tlat

rroduce 12 different rerorts. Each guery 1s a sefparate
secticr. Thus the gueries can rte run as a complete groug,
indivicdually, or ir any ccriination. The 12 dicticnary

reports are shown in Table X.

4. Lpdating the Lictionary

ds the datakase ctanges, its dictionary car ce
updated to reflect tle changes by adding, deleting cr modi-
fying LCEFINITICN and KECOEL entries. In Table XI is a
summary cf TANDEM dictionary mcdification function.
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TAEBLE X
Dicticnary BReport Sunmmary

R1 descripes each [EF ard
RD in tae dlC 1onar1 giving the tize ard
date of creation, tne tine and aate cf tke
iast mcdlrlcatlon, and tne version puxlker fck
each ot-ect.

DEFINITICN STRUCIURE- RE2_ lists all cf tke
cosponert grougs and fields for eaca [EF in
the dictiohary.

KECORD STRUCTURE- R3 lists all of the
component %rours ana fields for eacn EECCEL
in the dictiorary.

DEFINITICNS USING DEFINITIONS- K4 shows
which [EFs are referenced by other LCEFs
The reterencirg [CEFs are 1ifted with eaca
of its element3 that references another
DEF and the referenced DEF's naile.

RECORLS USING DEFINITIONS- kS shows whicnh
DEFs are referenced by EECORDS. Each EECCHL
1s listed with €ach o its elements tanat
references a L[EF and tae referenced LCEF's

name.

DEFINITICNS WERELKE USED- R6 iists eacltk LEF
that is referenced Ly another olject, Lte it
a DEF cr a RECCRL. Thne referencing DrF <¢r
RECORD is shown in each case.

RECORD 2CCESS= k7 lists tke file rnage and
access keﬁ {kcth rrimary and alternate) for
each RECCEKD ln the dictiodonary.

RECORD [CEFINITICM METHOD- K8 shows the wtethcd
used tc define each RECORL. The source LEF

1is listed for thcse BRECORDS defined with tne
DEF IS <def name> clause.

REFORT EEADINGS- R9 _1lists _all of the ENECEY
rerort leadings declared for fieds arad
roups witain each LZF and RECGERD irn tte
ictiocrery.

DICPLAY FORMATIS- R10 lists all of the ENFCal
display formats declared for fields and
roups within eaca LCil and RECOKD 1n tte
icticpary.

RECORL CCMMENTIS- R11 lists the comments tlat

1mmed1atel¥ preceded the defining RECCHL

statement IorL e€ach RKECORD in the dicticrary.

DEFINITICN COMMENIS~ K12 lists the comEents

that igmediately ﬁxecedbd the definircg LEF

statemert for eac DEF in the dlctlonazy.
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Dictiorary Modification Function

Crerat.sEnt.type Ercceduire

ALC/LEF

ALL/FECCED

LELctTE/LEF

TEIETE/ELCORL

MCLIEFY/LET

Cpen dictiopary with ?LICT ard
complle pew DEr statement.

Cpen_dictionarg with 2DICT arnd
ccmpllie rew clLORD statement

Cren dicticnary witn ?DICT, delete
ai; dicticrary entries tha
reference the DEF, and then delete
the DEF 1tself with DELETE

Cpen dicticnary with 20ICT
and then delete the KECCkD entry
with the DELETE statement.

Cren d;ctlonaré witn ?DICT
commara, then delete all other
FECORL and DEF entries that refe-
rence tke DEF, delete the DEE,
recomille the edited DEF, and
finally, recomypile the LCEF and
KECORL statements that

reference the DEF.

Cren dictiomary with ?DICT
and recompile edited
BECORL stateaent.

Cpen_dictionary witih 2IZ1ICT

and delete the” RECORD with

the DELETE statement. Then i
modify ary DEF entries that ne€ed

to be changed, and finally
recompiie the new record staterert.
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