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AESSBACT

As a res ult cf growing de manid s focr Automated at a

ErocE~sirg at the Navy Stock Points and Inve~.tcry Ccitici

ro Points, Icng range 1Ians are keing developed dzcund the

Stock Ecint Logistics Interface Commainicaticns Ervircrmcnt

(SPLICE) ccncept. Ircbleas and opportuaities are invcived

uith designing and using distributed systems. This the~sis

finvestigates the area of data dictionar.1/directocry systems

%itn SEcial focus cr distrituted systems~ and att~mits to

cutitiE the benefits fcr the SH.LICE systemn from the use of a

data dicticrary/directori system. interface consideraticins

Ietween data dictiorary/directory system I.DDS) and rich-

toriLS xcdules are also discussed.
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S1. INCI~UICIION

A. S1LICE AND DATA LIC7IONABY

'71e SiLICE (stock Pcint Logistics Integrated

Commuricaticn Environrent) ccncept cozes as a result cf the

always Srowing demards oz the U.S Navy for automated data

irocessing [Ref. 1] ard inventcry control at various cints.

A design and implementatior strategy is necessary tasEJ i1

distrihuted architectcre for a lccai area network (LAN).

SEIICE is designed to increase ADP facilities C the

Existing Navy stock point and inventory control pcint.

EEcause the current Unifcrm Automated Data Prccessing

Systei-Stock Points cannot supiort the growing reyuirezents

for autczated data liccessing (ALP) without a tctal rece-

sign, an effort has teen undertaken to improve tne systea in

the shcrt and long teim [Ref. 1]. Two major objectives are

iehiEd te SPLICE development:

1. Ic increase CEI display terminals so users can access

interactively the system's data base.

2. Ic standardize the various current interfaces acrcss

the f; zukFy sites.

71e design approach first starts from the desicnirg cf

the lcgical or virtual local Area Network (LAN), ty sFeci-

fyin, all tie functicral modules, their characteristics, and

the ccEMunicatioL rCtocols without focusing on the hardware

characteristics. A later pnase of the SPLICE project %ili
anticipate the mapping of the virtual LAN reguiremerts crto

a physical local network.

9



ILe fcllowing furctional modules are irvolvE in the

CeveICjZEnt of the slteM.

- Iccal communications JLC)

- N,: .-icual ccmmurcations (NC)

- ircnt-Ead Erocessing 4EEE)

- 7eiriral managenent (IM)

- Data tase zranagezent (LE?)

- Sessicn services (SS)

- Feripheral manacement (i1)

- Bescuzce allocation (EA)

* bhis IAN design krovides for distributed zontrol tut

does rct jrcvide for the distribution of data bases witfin a

IAN. ILe data bases cf the SPIICE s~stem are geographically

distriluted over a wide area and for the purpose cf aain-

O taining t1e integrity cf the slstem, the data base functics

are centralized within each IAN. A DBMS modalE fcr the

systel gust at least provide dictionary, integrity,

reccvery, query lancuage, and security features as weli as

c,.patitility with existing CGEOL programs.

1he functions of the DBM zcdule would be:

- Catalog, to naintain a catalog of file Lases ani

status (rarE, open cr closed, size, physical address of

file,Ehysical address cf index, application used in, date

entered intc system, expiration date if any, lccaticn ci

lackul copy, fornat, access restrictions).

* - OpErations, urder a menu selection scheme tc jErfcrm

varicus furctions (retrieve and display a record, update

specified fields of a record, delete a reccrd, insert a

record, jrirt a file, print a record or s:-ecified ±iElds o

0I
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a reccr], arswer sp eciti~d ,u~ries drzd disr-.laj a:d j zirt tifvz

results)

.4- icticnary for dt~rinin,., a.Ld caaracterizi:. , tr.E Jata

EleinErtZ. The Jicticnary mzust be intt rated with th~e £ES

:his will contniitutE to data integrity aidl consistEzcy

t~lrCLCz'Cut the systei arid should also be of great aSSiStaLCE

in cEsiznin . zejcrt Icninats.

Wiith this imroVEd design it is believed that the -SELlCE

systEn willi jrovide Economical and resjonisivE suiiort caia-

h ilitiEs aacnig the 62 dJizferent geographical. locaticns, eacr,

4having a different mix of application and tEE~irai

lie EiIICE functional. design ap.prcach suggests devel-

cpinS sEvEral functicnal mcdules, distributed in ziniccm-

putErs thrCLyhout thE LAN bitb the necEssary communicaticnE

to sujiort them [Ref. 2]. This design provides fcr higher

systen availanility than thec centralized approach since

functicnal. aoduIES can be zoved from one pnysical ncdE to

4anotbEr uithout. chancin- their lojical addresses [Bef. 13].

At tkhe time there Exist DO exact methods for cESicnxng

distritutEd systems aid so an objective Of the 3PS research

Erogz fci SPLICE is to advanCE knowledge about distributed

systcas and to incrEase understanding of how distributed

zystEas ffust be desicred in cider to operate effectiVEly.

Distributed systEus have protiems associated with thEir

desic'n that need SCILticns in particalar areas [Bef. 4 pp

2] IhE distributed syjstem must provide the cibility fcr the

user tc ccamunicate and acces5s information across the c2

local DEtbczks intezccnnectEd by thle Defense Data NEtwcr.,

G(DN) I It must be EossiblE for the user at Naval Supkly

Center (NEC) Oakland to acceS the Inveritory Contrci Eoint0

(!Cy) database at lechanicsturg in the same way7 as the local

catdlasEE at Oakland [bef. 4].
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IE data dictionazy must ixovide su,,ozt to the atcie hy

cni1uEIy raming and identiityin objects in the Cveradl

SPLICE sastEm. In tie casE cf a message %Lich is destiLed

tc ancthnE local retwork, the dictionary can he uacd to

cttair tkE physical deztinaticn address with the hel of

Data Directory

ServTce Objec 1
."Ject

d.code -

Data dictionary

Services -Dictionary

Suppor tFuc!on[ II

I I
, I

Sending Local
Functional Data baseModule

*l

Logical Bus

Broadcast message I

Figure 1.1 NetwcIk Services Directory and Dicticrary.

* 1l

1;!
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Sessicn services module (Figure 1.1) for o ject rani

and addressing and scftware maintrnaLct, tlhe tata cicticary

can Eelj t2 stcrinc all thE name-to-address majin; and

ioutir infcrmation. The data dictionary can alsc !E used

to sjecify task riEuirelents for the user termiral

Erocesses. The data dictionary in a distributed ervircrwent

will cccperate closely with the session services mcdule

which Ercvides assistance to the user terminal processes in

carrying cut their tasks. 1hus a distributed oierating

system mtst provide, in addition to other functions, the

ability tc access effectively the dicticnary/directcry

systER (Ti9Lre 1.2 ficm Ref. 4)

Major systems of the SPIICE application envircrIent are

the Intecrated Disbursement and Accounting (IDA), Autcated

Procurement and Late Entry (AEALE), Uniform Automated Data

Processing System-Stcck Points (UADPS-SP), and Lcgistics

Eata Sjstem Trident ILS. Eacb of the above systems has its

cwn Elements, files, programs, transactions, users and

reports £Ref. 4].
It is vital for the system tc manage all the resctrces

efficiEttl'y and the distributed environment makes this jcD

more difficult. A data dicticnary/directorl system IDES)

seems tc te one approach to data design and managing Frctiem

soluticn. For the centralized database environmert three

aspects are emphasized [Ref. 5'.

-Ule scftware irterfaces between the D/D systea and

Cther scftware packacEs

-1he ccrvert functicns cf the D/D system

-7he environmental dependency between the D/D system and

a datatase managemert systex (EBMS).

Fcr the distributed datatase environment, as in the case

cf SEIICE, there must be extensions to the centrali2ed D/D,

.,"



USER INTERFACE

Comaund Langgs

Sesiton Sevice*

Inter proces commjncltiof

Interprocmor C0muficet IOn0eealoc.k vreve-. t'nI

Critical sctlon considerations 1
S*ARED NETWORK SHARED LOGICAL RAN MAGEWNT
RESOURCE mNtAGEMENT RESOURCE Te1co ~kSeeJ
MAAGEME[NT KU@UAGEME4NT Aloaln041cto

IMS Intra LAN KNOAY (RAN) MANAGENENT

File Serve- ir AllocAtion/Deellocation

Catlog Intar LA irst Fit Algor~rl

I File IRcWoAE
ictl1onery/ TCP/IP

Directory|

G Interupt Handl ing

Moseege Pitmitives

F1 RE~ (Mon Changeable Part of Operating System) I

III LTIPLE MINICOOPUTER HADARE A

Figure 1.2 LayezEd Operating SysteM Design (Ref. 4).

additicral oftware irterfaces reuired, and the USE cf the

E/D as a distributed cataba-e.
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E. CEJEC1IES Of THE!IS

I EEIICE IrojEct at the Naval Post~radaate 5chc.)ol

12S) takes the adprcach of designing the icjical or virtual

Iccal ArEa Network JIAN) first, speciiyin; all the Iunc-

tional acdules, their characteristics and the comaunication

[rotccclE, rather that focusin on the hardware characteris-

tics of IAN first LBef. 1] developing alternatives icr

SPLICE Iccal Area NEtworks. After providin; a furctioral

:Feciiicaticn fcr a distributed operating system, user

interface specifications are provided, where the

dicticrary/cirectory system (DES) constitutes a majcr ccmpo-

nent LEef. 4] and its functicn is to irovide su;jcrt icr

ramirc azd identifyirc objects in SPLICE.

Ike cljEctives cf this thesis are to investigate the

area cf data dictionary/directcry systems (DDS), to cutline

the advantages/disadvantages of these systems , and to

Fresert the undexlyirg ideas. Also, to Eay special attention

to tie distributed envircnment, and to intrcduce the

lenefits icr the SPLICE system from using a dictlcnazy/

directory system. Finally an attempt will be made tc irtrc-

duce tie interface requirements between a data

dicticnary/directory system fcr the SPLICE, and the neigh-

icrirc mcdules.

I.



II. DICIICNARY!/fIECTORY SYSTEMS

A. GNEEAI REVIEW

A eata dicticnarl is a description cf data roscuzces. it

contairs hcth machire-readahie and human-readable descrij-

tions of the datanasE tables, their attributes, interrela-

tionshiis, and semantics. It is usually not very large, tut

it has a very rich structure. Most systems have a data

dicticnary facility ulich stores metadata about the database

aside frcm the datalase itself. The data dicticraiy is

cften built can top of the DEMS as a special applicaticn with

a special Zata definiticn language.

1bus a EDS is a set of one or more databases ccrtainAng

data atcut an organization' s infcrmaticn rescurces. 1ncse

resources can be retrieved and analyzed using standard data-

lase nanagemeat systel (DBMS) capabiiities. The ccncelt of

a data dictionary system has existed in the data lzccessiaj

industry fcr a numwer of years. Use of such a system

consists, basically, cf an attempt to capture and store in a

central location definitions cf data and other entries cf

interest [ Ef. 6]. Ie &rincilles of such a system are:

-Ircvide for better data ccntrol

-EzcvidE for better documentation

-Imzrove the huality of the syhtems that ace huilt in

d terms of user functionality and satisfaction and system

naintaiatility.

IbE data dictionazy helps to caiture and document data

Elemertz, their definitions and some of their descriptive



attzilutEs. it alsc provides fcr iojical roukir- cf data

ElemErt dtrin the -rocess cf jatneziL requirezents to

4Iuild a rew system. "le data element dictionary jrcvides the

vocalulazy that can IE used tetween tae systems analyst and

the Erd-Lser [Ref. 6.

NExt in the spectrum of usage tae DDS help is twcfcld.

First if the data dictionary is availaole it can he extEnded

to include infornaticr cf hcw and by whom tUeE data EleRents

Can te used. hus a dicticnary can be used to stcLE the

defiriticns of data elements and the definitions c' ctier

dcata ccrstructs (records, files) , the deiiniticzs cf

jrocesses (programs cz manual Frocesses), and defiziticrs cf

data users jindividuals, orgarizations). The 3eccrd trend

that ccrtributed to this extended usage of a dicticnarv

system as the gradual migraticn away from tae use cf tradi-

tional files toward the conceFt of a central, integrated

database distributed across the DDN but centraiized within

each IAN, under the ccntrol of a database manageiaent system.

Ile Ircklem cf de;licaticn cf data (data redundarcy) can

be sclved inside each LAN hot another mechanism must he

provided ir order tc solve that prcblem across the DEN.

This jict1et must be examined carefully and that 9Echanism

must provide for eccrcmy because sometimes data redundancy

may he mcre cost-efficient than tze frequent use of ZLN.

1he atcve is vital for system design because in the

SPLICE environment, data are to be shared not cnl hy

different 2ystems, hut alsc iy a wide range cf users. 7he

lasic ccrcE~t of a LEMS is tc Erovide a centrally iccated

set cf definiticns cf data within each LAN tnat is to he

shared in cider to assure that different users will access

commcr data with a set of ccnsistent definiticns.

the LDS acts as a repositcrj of ali definitive infcra-

tion ahcLt the database such as characteristics, relatica-

shiEs, and access authorizaticns. These databases, as

17



implied ty the term 'lcgically', can be i.,ysicaiiy stcr.ed i.,

diverse 1ccationE within each LAN but are 1cgical linked

via ccizurications and the DD5.

11e data dictionaLy systea located in a ncde withiE each

IAN can te used to licvide the azove definitions and tius

the zequired lata coristency.

5epazating the data dictionary zrom the datatase raises

two ETctlEas [ Ref. 71.

-7ke dictionary and data base may disagree aitn cne

another unless ore iLterface has control of Lcth turcticnL

-Eaving a separate data dictionary implies having a

separate language fcr the definition and mani-uiaticn ci the

dicticnary catatase.

sers %ho define tables and other otjects (case of

systez-R) are encouraged to include English text to describe

the zeanings of the ctjects. later otner users can retrieve

attriiutE tables with certain attributes or can brcwse amcng

the descritions of defined takles, Lf they are so autncr-

ized. A user later can modify these entries -o change the

attrikutes cf an object.

E. MAIAGEI NT Of IUICBATICN EESOURCES

Irfcriiation resourse managezent (IRM) is a erhcdclc;-

that attemits to solve a set oi problems related tc the

systeR life cycle it an integrated and coordinated manner.

The data dictionary system will play an important rcle in

this area.

In the case of SEIICE the DDS can play an important rcle

in j(;viding a dccumented inventory of infcrmation

Zescurces, a ccrtrcl mechanism for the analysis ard design

ci new mnfcrmation resources and the necessary iescurce

indeEndence.

le



A data dicticnary can De used as a jowerful to-Jl (nct as

a scILticn) that can aid in tnE solution to variouSj rcLlEms

such as the inventory Contrcl, reiort jroduction, Eroier

routing cf data, prcier routing of reiuests, data ccnsis-

tency, security, etc.

finally the dicticnary system project is in fact an

Infornaticn Resourse tanageaent (IRM) I project. The SFIIC£

systEl EcszEsses much valuahlE data that has teen generated,

cCllEctEd, and stored in an automatic and 'fcrmated' state.

Utili2aticn of any class of data involves one cr wcre

4iocEssEs. These are [Ref. 6]

- Ccllection: It is a prccess that tends to he ex,:En-

sive as the cost of identification and recording (ircludir.g

input to an automated systea, as necessary) can be high.

- Eizccessinq: TIe data ccllected is -enerally 'Ianaged'

in scae fashion befcie and/or after being stored. ir tue

case of automated data, this cccurs through the use of

comkuter zcgrams.

- Storage: The repositcry of data and infcrmation

termed a "data base".

- itrieVal: Using the knowledge about t he stcrage

techniguE teing used, data are retrieved to answer guesticns

cr tc he mcdified.

- Ccmunications: A ccmfunication line is needed to

connect the user terminal witn tne place Where the

dicticnary resides.

1 nfCrmation ReEcurse management is whatever c4icy
acticn, cr procedure concernirg information (both autciatel
and ncn-autcmated) &hich management establishes that serves
tae overall current and future needs of the systea. Sucn
joliciES, etc. wculd include considerations of availatilit{
timelines, accuracy, integrity, krivacy. security, audi "
atility, cwnership, Use, and ccst effectiveness [Ref. 6'.
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1he environmEnt it which the ahove jrocesses take Ilace

is ccaEc~Ed of

rat ad !Lfoxiiatioj. Repset the core Cf tlae

entirE ilfciMati'cn PrCCessiny E ECtrUM.

u ith thE system. ThEse are usErs of data and other infcraa-

tioa ccMicnEnts.

- Ehysical facilities. Ccmj. uter hardware aL" ct LEZ

Ehysical devices used in data Erccessing.

- PiccEssinQ facilities. 1these are all the activities

which take ilace in tie use of physical facilities.

- Sujp.Ec rt facilities. All the services which arc

6 reguirEd by users cf Zata as well as personnel whose ze~5;cn-

sibilitiEs are primarily in the information sstems area.

Zach cl the alove ccmponents is rEfered as an

I2foziiaticr Resource and the ccmputer systea must pzcvide

for an integrated ard cocrdinated manner to manage the

entire irfcrmaticn resource of the SPLICE system and the

data Zictiorary has tc play a zajor role in ccnjuncticn with

the datalasE management module.

C. SCEECLI OF SIST12 LIFE CYCIE

It this section, we present some bijhights cf hck the

*data dictionary siupports the main steks o.2 S~stem

deve lc men t.

lie watErfall mcd-El cf tne scttware ife cycle [Bef. 14]

Consists C1 the fCllowing StageS: s'jS tt=M ta s i t ilit y

* reqdizelmEntE specification, krocdict de i idttail design,

COdir C, intEgration, is-Liementaticni, operations and mainte-

Lance. Cf course tkEre are alsc otner inodes.s ot a zcitware

life cycle. iut basically the functions of a JDS tirE the same

in whatever model we consider.
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Lurir the systtia'~ reasik.Llity stage tnie LLS Car le

~C.S I'CL LEU data ElIEZEt CCIIECtiOr. di to avonore rJn

c.1eS ard irconzistELciEz. A 1Soc t: e DDS cu;. CcraiL d

d~scrir t ic n co- - roc E E es that are already availablE and to

help in aZZEssin-- thE true anitade of the ;r osoE tasEk.

£urin c the r eg uire aE n ts s.Ecif-ication ita~e :r ata
dicticiazy can provide the means to datect xsir2iraccu-

raciEs ir dEfinitions and tc correct trem Lefore tIh-E EJ~stEz

cPezatiCL. T I.i z is because the DDS contains thiE cverali

SCOPE Of the reguire]]EntS tc LE zpeciznred.
L uring the product dEsign and detail design stagEs, the

EDS car Leli because it contaivs the design details of Loth

data and -rccesscs, which can he sared hy all ZLembe-rs CI

the dESiCn team. Paiticularily in dataibase desiqL the :D3

can record xultiple Eser views, pass output tran the lccicalS

desicr ihaZE to physical design phase, generate aultiile

designs fcz benchmark testing, and verify the existi.ng

ccnvEzzicns of data in the system. For the rest Cf the

stagEs tie DDS can IEip in data collection, coding, and

testing, by providinG any desirEd degree of ccordiraticE and

contrcl cver tasks, generatirg data structures, storing

instructions for the staff, describing the various -ctz arnd

activities, and finally, prcvidin , a means for efective and

consistErt modificaticr, of the system.

Additional benefits that can be derilved from the LDS5

[Ref. 6] are naming Standards, ai1d to auditing, intElaCES

to aE~1ication prociam develcPmeat tools, an d software

conficuraticn managEment. A LLS allows a system tc he

EXtenDEd trcugha the addition of new entity types, rElatic.-

ship tyres, attribute types, and also can be used tc add!

conilcuraticri entity types such as reguirements siEcifica-

tions, charge ncticEs, etc. Thne major advantage frca the

use cf tie EDS is in the case of an active system Where th'4

systE:r not cnly records the Entities, tut also ccrtrcls how

tiiey are revised.



1. rAIA LICTIONARY EYSTEII CBGANIZATION

'Ile crcanizaticnal structure for a DDS that is to be

C adoptEd Htust be comaEnsurate with the size cf the activity

at any one time. Euch a ztructure is dis,)layed in Figure

I Date
adof nf tratoc

IOtse dfctfnl'Y Date c I5tyIadmintstrator100

I -?te bos Ota baes DataeasC fe~nlt.trator I I f~rotor 02 adanit to rI

Ficure 2.1 SPLICI Data Adin. Function Organizaticr.

Ie IE ata Adainistrator is the person rEsponsit'LE icr

articuldtirc the data 1co-icy af ter the major uidElinEz ziav4;

teen laid dcwn by thE designirg team. That policy includes

Eiannir Icr data ccllection, its structuring, its EtcracE,

and its guality contrci. For the SPLICE system the Data

Ao miristratcr can be a person or a team iocatei iE any

FlacE, hhcsE main fL'riction will be the setting oz tnE atCV,=

1 Ccc.



IiE Licti cnary A dministratcr Wr o t:.,E -ers CL Cr t Ed

Li~slie tor tLe lict icr.ary- s- sr-e m w1hitnr t hE Zatd

4Adnini:Etzatcr furcticr jej ieccrdizj cZ all meta- inlcLria- 4

ticz ard zotta-data ar~d its MairtenlanCE throd~lp the u E(-C C

the dicticrar.y systEil, alcn witu making its facilities

available tc the users of this system). Eeca USE ir the

SPLICE SYs3tem the data dicticnary is uni1,-ue tfnrou~n all the

EystEa ard no diffeiEnt view~s cf the data dicticrary are

FerMittEd in the varicus Locations, that team or perzcn must

te UniCUE through tle system. Cnly that team (cir j~Erscn)

4must havE tffe privilEdge tc maintain the DD. "he Zatabase
Admiistratcr whc the &erson (cr team) responsible fcr: the

technical a.Eectz of cbtainin , running and maintainin. the

L3,13. Since SPIICH is a distributed system with datalazes

diStnittEd acrcss 6 different l~ocations, the ratauase

Administratcr does rct need to be unigue. The iEguired

policy and definiticrs are sEtup by the data dicticnary

adminisEtiatcr and this is encugh to maintain consEistency

4throuch tie whole system. IhE Data .2112ill jscticL team

has a rcle also in tke hiezarchy, and its functicr is the

quality insEpection cf the information or data, and tae

quality audit trail cf the whcle system. This can bE cnez or

X orE tEags. In the case of severai teams the enlLE, aucit

rzffozt can le divided among them.

E. CCNCE7 ON DDS SILECTICN AND EVALDATION

It is very difficult to find a commercialy availahlE EDS

to meet Exactly the rEguirements Of a system under cEVE.ICj-

s~ent. A selection and Evaluation process COMj CSEd Of

varicus steis must be deveIC~Ed in order to select the Lest

systeai. 0.

Icur stEps are itoposed by £I~ef. 6] for th,- ErccEs of

selEcticr and evdluaticn of a LDS:



SI

-IfEtEL~ine the lE'quirement E ior tne aictiolidry systEm.

These sncul. be cias~ified as Either bein. mandatcry ci: i.ct.

CIf nct xardatory estatlisL a scaie dad a~sn numbers iroi-

Catir:C tie zportanc.
-ZeEEJci a list cf features of dictionary systEas th-at

Will 1E used inl the c~aluatict, cf systems.

-Leteririne a Iapiing from the needs onto these ZfEatlurES.

-for Each mapping, using descriitions of availailE

systeas, a system can be found either to uai-ify or nct.

This pzccess lEads to eliminate systems that aLE Lot

qualify.

Lce cannct say tkat the alove procedure is PErfect ard

does rct have a risk for mistakes, because it is s utjEctive

and 'vaiicusly drciends on the Experience and saartness cZt the
* selecticr/Evaluation team. Scime more commo/general reascns

leadir tc mistakes are: The needs Were never frrc~ezly

assessEd, and potential users were not asked the right SuEs-

tions, unnecessary but apparently "nice" features were CiVE;.

a highi values, the evaluation of the system was inccrsistEnt

tecausE different pecile evaluate different systems withCUt

a wEll-dEfiLed mcasulEment method, undue emphasis was .lace.I

cn features that will be needEd in the -uture but uzar~~jcr-

tant Lcw, Etc.

Fcr tte SPLICE system we cannot foiiow the ahcve j1oce-

dure. SEIICE has decided to use Tandemn as their "1frcnt end"

MifliCCMkitEr. As a resul t, seiecti. a DDS is lal Elj a

*forEcE ccrclusion it this situation. So we rave tc use

landEz 1EMS and the asisociatEd dictionary cakeabilitiEs.

f. AfLLIIICNAL A!PEC1. CF DES

it tie next f4=W years, sEvErai extensions to dictici.arv

systeas, nct availalle today, will most likely te ccinTME-

cially available. 7hese additions will allow dictionariEs

S2



It-_UICtE '. -_ us~ 't ux tensELI.iit L a t Itnes C11iiC 6_ a .

4 anztalhitic. to custcuizcz the 4-c it ioi. a L yst t- i :,c r E t '

za k a i t E iLf _ctiv _ i n zucn a d iCanion_. S c. h ?X d Z Z

e> ust ci ±ZDS t c ccn.t roi t hE totai intormaticr rEEScuzcc, t..

aid ir tie analy!sis, d e S-1 and devteicneunt cz infcrzatioL

zystcEs, ard to aid in etz-ici-Ert dataizase de sign.. 1-E 1ast

appioaticr Examjle is the use ci DDS as a rercsitozy of

iniEcraaticE :ofr aln entire system. This is exaCtly thE ff:

13>lt thE EES ihaS to Elay' in the SP'ICE7 system.

4 Ezclrnir to the ELICE7 aj~iiCatiOn enViZoDMEnt tht ~DS5

6UAi _ lE~aiLE UsErs; and analysEts to der-ine nsa-: system data

EiemErtE, tiles, etc. wiich wcuid eita.i updating cia d&i-

riticzs, dis carding outdate d cnes, and introducing rEW cnEs.

Ii, thi E ud standardsE of data dEfin.ition and description: rcr

a,.plicaticz iro~rams can IE established over the entire

EPLICE s ystEm fief . 4] E u t onI tfe otnier hand it is a

i-.ruleaL task to retrofit a dictionary to existin ap~jlica-

4tIOL Es!tZ:ME. EecaLsE ot the zany above mentioned dilficu-

lies iI, ip1 CMEn ti r. tie dictionary to old aplicaticn
5:Ysttas, WE recommend as MacI UcEE preferakle to inp.IEZEnt a

Cticrary tor nEW aiilicaticnz only. That means t,,at t_e

cIctlcrany Will he dEVEiojed gradual., and a lcn period will

ic E EEdEd to be fully impiEu'Ented tor the wliE SPLIC E

z 7s t E

Alt;.cu . DDSs havE Many d;Vannapttd disad-IantdacES
SiIOLu-h LE Zt~itio[neldf W~il. ZictIonary systEMS arE CCfl .IEX

Eortware syztems and the executicn it many dictiCLdEy t:i; C-

tlorE Edy Consume a si~1utiat Part at thE system

re_-SouIcesE. .1 thE, Ecore C,. the dictionarV irs EEndLant t,.

iEclUdE alhaYS idrsel Lumber C1 inrorMation ZeSOUrCeS, the
ZDS wili tci raLaliy tc looK ii-E tn.e major LC5CU~ct=

LoflUt~, ad thus thE mair. jisEr ut t;.e host coOautcr system

[Ref. 6 ]. Whe 11We CCL.3ijt active _Inter;.acEs3 or tnC LES,



the jreicus iroblen becomes more serious. If the ZDS

contrcls a Iroces tcrouh cne f the.ce dctive intErfacs,

it fcllows that this 1rocess cannot proceed until such tize

as thE cictionary system has finished its o. his delay

time is addzd to the whole prccess time. Given that there

can te many ErocesseE, the continuous use of the DDS and tae

accuu ulated service time may eventually result in a

1ottlenECk.

Ite Erclosed soluticn for the SPLICE system [Bef. 4- can

avoid (cr at least zEduce) this overhead by locatig cne

copy cf the LDS in each LAN. iith this simIle and efficient

techrniue Each user Iccated in any of the o2 stcck and

iaventcry ccntrcl pcints onl.y needs to consult the local

ZDS. 2Le number of Lsers whc needs the DDS services remains

the sant hut the overread from the long jueuing time acrcss

the LDN will be rEdused by a factor close to 62. By

locating the master copy cf the DDS in one place we can

solve the maintenance problem cf the DDS, because additiozs,

deleticns ard updates of the EDS can te done only via the

zaster ccpy by the Dictionary Administrator. All the ctler

copies can be updated only remotely by the master coy

throuch tne DDN, it such a way as to represent the exact

image Cf t1e master copy. Because cnanges in defiriticns

Ideleticrs, updates, additicns) are not freguent, we esti-

aate tnat the whcie process of uidating the local ccpies of

the LES will not be expensive, and the resultant cverhead

will nct be significant. Cf course this assumes all 62

IAN'S are working off the saze schema, and the application

envizcnment is homogeneous acicss the network.

0 C. E]IEBAiCE! OF DDS

A good hiezarchical DDS structure is significant if we

want tc avoid the "bcttleneck" mentioned aLove. A structLre

26
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is UCrc ccd in FiguzE 2.2 ar we Leiieve tiat it is 1Ess

EXPEniVE in consumizs tLe system rcs3urcE. thac the struc-

ture cf havinj different views cz the master dicticnary at

Update order Iol Itctor

I *- --- -- -- -- -- -- -------

dtctfoneryI S W 10.

I _______________________

I II
__ __ __ I

ADliCtod CODY1 R"pIfeated copyRI~taedC~

LAN A LAN f2 LAN 062

Update request

figure 2.2 A First ELS Hierarchical Structure for SPIICE.

each IAN. In Earticular supose the copies of the lccai

dicticnaries are not exact ima~es of the master dicticraiy,

lut are different views of the master, esecialil ViEws

containing informaticr cniy for the local datatase. In sucz

a case it is not usei±l to separate the definitions frca the

actual eatatase since the different views of the ihcle

27
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catahase are centralized withir each -AN. If i spare part

for eiaalie ca:,nct he found in a local datazase, teer the

user Las tc consult the master dictioaary to find the lcca-

tion cf the requested spare part necause the local ccpy of

the data dictionary dces not ccrtain information atcut ctrier

data tases of the system. In this case the user has to

ra access tie LDN twice, first tc ccnsult tne master dicticnary

and then tc consult the local database in which the spare

part is iccated. 11is prccedure can easily lead tc lcn4

waitinc tiaes and finally tc "lottlenecx" hecause the aaster

dicticrary will have to answer in guestions coming frcm 62

different IAN's. A second hierarchical structure is shcwn

in Ficure 2.3 This structure involves the locaticn of a

copy cf LES in selected nodes instead of each node. E tLis

bay be zcduse the amcunt of secondary memory needed tc stcre

the r/D tut we increase the use of DDN. This increase in

use cf LEN is irversely propcrtional to the numter cf -/D

replicated copies. Ile soluticn cf locating exact ccpiEs Cf

the aaster dictionarl in each or selected LAN's has tne

disadvantace of consumin more secondary storage lut cur

estimaticn is that this is Eieferable and less exensive

than tbe Izeguent use of DDb in order to consult the master

copy.

e cannct say that distritution instead of reklicaticn

cf LES is an inefficient methcd not acceitatle tor SIICE.

zincc tkere is not enough experience fcr distriluted

systems, and especially for data dictionaries, we nave to

examire carefully every ;ossitle architecture, t he jrcs and

the ccns cf each one, in crder to make the best decisicn.
But still we believe that the decision will be based mcre on

estimaticns comming from intuition and less in experience

and statistical infozzation. Such an architecture is Iased

cn di stritution instead of replication of D/D for SPIICE.

Ihis is shchn in figure 2.4, and will be examined ir a next

chapter.

V
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Order,,-I° oV. .. '" I . .. i

I Master global
I d~ction'ary

# In
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I II

LAN #4 LAN 0SO LAN G1fiur .3 ASeo dl DS Hieacil Stucur'fr ry

4 -------------- .. . .-,i,+LA,,.NiI S2 I

I Ii

II

I III

___ ___ ___- -

figure 2.3 A Second DDS Hierarchical. Structure for Si'IICE.

29t



te I a.081nfstrator a

l oroer

directory -- "

up elcl dicioa y vlo

Date ovtronery Oete ?,ct doery Itejfcttonery Data alctlonery

A a* fl j t n 1 view 062

S A 2

dcorte reqdests

j.loction reqet

O direory .. . .. L

Value

ig e2 AT id loca cicl Strctrefo E IC.

Intnate so D ata d or t
laoac o t ion 0? 0?s.. teh. It

uate adreQ ssI

ielret24A Thrd LD ia c al Strc e for Sa 11Cua

q4S1 lectionatio DDSand m

anlyi rlte wl er sntd ThA s prsnttc iz

tiyuzE 2..4 AaLhird cs anerarchical Structurenfor iticula

3C1



Systef. A cost/benefit analysis can tell Us wici, :&atuzt_

reed to he incluied in a ZDS under deveiopeint. it is m:rk

Ereferahle approach tian to develcp a DLS as deszrit c 1ticw

usinc the landem DBME capability.

1. Architecture and implexentation

!he relaticrshiE between DDS and DB.iS 'ii i

addressed here. The purpose cf a DBMS is tc mnafle data ani

the puricse of DDS is to manage meta-data.2 The ,juesticn is

%nether the DDS must le a free-standin 3 or DBMS-deiendent 4

systez [ef. 6].

ILe free-stardin approach is ocd ior cc~aerciai

systeUs because eact enterprise can evaluate tae -rcs an

cons and Leach the oitizal decisicns whether to huy cr nct.

This ailzcach raises ccmpatibility problems hetween the EDS

and the 1;BEMS, especially when tae vendors are different

comparies. There are many factors we have to ta~e iLto

acccurt sien deciding whether a LDS must be free-stardiry c

LEBMS-dependent. These factcrs include the method of izrle-

zentaticr, the scope cf usage, whether the DDS and LBM are

going to he developed together or not, and whether thea are

9cinS tc be supplied iy the sane vendor or not.

Cne other feature of DDS architectural structure is
whether the DDS should be passive or active. SukjCsE there

is a cC1iler, application izcgram, or other process that

lequirgs mEta-data fcz its execution. TherE should hE ZDS

availaile which produces autcoatically the required zeta-

data. Ihis functicrality is zeferred to as dicticnary

interface ard can operate in two modes: Passive where there

2 Meta-data is tbe data that describes data
3A dict~onarj system which does not use a DBMS ir its

ilple aertation

4A dictionary system which does use a DBAD ii its iapie-
nentaticr



Exists ar CjtiOn Ci ThhEt;'er the jroceSS wilC retrieve the

L r~ejuizEn zEta-data (tirou ;h the dictionary interface cr -,iz

(eiseAIEtEE) or, in th e case where the process a 1 eadly

cont ain s tie meta-data, there exists an cption for the

SystEff tc cieck whetler this ileta-data is tile most cuzzEnt

versicr; in the dicticnary. Eere the dictionary isc zct in

*the critical path of a PrcceES. Active where the azcvze

cpticrs dc not exist and the process always uses the irCSt

current oeta-data in the dicticrary. The dictionary here is

in t1E critical path cf the process and the process z'ust go

f throuch th-e dictionarl for the aeta-data in order tc execute

A £LS car certain both kinds of inter'faces. E have

to keep it aind that the interfaces of the DDS systea dc not

cnly ccncerL the DDE itself, tut also other modules with

which tie dictionary has tc cccperate in crder tc zairtain

the %Icle system.

2. cyicai Echena, Enti t Tyjte s, aflationsh*i z

rictionary sciema is the term denoting the icpical

structure ci a dicticrary. Structural characteristics and

contents cf the dictionary schema deteriuine the kinds of'

* zeta-Zata and the relationships to he established a;LCng

them. Using the entity-zEldtionsnip-attributE model

flief. 6] icr the dictionary, we defLine entities as real

uorld ct'Ects or thirgs abcut which information exists in

the dicticrary, AtributeE as propEarties (uantitieE or

quaiitiES) cf thei entities, and relationsni.Es as ccnLEcticns

letwEcn entities.

In the DZS, resources sucii as data, hardware, soft-

*ware, trarsacticns, personnel and docaments may LE rEpre-

sentEd, and entities, attri.rutes, and~ r,=laticnsuai

assciatEd Uitn these resoOrces MU6t aiSO he prsn.i

UablEE 1 throujgh V at the end of this zha~t-,r taEr 11cM



Rf. 4J i rdic atE pc~sibie dita eiemen t a tt ribautez z i It

Eatit) dttributez, hardware entities and attz.JbutES-,SC.twar,.

4EntitiEs ar. attiibutEs, and dccument/report. atrcriLutEs Ior

the EEIICE zysteff.

Eizilar entities in a DDS estahiisa enti.tj tyjES.

*AttritutEs can also have a dE~zee of similarity and in this

case we Eleak abort attribute types. Finally Sinilar

*consideraticns alply tc relationsni~s and so we have rela-

tionshbi tyies, that are relationships tetween entity ty .Es.

ECLEMa descziijtor. IL a dictionary sEchEma

4contaizinj al! Existirg entity-types, relatioashij-typEs,

and attzitute-types, ary one cf tuem can be referred tc as a

scheaa dEsciiptor. Iniormaticn existing in the SChEaza caL

indicatE which entity-types are members of a 9i ven

rElaticnshii-type, ard whica attribute-types are asscciatcd

* hith an entity-type cr zrelaticnship-type.

fntity-t~pes of a DDS can be ciassifiJed as data

Entity-t pEs, process entity-types and usage entiti-tjiEs.

Cn ttE ctiei hand attribute ty-es can be descriptions, clas-

sificaticn and audit attributes created by the Jicticnazy to.

indicate identificaticni of the person whc creatEd the

Entit), eate of entity creation, identificaticr cf the

perscn wbo last izodifiEd the entity, date of latest mcdi~i- S

caticE, and total number of modifications of the entityr

* ~e.6>. These calabilities are very useful for a system,

especially cne as couilex as SPLICE. Using the above caia-

tilitiEs reports and summaries can be presented or ZESUEst,

and also WE can have a trace cf various interactionsc cr the

systci icsing application programs for this reason.

nllow the user to inc:~z luded in a D ZS in crder to

allo thEu~e to camnicaE w t e DDS via a tErxinai.

Ihet~rina-DD camuicaicLinthe SPLiCE SvStE[ is

LS



carried cut through tie Seszicz Services module. ThJ.s is a

separate tcFic which will le examined 6e-driteiy. LL

general an interface can be as shown in lazle VI.

Cr the other land ccmmands ca. be classifiEd, c. the

tasis cf their functionality, into various cate cries as

showr in ie VII.

r A dictionary system can be re arded as a scft'are

Eroduct that helps ir storin; information about data tnWat

already eyists in databases. Both DDS and DBM1S deal with

descri~ticrs and chaiacteristics of data elements and with

the lcgical structures obtained from these eleZert and

their relationships. A closely integrated dictionarz syste a

and autcuated database design jrocess have muct tc cffer.

7lne interfaces between a dicticnary and a datatase design

Erocess can be divided into twc broad cate&ories:

-Initial data entry and editing

-lcgical model structuring

Initial data Entry and editinq: For data entri the

data zeguirements itformation needed by autcmated database

desigr pIccEdures is almost a complete (proper) subset of

the irtczaation nozally stcred in current ccamercial

dicticrary systems. For the SPLICE tne files aiready cxist

but t1e dictionary dces not. Therefore the whole design of

LDS aust Eiovide fcr initial detection and avoidance of

duplicate £Etries. A-E soon as th design takes care cf tnat

durinc tte initial steps, then the entry cf infcruation

about raw data elEgents has to be made only tc the

dicticrary system. bext an interface must exist in crder to

allow the design ErcLedures tc access inlormation in nazed

agjrecaticrs (local views). for editing, the initial data

entry 1s rarely clean in the sense that names, usage, and

characteristics cx t e data elements may not .-2t he stan-

dardized across local views. Synonyms, nomonyms ard irccr-

sistErt chaidcteristics of the same data usually result wren

."



data rE irE Men t are ECat"Ie red fr cm dizlerc:-, sou rcEs. 'h

Editirg ihases of thE automated design rocedures, En t.

C' epcrts izciduced therein, can serve as an injut filtErin

functicL icr the dicticnary. Inen the interactive Editin;

EhasEE are com,,;Eted, ctsolete information, (eg. non-starward

Eames) can be zemovEd from the dictionary, such tiat the

infczrnaticn remaininc permanErtil is clean anid consistent.

Again, as ue mentionEd in a Erevioas section, this can be

done crlj for new aillicaticzs because the tasE of rEtLo-

fitirc a dictionary tc existiLg appiicatioi. 6ystEas is vErye difficult.
12o ical model struc turin4: :-he structariz ir,;ce-

dure icr initial desicn siiould Z-e able to extract filtErEd,

unstructuicad data elmzent infcrmation ini named a ,re~atEs

0 (local vieus) from the dictionary such that the ccm~csite

model and the dErivEd logical designs can bE jenEzatEd inr

the rcrual manner.

for adding nE'. reljuirEzents to existing desijLr and

C1 u.nen liccEssing new functions or adding niEw data tc an

Existirg database, the design 1jrocess should ze atiE to

4Extzact from the dictionary a description of the EXiStin;

design alcrg with the filterEd unstructured data ElcmEnt

infcruaticr for that whicL is zew. Varicus IEVEIZ Of

constraitts on the freedom of structuring rccessEs can be

set here in order to faoiiitatE the whioie design eiffrt.

Cncec the autcaatEd design P~ZOCeES is COMjPlEtEd 2LnJ -1

0 suitakle lc~ical desicn has been obtained, the results WiLSt

le stcrEd in the dictionary. Assuminj the unstructUred data

ElemErts are already described in the diot;nonary, ftc rela-

tionshiEE defining segments, databases, logikcal rElaticis

and scondary indexez w.ould no'. bE stored.
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fI TAELE II

File Entity Attributes

file name
Iocations
Size (in bytes)

I Fcrmat (seg, randoa, tin)

I Access contzcl

Access _Eecuritj prctection
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TABL.E VII

C o mouaiand CatEgories for DDS
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BEjort and query

Data structE intEzfaceI

SEcurity

Dictionary liccessing ccntzo].

Dictionary administrator
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111. IbilEGRATION

A. IfE IECELEM

Ar actives data dictionary is desirazle for the SELICE

systEff. It is alsc known [Eef. 8] that most licticrazies

*fail tc iHeEt this ctj~ective. A jprere, uisite toc an active

Jicticnazy is a hiy.l degree oz intCraCtion hEtWEEr the

dicticuary and varicu E other software elements such as tne

LEAS itself, but also including query languagEs, rEECrt

Geneiatcis, apjplicaticn devElcpiment aids, and the like. An

architectue for a cErtered and highly integrated 2LS taken

from fIBef. E] is shcbr in Figure 3. 1.

lie Existing dictionaries today are noticeably urinte-

SratEd, ane hence lEss than active. Such a situaticn. is

shown in fi ,ure 3.2 (taken frcm JRef. 8) )COncerninS t,06

IE.1 DE/EC data dicticrary azd related software. Notice, in

Farticulax, that wLEreas scie latch feeding c! data is

krovidEd tc and/cr ficin the d ict-iona ry, there i.re nc fEiaer

than six Elaces uhere databasE definition data is stcrEd (iL

additiCL to data definitions included in actu~al xnc~raas)

[Ref. E]. IhesE arc:

11E LE,.LC dictionary itself

71E LEE,'PSB litraziE

2hE CCECL COJY litrary

IiEe atatasE desicn aid (LEDA)
1E CIS data definition tailEs

IiE aiilication cEvelopmEnt facility (ADF), SegMEnt

rules in an ItE/EC envircnment, or in

0- - - -- - - -

sActivE t9 Eome degree because if it is to:) activE we
*can lccsk: Efficiency

04



dEVE1CPMEnt, iara.~eizert Eystemn (DMS) iles in

a CICS envircraent.

qhEZE .iZ no guazaLtEe that eacL. of theSE ieECZI~jtiCnS

illi a~rze, at any (-cint in tizrE. Other data dicticrariesz

m~ay haVE a lighei deciEe of irtejration rzut no one is cl'cse

DtbasDBMS Data definItton APPlIcatton
generator program

A0

Inquiry DATA yMtedete base

R t gener ato ApplIcation Data baseI genera tor dssian aid

Figure -.1 Highly Integrated D/D Centered Architecture.

to tk2e dEgrEe of integraticn sEuggestei in Figure -..1 A

high lEvEl of integration is very much needed in crdEL to

Eup Clt the advanced functicns of an active dicticrazy. o0

!iEe that tetter, coniiider a user who wants to know what Jati



is il the database, cr a DML routine waicn wants tc edit a

field jiicr to updatinq the database, or the datatase access

systen which needs tc know ii a user password is valid itr

updating a certain rEcord. All tne above functicns LEcuire

direct access to the data dicticnary.

Ihe extent to bhich a LES ualiifies as bein "inte-

grated" is a relative notior determined ny the sccpe of its

actadata and the way that it interfaces with ether scftware.

The mcst cczmon use cf the term "integrated" is with refer-

ence tc a L/D that is the sole source ot metadata ir the

systeE. Tie integrated D/ is accessed tor all refererces

to meta data. Most cf the ccmmerciaily available LL: have

reached a high degree of integration with their envircn-

ments, and this results in multiple sources of descziitcrs

within tie systems. 1he DDS permits these systems tc access

the L/r indirectly ard convert the metadata of each system

to the fcruat requirEd by the D/D £ e. 5). So for example

a DDS might communicate with a compiler in either cf two

%ays:

-Ey enErating file and record definitions

that the compiler accepts via copy statements.

-Ey ieading sourcE prograis and creating

transactions to load the LDS with descriptions

cf files, records, and elements.

CrE additional azEa which demands investigaticn tor the

develcpment of a succesful LDS ccncerns integrating sclenas

%hich describe the logical structures of all data types

exIstirg in a distributed (like the SPLICE) database. This

feature perlits the determication of a data file's lcgical

structtre as well as its identity and location, and could

* possibly Le essential to the development of query and data

model trarslaticn shcues. The existence of a master schema

also peimits the logical relation or data acrcss file

toundaries; then all files in the netdork car be considered

* as areas hithin a sircle large database [Ref. 9].
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*figure 3. 2 IEII Data flanagement Architecture.
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E. IBIE-BA IION CF Cl

liree asjects of integratE, LDS i. tLE cent rai2zc t

distributed database envircnzent foi SPLICE 6 are cz Ztat

interest and must be emphasizEd lIef. 5].

-7he software intkrtaces

-The cczvert functions

-The environmental dependenci betweeL trhe DDS and tne

, -A LIS is integrated with other sortware :.ackages by

facilities that:

-Alicw direct and indirect access to the E/D

-Autczatically capture tbe metadata used by ctier

systEls

In the next three subsections we will examine tie thiree

most interesting aspEcts of an integrated DDS.

1. Software Interfaces

A software interface permits another systEa to

access t1e L/D either statically or djnaRicalLi. first we

consider the static interface, which links the D/L with

another system indirectly via the extraction of a file of

formatted metadata. for the static interface of a DZE and a

rBMS, fcr exanple, the data dictionary administrator,

follcuinc the specificaticns of the data administratcr,

enters intc the EDS all pertinent transactions to define the

database and the database administrator using the abcve

definiticns describes th, database. After reviewing the

Cur a&proach Ior the SPLICE database and data
dictionary cistributicn is hybrid. SPLICE is a distributed
systef Lut the datalases arc centralized within each LAN.
Also tfe dicticnadry ccpies at Each or tne selected IAN's are
exact ccjies Cf te master dictionary and diffErnt
dicticnary views are not permitted. So the whole SEiIC£
systeu can he viewed as a distributed system, but ccrcerninj
Eacn iarticular IAN, the datatase and data dictionary can be
said ic follow the crtraiized database environment concekt.
So Lcth ideas ci cErtraii2eu and distributed envircn1entS
can h applied tc the SPLICE with siight modificaticns.

S4



accuracy of this datakase descrition, a coamand i.s -enEr-

atel icr LES that uSES this descriptinc to ;roduce a file

containir, the DDL. The LEMS's DDL processor ther trans-

lates this generated DDL intc a schema file that the run

time urit of tie DBEf can access. No run-time ccrnection

letween the DDS and the LEMS exists here; the LEMI's

Eroceszcr is not executing durinj the DDS's DDL-generaticn

Static irterfaces differ somewhat, depending uicn

whether thej interface the EDS witn user-written PrcCnaUs Cr

4with vendcr-supplied sEcftware packages. Static interfaces

for jzo.iam s writter in languages such as COBOL and PI/I

produce file, record, and datatase descriptions for the user

Ercgiass frcm the data dictionary LRef. 5]. These inter-

faces Ecaetimes feattie edit capabilities, format cptions,

and vauicus other furctions to maxe the interface mcze flex-

ible. Edit capabilities may include being able tc add

prefixes and suffixes and even to replace entire names.

format citicns may ccrtrcL indentation, level-numter incre-

Aents, sequence numbers, and line identifiers. Inclusicn of

various clauses such as comments, conditicn nanes, and

initial values also nay he allowed.

Static interfaces fcr software packages, such as £DL

processors, communication monitors, and 9uery processors,

Froduce formatted statements for those packages cr create

specially Ercoded control files for their use.

Static interfaces are prevalent because c! tneir

utility, capability, and efficiency. With Eowerful static

interfaces, the data administrator can quickly charge

formatted metadata CI create new formatted definitions from

existirg D/L entities. The static D/L can he made compat-

ible uith many versions of other software packages and can

he devElcped independently of the source code of particular

software packages. A disadvantage to the user of a static

4j



interf acE is the eitra effcrt that mci  be reuirec to

Generate arc catalo; izetadata for the D/D.

?ciE si ;nficartly, tie static interface itseiZ has

rc calaiilities for u~datinj the metadata cf the s£ytEas

kith %hich it interfaces. WiithOut adequate synchronization

and ccntzcls, the aetadata in the DDS and th, metaata in.

cther systeas may beccme inccrsistent Laef. 5].

Lyramic iaterfaces jzcvide direct access by the .DS

to cther software modules. :his direct access is ccmMonly

achieved via hiz-level interfacE commands that shield the

zofthare package frc the ph-sicai details of the D/'. The

ccmmards activate stardard DS functions, sO as tc selEct

all ertity cccurrencez that satisfy a particular ccnditicr.

A DES car irovide a facility that maxes commands availatie

thrcugh call statements; any program can then access the Z/D

bithcut ncwiledye of its physical structure. Dynamic inter-

faces kicvide consistency ccntrol and capa-bilities Icr hcth

updatE drd retrieval. C;-arje_ to the D/D ade automatically

reflected in the next exerutioD of any software pacxaces to

which tie LID is interfaced; nc intervening j rocedures; are

r ;iirec as with static interfaces. .1 software packa i can

directly retrieve and update jetadata stored in the Z/D il

the cser has the authority to do so, and tie scftware

Eackace has a such capability. Otherwise tae scftware

Eackac( and the user would crly nave read authority tc the

E/D.

Here is wnere special attenrion must be Given When

desiccizc a DDS for tie SPLICE. :e said previously, WhEn WE

d-sciitEd the first and the seccad aierarchical structure

for SPLICE, that the local cojies of the SPLICE LDS will Le

exact iaages of the aaster copy. Wita this approach cne can

ixaire khat will halpen if cne program in any cz the 62

iAN' attem}ts to update the metadata stored in the DES.

e WCIe Consistency of the system is jone. The local

4E



K, C0~iES imill nflO.cngEz te exact izajes oz the master ccE and
zany ircilEas can arise. The cnly solution fcr the Ercic5Ec

architecturE for SPLICE DDS is that re~uests for update, 0

deleticn, or additioz of data dEfinitions must be routed via

the LEN tc the node where the master copy of the LDS

residEs. 7hen the data dicticnary administrator, wr~c is thej

rocnly jrscn responsillE for LLS maintenance, can aprcve and

nak E t1E rEguested changes in, the master copi. IhEe

changEs must then be transmittEd to the various lccaticns

%here ccEiEz of L/D Xeside an6 executed. This we beliEvE is

the crly Ercceduie urder the proposed DDS architectuie uhich

can maintain consistErcy over the whole SP.LICE systcm. e

caanct szay that this kind of operation is purely yamc

but reitler is it static. e might call it is a hybrid

* interface functicn wl~Erein. the security and validity clecks

cf the LEE are always applied.

The use of dynamic interfaces incurs sigrificant

cverhEad due to the size and compiex structure cf DES.

C Aplicaticr deveiojacit support aids, such as preprccEssors,
source ipzc~ram zanacErs, and aesi~n aids generally can

alf.ford tiis overhead because r-esponse time is not ciitical.

Cn thE cther rand, Efficiency is critical for transacticn-

* procEssiarg systeas that reference the DID.

lo reduce thE I-otential overhead, common guEriEE may

tt prEccapiled and EtcrEd in the DID. Ancther tEchnicue

used tC rEduc-e ovuikead is fcr the software pacxa E to

L etrieve all thE mctadata reguired A-:or a tiansactiA-cn at

cncE; thts future accEssEs for this transaction only irvolve

zemory Icckup. Table VIII tzcm [~ef. 5] shows some typical

typEs ci so-ftwarE kac~ajes intErfaces for DDS.

2. Ccnvert functions

in addition tc Software i:At:-rZacs the: intEratio.

LIcr a Z . into its envirCnnMent is prOVidEd hty conVErt
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tunctic-,E. A ZJDS or a rizat icn i as a ...ot 3- o j: Jazs, rE:Crt

aiad til~s tc Jianaje. The data/data i~i~E :11t~~

(au.st EnccdEc t.ousands cl- iaiztenai.,:E tra: sactio..s t- C-J~tLL(

tile xftacata of all these aE~lications. -:JL~zVt~t :u

tionE ci a LDS scan zcurce prcgramLs, datahast ct~

LA j tE14EIzCCeSSiIng Ervizonwent descrl~tIGDaS da dctIa~tI-

*ciliy ,icduce maint~rance transactions, thus spazi., -t

data administratcr mazy hours cf waniuai effort. fi±UZE --.

ftrom LEe. 5] illustrates the flow ol data throujn a typical

convElt function.

J Sou.rce Ia~ g Convet fun~ction Data dfctone-Y
*tatemn transactions

1Date dIctIonerv Reports

Date dictionaryI
maIntaniance, 4 -

figure 3.3 System Flow for a Convert Euncticn.

IrE~tS irzcludr the source laflqud~e statemerts a L,

toe Z'L; CUtj.UtS arE a filE cf transactions to Le i~r.ut to

Ss



th e Z / zaintEnancE acduie, (in the case cf dP-:LICE t~dt

refErs tc the mainteiance mcoule c. the master op; a r,;a

IhE D/D mairtenancE trazsact-ions includ E dEScLi-

tiorz c,, databases, f iles, records, gxoups, Elents a-~

Erograas. T he prize purpose of convert functions is tohconvert iiEtadata frcu both user-written programs and tiom
local LEEfS and its rElated ccaianents. Table !X iiustndtEs

iL suuzary the typical L/D ccnvert function transactic:ns.

Fcuz major characteristics [Ref. 5] for ccnvErt

functicrs arE:

The ccntEnDt Of the cenEratEd transactions wherE tLE L/ D

aaintErarcE transacticns created by a convert functloL

usually also contains the relationsh.ips LetWEEE data

Entit iES.

Ihe inj.ut file to a convert function that can be a scurce

Erograri cr a library ile.

The ccfm aD options ukich may inciude the ability tc change

namesi, Elect lines tc scan, select types of transactionS to

create, and override generaticn of some types of mEtadata,

where tie atilitl to analyze the metadata of source ircgzams

can makE the DDS a valuable tccl for auditing adhereEce to

softkarE Ccctrol teckiques.

-. Environmental Deen den cl

Ihis characteristic of a DDS is determined ty its

reliarCE cB a specific hardware configuration, an C~Eratinj

systea, a LBMS, or a teie~rocessing incnitor. UndEr ideal

conditicrs a DDS must have the capability to cperatE in such2

an ErvItcnzDent without losing efticiency and functicrality.
Lut EcfEtiZES the practice deviates from theory.
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I n a colrpletEly intEgrated DS t he D 3AS accESEES

storEd datalases via the D/r. IL a lEcs imt jrated Sy~tEZ,

the LEM1S may maintair its cwf. dirtoit 0: Z ;.E IOE aCCEss il.-;

sEtorEc .4atatases.

In the indejEndent a~izcac-, the :DS is caiEtEly-

autorcfCILS, it dces rct rely cn azi , rtic Adr Z3 1S, ar th.

g £EMS lilttains its ChE sCurCe C-, ztaiata.

In the DEMS aiplicatic: a,,roacL the D/D ar EalrS tO

the LEMS as just anotkEr datatase. :mE~ airtalL.E its

cwn zEtacata for eaci databasE an.,! t meetadata aztr Eea

raltE iizca t~e D/Z.

for the SPIICE syztrx, it is jrorosEd tiat t.,e"

EmbEddE d alpr oach bE used , ivhEre tae DDS is actuaily a

ccmfcrEnt ct the DB's. This dp&riaca jrcvidEs cczjitte

i ntegraticr of the LES. ThE D/D .is the cniy scurcE c.

DIM
DI I/

Dh l ICI -- --- --- P y tC

Figure 3.L4 SELICE Emtedded Approacb to ODS.

aetadata. 1h e DBME utilitiEs j rcVidE the DID mana Emtrt

0 ~ facilitiEs and the :EIS uses the DID to dirEctly accEEE the

ZtorEd datalases. Nc cthtr dirEctories internal i ClEXtEEnai

Exist Lcr the LEI1S, and the LBM'S and its faciiitiEs ZE1,;

completely cm thbe D,Lt tor mEtadata. Such a StructULE 16

* showr~ i, licure 3...



C i:or EXaMnjlE a ,UEEY j.ZCcESSOr: extraCtS uEr VIEW.5

Lro 1 t E :LS ar'd thE 3 CA 3 apiles inte:1rity cc-!EtLal::ts,

Es-ecifiaj ir. the DDS ty the LZE admizistrator ibetorE £stcrir.: -0

a Ldata EEnt. A zajor diifticuity 1ere1  thadt thE EiLICE

OegjSiZEELE must cverccmE, is taE tact that the LEMS for

SPLICE a.LrEady exists but the LES does not. The ElhE cEd

a~prcach is easier aid sim~].er when both DES and LEME are

devElCiEd iL jparallE2, out this is nct the case fCE the

SPLICE. Sc spEcial attenticL and e.ff ort must te a; jlied

duri r. qi ADS dEveiciment phase.



TA. EI VIII

lypes cf Scftware Packages I D/D System

Mcdule Description

Ell iEccessor Creates a schema file

atLatatasE control system Run-time unit of a DE S
rELECCESSOr Translates D IL intc CA Istatements

I Cerl/uidate Processor Provides direct end-user
access to stored
databases

Eatch-ccde generator Reduces the time tc
develop a standard
function as comparEa
to a compiler-ievei
language

ScuicE-irogram marager Provides securit
protections data
compression and editing
capabilities for scuzce
programs

'lelejrccessing mciitor Provides the capahilityof interactive ccm~utiC
to remote terminals "

7est-data generater Creates test files
and databases acccrdir

to user specificaticts
LesiGn aid Analyzes and enerates

designs of daiakases
or inzormation syztems

_.J
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TABLE IX

!ransacticts for D/r Convert Function

McdulE typ GEnerated transactionDs

~and sometimes utscilelma

£ata~~e dscriticn and Lrocess
rataasE esciptiia atatase, file, subscbeza,

zelationsfilp, record,

grour;,elmnI
I E I EElCCESSiL; 1Iznal. IInE, rcesr

transaction

0



Ii. SESSION SERVICES AND DATA DICTICNARY

A. GIEEFAI

Ile terz "session" is defined in [Ref. 4] as fcllcwE:

"Sessicn: All the activity (message exchange and FrcCessirg)

which takes place IEtween twc or more processes fcr the

duraticn cf a sirjle task (e.g. text editing or Erccessing

cf a trarsaction filE)."

TIe session services module of the SPLICE has tc play

the rcle cf coordirating the activity of the other func-

tional mcdules and picviding them with work instructions via

the service codes it inserts in messages to the FM's. The

sequerce cf operaticrs may ke data dependent or highly

interactive, so in some cases, work breakdown cannct be

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 oieraticn, and

subsecuent "calls" tc other FM's, if any, take jlace

accoidir tc processing conditions. In all cases however,

sessicn services passes contrcl to the first (controlling)

IM. HeCever in soze cases, ail the FM's which will be

involved cannot le determined in advance. Session services

retairs and maintains state information until either a

complEticn nessage or error message hds been received fiom

the ccntrclling FM. In the case of a message whicl is

destined fcz an object located in another network, this fact

is irdicatcd in the "message type" field. The jhysical

destiration address bculd have been obtained Frevioui from

the data dictionary which exemplifies the relatictstiF

tetweEn sesEion services and data dicticnary.

I
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USER

I I

SENDING FM (terinul .mnageuent)

state Info fro SSh
if th r Y'

C pelntr almat and

cowmpuncatt Is

~fthe 0~~"T.,i

ctte r ctn ew
mealetton or e-ror

SESSION SERV ICES

" I FM If the 6mwm'Y',
NI then ai pr oclssin g

F1n ea-e asine hadac

Co~~~I €li a ra

FMI F-m

Figure I.1 Cooperation Betweenl SS and FunCtionAl Mcdue.
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Seszicn services is used in a distributed envi1Crment

and irvclves the seVn layer arcnitecture model cf the ISO

for distziluted netwczks. The ISO seven layer ircnitecture

is a stardard one ard involves the following layers kith the

asscciated functions:

FI:zction

A lication Jser process

Eresentation Fcmat data the user wants it

Sessicn Sets up session between

ccmmunicating processes

IranEpcrt Erd to erd ccntrol

Netwczk Sfhitching, routing

rata lirk Reliable transmission between

tikc nodes

btysical Physical transmission of bits

hitween two nodes

Ibe cca lexity cf the SELICE processing envircnment

requires that USEr terminal zocesses be given zorsideralle

assistance in carryIL out their tases LRef. 4]. Session

services can Erovide this assistance. User terminal

jrocessE.E Eieciz taEA envricrments, largely by task name

and tie azsistance of thE data dictionary, where necessary
(Figure 1.1I).

E. AC E]IECTURE INTEHFACES

IL t tE SPLICE layered architecture, the interfaces

ketweer the layers are critically important. In particu-

larly we are very interested in the software interfaces

hetween the modules which communicate with the data

dicticnary. Thcse acdules are the session services mcdule

and the LE!MS module. Soze forms of software interfaces

tetween IBME and D/D can ze fcund in the current literature

£Ref. 5. On the cther hard no one has yet dEfine4 the

|
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required sCftware interfaces hetween the D/D and session

services mcdules. We believe that the above aeLticLea ECt-

4are interfaces aust he of the same type and ciosel related 0

to the interfaces tetween the end user and thE sessicn

services. In a centralized system where session services

does not exist, the end user has to interface directly with

the L/D, hut in a distributed system the session services

acdule acts as the aediatcr kEtween the end user and the

data dicticrary. As a minimum then, the interfaces hetween

session services and the data dictionary in a distriluted

system aist include the interfaces between end user and data

dicticrary in the certralized zodel.

The interfaces between the above modules must be designed

to acccmmcdate new mechanisms and, as far as possitle, new

functions when they may arise. As new mechanisms and

network functions come into use in the system, it is highly

desirable that previcLsly written programs continue tC iwork.

This is achieved by designing the interfaces ai.Frciriately

and Fzeserving them. In the seven layer architectuIe,

layers 4,5,6 and 7 provide end-to- end communication tetwEen

sessicrs in user machines. Layers 1,2 and 3 providE ccmau-

nicaticn with the nodes of the shared network.

EEcause the SPLICE system uses a modified ISO layered

apprcach, the interfaces between machines need ta he defined

in terms of the layers. Sc We will nave layer headers and

contrcl essages that are jassed between the layers. The

applicaticn ;rogrammer does not need tc know anything atcut

these. Fcr example any ccmmand language, using ccnards

simmilar tc GE , PUT, OPEN, CIGSE and DELETE, can refer to

data cr facilities ir a distant machine.
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C. 7EE -ESION SERVICES MOEDIE

IiezE are differences in the sessicn servizes Ercvided

dePe)direc uEon type cf netwcrk. In the distributed envircn-

ment different types of user software need different tyies

cf sessicn services. These differences involve nct cnly the

softhare hut alsc the arcnitecture. So one set of session

services zay be irovided for one manufacturer's arcnitectire

and a dilffeent set fcr another. This is very importart nor

the SE11iC tecause tie hardware used throughout the system

varies. It may be jossible that services Frovided acrcss

the s)stem are ol dillerent types. However it is desiraile

to have ccmon sessicr services, because this will facili-

tate tie zainterance task. Also for interfacing purposes

want sessicn services to present a common image tc the

systez. his can Ie acccmplished by bidding necessary

interface units from the sessicn services. In [Bef. 10 pp
491] there is a descripticn cf possible functions cf the

sessicn services subsystem in a distributed network. These
functicni are generally divided into three large grcups:

-functicns required when setting up or disconnecting a

zessicn.

-Functicns used during the ncrmal running of a session.

-Eurcticns ezplol*d when something goes wrong, such as a

rcde failure or a protcccl violation.

Mcre precisely these functions are divided iL the

icllcuing categories:

--Assistance in establishing a session

-- Easic netwcrkirc functicns

--AEplication maczcinstructicns

--EPcgram control facilities

--file access fumctions

-- BEccvery and errcr contrcl

--Editirg and trarslaticn

-- Lialcgue software
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-- 7riztual oiEraticns and nzansparency

--Cc upaction

--Eayiert functicrs

-- S-ecurity and audit functions

r. 1MIBFFACES

Functicral interfaces between sessicn servizes and data

dicticnary must Eermit cther scftware modules to access the

E/D and ccnvert metadata into the format reguired ty tie

EDS.

A LL provides mary functicns and features such as:

Mainterance
B tensitilit y

Feicrt irocessor

CuErI processor
CcnvErt

Scfthare interface

Exit facility

IIe zoftware interface function must provide a fcraatted

Fathual erakling the EDS to irovide metadata to other soft-

%are systems such as compilers and DDL processocs [Bef. 5],

to retrieve informaticn from the DDS, to update infcraaticn

%here it is permited, and tc cttain the restrizticr Eioto-

cols fcr data consistency and integrity. The sottware

interface can generate file descriptions for storace in a

program litrary, or accept the user identificaticn and

generate a copy of that user's database view. Tt is not

possitle fcr this study to describe precisely the scftware

interfaces needed fcr the SELICE system. Because this

system is urder develcpment, many aspects ur the syste, are

still urkncwn and the software modules are not yet descrited

in full detail. So, we will cnly outline some of the soft-

%are interfaces witicut claiming that these are sufficiert
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-- for the ~EIZ System. Irt Er a c Es can. be adaEd tc tnE

systEz dcring the later StaSEs of the syztez life c~ciE ana

EXiS t i 1 in.terfaces can alIso 1:E changed or im~rcvE a s

nee d E C

EEcausE COBOL is LSed t iougnout thne system, tie CLG--G

"GE.NEFA LV command car: create- frcm tine D/LD fully IormattedI
g file ard record defiritions that can be stored in a Iiiraiy

file. Irciuded can te Most COECI clauses such as 88 iev~.is,

EYNCEFCNIZEE, RZLEFI IS, and CCCURS. Tbe OPTION clause oz

this ccizand can perait changes in names, the designaticn of

sequence nunbers, level numbers and idexitifiers. an the

inclus.icr ci prograu ccmmerts. An example of the use cnf

this ccmiand can be fcund in [Ref. 5 pp 261]. The gela-

tion date, last revision date, and revision niMtEr can be

* automatically recorded in bcth the listing and the i,'E.

lie cutiut file can alsc contain job control Etateets

to bE ircluded on the Output file. Thnen the output file can

le executEd as a jci that creates and catalogs the CCECL

C ~ metadata as a membei of a litrary under control C1 ary cz
the varicus source picgzam saznagers.

AM El rocessor can be used also to &nterfacE tEtWEErn

the seszion services and data dictionary. A source program

*triggers the DfMI liocesscr ky sending a service code,

throuch the session Ervices, and the DML processcz inter-

acts uith the data dictionary/directory. The output cf the

IML ErocEsscr is an expanied scurce program that is sent to

* a coijilEI for ccm~ilation.

Ctber kinds of interf aces inciude guery Frocezssos,

source jzcgram wanagEIS, various user interface facilities,

and cthe~r scftware packages.



Source programI

4M 1rc"o S/ IO

Exe sorc
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co Io"

Figure 4.2 Softuaze Interface Using a DSIl Pirocesscr.



V. 1/D IN_ DISTEIEUTED ENVIRONMENI

A. 11I6CELCTION

In this chajter bE will ccr-sider tiie design aI d function

cf DEE ir tie distriluted dataiase environment. ScrE ExtEn-

sioas tc the centralized D/D are needed in crdar tc enable

it tc furcti(n effectively in a distributed envircmet.

11E distributed s~stem is a sunset of a general infcraa-

tion system. It is rot necessary for the user tc kncu hcw

cr where the data is stored or in what way the data 6ili Le

accessed ty a progran or hc% and where the processing is

acccallisbed. Unless the dictionary plays a highly active

role in the running c the distributed system, there is

little need to try tc share ore dictionary over the ertire

retwcrk. This is because there is not likely to be a large

amount cf update activity in a dictionary. The dicticnary

can ncrnally he reprcduced at each node and this is the

Eropcsred Eclutiors fcr SPLICE. Ey using such an architec-

ture, 11cIleMs of updating the dictionary across the netwcrk

can te sclved without much overhead.

0] Cf course the Ircblea cf distributed control in a

netwcrk is nore complex than that of the hierarchical arcii-

tecture cf dictionary systems which has been discussed in

chapter tkc. This is one reason, in aidition to the lack cf

experience with distributed data dictionary systems, why we

Eropcsed replicaticn instead of distribution of the data

dicticrary for SPLICE. The mcre the dictionary system acts

as either the ccntrcl mechanism or a repository cf ccntiol

inforuaticn, the more cCmplex the DB4S, network cerating

systems, and dicticrary system interactions beccme. !or

example, in the case where we want to determine the best
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locaticL f cr r unnirc a Lu;y aj'ainst a distrinutre'. anj

Eartiall rEj.icatEi cataiasE LRef. 6] t'ne dictioaar-; E stEz

is rEgU-ItEc to retain inz:c ria t i c o n t.*-e locatic. cf al

data. Ir~deE~, this uay LE, ha~bly dynamic itsEif , and thEZE-

SOr E t1E line tetwEtfl a dictionary and "real" database

tECOMEE '%EZ fuzzy.

ClEatiCL O~Z a disEtriZutEd iBn-ormaticn rESOUrCl- iZliIES0

that. the ruaber of lazdwarE and software coapoLErtE arE to

te dE~igld and intEcrated into a controlled envircnzent.

".hese CCIICnEntS in the SPLICE include several dataLasEE and

4 datalasE marayeMEnt systEMS, user ianauaje interfaccs, data

dictictazy/directory cataloque, transaction ccntrclElEr and

data irjt/CUtpUt ccrtrol tcdul4ES. ;ie will descrite the

variccE system CCnipcLEntS and *E will also attempt to dEmcn-

EtratE thE intejraticr of them with the internaticnal cr~a-S

nizaticn fcr standards (ISC) communications architEcture,

and a data storage ard retrieval architecture (DSEA).

It gEneral, a distributed system must provide to the End

4 ter trarsparency, data sharing, data transter, jrccessS

transfer, cr a facility for cogriination of strategic, ana-

Serial ard cperational reportizg. In order. to do that there

are several enavironmEntal ccnstraints that must be satisiied

4 [Ref . 12: IkhesE ar-E:

£ ata ccafmunicatic ns

Lata stcrage and rEtrievaL1

ME tadat a

User language sulicrt

EiccEss and repcort management

Itforzation reprEsentaticn

S StEIL zanagement

Integrity

SECUrit

For the SPL.ICE syztem, COMnMUiCaticn Must be integrated
toit " ccciezatiVE I Icces s ing Ci the various dizfErEnt



Existing sEcltware and hazdwarE. Ili oderE to do that WE E~
*to addzEss the considErations o,,; tne data-'asE intErface wit.-

distriitted Sy'ZStEM tazks.

A distributeJ datahase is jarticuiarly useful tc aEpli-

caticns ttat inVClV*3 Extensive rCeSSing In different loca-

tions. SiLICE fits exactly in the ahove concept as -0

alirEs, tanking, rEtail, and miiitary command ano CCLtlOi

ajplicaticrsE. 'A.he distributed database of the SPLICEl car he
ailocatEd among the nodesE cf t"'e network a cc c z d i n t o

vari c u ze Xist in 9 cliteria. for tray~aetation. '!c avoid

confusicr in distrikUtEd systems two different teims are

u~sed iaititicned database Which Consists, of no0r. cveriap-

Eing EubtstE, and rEjLi cated database, which has SCXE data

redundancy [Ref. 5]. Eepiicaticn enforces the locality and

availiaility of the database and reduces the frEyuercy of

6accEs-cinc tle DEN, but recu-iies the DBMS to provide MCLe

sEophisticated concurrEncy and rEcovery iroceaures. ac avoid

EeeSive cverhead ii data manag-ement, restrictionz Must b-e

estailislEd as to the degree cf data replication permittEd.

C SPLICE bElcnys in tIE class cf rEpiicated database tEcaL'se

the Eaze item of tiE database can be located in sevezal

locaticrsE and the lccal datatases provides inforzatiCn tr

items ztcrEd in cnly cne location.

SMa-cz probleas in tne devElcpment of techni,uEsE for a

distiiutEd datatase are due to communiicaticn vciuaEs and

delaysE and to the potential for iarallel processing.

SocetiimeE it is very ditficult to apply working soluticts to

distritutEd data prccessing Which are borrowed from the

centraJiZEd processinG concEpt. These solutions cften wczrk

hell cily in one EzvironzEnt and do not trdaSfEl Eff'i-

ciently. So excEssive delays mal occur. Earaliel,

ErocEssirg also has the pctenotial t,) increase throughpiut,

tut E~i:rES ccmplEX controls to synchroLIZe CorcurEnt]

activities at diSpersEd sites. Because a data dictionary i~s



a ldata;EE containiinz metadata, Eze samE prozilea Ex2~tifl2_

in Jistrituted datases alsc exist in a distnihutcd data

(Nidictiorary.in [Bef. !] are drscritEd nive zasic Erclicms

wnhic-. must te addressed in distributed data manajexErt:

-ILE cccrdinaticr cf the DEMS5 with the data transmiscn

netwcrk such that zEliablE delivery of mesages car h,:

-ILE dECCMpoitiC1 of transactions into atomic parts,

selctin o noes o eecue toseparts, and ccrtrcl of'

any zcvEmEnt of data hEtwe sites necte ssary tc jrccEss

transacticns.

-ILE Synchronizaticn of logically related updates and

retrievals that are lzocesscd at different nodes.

-71E dEtecticn aid resolution of conditiors Where a part

* cl the database bEccues inaccessitie due to node or line

failuxE.

-71E marajemEnt of metadata descriting the diztrihited

databaSE and environzEnt. Ihis last probiEm refers iarticu-

ldy tc the data dictionary and deserves special attErtica.

E. EI'IEiICNS IC THE LDS

ILE Iole o1f a D/L in a distributed database EnvizcnEnD~t

is VEry significant lecause it contains important inionia-

tion atcut the descriltion of the databease- distribution, the

charactEnistics of tIE nodes and other asp ects of the dJata

commurication network. Scme additional entitiqes must bE

iLciudEd in the ZDS Ilef. 5'

-ILE database entity which describes the globhai viEw ofz

the datatasE and includes attributes for relation and attni-

Lute raMEE, validity constraints, as well as identiiication

on iocal databasEs.

-ILE f rag met entity which describes portions cot t 1:e

local eatabase. This entity is Tot useful ior theSti C

b-causE thelr arE not fragmnts of the Local database.
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-Ihe tcpology entity which describes the hysicai -d1

configuraticn of netucrk ccacner ts and the iinks hetween

the rcdes.

-the node entitl which describes the combinaticr of

retwcrk subcomponents at a pazticuiar site of the netwCrk.

-finally some oti-er entities (terminal, line, muiti-

Eiexcz, iccessor) describing network design.

te cannct sa) exactly what new entities should kE added

to the S11ICE DDS, hUt at least initia.ly, we believe that a

form cf tcclogy and ncde entities must be included. 'hcse

entities are needed uhen ncn-iccal reguests are Erccessed,

because the software performing transaction management reeds

to reference the D/D tc determine the location of the needed

data, the user's access privileges, the status in addressed

nodes, Etc. The interfaces needed for this purpose can he

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

C. 7E1 LDS AS A DISIEIBUTED LATABASE

liactically, the D/D, when suppcrting a distrituted

system, leccmes itself a distributed database. The contents

cf the DLD may reside at various locations. We cannot say

that this appzoach fits exactly in the SPLICE case. The

apprcach We have proicsed for the SPLICE is guite diziferent.

bo partiticn of the L/D is permitted. That means the L/D

cannot te a distributed datatase as we know it in the crig-

inal fcrm. For the sclutior proposed zor SPLICE DDS, we can

say that it is based on reElication instead of distritution

of the DES. On the cther hand, there are sCme other reason-

able scluticns which tollcw aore closely the distributed

conceit. Since experience with distributed systems is rela-

tively small, the steps needed to reach a decision must be

taken very carefully in oder tc avoid mistakes.
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he designeL of a DDS eLccunters some similar iasic

jrobleas as does the desiDEer of a distributed datalase.

when wi design a D/E we must determine tne extent cf envi-

zonmertal dependency kEtween the D/D and the DBMS. As we

said tEicre, the distributed L/D is an extensicn cl the

centrali2ed cne and c the three nasic variations tc the

type cf relationshijs between a DLS and a DBMS are still in

force. In the independent distributed approach the tES has

no rutrirg connectics to any pcrtions of the DBMS ard is

not activelj or directly used in transaction processirg by

the LEMS. In the DEeS-a plicaticn approach the r/D is jist

another distributed database to the DBMS and separate data

management functions are not needed to handle tne D/E. The

EBMS nay manage its cbn run time directory that is separate

from the ,/r. In the embedded distributed alproach t1e Z/D

provides the run-tiae directcry for the DBMS. All the

compcnents cf the DEnS obtain their metadata from the '/D.

The size, location, and ccrtents of the D/D would also

affect tte performance of other DDS functions such as main-

tenancE, rejortirg, and uery LBef. 5].

L. A ICLEI FOR A DISIRIBUTID LDS

In this section we are 9cing to examine a distrilutei

model for SELICE DDS. Its structure is shown in figure 2.4,

and involves the partition cf the global DDS into ditferent

views ccrtaining infcrmaticn for one or more local data-

lases. 1hese diffErent views can be located at each oz

selected 1Al's.

'e glcaal (cr network) dictionary is the nucleus aicund

which all the management functions of a DDS are centered.

It ccrtains [Ref. 111 information to start every mnaragement

process cf the SELICE distributed datatase. In particulaz

it ccrtains:

a.-Infcrmaticn fcr th- LDS design
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-file accesE prcgrazs

-Ictal voluzEs of queries for each file
-Cctal voluAes of updates for each iile

71is statistical infornaticn is very useful esEeciallI

for evaluating the oitimal rumier of redundant copies.

t.-Inlozmaticn fcr the distribution function

-Number and types cf transmission links, their urit

ccst, their mean utilization factor

-Rcuting tailes

-CEU wcrkloads

-Eisk utilization

'Iis information can help determine the optimal alloca-

tion of redundant file co~ies and of possible operation

Faralleiism.

c.-General information about data and how data is stared

amonc tie iarious ncdes of the system. What the rumbEr cf

r/D cclies is and where they are located.

d.-Iricrmaticn atcut existing constraints, status ci the

systen, rode failures etc.

e.-Infcrmaticn alcut data transportability

f.-Irformaticn related tc data used by applicaticns

bavinG a global vieb. Such applications are for example

those where different local databases are invcIved for

executic. We said in a previous section that sometimes

data redundancy is ireferable over the frequent use cf the

EDN. That means infcrmation about the sites where a cormo-

nent (i.e spare part) is located must be somewhere iL a

central jcsition. Sc in the case where the component cannot

* be fcurd in the local database, the user has to access the

glotal data dictionary to find tne places where the partic-

Ular iteu is located.
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Ic tE able to design and run aP-i-ati-on or rEtf-ieval

progzas the glcbal L/D must ccntain information [Bef. 11]

about

Lata structures

Eata iccation

Lata availability

rata accessihility (related to security, Comptitllity

Etc)

Eata translation nais, access paths

rata entities

Ccazcn 1rocedures

EVerts and their irterrelaticns

71is dictionary zust be able to answer ,ueries atcut DB

and LEM-S's involved in a transaction and how the transaction

can ke fcrmulated to cdtain the most efficient result.

Iccal dictionaries include information abcut local data-

lases and alplicatiors, local data entities, local Froce-

dures, iccal interrelations, physical storage structures of

local data, access methcds, access paths, physical stcrage

devices, and redundancy of data items.

In [Eef. 11] a structure is proposed for a distriuted

L/D guite different fzcm the SPLICE approach. This struc-

ture, as shcwn in Figtre 5. 1, involves the existence cf:

letwcrk dictionary

Glcial External dictionary

Glctal conceptual dicticnary

Iccal external dictionary

Iccal ccnceptual dictionary

internal dictionaiy

and Each cne of the alove perfcrms a different fa ncticn.

1his architecture which is purely distributed, is Ercb-

ably tcc ccplicated to be inilemented for the SLI1CE. It

is a thecretical model and it we try tc implement it, wE nay
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Figure 5.1 A Purely Distributed Apiroach fo a £f5.

face se i c cs intes role if we a esulting in t e data
dicticnazy becoming the main rEsource consumer.

7he furctions wE intend tc include in the SPIICE £DS
Will lay a Major role, if we want to avoid complex struc-

ture and saturation. These functions must he the miriaum

Fossille needed for the proj er operation of the systE[. We
relieve, in the case %here the distributed instead c rfEli-
cated a;jtcach will LE foilcwed, the architecture shcwn in
figure 2.4 is the mcrE iractical.
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fcllcwirg the alcve architecture a glohal dicticnary

locatEd iz some node las the rcle of maintaining consistercy

thrcucbcut the whole EPLICE system. Reguests fcr updates,

deleticns, and additions are routed through the data

dicticrary administrator and after an evaluation Frccedure

the glctal dictionar is updated. Then the changes are

transuitted to various locaticns where the local cojies are

updated. Also uleates are transmitted to the data

direCtcr).

rata directories can be located at the invent cry ccntrol.

joints (ICE). In ccntrast with the data dictiorary, the

data directory cortains gickal infcrmaticn onl ahcut

subject, service code, object name, and address. All the

cther information is located in the ylcbal and the varicus

local dicticnaries. The data dictionary administratcr is

respcnsitle for mairtaining the data directory, as ueil.

lifferent views of the glctal dictionary are located -n

varicus IAN's. Each view can serve one or more LAN's ard it

is preferakle tc be located at the LAN where it is mcst 0

frequently used in crder to avoid unnecessary usage cI the

EDN.

hhen an item is Lct found in the local database thE user

A routes a value lccaticn request through the session services _I

(service code) to the data directory, and the data directcry

replies with the lccat-ion address. Using the previcus

infcauaticn the user can request and establish a session

%itn the remote database where the reguested infcrmaticn S

resides.
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VI. CONCIESICHS AN_ RECOMSENDATIONS

A. CCBCI ICONS

Cur ctjEctives, aE descriked in the first chaitez, were

to investicate the area of data dicticnary/dirEctcry

systeffs, in a distributed environment, to outline tne

advantaces/disadvantages of these systems, to present the

underlying ideas, tc examine the benefits for the SPLiCE

system frcm using a dictionary/directory system, and finally

to delireate the interface reguirements bEtween a data

dicticnary/directory systea and other functional mcdules.

In additicn to the atove objectives we discussed alsc scme

ideas ccncemning the crganizaticn of the data administration

functicn, and four hierarchical architectures for LDS, each

cne with a different degree of distribution.

The first architecture is Lased on the replicaticn cf

the E/D. There arE no different views of the D/r, only

exact ccpies of one view iccated L-- each LAN. Using this

architecture we have 62 replicated copies of tar £:/D (the

same as tie number of LAN's), each containing the infcrma-

tion (metadata) abct.t all SI2CE data base defiriticis and

functicns residirg ii each LAN. This architecture miniaizes

access tc the DDN but has the drawback cl requiring a lct cf

seccmdary storage. The size cf the D/D, statistical and

cther inforaatior corcerning the treuency of usin; the LrN,

and the amcunt of infcrmaticn included in the D/D, all will

have an izpact on the effectiveness of this architecture.

11e second architecture which aliccates replicated

copies cf the D/D tc selected nodes (the most active) is

more ccnservative. In the case oz a nuge dictionary, this

saves a significant amount of secondary storage, hut
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e~ui-res t-*avier use-cf tne DLN. Here the size cf the E/D

and tIe aEpropriate zcdes at which to install the reilicated

copies seriously affect the effectiveness ci this

architecture.

Ihe third architecture is based on distributicn cL tat

E/D. Lifferent viebs of the DID reside in each IAN and

contain information cnly ccncerning the local data tas e.

This architecture invclves the use of a data directczy (ue

propose twc replicated copies, one located in each ICE).

The use cf the data directory (which contains limited irfcr-

zaticn) Ercvides a hind of "relaticn or connection" tetween

the varicus views. Also a glotal dictionari i- needed in

order tc Ercvide consistency and jlobal function facilities

thrcughcut the systeu. This architecture is more dynazic

than the previous two discussed so far. it has the advantage

of saving secondary storage but, on the other hand,

increases even more tie use of the DDN.

A fcurth architecture %as discussed just tc mention

another lossibility fcr a distributed architecture, but cur 0

estimaticn is that it would be too eipensive in system

resource corsumption for the SELICE.

1Iree environmeEtal dependency options for the LDS

(independent, ccmpletely integrated, and DBMS dependent)

were also discussed. The main reason for chocsins the

embedded (DBMS deperdent) approach is because the data

dicticrary is gcing to be used only fcr the SPLICE system

(so the independent allroacb does not make any sense) , and

also the SEIICE data lase already exists. Also the e teided

approach (LBMS dependent) was chosen because of the hcucce-

neity cf the DBMS envircnments across LAN's. The indepen-

dent and ccmpletely irtegrated apiroaches are too ccstly at

this time although tie latter could be implemented eientu-

ally fics an embedded envircnment.
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- . L FICCIBELLATICNS

Frcz the investiSations peifcrmed, we have tze iciicwinj

rain reccizendations for the SELICE system:

a.- Ihe TANDEM data dictionary that already exists

should he tie basis fcr the SElICE data dicticary.

t.- Ike D/D should he iniezented cnly icr nei a Elica-

tions tecause it is a herculean task to retrofit the LID to

the eiisting old aplications.

c.- Uhe embedded JEBMS dependent) alpproaCn shculd he

Lsed fcr the D/D.

d.- Twc candidate architectures should Le exaairei

further lased on statistical and other informaticn (not

availatle fcr the present thesis):

-EPE.licated architecture (Figure 2.3) with

selection cf nodes wbere each coEy will reside.

-Distrituted architecture (Figure 2. 4) with the

use of twc zeElicated copies of the data

directory iccated at each ICP.

e.- I LML prccesscr should be used to interface tetween

data Zicticnary and session services.
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APFENEIX A

TAIrEN DATA LICTIONARY

1. Cverview

1his appendix is included to mention some features

(hopefully the aost important) of TANDEM data dicticrary,

since t1e IANDEE DBES will te used in the SPLICE system.

For a mcrE detailed descripticn of the TANDEM D/E, see

[Ref. 1.

. data definition language (DDL) is a language used

hy the data dictionary administrator to describe reccrd and

file structures cf a database. After the descriptiC, the

resultinc source file is input to the DDL compiler, and the

EDL ccpiler can create data declaration source language for

database records in tiree languages, COBOL, FORTRAN, and

TAL. Ile rDL compiler can alsc produce FUP (file utility

4 prograz) file creaticn commands for datatase files. Ihe

most si.rilicant featire of DLI is its ability to create and

naintain a data dicticnary. The TANDEM data dictionary is a

set cf sever files that documents the structure and lccaticn

cf each file in a database.

Ihe DDI prcvides facilities for updating a

dicticrary as the database it describes grows and the struc-

ture ci the database files changes. The DDL cc~iler and

the dicticnary it creates serve as a central pcirt of

contrcl cvez a database.

IANEEM defines a datakase as a collection cf files
structured to serve cre or mcre applications. When a list

of DEI statements -- a DDL source schema-- is given tc the

LDL ccmjiler, the ocipiler can produce any of the fcllcwing

files:

* A data dictionary.
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* A HEP file creation ccmmand source.

* A data declaraticn source for COBOL,

FCIHEAN, or TAI.

* A schema report summarizing each record's

structure and each file's access keys.

The data dicticnary ircduced bi tae CDL cczpiler is

a set Cf files that fcrms a permanent record of the database

schema. Thus the database schema,stored as a set cf

dicticnary files, beccaes a system resource. The dicticnary

gives datahase managers information about each file in the

datalase and alsc shcws how the files relate to each cther.

After tie dictionary has been created, thE DDL ccajilei can

read the dictionary ard produce COBOL, FORTRAN, or TA. data

declaraticn source fcr any record defined by the scheza.

7he dicticary is also used ty ENFORM, TANDEM's database

query language and report writer.

2. Creatinq a Dictionazv

lie data dictionary files can be created cn any

subvcluRe in the system. 7he subvolume that is tc ccrtain

the data dictionary is specified with the DDL DICT ccimand

Ifor exaaple ?DICT SHCCKNC.CNTY ). The DDL compiler fizstI

creates the dictionary files cn the Auantity suhvcluue of

the I SICCKNO volume, and then opens the files for access.

2. Lictionary Reorts

IANZEM provides DDI users with ENFCRM scurcE icr

twelve dictionary relcrts. The twelve reports document all

cf tie LEFINITICN and RECCRL entries in the dicticrary,

descriting rot only tkeir structures, but how they relate to

each ctier as well.

Cnce a scheia describing a database has been

compiled by the DDI compiler and a dictionary has hen

produced, informaticn about the database can easily be

7E



cbtairEd with a set cf 1ANDEM ircvided ENC caeries. The

reportE ircduced by these jueries provide:

* Datatase dccumErtatior.

* Datalase analysis infcrzation.

* Quick access tc dicticnary contents.

UIe dictionary reports are produced from E 'FCRM

source tiat is availahle tc the user. This means that in

additicn tc the standard reorts, you can obtain cuStcizied

repcrts, tailored tc answer specific guesticns, ty Simrly

editing the TANDEM Eupplied ENFORi source. The ENFCRM

dicticnary report scurce file ccnsists of 12 =ueriEs that

produce 12 different rejorts. Each guery is a separate

secticr. Thus the Sqeries can he run as a complete group,

individually, or im any ccmination. The 12 dicticnary

reports are shown in able X.

4. Edatin the Lictionar

As the dataiase ckanges, its dictionary car Le

updated to reflect tke changes by adding, deleting cr nodi-

Lying LEFINITICN and RECOML entries. In Table Xl is a

summary cf TANDEM dictionary mcdification function.

7S

• ., , . . • . , . . • , - . - S
• . . . . . % -, °. ° .



TAKIE X

Dicticnary Re~ort Summary

ter
Na lE Rer-ort descripticn

El DICTIONARY OBZECIS- aI desczites each E£i azd
EECORD in the dictionary, yivln' the tiZe ar
date of creation, the time and date of the
last mcdification, and the version numler fcr
each ot;Ect.

F DEFINIIICN STBUCIURE- B2 lists all of thE
coponErt groups and fields for each DEF in
the dictionary.

F RECORD 'RUCTURE- R3 lists all of the
componentgrouis and fields for each FECCF
in he di icrary.

.64 DEFINiIICNS USING DEFINITIONS- R4 shows
which Elfs are referenced by other DEES.
The relErencirg EEFs are listed with eacn
of its elements that references another
DEE and the referenced DEE's naze.

F5 RECORDL OSING DEFINITIONS- R5 shows which
DEfs are referenced by RECORDS. Each RECCEL
is listed with each o its elements that
references a LEE and the referenced DEE's
name.

BE DEYINI7ICNS WEEEI USED- R6 iists each LEE
that is referenced by another object, te it
a DEF cr a RECCED. Tae referencing DEF cr
RECORD is shown in each case.

F7 RECORD 2CCESS- 57 lists the file naze and
access Aes Ihcth prjimary and alternate) for
each PICCD in the dictionary.

RE RECORD LEFINIIICN METHOD- R8 shows the aethcd
used tc define each RECORD. The source LEI
is listed for thcse RECORDS defined with the
DEE IS <def name> clause.

FS REEORT EIADINGS- R9 lists all of the ENEGCEX
re~ort headings declared for fieds and
roups hithin each ,ZEF and RECORD in theict orary.

B10 DISPLA1 FORMATS- RIO lists all of the ENECEM

display formats declared for fields and

Aroups hithin each DEL and r fiECO ld in tham~ct Actary.

* Eli RECORD CCMMENIS- E11 lists the comments that
immediately preceded the defining RECCSE
statement 1or each RECORD in the dicticrary.

512 DEEINIIICN COMMENTS- R12 lists the comzents
that ianediately precedad the definirg LEI
statemErt for each DEF in the dictionary.

EC
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TALI E X-

Dictiotary Modification Function

Ci__zat. En t. tj;e Prcced rE

A[rD/LEE Open dictionar with ?LICT and
compile new DLI statement.

ALLIfECCRD Open dictionar with ?DICT and
CCmpile new RE ORD statement

LEIEB/EF C-en dictionary with ?DICT delete
all dicticrary entries that
reference the DEF, and then dEletE
the DEE itself witn DELETE

I I IEF ECORL Open dictionary with ?DIC:
and then delete the RECCRD entry
with the DELETE statement.

YCEfY/EEF Clen dictionary with ?DICT
command, then aelete all other
FECORD and DEE entries that refe-
rence the DEF, delete the DEE,
recomiie the edited DEE, and
final y. recompile the DIF an
RECORE statements that
reference the DEF.

MCLIHY/BECORE Open dictionary with ?DICT
(hiti nc and recompile edited
LIE changes) BECORD statement.

M YfflYECORL Cpen dictionary with ?ZICT
( (kith £EF and aelete the RECORD with
chances) the DELEIE statement. Then

modify any DEF entries that nEEd
to be changed, and finally?
recompiiE the new record stateIent.
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