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This paper reviewsthe historical developmentof data processingdisceming thr eeapproximate decades
of distinct evolutionary cycles.Eachcycleis seenasforking, two contrasting stylesof data processingorm-
ing and separatingduring the cycle. On this basis,a classificationof the major generalareasof data pro-
cessings suggested.

For eachdecade characteristic aspectsaarediscussedind both the lines of developmentare described.Fi-
nally, someobsewationsregardingthe presentdecadeand its requirementsare given,and somepr edictions
relating to the next decadeand its prerequisitesare made.
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INTRODUCTION

Electronicdigital computershave now beenin usefor somethirty odd years. During this time, mary
machinesand programshave beendeveloped. This developmentis usually seenasdivided into stages
accordingto the natureof the basicelectroniccomponentsisedin the manufctureof the computers—
relays,vacuumtubes transistorsand,lately, integratedcircuits. Suchananalysiss very superficial—it
is the developmentof dataprocessingvhich shouldbe studied,not the developmentof manufcturing
techniquedor electronicdigital computers.

Data processings suficiently developedand ramifiedto allow analysisin termsof whatit does,
ratherthanwhatit uses. This paperpresentsuchan analysis,describingfive phases—threpast,one
presentandonefuture. The phasesare describedas distinct andregular, so thatthey may be easily
appreciatedOf coursethey arein factindistinctandirregular In somecountrieghefirst phasehasnot
yet arrived. Evenin developedcountriesmary large computerusersareoperatingstill in early phases.
Certaindevelopmentglepictechereassudderwerein factgradual.Certaindevelopmentgpredictechere
have beenslowly, almostimperceptibly building up for sometime.

Neverthelessthe analysisis broadlytrueto history atleastfor the phasegpast. The significanceof
suchananalysiscomesrom the possibilityof appreciatindetterwheredataprocessingtandsow, and
whitherit mightbegoing.

THE PATTERN OF DEVELOPMENT

All developmentphasesexceptthe first canbe taken as approximatingdecadesandwill be referred
to assuch. During eachdecade the dataprocessingasksof previous decadesand particularly the
dominanttasksof the immediatelyprecedingdecade are still undertakn, and are undertaken more
effectively underthe new circumstanceslin particular andbecausehe new proceduresndmachinery
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weredesignedo this end,the salientnen developingareaof the precedingdecadés sanctified—aien
ahugeandmodishboost,crystallisedandexploited.

Additionally, andquiteinconspicuouslyduringeachdecadanew ideasandapproachegneof which
will form themain pushof the succeedinglecadebegin to emege.

In this paper consideratiorf eachdecadewill includeareview of the characteristicef thedata,the
programsthe machineryandthe applicationsddominantin thatdecadeThis review will befollowed by
adescriptionof contrastinglataprocessingasksseenasdevelopingduringthedecade.

THE ARCHAIC, PUNCHED CARD, PERIOD

Thearchaicperiodwascharacterisethy manualcomputingprocedureshasedon mainly numericdata,
proceduresvhich were arithmetically and sometimedogically, assistedoy mechanicabr electrome-
chanicaldevices. Thesedeviceswere eitherof quite fixed purposewith minor adjustmeneffectedby
switchor lever, or werequiteadaptablevithin a classof functionsthroughexchangeof programeffected
usuallyby swappingpluggedpanels.

Scientificcalculationsvere assistedy mechanicatalculatorsvhoseoperandsveresethy fingers,
andwhoseresultsweregeneratethy hand-drnvencrankandlaboriouslywrittendown for transferto other
computation.

Commercialcalculationswerein their first stageseffectedby the recordingof dataon punchcards,
which recordingrequiredflocks of clerical personneland heapsof filled-out forms. Punchedcards
in their millions were fed into machineafter machinefor prolongedcycles of sorting, collating, and
tatulating. The work to be donewas programmedn termsof stepsin a manualprocedurejncluding
the settingup of machineftenby changingtheir wiring throughexchangingpluggedpanelsmounted
insidethemachines.

This periodlastedmary decadesand the developmentof the machinerywas slow by presentday
standards.The techniquesf this decademay seemdrearand clumsyin retrospectput werein fact
cheapandeffective comparedo otherthen-possibléechniques.

DECADE | - THE STORED PROGRAM

Thefirst decadeapproximatelythe 19505, beganwhenthe storedprogramcomputerfound useoutside
the developmentlaboratory within commercialpunchedcard and papertapeprocedures.The stored
programcomputemwasintendedasan arithmeticinstrumentor scientificcomputationandits eventual
commerciakexploitationwasunanticipated.

The significantaspecbf the storedprogrammachinerywasthatit allowed the pluggedpanelto be
replacedby adeckof cardsor aroll of papertape.

The pluggedpanelwas cumbersomeynreliable,and difficult to copy andrecord. The storedpro-
gramallowed proceduredo be easilyexchangedr transferredandto be deliberatelyand extensvely
developed.

Thecharacteristicsef thetwo branche®f dataprocessingn this decadearesketchedn thefollowing
table.

Number Processing File Processing
Data
Few inputdata At leastonelarge uniformfile of data
Takular or graphicoutputdata Listed,columnaroutputwith (sub(suh . .)) totals
Outputquitedifferentfrom input Outputsimilarto input
Programs
Phased input, calculationoutput Cyclic - recordby record

Much checking validation



Standardsubroutinegor math.functions Standardsubroutinegor input/outputcontrol
Operations

Usuallyby theusersor researcherhemseles Hostsof datapreparatiorandcontrolstaf
Most datakeptareprogramsn files Millions of datacardskept
Machinery
Binary arithmetic Decimalarithmetic
Example Applications
SpectrographyAstronomicalprediction Payroll, Invoicing
Characteristics

The computelinstallationof the first decadecontaineda variety of equipmentand,exceptfor the com-
puteritself, thisequipmentvasinherited,in spiritif notin body, from thearchaicera.Mostly theperiph-
eral equipmentwasusedto prepareinput datafor feedingto the computerandfor listing or otherwise
cleaningup theresultsof the computatiorfor consumptioroutsidetheinstallation.

Thecomputeroftenlittle morethananelectroniccalculatoywasmainly usedto punchcardsor paper
tape.In commercialwork, theresultof the computatiormight merelyhave beenhalf adozennew holes
in eachcardreadin. Theprogrammehimselfoftenoperatedhecomputerandin any caseéhecomputer
wasdevotedat ary time entirely to the executionof one program,and programexecutionswerelong,
usuallyfor atleasthalf anhout

Programdor thecomputemverepartly or entirelysetupaswiresin aplugboardwhichwasphysically
insertedin the computerto setit up for that particularprogram. Whensomeof the programwaskept
in the computers mainstore,that programwaswritten in a programminganguagevery closelyrelated
to the actualform of the programasit was storedin the computer Programswere detuggedby the
programmeiusingthe physicalcontrolsof the machineitself to delve into the detailsof his programs
functioning.Only whenhis scheduledime hadelapsedouldthe programmebepersuadetb leave his
machineandmuchdeluggingwasdoneover weelends.

Developments

Thesalientdevelopmenbf thefirst decadevastheintroductionof magneticstoragedevices,principally
themagnetidapedrive. Thelargefiles of punchedccardswereslowly replacedy reelsof magnetidape,
atleastwherethe puncheccardwasnot usedasa documenbf record.

In commercialinstallationsthe file updateprogrambeganto reign supremeandrecorddesigns at
first constructedn theimageof their puncheccardpredecessorbgyanto beexpandedandembellished.

Thetwo lines of developmentduring the StoredProgramDecadewere continuedfrom the Archaic
Period—scientificusefeaturingheary computatior(’numbercrunching”)wasencouragetdy computing
machinerydesignedor that purpose while commercialusewas developedfrom punchedcard proce-
dures.

DECADE Il - THE OPERATING SYSTEM

The seconddecade roughly the 1960s,was foundedon a desire,naturalenough,to get mary more
enterpriseso usecomputersThe decadevasfashionedy the needto have thesecomputersisedmore
effectively.

Although numberprocessingcontinuedto be important, the salient developmentsof the second
decadesprangirom improvementsn file processing.

Themainfeatureof thetwo majortasksof thesecondiataprocessinglecadetheconsolidatingask
of job processin@ndthe developingtasksof transactiorprocessingareoutlinedin thefollowing table.



Job Processing

Data
Serialtranscription
Linearanduniform
Batchedandsortedinput
Programs
Largeandmonolithic
Periodicandcyclic

Transaction Processing

Loadingandupdating
Indexedanduniform
Unsequencethput

Smallandsystemic
Sporadicandepisodic

Operations

Centralteam Distributedterminals

Carefullyscheduled Secondshift houseleeping

Regularpeaks Reliability emphasised
Machinery

Magnetictapebased Singlespindlefixeddisc
Example Applications

Accountspayable Inventorycontrol
Characteristics

Thecomputingsystemsf the seconddecadeypically hadsubstantialagnetidile processingapabil-
ity, andthis cameto be usedto provide operatingsystems.Theseoperatingsystemsprovided accesdo
alibrary of programsandallowed oftensmalldecksof cards,eachrepresentingrequesto have apro-
gramrun,to bestacled—runoneaftertheotherwith aminimumof operatorattentionandcomputeiidle
time, particularlyin the eventof programmalfunction. This style of operationis calledjob processing
andthe queueof programrun requestarecalledjob staks

Programsveremuchmorenumerousndcameto bewrittenin "high level” languagesCompilersfor
thesdlanguagesindthe operatingsystemghemselesprovided somesmallassistancéor programmers
in theway of programtracesanddatadumps sothatprogrammersouldbedeniedphysicalaccesso the
computemandwould,it washopedgettheir programsyoingmoreefficiently, andallow moreproduction
work to bepushedhrough.

Thecomputingmachinerywasoftenadaptabléo bothscientificandcommercialwork, but programs
for thetwo typesof work werewrittenin differentprogrammindanguages.

Early directaccesstoragevastypically afixedmagnetialiscfile of amillion charactersr socapac-
ity, andthis file wasusedto storethe principalbusinesdile sothatsporadicenquiriescouldbe promptly
handledduringthe day Somedirectaccessystemsautomaticallypreemptedrdinarydataprocessing
while the enquirywas being handled,but typically thesesystemshad one single-purpose&nquiryter
minal, andthe enquiryfile wasupdatedeachevening. In mary caseghe enquiryfile merelycontained
anidentificationanda status—forexamplea partnumberandthe numberof partsin stock—whilethe
completedataweremaintainedbn magnetidape.

Developments

Themostsignificantdevelopmenif the secondlecadevastheintroductionof directaccesstorage To
alarge degree,generaladoptionof this type of storagewasforcedby the mary inconvenientaspectof
operatingsystemsasedn magneticdape.

Increasedspeedof the computersrelative to the input and output devices, and the elaborationof
enquiriesand updatesto an increasingnumberof direct accesdiles, both led to the developmentof
multiprogrammingpperatingsystems.

Computersoperatingunderthesesystemsvereableto run two or more,often mary more,indepen-
dentprogramsconcurrentlya modeof operationcalled,unfortunatelyandclumsily, multiprogramming



The mostpopularform of multiprogrammingran a productionjob stackconcurrentlywith a program
developmenijob stack.

While theseconddecadevasdominatedoy the adoptionof operatingsystemstwo distinctpurposes
weretherebysened,andthis gave riseto thetwo differentlines of developmentof thedecade.

Onthe onehand,operatingsystemgyave sophisticateddiverseandeffective supportto thefile pro-
cessingf theprecedinglecade—reducingperatotintervention,improving datatranscriptiorefficiengy,
allowing easytransitionfrom programto programin asuite,andproviding for compilationandlisting of
programswithout disruptingproductionruns. This line of developmentreachingts peakin the second
decadeconcentratedn thetaskof job processing.

Ontheotherhand,operatingsystemsprovided for the grossmanagemenf numerousiatafiles, in-
cludingthosekepton magnetiadiscs,andgave supportto methodf accesdo therecordsof thosefiles
which were completelyimpracticalwith recordskept on magnetictape—methodsf accesswhich al-
lowedoperation®nindividualrecordsn ary sequencghatsogeror notatall. Thisline of development
wasthetrail brealer of the seconddecadeandemphasisethetaskof transactiorprocessing.

DECADE Ill - THE DATA MANAGEMENT SYSTEM

Thethird decaderoughlythe 1970s,s foundedon the objectivesof providing a multiplicity of terminal
userswith certainstandardservicesandof reducingthe needfor terminaloperatorsnonotonouslyand
repetitively to collectdata.

Althoughjob processingontinuego be animportanttask,the emphasisndconsolidatiorareshift-
ing entirelyto transactiorprocessindasedon formatteddata—ataskherecalledrecod processingto
contrastit with the newv andpromisingmajortaskof the third decade—transactigmrocessindasedn
unformattediata—herealledtext processing.

In thefollowing table,the characteristicef thetaskof recordprocessingandof its possibleoffshoot
of text processingaresuggested.

Record Processing Text Processing
Data
Smallunit records Largeamorphousecords
Identifiers,valuesandlinks Unstructurediata
Uniqueidentifiers Approximateidentifiers
Functionalidentifiers Trivial identifiers
Changeby content Changeby accumulatiorandobsolescence
Programs
Datadictionaries Invertedfiles
Interpreted Utilities
Houseleepingandselection Searchandrearrangement
Operation
Clerical Directuse
Repetitve task Extemporaneouask
Example Applications
Managemeninformationsystem "Information” retrieval
Airline resenations Documentfprocessing
Characteristics

Thethird decadeseeghe evolution of the operatingsystemfrom a setof programandperipheraldevice
managemenservicesto anintegratedand complex systemtaking completeresponsibilityfor all data
availableto, or passinghrough,the computingsystem.

Thisresponsibilitywill, atleasttowardstheendof the decadeextendto the contentof therecords—



therepresentationsedfor the dataandthelinks betweerrecords.In the seconddecaddahe majority of

the dataprocessedvere organisedn files which were physicallysuppliedto, andthenremored from,

thecomputingsystemIn thethird decadebecaus®f theincreaseaapacityanddecreasedostof direct
accesstorageadevices,thebulk of currentdatastoragds permanenthattachedo the computingsystem,
andis comingto bemanagea@sa singleentity.

The datamanagemengystemof the third decadeapartfrom merelycoordinatingaccesgo all data,
alsomediatesaccesdo the datato provide servicessuchascheckingauthority assuringntegrity, and
providing insensitvity to changesn formatof the data.

The facilities of the datamanagemensystemare both necessaryo, and promotedby, the supply
of appropriateservicesto individual usersat terminals. To the automaticdatamanagemensystem,
the coordinationof serviceso concurrentusersis tremendoushcomplicated.To the humandesigners
andimplementorof applicationprogramsthis coordinatiorby the datamanagemergystemwill allow
completeprocessingf individual transaction®y theirapplicationprogramwithoutary needto consider
the effect of othertransactionsvhich might be presentedby individual usersat the sametime. On the
otherhand,applicationprogramscanaskfor databy name,andthe datamanagemengystemwill usea
datadefinitiondictionaryto resole which of its dataaremeant.In this way, programswill continueto
functioncorrectlydespitealterationsn actualrecorddesign.

Thus, the datacoordinationprovides supportwhich is very simpleto use,supportwhich provides
completelyup-to-the-minutelatafor theuserattheterminal.

Anotheraspeciof datacoordinationhasbecomemportantduring this decadeasa corollaryto the
coordinationof transactiormessagesas seenby the applicationprogrammer The coordinationof the
physicalandelectronicactivity of terminalscanbeavery onerousduty for thedatamanagemergystem.
Althoughtheterminalsmayhave wildly differentandevenvaryingcharacteristicshedatamanagement
systemmustcopewith them,ideally without ary consequence®r the applicationprogram,and must
alsocopewith differing telecommunicationsetwork conventionsandwith transactiormessagewhich
drift in in bits andpiecesfrom farandnear somefastandsomeslow.

The role of the programmeiin dataprocessings beingsustainedor the time being. As a kind of
counterpointo the provision of datamanagemergervicesgcertainspecialservicesareprovidedfor the
programmeirat the terminal. Files of programcodeandtestdataare manipulatedoy transcribingand
editingutility programsProgramsinderdevelopmentareinterpretively executedsothattheir operation
may beinvestigatecandmodifiedby the programmein termsof thelanguageausedto write the program
in thefirst place.

Developments

The maindevelopmentof the third decadds basedon the processingf non-numeriaata. In previous
decadesion-numeriadatahave beenwidely used,at leastin commercialdataprocessingbut this use
hasbeeneitherincestuous—irtranslationfrom one programminganguageo another or nominal—as
identifying dataaccompaying quantitize data.

The decreasingostof directaccessstoragedevices,the increasingspeedof computationandthe
widenlnguseof terminals,is forcing the processingf textual descriptve data,for their own sale.

Now thatthe majority of numericandidentifying datain anenterprisas beingstoredn theelectronic
dataprocessingystemnitself, attentionis turningto the useof descriptve data,non-numeri@ndtextual.

Text processingn the third decademostly takes the quite passie form of "information retrieval”
wherebythatsomevhatarbitrarylinguistic unit, the "word”, is the basicunit handled.Typically, alarge
file of bibliographicdata,includingfor instanceabstract®f documentsis loaded setup, to beretrieved
by referencdo wordsin the bibliographicdatathroughuseof averylargeindex file which pointsto each
wordin thedatafile. Thisusuallylarge combinatiorof datafile andindex file is calledan”inverted”file.



Anotherform of text processindinding favour novadaysmight bestbe called”"documentprocess-
ing”. Througha terminalthe roughtext of a documentsuchasa letter or a reportcanbe enteredor
altered,and a formattedversionof the document(with for exampleline justification and pagination
automaticallycarriedout) canbe printedasandwhenrequiredby the dataprocessingystem.

DECADE IV - THE TEXT MANIPULA TION SYSTEM

Thefourth decaderoughlythe 1980swill strive to provide a rangeof usefulservicego all emplo/ees
of enterpriseslependingon computersThe developmentf the precedingdecadewill beconsolidated
by the greateruse of increasingiyautomaticmachineryto collect dataandto act on them,andby the
increasingcapacityof machineryto storeandtransmitthem.

Althoughrecordprocessingvill continueto beanimportanttask,theemphasisnddevelopmenwill
shift to text processingandtextual, graphic,and even facsimiledatacommunicationwill comeinto
its own. In countriesusingthe Latin alphabetupperandlower casetextual representatiowill become
usual,andthis will increasehe problemsof spellingandambiguity

In termsof the majordataprocessingasksto be expectedthepassie taskof enquiryprocessingvill
consolidateduringthefourth decadewhile the active andmanifoldtaskof requesprocessinghouldbe
the maintaskfor development. The following tablewill helpto contrastthe stylesof thesetwo major
tasks.

Enquiry Processing RequestProcessing
Data
Mainly from on-linestorage Mainly from theterminal
Programs
Insensitve to input data Sensitve to inputdata
Concentratingn simplifying Adaptive
thehumaninterface Richnessf capability
Staticandhighly modular Interpretedmultilingual
Operations
Naturallanguageor brief formal Iterative andcumulative
guestiorandanswer Problemsolving
Machinery
Specialpurposaerminals Largecapacitydisplays
Example Applications
Managemengervices Decisionmaking
Text file searches Businessimulation
Characteristics

Thefourth, text manipulationsystemdecadewill seethe extensionandelaboratiorof dataprocessing
serviceghroughoutarge enterprisegandorganlisationsandwill seeeverydayexchangeof servicese-
tweendataprocessingystemslespitehe mary administratie andethicalhazardsalreadybeingpointed
out. The penasivenesf dataprocessingerviceswill be encouragetby the cheapnesef datastorage
andtransmissionanddiscouragedby the costof peopleto provide, superviseandusetheservices.

Theservicewill bebasednthe massie storageof all datacollectableaboutthe organisatiorandits
interactionswith otherentities,includingthecustomarynumericor financialdata,and,later voluminous
informal dataincluding, for instanceall internalandexternalcorrespondencanuch of which may be
electronicallyforwardedandmaynever beactuallyprinted.All thesedatawill becontinuallyupdatedas
fastasthechangediatacanbecollected andincreasinglyspecialiseanachinerywill beputto collecting
data.



Thebig problemfor dataprocessingnstallationswill bethatof exploiting the hugequantitiesof data
stored.

A first solutionwill lie in the provision of limited but versatileand easy-to-useerviceso emplg/-
eesandcustomers.Theseserviceswill typically concentraten extractingandrefining currentdata—
relatively simple and predominantlynumericservices,or will concentraten locatingand displaying
selectedetrospectie data—highlyconditionedand mostly textual services.The obstacleto this solu-
tion is thedifficulty of designinghe servicessothey areeasyto usefor everybodywho needghem.

A secondsolutionwill lie in the provision of a supportingsystemwhich allows a skilled userto
put togetheris own serviceashe needst. The formidableobstacleo this solutionis the problemof
designingthe systemso thatthe task of learningto useit is not too demandinghbut so thatthe task of
exploiting it for significanttasksis nottoo demandingeither

Developments

Therestrictionsanddifficulties experiencedvith single-purposéerminalproceduresrealreadybegin-

ning to force the developmentof proceduresvhich presenthe dataaboutthe transactionseing pro-
cessedn commonlanguageypically asa "page” of text on a displayscreen. Towardsthe endof the
fourth decadeof dataprocessingthe userwill be ableto controlthe serviceheis usingalmostin ary

way helikes. This controlwill be madepossibleby, in thefirst place linguistic analysisof hiscommon
languagerequestsand responsesandin the secondplaceby lexicographicalinferencefrom the data
referredto.

Thepointis thatpossibilitiesfor useof the availablecomputingsystemawill not be stereotypedand
the scopefor manipulationof datawill be greatly extended firstly by the increasingability to trans-
mit databetweersystemsandsecondlyby the potentialityof microcomputersn allowing a variety of
devicesfor collectionanduseof datato be easilyandcheaplyconnectedo large computingsystems.

The contrastwhich will evolve will be betweerthe consolidatingmajortaskinheritedfrom the pre-
cedingdataprocessinglecadeandherecalledenquiry processingandthe blossomingnen majortask
herecalledrequestprocessing Theemphasiof enquiryprocessingvill be onthe purposefulstream-
lining of routineandstereotypedervicedo increaseheir effectivenessn day-to-dayoperationof the
enterprise.Theemphasi®of requesiprocessingvill be onthe impromptuextensionof multifariousim-
provisedservicedo increaseheir effectivenessn creatve andspontaneouapplications.

REQUIREMENTS FOR TRANSITION FROM DECADE Il TO DECADE IV

The datamanagementlecadefeaturestraditional record processingenhancedy a datamanagement
systemwhich allows all numericandidentifying datain the systemto be handledin a completeand
coordinatedvay.

In recordprocessingthe developmentof standardsboth for the physicalcharacteristicef termi-
nal devicesandfor the structuringandmanipulationof large collectionsof data(popularlycalled”data
banks”or "databases”will make it easieito have practicaldatamanagemergystemsntroduced.Coin-
cidentally the belatedadoptionof formal programmingproceduregvariouslyunderthe popularnames
of "structuredprogramming”,"top-down design”,”chief programmeteams”. . .) is alreadyassisting
thistrend.

In text processingthe datamanagemensystemsusedat presentare extemporaneousand limited.
Thetypical approactusesaninvertedfile which canonly be changedn a grossor infrequentmanner
mainly becausaninvertedfile systemwhich allows generalupdatingaspartof its normalrepertoireis
relatively complex andslow.

Neverthelesstext processingystemanustbe developedwhich provide updatingaseasilyandcon-
venientlyaspassie enquiry



Thehandlingof textual enquiriesamustalsobeimproved. At presentretrieval of textual datathrough
enquiryis hobbledby its completedependencen the spellingof thetext.

Mary developmentsrepossibldan thisarea. The possibledevelopmentsreprobablybestconsidered
undertwo headings—pragmat&ndanalytic.

Pragmaticdevelopmentwill exploit the "experience”available as the text datafile is being used.
Userssearchinghefile (particularlywhenthey are”browsing”) will go from itemto item, documento
document.This processiorallows relateditemsor documentdo belinkedin a quantitatve way, sothat
subsequergearchersanbeassistedy theexperienceof prior searchers.

Analytic developmentexploits andwill exploit linguistic or presetrelationshipsetweenwordsto
provide links betweerrelateddocumentseitherby reconcilingspellingdifferencegfor instancehrough
error, affix, or inflection) or by referencdo athesaurusUItimately, suchsystemswill becomeamultilin-
gual.

A secondmportantareawhich mustbe developedasa prerequisitdor thetext manipulationsystem
decadeis the documentprocessingsystem. On the one hand, presentsystemsmnust be developedto
provide easycorversionof datato variousgraphicforms, startingwith tablesand chartsand figures,
and on the other handthe developedsystemsmust be integratedwith the text processingsystemso
that the documentsare readily and cleanly accessibleéo enquiry Both theseaspectadependon the
clearrecognitionof the distinctionbetweertextual dataandcontroldatain a documenfile, andon the
adoptionof simple principlesfor designof suchcontrol data. In this kind of system the control data
is effectively a programwhich mingleswith its own input data,andthis distinctkind of programming
shouldperhapdedistinctively calledqueuedporogramming

SUMMARY

Theanalysisof this paperis condenseéh thetablebelow.

Thetableis clearlyat oddswith the "vacuumtubeto integratedcircuit” schoolof computinghistory
andthecontrassshouldbeinstructive, evenif theanalysiss disputed.

To concentrat®n how machineryis usedratherthanon how it is manuéctureds surelymoreuseful,
andmayleadto perhapssurprisingobsenrations. For instancealthoughthe minicomputeris distinctive
in the sizeand costand performanceconferredby its methodof manufcture,its significancdies not
nearlysomuchin allowing old large enterpriseso undertak nev comple tasks,asin its allowing new
smallenterpriseso undertak old simpletasks.

Machine
Phase Main Task SecondaryTask Development Objectives
— Archaic Tahulation Computation Pluggedpanel Simplification
| Storedprogram Commercial Scientific Magneticstorage = Automaticcomputation
Il OperatingSystem Jobprocessing Transactiorprocessin@irectaccesstorageMachineproductiity
Il DataManagementRecordprocessing Text processing Terminals Concurrenservices
IV Text ManagementEnquiryprocessing Requesprocessing Networks Universalservices
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