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1- ANTRCIICTICN
1.1 SCORE

Thia report digeusees the requiremente of a generalizad file
manageaent system {Lr LINCS (Language Informaticm Network and Cleaxinghouen

Sy3tem), J
The {low of language informa?ionawith tooks, jcurmsie, conferences,
&nd vepexts is olready fuundatiug us. And it is getting worac every day.
Zaged vn veslistic ﬁear—term projectionz of the Qonter for Applied lingviatics,
ths ian;nage commuuity will be faced with the accession nf slmost 20.200
’ blbilographic ftems per year. Thie number wilf alowst certainly continue o
grow. Although no single individual is expectéd to remain curxrveant with ail
the items, the task of soxting out which itews are indeed rvelevant ton his
interests baccmes increas lagly onerous, ‘

Yortunately, concurzent with the increaslng flcod of language irforzsiis

ue have been developing new tezhniquea for coping with masses of informaticn.

The incraased speed, decreased cost, increased computational pover, and decreased
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zpace requivemsnis of the modern digital computer are €£in2lly oaginniug to
realize thegrandicee promisea of earlier years. But moat pertineptly, rew
software methods sre emerging that will be powerful sides in procaysiog the
information and dats. In paztfcular, large amounts of data which reside ia
files, like these dats to be stored for the language commmizy, cen zow bz
processed much more conmveniently and efficlently, A dara proceasing aystem
need not be s Procrusteen bﬂd for the language information usew. 1In fazet, it
ts primerily for the convenience and efficiency of thz user that a system aﬁould
ba designed,

¥ile pensgemect 13 the center of tae data procesaing ays?&m thet will
aexve tha users. Pile ansgement slwply veferz to the functions of storsge,
reivisval, updating, aod querying of éatn.i Clesrly, the success of a computer-
baged informaticon system for lsnguege wiil depeand greatiy on the guality of thé
file meuggement seoiem to he chosen. This report will consider the characteristic-
of softwars packezes, both in exlatence gnd proje 2 for thn nesr future, that
vlil eatisfy the file meragemeat requirements of LINCS. The zost of eoftware
has frequently bean underestimated. YFor example, Jn one lavge sublic praject
*he scftware oo estimsted to cost 94 niliion., Tt zveutually caost $26‘million.
While’thia szemple may be rather fsclated, 1t does suggaat the need for a
realistic apéraiaal of the implications of system design drcisione on the $ile
mausgement goftware pecksge.

Toz TINCS file ua. agemant system ment gupport the stexaze and retrieval
. 0£ bldliographic references, subject terms, abstracts, and full text of technical

_ documentation in the field of lingufstic gcelence,  Furthermove, 2 {lle management




syatsm will ke requived for retrieval of Fformetted linguistic data, gnd for

the digection of LINCS icself, with respect to costs, user statistics, efc.

A generalized file vwansgement system is a computer-baged gystem that aepavaras

the languege infoxmaiion user from the mechanics of data processing., &
geoeralized file management system ndy be considered for LINCS becanse iél
offars flexibility in fnput and output formats and search strategles, and
hecguse Lt edapte to chsnging regquirements in 2 cost-effective wenner,
The term data wasagement ig used here in ite wost generic sense
ang encowpasses all automatic processing nf data. As zuch, 1t iancludes the
£i21d8 of gecevalized data mansgem2nt, file msoagement systexs, information
a%arag§ and retrieval systems, aad specific application-eciented dats procesuiag
ayatems., The arcas of techsolozy in déta ;mnazement that apply qpecificaliy €o
LIRCS Zall anto two categorxies:
' {1) Gwueralized data managewent gystems that gceept the
daginition of cowplez dsta structures of a formatted
natuLe, prepare dircctories and definition tables p€

thome data, and previde sccess fo those data for u3ers
ank progecaxmers; gad

Iaformation storage and retricval systemy that provide

agezial machanlems for aliguing the vocsghbulacy of

untuiored users againsgt the vocabulary of the indexeys

sud enthere of the documents in & veference-previding

syetsm. .

This opoYt concentrnies on the file managemant system reguirements fSov
LIFGCS and develops the svaluaticn critexls applicadle to generalized file munagemer
e78toms pewiinent to the LINGS problem. The repart discusses g hypothetical
structuxal description of a& LINCS gystew, the requirements fovr the LINCS generaliz.
‘g

file wanagement, tha long-range tremds in-data management tectwolagy of interest
to tha LINCS problem, and the evaluation criteria applicable to & LINCS fiie

wauagenent gystom.,




% « CAL Proposal, YAn Information Svstem ?rogram for the Language Sclences,

1.2 BACKGROUND
™e Center of Applied Lirguistica (CAL) hes initiated a progran to ‘
devilop an information ayates for the languzge ceiences. This progrem,
deserived in tha AL proposal £o the Hational Science Peundation,* {nvolves
& muobar of concurrent efforts on the part of _CLL and ita subcontracters.
Tae project, now in tha syatem deaiazn phasa, enccmpasges t.wc concutrent siudies:
{2} ‘44vanced studies toward an optinal systen configuratiom, and -
(8} Studies of priovity componsnts for the syatem,

The ngcond effort, in tuvn, {nvolves two sub-areas:

{21} Indexing Tool Devalopment, and

’

.

{52} Zystem Automation Studiea. %

This report covers Project B2, bystem Automation Studiee, FPile Mansgement Svstem.

Purther baskgrovrd is contaived In the above reterenced preposal.

.
.

Stage 2: Syotem Design.®

1-4
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2. 4 STRUCTURAY, DESCRIPTION TGR LINCS

LINCS will be an adaptive natwork of fndividusis and orgenizatfons

t.'b_at will provide producte end Bervices to facllitate the trzvafer of ldogulotiv

luformation, in a vaviety of medts, exong the geientific communlty. The network

will presumubly inciude one or more central ¢learinghouses with computer~bared

facilisies and 3 variety of terminal nodes conziating of uazer oergasizations,

tndividuzlse, and other exiating speciaifzed faformation centsce.

The folliwing elements must be defived id the cxudiuwral daseripeion

of T80
{1)

(2}

(&)

(3

Typas of data to bde handled and their siruetural oxganizotion
vithin tbs syatem,

Levels of aeccceniditiey o daga provided throngh varicus
mebamatie ekovsge facilities,

Haye in which individuals and othar automoted dats centers

wiil inferast with LIS data and network,

Punztion of automstic data processing hardware anld softwsre.

Thaoe fteme are diccwvsed in tue gubsaquent paragrapho of Secticn 2

of this veport., In addition, Section 2 identifiex porential alternute modas

- of aystem fateraction between LINCS sod exterxnal bibilograghic data bagez,
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The alternative wodes of system fn.craction are defined according to the fol-
lowing characteristicas:
(1) Bibliographic data elements to be input, stored, and output,
(2) Modes of user query,

(3) Modes of responzes to LINCS clients.

TYPES OF BIBLIOGRAPHIQ DATA ELEMENTS

A 1library or bibliographic information system deals with informetion
about dcoiments (i.e., docuzent surrcgates), with information contained in
doctments, and with documents themselves, Therefore, the basic inputs and
outputs to LINCS will be varifous combinstiors of bibliograpnic data elemonts
and documents, The possible inputs and outputs that may be utilized in an
interactive network are iadicated balow:

(1) Abatracts or annotations - these nay be either informative or

indicative in kird, and mey be assigned by an author or by a
cocperating system,

(2) Full-text dacuvents - these may be either the original pubiished
form, a reprcéuced hard copy, mlcrefornm, or scme other nonpaper
repregentation,

Bibliographic citations - these commonly include (a® appropriate)
avthow, article title, journal title, voluma, issue number,
pagination, date, imprint, repcrt mmber, and eource of dceument
copy. 1t s also posoible to cite the place of publication of a
documens surrozate in a secondary eource, in addition to giving

the puimary citations,

Accession or call numbers « these are e~condary notations used
to jdeatify a document (or document surrogate) in a particular
infomeation system. Under certoln clrcumsiapnes such a puphar
may be considersd as part of a citation or as a substitute for
the citezion,

Indaxing inforpation - this commonly includes rubject torms

and classifizaticon nwzbers, and m2y also irvolve personal snd
corporate guthor nzass,.




2.1.1 Pessible Combinations of Bibliograrhic Data Elements

Varioue combinaticns of the previously defimed bibliographic data
elemonts could be vasd for inputting in* #mae i «» from other data bases and in
responding to the queries of LINCS clisntele. The relaticachips between the
data receivad arnd held by LINCS nnd the responses to its users pay now be defined.

Tsble 1 éisplays and deflnes relatfonships between the possible types
of LINC38 resporses to its clientele and the possible data element combinastions
extzacted and/or convertad from other bibliographic data bases and held by the
system. Ten relationehips bave been identified. These relatilonships are
indicated in column 1 by Romen Nu:eéals. Celiem 2 lista, for eech relatiomehip
type, a possible combinatlon of aata clements suitsble for response vy LIKCS to
cllentele queries. There are four basic types of respongss Tha third column
lists, for cach relationshbip twpe, & combination of data elements extracted
from other data bases which may be held by LINCS. The fourth column 1lists
those data elements that must be iaput processed in som: manner to make them
compatible with LINCS holdingo. The last columa dezcribee briefiy the types
of input procesoing reguired for esch relationship type.

Poepitle data elextnt respcnoes appear in colurn 2. Possible combina-
tions of data elemant holdings appecr in cclumn 3, and possible combinetisns
ci data element fuput precessing anpear im colvems 4 aad 5. The ten velation-
ship typas (type I to type X) arc developed because of different possible
radationships between the cembimtions, eppuaring in the various other colruns,
vhich constitute ragponses, holdings, and Laput processing. The basic veriables
are the responses and the holdings; all other acpests of each relationchip type

are derived therefrom.

2-3
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Table 1 thus geta forth the relat! - .aips between the possible
Lesponses to clientels (as arresult of queriecs) ond the possibie data clement
combivations extracted by or ceouverted by LIXCS frem other biolingraphic data
bases. The ten relaticnchip tyr *t furtd 1n Tsble 1 provide cze basis for
deternining all poesible eltoruu..ves for inter-system intersction,

Table 1 éeals with seven differcet types of bibiicgraphic data
elements.

(1) Annotationn oy abstracts

(2) Pull-text dodumant itoms

(2) Accsesion or call rueders

(4) Citations, not including acceasion or call nuwbers

(5) Indexing inferaetion an assigned by the source deta baga,
irclvding subjact, author, and zublishing asourca terms

(6) Common or conve ‘ed indexing information capable of being
merged with LINCs'own eolf-origivated data base ard cgearchable
within LINCS'goftware and hardwere

(7) Scurces other then LIICS from which Juli~text doswurents
st:ceid be obtained

2.2 LEVELS 07 ACCHSSIBILITY

Any autcopatic data processing system contains one or more central
procensors and & muber of various storege devices. Storage deviaes d4ffan
with respect to the cost of information storage, storvage capacity,. aceess time
and mode of sccess, Vhon a large volume of information must be stored, the
ecovomic effectivenes~ cf the various levals of storage devices muat be considered.
An fmportant aspoct of the ayeem deafgn will be to specify the kind of informa-

tion and the amoumt of storags required at each level of accessibility, The

2-4
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TARLE 1.

POSSIRLE DATA ELEMENT

RRILTIONSHIPS BRIVEER POSSIBLE TTBES &F LINCS RESPONSES T0 CLIERTRLE AHD
COMBINATICONS HELD BY LINCS :

Data Blewsnt Responses to

Dats Eiemﬁnt

1
Data Ylewagts

Input Processing

Type Glientale Queries Combinations Held. Te Be Input Frocezsad Requirements
z Arnotations or abstrsc 8 | Annctatlieons or abstracts Sama as data zlement com~ {Copying, reproduction,
with citations =ad call with citztions and call binations held by the character code trana~
or accassion puwders, or a¢cession numbers, system. lation, record re«
full-text documents, and formatting (as required
indexing information &s by physical medium,

) assigned Yy source. character code, znd
format of input and by
selected mode of query
placement),

il Same wesponds as for, Seme elaments held 2s for | Seme input prozessing es |Same processing as for
relationship type I, relaticrship type I, but | for relaticnship type I, type I, except for
iadexing Informatic. is except for ccuversion of |convercion of indexing
converted to be merged indexing informatiocn. information to permit
with master datz base. ) merzing with master
dats base. E
Jix Same rezvonss as for Same elements held as for |Bsue as data element com- |Same az for relation« |
relatioaship types I & II.|relationship type I, but Sinmetions held by tha ship type I, except ;
full~text decumente are |system. that reproduction of |
aoc held. ’ fulle~text documents I
reed not be ccnsiderad. ‘
4
I Seme response elements ae [Ssme elements h2id as for |Same elemear., t6 be pro- [Same as for relation- i
foy zelationship type III.|relaticuship typeyII, but |cess=d as for relaticaship{ship type II, but re- :
fuli~text documents ave type II, except that fuvll~|production of full- ;
not neld. text docvments are not tzxt documents aeed usdt |
proceszed. be considered. !
1
v Litarions and cell or Same elewmenta held 85 fux |S& as date clemeat cowm- |Same a3 for relationshiﬁ

accagsicn nuwbers.

relationship type I, but
arnotations or abstracts
are not held.

binaticns held Ly the
systew.

type I, except that

annotaticns or abstractq

need not be processed.

[
¢

e e

i
&N
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9-2

LZude N LU,

SELL
FO33I2TE DATA

b LLuREu TOSSIBLE YYPES OF LINGS EEGiUaSiS 10 CLIINTELE AND
BLEMERT CWRQINATIONS GELD EY LINCS {continued)

Tyrs

Data Blewent Rzesponses to

Ciientele Quariea'

——rmeam o

PData Blemaat
Centinations Held

Dats Blements
Ta 2e lnput Proczssed

Input Processing
Bequiraasnts

Same xecpomnse 2s Ffor t4cly

‘lationskip type V. .

.

S8ame elerents held as for
relaticnshlp type I, but
sonotaticrs or abstracts
are net heid.

Saeme £3 for relationship
type ¥, azcaopt for conme
version of indexing ine
Tormation.

Same aa for reistion~
ship type V, except
for conversion of inw
dexing informsation to
permit werging with
mastey data base,

vix

Same respense 28 fox 1o~
laticmahips V & VI, pius
souzces where fuli-zext
Jocuzment2d ¢sa be obteinzd.

Seme as f£or velaticnship
tyre V, sxcept full-text
documents are not Leld.

Samz as dzta slecent cone
bianaticue held by sysien.

Sawe as for relacion-,

ship V, except that
reproduction of fulle
text documents need
nct be censidered.

viiz

Ssme rosponse as for wae-
lztioaship type VII.

3om2 es Ior velaticaship
typ2 VI, except full~tent
documents are aot held.

Sene as for zelatioaship
type VII, exzcept for cou-
veraion of indexing ig-
formation,

A

Same as for relstione
ship type VII, except
fer conversion of in-
déxing information to
permit merging with
iraster data base.

o o ovm e

Samz as for relatiomship
types %, II, & IXI.

Syatem hclds only the
indaxisg informaticn as
aszigaed by source,

Seme as for data elicment
comblnations held by the
gysten,

Copying, character code

rranslation, record
reformatiing, and

merging (with notation

of sourse) to provide
a cecbined vocabulary
list.

| Same raszpense &g for

raletionahip types VII &
vIiT. .

System uolis omly tha inw
daxing ieformation a3
assignund by souzce,

{eype X},

gara 83 for dota elemamt
comblaations hzld by the
sysnen, (tjpe IX).

Same as for relatione
ehip typse IX.

16

17

ik



gtorage devices range over the following levels:

(1) TYamediate random sccess, maguetic core mamory, whers information
is transfommed, manipulated, acd cmesuted im ths centxal pro-
cessoY, .

(2) A random acceett‘b&ckisg stors for information feequently secded,
endl raquiricg ropid eccegsidiifty, suwch a3 the systen directory
axd dndezey to inforastion -2t lcver levals of encoesibliisty,

(3) & zondom aceoss device with e siowar access speed which may be
used $0 sture the decument reeowds contataming bacic bibliographic
information cvch as accessiop mmber, auther, tizle, and subiects,

() lomr lovsl etorege media such ae magnatie tapes vhich may ba
uzad to store the docureat evrrogetes or the dociments themsalves,
containiug such thivgs as tha absirect or the full text of the
document,

Ia :‘ddie:i.c}n to the bibllographic data elemtuty, the data Dase centging
information requized for the operatlcn of the cénter 1tsclfs the prograts and
active routines thet resgond to vser dnguiry erd iaplement the varlious search
techniques. This caeeéoay ioziudas woutives that perform the cost-gcocounting
and effactivencas evalustion of the system, thus germitEing deplzners and edninise
tratois ¢o moadtenw eyotam performenes end obialn insishfe into possidle performence
critaria exd oysten improverents.

2.3 MODES OF VSRR INTERACTION WITI TER LINGS SVSTRM

Initlal 1nspestion has idemtificd five bacic modes by wbich data con-

teined 11, or emiracted fzam, externci date Lecen could be queried dn crder to
- 8atlsly tha neode of LIZNCS clientele: |

(1) Cembinzd

(2) Gepavata

(2) Bencte/(n-Lice

(4) PBeaota/0f2-Line

(5) 1Integrated

2~7
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These five modes of query plecement, when used in combination with the
previcusly defined types of relatfonschips betveen LINGS responses to clientele
ard LINCS data element hoidinge, provide tte means of defining basic elternutives
of system interactions
2.3.1 Cowbined

In the e2mbined wode of query plscement, the system must comvert
extracted portions of other data bases €0 a coumon file stiructure {separate
frem LIRCS own data base), to a commm computer medium, and to a cowmon formet,
so that all the extracted portions can De gearched with LDNCS soStware and hard-
ware but by the use of diffarent terainolepies. The advantages of such an
approach inciude: (1) LINCS contzol of response time, and (2) ability to search
all areas of the extracted data base in cne operation with one set of soff—arze.
The protlems of this spproach imelude: (1) difficulty of determining the current
relevant portions of extermal date bages, (2) the on-going malatenance of several
caxversion procedures - procedures which are dictated by decisions not under
LINC3 control, (3) £inding pecsownel to hanmdle the many seazch tevminolegies,
aud (%) ineificioncy of writing mary search formulze for a singls request.

2.3.2 Seporata

in the sgparate mode of query plecoment, the system comverts the
extraected portions of cther dzte boses to & common ecrputer madium st o single
locaticn, 2o that ezch data dase can‘be gegrched only by using ite appropriate
goftware exd indsxing tormindlogy. The advautages of guch an approech ioclude:

(1) loss initial effort required them in the comddzed and integrated modes to

estobiich an operatioral center, arxd (2) LINCS control of respovse tima. The




problems of this approach ivclude: (1) the Cifficulty of determining the cuxrent
relevant porticns of external data bases. (2) the on-going maintenenne of several
different softwers termizolozy and f1le structure peckages uhich are subdect to
change beyead LINCS coatrol, (3) £inding persemnel to hardle thes meny query
languages and geoxch approachaa, (4) the inefficiency of wittling many search
forealas for a single request, £2d (5) Gaterzining a reassonsble senxch priority
of data bases to cbtain meximm retrisval afficlency,

2.3.3 Reowe /0n-Tina

In this mode of query placarent, the eystem searches sn extsrmal
data base via remaote, oa-line cereinals, viing the exterral eystemfs index tera-
ivology, softwere, ard hawdvare (ez=cept for terminala, =¢2.), The advantages
of 219 gvproazh ave that LINGB kas no maistenonae €2s%9, aod the eative dzte
basg may be gearched wishout reodetealning relovant areas. (n the other hord,
IINCS has 1fttle control owexr the cystem, DRIfficulities arise 4n £indizg search
formuslatora cepebie of herdling the varlety of teckniques awd lapguages vequired
to eearch many date baces. Erperdesee with the Hevrologiesl Information Network
teos gham thet using two o wone voeshularies covering similer moterial results
In negative intorfeverce so that cne rerzeon ecannot effictantly handle mope than
one seacch siratesy. Searcth pricvitios &m0ag data besea ‘v:-mz‘!,d e AifZvenls to
ectsblish, Im adiition, om~iine rexsch capzbiliities for BAdRIcgrapite fnfoma-
tica have nob been ecmpletely zofinsd and wili poohedly oot be reslizoddle far
several yeara,
2.3.4 Remote 9E5-1na

$
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Tae remote off-ilme mede 18 similar o ¢he remote on-lioe wodo; Lowever

queries are pleced by mail, TWE, telcphone, ets. One significant gfivaatage of




this approach ie that each datae bare would be seavched by percomal familiar with
the system, which would have a positive effest on the output. In addition,; tha
entire data bace cnuld be ssarched without prior detcerminatien ¢f relevant
poxzions. The approach aleo frees LIRC3 of maintensuce vesponeidilities. The
probleps of this approach ave that LINCS has nc quality comtrol and no centrol

over respenea tima. A fexrther prodlam ariecs {n datermininz which services to

interrozate.
2.3.5 Intesvatad

In the iategrated mode of ‘quecy placemant, LINCS converts extracted
portions of other data bases to 2is oxa f£2le structure, compriar mediwm, format,
and fodexing terminology, thereby permitiing the zerzing of such data into

LINCS' own master bibliczrephic d¢ara base for pearsiing sudfor awmcuncement.

The approach has many efventesss, inciwding:

{2) Relative eree of syster maintemnmca throwgh vse of teblzs, waich
perzlts acceptanst: ¢ diversz leguis and preluchion of diverse
outpute, Jn addities, chorces 4n externoi data basze over which
LIRCS Les no coutmol cculd be aséawncdsted by changing the tables,

(2) A singlo quezy longuage, ity a coxprebensiw zosvch that
%ill extract cniy zelavant data requires a great dezl of ezperierce
with doth the voldbvlery end the data base. The use of z siagle
languaze awl daza base simplifies the probiza,

(3) Control of regsponse time,

(5) 27314ty to eesnch 271 sveas of the daza bsee In ene epavaticn o
retrfieve maximal relevant irfonmaticn.

taile the edventazds of this approach sre great, they m2y well be
outia’ghcd by the prehblems. Determisning vhiet comstituteo tha relevant poeiom
of an extems) data bese 18 a difficult task, particulary vhes that gortion 18

te ba voed for Geaand eeavchos. Desiguirg a wechine syatex 3 poocecs many
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diverse forrats, yet still provide flzxibility and ease of meirtenance, 4s alzo

R complez taek. which sddn a lorge initfal cest to the system. Tho moot difficult
teak in syctems of th13 tyre (28 evidonced by AUERRACH's exrorience with the
Feuvolegicsl Informetion Network of tha NIKSB) 48 to resolve incompatibilities

of thesswrus and findexing appreeches. Developles a eingle Guery langusze and
techrdque that will apply to a ccnznlidated data hase requlres a gubgctantisl

inltial intellectusl effort.




3 BEFIIRMEINES 1R CORSALIZED PILE YAVACKMENT TN 1TN0S

The coots of systews desigm, programming, and prozvem maintepance hove
riatoricelly been a very inrzas part of the costo of devaloping and rvmiag a data
proceseing or faforraticn center. In en effort to redeca this cogt, varions
spproaches have been implemonted for gemeralizing the data processing functions
izwlved in a d2ta center. This gewasalizotion of functicn such as data input,
Atoregn, rotriovel, dsta file medintenance, end reporting 1s collectively known
a2 2 gereralizod dala maoggatant eyetom epproach. As a rule, syoteys ars defianed
Inpuccicely ar the outsct and munst undorgo msiification o meat usar poeds effac-
tively. The tmu2 pature of the data and tha nends of the vears are detorminsd
only throuph ezperisnce with tha evofen, Furiherrore, the nceds of the ucer
cheaga vith tie c0 thet repntitiza adoptalticn 48 DECICERTT

Tho LINSS file managen nt system cﬁo‘:ld eimplify the develepmant and
mediffonerion cf progoans end expedito the sciution of usevs' prodiernz. Tho anhicve-
went ©f this goal will reduee tha ccot of comstructicn, odilying, czecuting

progests and eclving usaws’® problems. To achiewn thiz, the sofivzre orsten should




1n!:ro€ucg the ability to improve the LINCS file menagement flexibilicy by pro-
viding en optimm approach to the following LINCS cbjectivas:
(1) Input frem a variety of sources including toth local
keyboarding and mechins-readable records czeatad by
otper orgeniraticns,

(2) Tutput to preduce printer primary aml sacondary publications
with opticnal iadsres,

{3) Abiliey for dissomivation of micaire-roadable records to
otber publication and information centers,

(4) Storege andfor cutput of managerial control data,

{3} Tezwanent storage of the data for reesible later users in
2 retricml and dicexwination sysiem.

32
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4. 10NC BAYIGD TRDIDS IN DATA MANACTHENT

The softvare assgciated with every eomputing system cam bo broken down
into a number of dlstinct levals with respect to the distance between the module
in quastion and the computing hardware 41tself. Effective utilizetion of the
computer in avy inforraticn syatem denands on having & nvaber of wodules that
can be identcified as the operating avatem for the computer. The opaerating system
consists of a number of distinet medules associetad with the menagement of actdvitie:
in the computar, the allce2tior of cemputing resourcas to jobs or uvssre of the
corpuler, and the cecuensing of varicus jcbs and tasks. Another importent dynamic
function of the npareting systes 4r the stozage end retrleval of data on the various
levais of stovege devicen agocolated with the computdng srsicm.

Thene Zurcticns o vescuwrce nllo: 22300, activicy wamapemsct, erd mensaoe-
ment of data on tha 9tovajzs davicen consticute the foundatlonal elewsntr of en
opera.':rf.n;; byctem. Thay cra foundetional becausa they dynamically fnterant: yixt
the rvnning progrem that zakes use of cheip gervices and because they ere rnnident
in the commtling aysten's momory end therefore, can be called vpen ¢ ecervice other
functional elefents which are more apnlication oriented or lecs dynamic in their

interaction wich the erstou,
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In addition to these foundational elements, a number of other functional
wxdules are included in the operating syctem. Thesa can be viewed as super-
structural elements. One c33ss of euper-structural elements are the dynamic
elemont3 assccleted wizh intoraction with the user such a3 the comeola monitor
or batet supervisor, 1f it ie a ron~interactive system., Another supsrestructural
category includes the program develcpment tools and serviezs. These iaclude tie
assembler language, trarslators, tiie compllers, the linkege editor and the loader,
A third category of tha super-siructural elements czn be termed the system suprart
Jjoba. These are routines that help the user use the aystem, but are johs or tasks
in the 2ame scmee that the uscers' programs ave 3otc or tasks for the system. Routing.
such as library mainterance rontines, data defindtion routines, job definition
routines can all be categoriced an system support functions in the operating system,

In sdditfon £o these alements of the oporating system, which {a some
rend2a sioplify tho uoera'’ intorface with and utilizaticn of tha harduaza, there
are a rurber of genevalized jchs that are not unique to one particular applicaticn.
This 2atter group of elemen®s includes some current gofzware cystoms lnown as
data manegement or £ile mannsement Pystams, repoTt writcore, quesy svsiem, infor-
matica retricval systows, end documont preca2sning systems. Roceuce typically these

aratem3 ara not fully integroted with the operating aystem, each presents its cown

peevliar fnout l2ngusge, user leszvage, oot constraints of opesation,

&
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One snch coftwere package calied Bocumani: Processing Systom (27
would ceem at firzst glsnen to be very appropriase to the LINUS type of anplicationm,
DPé iz orienied to docurertcticn syegters that provide references. It accepts the
definition of tha fermat of 8 record whieh represents the reaference-providing
Informacion for a simgic documeni. 7he record cen ba indeved and queried by the
subject matter 8o that tha user can veceive the 1ist of document refersnces,
decoment numbezs or evon sbatracts of the documents. Yet, DPS presents a acrious
contrsint to tha vser. The files of DPS must exist on~line in a sinzle voitme on

be?
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a disc storage device., This limits ite effectiva use to relatively smoll data
collections.

Several large~scale generalired data i....agement systewe bave baen under
devalcpment for gore tise without fully renli;ing tha nitial gosls set forth
by their designers. Systems esuch as IBM's GIS, AUEREACH's DM-1, IBM's Information
Management System (o IMS), and MITRE's ADAM can be includad in this category.

The shortcomings of these syostcms end the cost of their develorment con be attrie-
buted in pert to the difficulty of integrating them with existing operating svstems
supplied by tha manufactuvers. Oparsting systems such as 0S5 360 for the IRM 360
series of computers are very complex; they rcpresent the high ovarhead in the
mounting storage that the user nust devote to operating the system functicas; and
they are difficuit for users to modify.‘ Indeed, user modificaticn 1s genrerally

L practical bacausa menufacturers frequontly cherge these operating systems, making
it difficult to maintain any one gpecial versionm.

The long-range trend *: the davolopment of operating systems ard data
wanpgenent systems 12 toward the gradval integration and sophistication of the
data management functions waich ar: 4ntegratad with the foundationzl elemente of
the cperating system. Structurelly, the data msnagement systems of the near future
will axhibit a distinct hierarchy of fuactions. Close to the focundation of the
opersting aystem will be such furctions as those that retvicve shd stove fined
blocks of dats from the secondery storags davices end move them {nto and out of
the cozputer systcm's primary mer vy. More scphioticated lavels of dats eservice
BuppOZt to the programmer will be bulit on these machiae~prientad $unutions. Thesa
will provide the cbility to hardle varisbie lengh otreams of data, to build end
manipulate linked data structuras, and to define and manipuizte files of finfor-

marion to be stored on secondary storage davicas.

4~3
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The file management system for LINCS exhibits characteristics of this

last category of data management. In LINCS, the more primitive types of data
management functions wil! be built into the operati- - system and will provide the
ability to define the files and indexes and retrieval strategies sultable for very
large files of refe.ence-providing information. This tyre of data management
system- will be characterized by the ability to define a structured vocabulary
called a thesaurus that will align the vocabulary of the untutored user to the
rigld terminology of the indexers. The user will be able to conduct a multi-stage
dialogue with the system during which he will learn the vocabulary representing
the areas of his interest. Once having learned the proper index terms and their
generic/specific relationships and perhaps having iearned which terms are 8ynouswsa. s
with others, he will ba gble to formula*e a meaningful inquiry to retrieve the
desired information in a discriminatory way.

Another trend of future data management systems is the gradual standardi-
zation of the language used to describe the data structures in these systems. This
category of languige is known as data description languages or DDL's. Using a DeL,
a system designer might describe the terminology and structure of a file he wishes
to define to a system, or to transmit from one gystem to another. 7The use of a
DDL and an appropriate interpretor will epable the designer to create appropriate
directories and to transmit information from one center to another in an intelligibl-:
manner.

Cne important trend already apparent in the field of 8sclentific docu-
rmentation is the creation of a nurber of specialized information services and
canters and the attempt to create mechanisms that permit their interaction as a
network of information services. The use of data commmication lines hotween

centers and the adoption of unZform terminology and thesauri support this erend.

b
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AUERSACH is currently engaged in a project to define the capabilities of the

Kational Agricultural Library for the Depertment of Agriculture. It is anticipated
that the National Agricultural Library will be one such center in a netwerk of
inforration centers, consisting primarily of the National Library of Medicinva,

The Library of Congress, and The Natiomal Agricultural Library and their adjuncta,
Other candidate information conters for inclusfon in this netwerk are the Bilo~

sclerces Information Services ¢f Bialoglcal Abstracts, the Library of the United

States Atomic Pnergy Comnfesion, the Clearinghouse for Pederal Scientific and
Technical Iz.'.forma:;ion, the Library of Congress, the Nationel Library of Medicine
and MEDLARS Syatem, the Institute for Scilentific Information, end the Chemical
Abstracta Servica. Logilezlly, the LINCS system should be one such information
centar in a natlonal nstwork.

Much of the reseerch dovoted to the problems of designing en xnformation
center and creating a nstwork of such centers 12 certainly applicable to the LINCS

probiem.
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3, EVALUATION CRITERIA FOR GENERALIZED FILE MARACEMENT SYSTEHS

This mection discusses tﬁc cricteria for evaluating £ilec management
syatgms ané techn®ques pertinent to LINCS. These criteria may be anplled to
£ile menagement systems recently developed or currently being developed.

AUERBAC@ and other agencies have alrezady conducted se;nral SUIVeys
sud critical evaluations oé daéa mapagement systems. These are listed iu the
Bibliography fncluded in this report. Some surxveyz have concentrated on .
rabulating o number «f features and parameters which file management systewms

- may 6r may not possess. Over 100 such pavameters have been tabulated ir

feports by the Fry et ol (see Ribliograpby, item2) and the Cndasyl Coumittee,
iter ). Comp..nensive listings of features such as those tabulated can present
a rather bewilder;ng array of factors to be evaluatud. These factuis musc be
placed in proper perspective in assessing their pertimence in the LINCS systen,
The diffsculty in applying the parameters appearing in prior reports siems from
the fact that each previous report addreczed a problem slightly differeut from
LINCE. 1In the Fry 3Cudy(2>, and {n Lpn Codasyl study, only ewxisting genevalized
data'management systéms were considered., Furthermore, the studies did nol
congider combinations of file management systems that did aot fall strictiy inte

- -

_the category of a "generalized data base ma2nagemsat system,” -
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The features of a Gata management system that relate to the LINCS
problem will be discussed in this section from several points of view. In
effact, these yadatures represent the criteria by which the systens can bLe
studied and evaluated. These features are presented from four points of view.

(1) Design Objectives - Discusses the averall goals of the
system, without regard to the various ways in which these
goals may be realized.

. "/. .

(2) Qng’%gg{ ~ Discuseds the various system functions and
c‘c)'pab lities for accomplishing the design objectives.

(3) ,ﬁ;i‘_as}_g_z;g_g - Discusses the system components (i.e., tables,
data ,i_tm"ctutes, and ptrogram module structures, their
dbiaposition and “nterrélationshins) used to perform eystenm
operhtions,

(4) Language Elementd « Discusses the system commands end
service calle which may provide ah appropriate interface
with the system users and progfammey|

All of the software elements of the LINCS system can be evaluated
from these points of view. These elements include the operating system with
its machine-oriented job management and data manegement aspicts, the programning
language cowpilers, and the console monitors which gllow user interaction with
the systen.

The File Management System (FMS) features are summarized in Table 2

and ade discussed in the following paragraphs.
5.1 DESIGN OBJECTIVES
j.1.1 Responsiveness

The primary design objective of the PMS should be system responsiveness
to user needs. User functions are discussed in Section 5.1.2.1. To the extent
that the user deals directly with the PMS, it should be easy to use and learn.

The M3 must provide quick response to service requests and rapid handling of

search and update operations.




DESIGN CRIRCYIVES

Reaponsivencss

o FEase of uee
® Novice traiuning
s Quick response, search, arnd updacn

Adaptability

¢ Indapendence of logical data
8structure from JN8S

¢ InCependence of logical data
etructure and program

e Ability to combine data in
unforeeeen ways

¢ languege ard comnrand definitional
capgbility

-

Bfficiency in

Block utilizat®

Bata represeatation for storage
Taudering arrangements

Retrieval stratesgy

Updatirg methods

Sharing of coummon data

LR - B BN BN )

Rolisbiliey

o Contrel of authorized feesss
o Error roccvery

STRUCTIRES

Ganeral Comsidersiieons

Psta barae atruciure azd size
Variable vorsus Z2x2d bleck leagth
Intro-block structure end fornat
-Pata linkage

Priority ordering of data ceswents
in files

20 co

Systam Structices

2 Iogical dara diractoriaes

® Data file dictionaxy {item name
diceionary)

® Indoxes

e Accass rights tedle

SPERATIGNS

User Functions

Query

fiditing

Updating

Report generation
Program entyy
frogeam execuiicn
Novice training

s2®e00 0

Ini:e:'face with

User

Procgram

External file system
Jo> menggerant system

® 080 6

Sy3tem Punaticne

¢ Translation of data values
{input, output, and storage)
Dzia base uvpdariag

Nlrectory vpdating and indexing
Datz search

Data search look-ahz2ad
tainzenance of dats usage
stetistics

User accoumtstiliry

Peckup and falinrze recovery
{jcb and dets westart points)

o0 820

® 0

IANCUACE BLRIENTS .

User Ianauagas f£or

Program specification
Frozmanw exeenticn

Yata definition

Dat~ entry

Cunry

Catput format specificaticn

©8 60902

Propravney Langugpes for

Lata updating
Data retzieval
Raport generation
Tesis calling
Control trensfers

o8 &8 0
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STRUCTIRES (cont.) . LANGUACE FLOMENTS {cont.)
Item Structure Svatem Languagen

¢ logical subtdivision and relations ® DPata coding echemes
ameng ueer 4tews ® Input/output forusts
o Degres of nesting persd.tted o Interfaca with external file
. systen
Systam Progrem Modules ® Interface with N8 (Job Management Sye!

o Modularity
¢ Stapdard progrem interfzces
® Generality of program funmctions




oot

5.1.1,2 Adaptability. The FilS must be capable of adapting to a wide varisty

n{ user neceds and environmental changes. In order to extend the useful life o

e

verious parts of the system and to minimize the implications of cbanges. the
fcglcal structure of data should be kept independent of both the ¥MS and the
using programs. The system should also be‘able to combine and use data in
unforeseen ways, so that the datas structures and orvganization do wot rigidiy
detexwine the ways in which data way br used. Finally, the user should e
gllcwed to define his own languages and commands to the system to accommodate
apecial aeeds, : |

5.1.1.3  Efficiency. If the FMS is to wmees effectively ail rhe demands placed

on it, operziing efficiency is an important factor. 7o wmake maximum use of the
available storage, metheds of repiesenting dota for stoiage and methods of
utilizing the space within daia blocks should be carefully considered. Data of
iéﬁerest tc more than cne user shculd be capable of being shared, with preper
srtention paid to protacting the dsis ond, wheva recessery, providing ccatiol
¢ver data access. Indexing arrangemeuts arve probably the crucial factor ia
determining the spced and flexibility of accessing data. Data retrieval strateg
ond the nctheds o} vpdating and maintaining the data base will also play key

rnles in determing system cfficiency,

5.1.2 Operations

e n e

task programs may also be ~unsiiered users, inasmuch as a tash program wmay call
on services provided by the FMS. For maximum flexlbility, both hinds of users
shouid he able to call all FHS services, although the appropriate languages for

doing so n2cd not be the same.
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S8ince quevying or ohtaiving information £rem the system 4s the
prinary ueer ftinction, the query facilities are extremaly irportant, There
should ke a varlefy of woys of specifying conditions under which dsta ge
wanted. For the user who 13 not intimately Zemiliar with the data baze, 1t
would be helpful to have a diclog query cepability, in which the uger would
ask a series cf fucreasingly specific questions, cach- besed cn the results

£ tke previouscrnes, until the duolived itew was found. This ¢islog could
elso ba the chiaf means of trainiag movieas in the use of the system.

Other user functions that may be called on by task programs as awch
ag by huuan users inciude editing or arrvangisg {nformation for écme gpecific
purpose spdating the datn bees, and genereting renorts.
5.1.2.2 Iatexfaces. The F¥B occupies a wather central positicn 1n the system
gince 1t interfoces with humen uRers, tagk progzems, and the operatirg oystem.
Bowaver, eia;e the 18 iaclates as woll 28 conmects these subspstens, chanzes
€0 oo subsysten should bave a minimal effect on the others.
5.2.2.3 Systom Fumetions. The syotem fumetions ave the bduilt~in, intrinsic
functicns cf the I¥S, end bear a lavrge part of the resy ronsiblliity for achieving
the 238 deaisn ei-.,;sct::!.vas. Fiypt, there ara the funstizns desling directiy with
da?.a, facluding trevslozicn of date velues for isgut, ontyut and stozege, 4t
bagse wpdating, end data rotyieval. Wen date vetricval is sequential or
potteraed in come way, ratrieval efﬁciea"y giould be incressed by performing
a Rookechiced cperation v eonjunction with the FHS. Eext, there ars auparvizory
d2ta fupetions, insluding dizcotary updaiing and dato Indexiog (Which chould be
doge automsticelly vhanever the dota baaz 43 chavged), aod matnterance of dsta

usage statisclns. Thooo statletics may be used to zony nf.ze tha daza ha3e in

.
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a more efficient memner, either sutcmatically or memially. Finally, the M3

ehould play scme role in keepiug taeck of each user’s use of the srstem and

shculd provide backup end Fallure recovery facilities through jcb and deta

Teotart points or other wesns,

5.1.3 Stmcturns

5.1.3.1

2ral Copajdersiionn. Various gemersl structutal copsidersifons

affect the design of an MMS. The follewinz structural featuras will be

congiderods
G)
(2)

(3}

%)

(3)

(&)

The czgmnizaticn of data base;

The expected size of the data base, and 4its fwplication
cn the syctex deaipn;

The length (£ixed cw variable) of the data Dlock ewchanged
between the M5 sad the operating system data management
functicn;

The logical structure and physical format of the data block;

Tae orderirg principle used to arrauge 4dsta segments within
f£iles;

The facilities which chould be provided for data lickage.

5.132.2 Syasen Structures. £ystem etructuzes axe tables maintzized by the

eysten to deacribe end provide acecas to the data base. These strveturss inmelude-

68

63

Inzizel Bata dizectories, wdlich dezevibe the logical structuze
of tna dets items and their logiesl position Zm the dsta base.

B35 %83e ov itom pams dlerionories, which provide a crosa-
vefarance batween cle synbtnolic item names used by the
extarmal ueer and the sirustural or ofhier codas uzed to
identify the Jtems latesmally.
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(2) ZXndexea, ubich teil whare #n the datz base certaln
data values may be found, thereby enshiing the aycten
to perfoxmn searchag withisut acceasing tiae data itnelf,
or with miniazl accecoing. The type and spount of
iimdexing ara cedticel in detevmining tha syctem effestives
ueos sluce seerch tim: con be mianimized through adequete
indexing, ¥atle cucesaively detsilad indexing requizes
mach tine end cpzce for nalntaining the fndemng.

(4) 4zgoss yiches tables, which enable the TS to Leep traak
of which uzers cve anthorlzed to access each rorction of
tho dats tase, and for what purpoces.
Othor system structures, such a8 e list of active tesks and their

dace vequirements aud a 389t of wsers end the estont to which they use system

facilities, may alac be wequired iF the FYS 4s performing job menagoment functions.

3.1.3.3 Item Strusture. Ztem ntructure refers to the logical structura of

individual data items. Items are divided in%o subitexrs, which may be further
aubdi\.rided &ad ultimately divided into fields or velues. Cartainm gudstsuctures
ray bs xepeated an arbiturry mumbar of times; aleo certzin subatructazes mey be
opticnal. Relations svong itewms may be erpreesed impileitly by the leglesl
resting of itors withia othoy items, oz ezplicitiy by means of directories or
vericus kizds of data linlase. The degrez of complexity permitiod in item
stzucture is Iimporiant. Allowing erditresy crmpleriry will earatl a certain
overhead In cyctem daveloprant costa eod sroming tima, but moy be justified
beconce the gyetem wiik ba less subject to change evisiag frem a nced for data
Btructures were compick thisn thoce ordginally envisicacd.

5.5.3.4 Systom Poourem Mofulaa. The orpamizaricn of systen proguars conprising
the T#3 must elso Lo cnecidarzed. These pregraxs nhould be gs endulsr es poseidia

in ovder to €scilitete implementatisn, debugeing, aed docurzentation, ard in
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order to minimize the effects of chenges, The use of a standard method

for program interfece soill aleo eontribute to theoe ends. Tinally,
progrem functisns ghould ks 23 geperal ps possible 20 that the programe

t2y lend themselwes to vses not origmallg forsszen and thersby extaod
their useful 1ife.

5.1.4 Languace Blerents

5.1.4.1 User Languaces, Program specificz’ lon languages are used to
d¢ofine task progrems. A speciel lenguege may be provided for this puspose,
or the system may bo built to accept the cutput of any stendard procedural
language processor. Progrom exesution languages ce2ll for the exacutien of
pregrams and supply thip with peco Saxy parameters. The user functions of
deficing data atructures and entaring data require eppropriate lenguages.
Languege defiaitional facilities would be espocially kelpfisl for the data
eatry feaction, particvlarly vhere lorge quantities of dota oxz iwvolved,

A query lenguage %8 nscezsary to epshle the user to wetrieve dnfommation
from the deta dase. The frineipel copaiderations here chould be fiexibility
and the ueex'c shility to ohtala infermation in spite of a limited femiliovity
with the dota hese. Tze uoep maat aleo ba able to speelly the form in which
b2 wants the vezults preszntad. Lzmce, an outpul formet2ing o report
genceraticn la..g,uage i3 gequired,

3.2.4.2  Pregremmer Lonaveges. Progremmer langunzes are those vsed bty the
task progrommer o call on FIN pervicee, The ro3t lmpavtant of these gorvices
are data vpdating, deia retrievel, and repore geaayatfon. o sdditlon, a
control langnegs is nzeded go thet tasks csnm call for ihe exccution of othexr
taslis &nd 9o thar controi mey ba poceed from tack to tesk apd batween taeks

and ohe centrol system.




3.1.4.3 System Languapes. System languages are those used by the I8 itgelf

wiien it operates upoa data and interfaces with other subppa@cms. Data coding
schemes comprese data in order to gave spece and alco, poesibly, to prevent
unauthorized access. Also, data must be formateed kppropriately for input/output
operaticns. A primary intoriace of the FiS 10 with the operating syster's data
mapagement routine. Symbelic bloclk names end dats blocks themealves are excuaunged
in both dizections across this interfsce. Tie MUS also interfaces with the Job
Menagement System (IS) in the operating system; the YMS can use the JMS as an

irtermediary in deeling with the usar.

5.2 APPLYINR TVALUATION CRITZRIA
3.2.1 Why Byaiuation i3 a Problem

A number of évaiuation criteria for TS software have bsemn discusged
in the previous paregraphs. %his ia {tself dces little to solve the prcblenm
of determining tha vslue of a given F¥S in meeting the peeds of the LINCS.
Nedther does 1t determdre the relative merit of competing coftuare madvles.
Retker, it specifies vhat factnra should te considered ip evaluatiag g given
system. Io concrete procedure 43 known which con deterndne the value, or even
relative merit, of a syctem. This is due to the exictence of diffarent Linds
of evelustion eritaria. The compazlscn ¢f aysioms with differeat charectesistice
(suck as one wbinh performs ouly part of the required cparaticns in an #nflexible
way to cse uhich pezforms ai.?; of the operctfons requived in a flexihle way at much
higher co8t) must de accoxpliched in carelul ¢redestf studies by ekilled enalysts,
Bven after cavelful sozigela, prodlers of this type may ia fzre have ae ¢ofinliive

solutinn. -
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IX carcful apalysis reveals that no algerithmic solution is feasible

one is free to look for effective heuerisric methods - at least, for one vhich
has the virtue of being readily applied., ie now proceed to axamine apprcachcs
to problems of this kind which have been used or proposad.

5.2.2 Now Criteria Have Peen Applied

3“2;2.1 Jo;ghtlng If one assumas that each of the criteria for evaluating
& system is measurabie, then, in gencral, a parktial oréeriﬁg {2 estabhlished
smcug all eystems being comparcd,' Consider four systems, S, T, U, and v being
evaluated under threc cririera, A, B, and C, cach eriterion measuzed on a scale

alldwing a bighest' score of 10. The following result may be ottlained:

- S. T U \4
A 4 5 3 4
) B 3 9 4 5
Y 3 2 ? ?

System V is ualformly better tharc System U for all criteria so that
there Is po difficulty in making a choice. System U can be eliminated from
consideration, ﬁowever, of the remaining systems, no one is uniformly becter
then any others and the best we can do jis ,avtially order the systems by eriter.
Ia ordexr to break this impasse ue could choose the system which rated highest ip
the largest huﬁber of criteria. System T would win by that measuve, having the

highest rating in criteria A and B. Another approach vould be to choose the
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system with thu highest total point score. This epproach leads to the

selecticn of system V as ehcwn below:

X T v
A 4 5 A
B 3 9 5
cC 5 2 8

TOTALS , 12 16

17

Hovyever, if it were deemed that criterion B were (say) twice as
important as criteria A or ¢, the scores with weighted veluedswould appear as

follows:

c 5 2 8

L3

™TALS 15 25 22

— ——ronn e sy

vith system T wirning. Choosing a veighting factor for each critexior in effect
reduces the vector velued critazien ¢ 1. .ar (single value) which aesuses

the ability to trensform the pertial ordering into a totaliordering. The most
universally appropriate techunigue io to reduce each criterion to s dollur cost,
Hewzver, even this measura is difficult to asaign. TFox exemple, the “cost" of

a given measura of rolisbility is the precert value of the ccst of the series of

~epairs that the system 18 expected to undezzo (including cost of lost sexvice).
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But it 1is difficult to sssezss the {pegetive) "cost" of & system vhich has
&n outstanding adaptibility to chanzing requirements o data structures, or
that presents an extvemaly well-engincered interface with its users.

5.2.2,2 Benchmark Problem. One approach to the evaluation of systems is throug.

the use of benchmark problems. A benchmark prebiem is a complete aimulation of
8 situaticn to which the system is expected to respond. The eimulation may be
designed to reprosent either a typleal demand on the system, a situstion of
extreme strecs on the gystem, or a scenario~of sarples from a mix of profhlenms
representing the projections for long-term demands on the syatem. ELach of
these types of benchmark rrotlems, whea used to geage the perforuance of a
gystem, either in terms of cd8t, responsiveness, or other factors, represents
8 particular bias but, depending oan the gystem requirements, may be a valid
gsuge of system perfoxmance.,

For a aystem such ze LINCS, which provides an infoxmetion service
to its subscribers which has &a ecowomic valus (although perheps an iatangible
one), a cnat messurze determined from a benchmark problem repregenting long-term
demands seems to he most zppropriate. Suitable cost cowponents for user inves t-
ments such ag trafaing and time at console should Pe censidered, along with the
cost of system purcbase, operatioﬁ, and maintengnce. The system which satisfies

the heachmark pr-blem with the lowest ovevall cost is the on= selectad,
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Thie report presents the results of a survey of salient characteristics
of a represcntative set of state-ofethe-art data management systems. It 4s part
of an effort to identify the ntate-of-the-art capabilities of date management
syitems for third-generaticn computer systems,

Section I of the rep'ort includes generel descrintions of the aystems
surveyed and eostablishes the terwinology for logical organization of data used
in the rurvey.

Secticn IT describes the capabilities surveyed and presents the survey
results in tabuler format.

The systems covered in this survey ava:

COGENT {csc)

oi~1 (AUIRBACH)

FORGE (BURRCUCES)

GIs {=am)

133 @)

MARATE (SBS)

"W IV (CUFCRMATICS)
(RS 1BM)

RACID ARMY/CT)

TS (59C)

4 bibliopravhy is included.

(3) Landeu, H.: Claseified Riblioprephy on Bibliecgzmeshis
Bsta Race }’a*qwacd.c% Coapatitliity, ond & méaraimt}cn,
AURERACR 1.,..0~..0u-1.:‘2 Yareh 20, 1969,

(3} Plesrzyii, A, et ol: File Meusgenmant Technimoas oed Systews
with Appiisations to ;.nfr‘rmt iom Petrdoval-w A Salastiva
Bxb"iqgr v, Center " Tor Ar')lied Lirguisti £8, June 1963,

6~2

44




(5) Sable, J. M. and J. Cochrene: Date Management Svatems
Study, AUCRBACH 1463-Th~4, April 1968.

(6} SZiche, T. W.: Data Msnagement: A Corparisca of System
Peatures, TRACOR 67-223-U, Octonar 1987,

45




