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The computerized data system will have the same impact upon society

that the printing press had, and learned people are reacting as learned

people reacted when printing wJas developed. They are arguing that the

new technology will enslave the common man and should be suppressea. In

a sense both are right. The only possible defense against the printing

press is to learn to read. We succeeded that time. Print fonts and

spelling were standardized so everyone could learn to read, and then we

insisted that everyone learn to read. Now we have to stan~ardize the

interface to computerized data systems and teach everyone to use them.

A cerson who Is illiterate in computerized data hanulig in the future

world will be as defenseless as the person who cannot reac is

defenseless now.
Andrei Ershove Soviet Acaaemician
paraphrased from address, Spring
Joint Computer Conference, .i.67

This paper is about data in our society. It first discusses

values, how people feel about using data. Then it discusses how man has

used the technology that is available as tools ii handling data, and how

data handling has changed as technology changes. Information resource

management is now changing very rapidly as new technology oecomes

available.

The paper argues that the complex programs we call data base

management systems (DBMS) are an artifact of monolithic computers with

hierarchies of secondary storage managed by complex general purpose

o.erating systems. The next step will take the DBIiS apart, distributing

the data management functions to provide the same capabilities witn less

constraints.

The paper concludes with a discussion of theory regarding computer-

based data management. It covers the intellectual ferment following t.e

introduction of random access secondary storage, the developwent; oi

CODASYL, and the relational model. it briefly discusses the familiar

arguments regarding the need to separate logical data definition from

the physical location of data, stressing different representationai
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requirements. The paper concludes with the author's view of wriaz is

needed to form an adequate foundation for Information resource

management system development.
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VALUES PAST

Yes, Hans Olderwick was my brother, and so was Andrew Olafson. We
didn't all use the same last name in Norway. If a family all used the
same last name, the government could keep records, anu it would use
those records against the family. It would draft men for the army. it
would use them to find out how much tax the family could affora.

Conversation with my grandfather, Ivor Uison
circa 1945

Traditionally, most cultures had a decided cultur.al bias towaro

limiting data collection, based upon an experienced distrust of people

who wanted data. Much of the opposition to the introduction of social

security in this country was based upon the argument that it would

enable the government to keep accurate records. My father' carelully

asked the lumberjacks who worked for him what name they wanted them to

give social security. He didn't ask their name since that was agreed to

be none of his business.

Even how-to information was controlled and access to inf'ormation

required membership in organizations owning the information. Crafts

from Ironworkers to miners to bridgebuilders were passed on to initiates

and others were carefully excluded. Pythagoras set the penalty for

teaching his geometry to unauthorized people at death, and rigorously

enforced it.

The dev lopment of the modern world was based in large part upon

learning how to obtain and use information. Trade secrets were

captured, codified and taught. Patent systemb were introduced to

encourage inventors to share the secret details Qf their inventions.

Formal procedures for managing data ,.ere developed. The lirary ano tne

filing cabinet were augmented by the comruzerized repository. With

facts available to 3upport theorizing, technology txploueu. l.he

scient~fic method formalized a rcle for experimentationv coilecting ana

3- -



retaining data to prove or disprove hypotheses. And a6 we aid these

things, our attitudes changed.

We are in agreement that Ihow-to knowledge should be formalized and

taught, including agreement that access to teaching shouiu not be

arbitrarily limited.

Our attitudes towards data are in a state of fluxu as witness the

same congress passing one bill guaranteeing privacy and another access

to government information without serious debate on the unavoidale

conflict between these two goals.

We are developing an appreciazion for data as a major property

right of organizations.

We appear to have reached a consensus that capturing data is

legitimate unless other laws must be violated to capture it, wiTn the

resulting data belonging to the people who capture it. We are also

reaching a consensus that if access to data is offered to anyone, tnen

objective standards for access to data should be developed and enforcec.

In other words, that the standard commercial laws apply to data. kore

and more, access to collections of Jata are being offered in return for

money.

VALUES PROBLEMS

I ask you to really believe that the computLr was developed triirty
years earlier than it was- and the state of the computer art in 1936 was

hat it is now. Now--remember ,.hat I'itler did to the Jews? Without a
computer, could he have done it? Professor Joe ,,ei~enuaum, NLIT

personal veosatioi, Aug 1966

Almost fifty years after his demise, It's harc to remember that

Hitler didn't have computers. Using only manual Lecurds, he definea trhe
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term 'Jewish ancestry, defined a Jew as a perzon with one fourth Jewisn

ancestry, and then he found over 95,' of them, some of wLcom didn't itnow

their ancest ry. This required a massive effort involving major

resources. We would be wise to remember that if there is a next time,

finding pecple who meet any arbitrary definition will be easy.

Computer-based data will be available somewhere.

A computer has nc ethics. It i a tool, doing what it is

programmed to do. There is literally nothing a computer can ac tnat

determined people willing to pay the price cannot do without it, with

the possible exception of real-time control. What the computer aoes is

change the cost and difficulty of doing things, often by many orders o'

magnitude.

Much of the advantage, or disadvantage, from a computer-based

information systen is due to the analysis that preceeded it. The most

effective approach is to stop just before installation of the computer,

and consider what you really want to do.

We have the ability to provide access to accurate data to many

people under many conditions. In using this ability, we have learned

that many traditional procedures were wisely designed to have data, anu

limit access to that data by making access difficult.

An example is that the full personnel record of each employee under
his/her supervision is available to each supervisor in the US feoerai
service. The supervisor doesn't have to state a reason !or wanting to
review the file. However, the supervisor must make an appointment ana
go to another office usually located in another building to read the
file. When computers and communication equipment enabled access to
personnel files maintained by a personnel office oe proviced in the
supervisor's office, some organizations provided tlat access. They
removed It because employees felt the supervisoL'S were misusing it
snooping Into their ersonal affairs without sufficient cause.
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The world wie lve in as fact availailLty far oeyond our

understanding of the interrelationships between f'aC s and the meanings

that can be inferred from them. We have changed fro, a worlu where new

information was scarce to one so inundated in data that almost any

concievable information can be extracted from data that is routinely

captured. We haven't yet learned how to use data or to limit misuse of

data.

We haven't learned how to limit access to data, buL. are rapidly

developing a consensus that data in computerized rm belongs to

somebody who is responsable for maintaining integrity c le ata. The

, owner of the data is also responsible for authorizinE ess to data.

The usual authorization for access involves ;aying money, and that money

is used to maintain both the data and the organization that owns it.

The most grandiose data availability scheme is Eurone(jl), where

the European telephone companies offer a service. Anyone who wants to

sell access to computerized information can enter tde net. Trey Just

have to provide a standard gateway. Anyone with appropriate equipment

who wants to use it can do so through the phone lines. Euronet wili

' bill the user and pay the providers. In the United States, various aata

services are available. However, the user must usually'sign up to the

Individual data service, and receives individual bills for usage.

We haven't yet learned hc ; to exploit the data we Lave. Above all

:e on't know how to recogrize and correlate jata tLat are in iact

df'ferent as;ects of the sarle subject. hIA might bu caiieu tne 'olind

man and eleF. ha..t' problem. P1odern analysis is agveeu to ce concept

Iriven. Technology tc ;c frcm, undi6ested faces to kofwleuge o interest

demand's a rcdel relating the facts tc ti.t kowlede. :Kooel -,uiidiIng is
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.lust as diffficult as it ha s Ll.y een. Ho-yeve', mode! va-iloation is

nu (-h easier. W e have ata now;, so -ve c;an ciieci. the viaiduity of our
modes i wechoose to do so.

To !et the facts first is impossitle. *.eCe a re nou factz ule.s
one has a criterion- of relevance. Eve n ts byj t e~eves are not
facts ....

The only ri-orous method, the only one that enrables US LO test an
opinion against reality, is tased on the clear r'eoo~nitior. mat opinions
comne first--ard that is the .-,ay 1". Z,'ould be. ThLen no one call fii to
see that vie start out w~ith untested hypotheses--in JeciS .on riiakin6 as in
science the only starting point. We -now wh at; tO Uo wizi)
hypotheses--one does not argue with themp one tests them.

Peter 2ruck-er, The effective Executive 1761

We now have the data and processing power to validate individual

models, and are finding cut that the traditional concepts leveryooay

knew' are either gross over-sirnplifications, or else simply wrong.

For example, the people who built the first cumputers-aided language
translatorS f ound that the grammar th1ey had been taught *,.as oot'-.
inadeouate and wrong. As an instance, English adlectives co have Oroer,
and charging order chang-es meaning.

Wrong concepts lead to wrong decisions. Traditionally th~is albn't

matter much, since decisions had zzo little i~mpact. The impact oi

decisions depends upon the ability to carry them out'. The uetter trne

tech-onc-y available to carry out decisions, the more aestructive ;;rong

concents can be. Cur technology is now; very p.owerful. We urgently neea

* much better tools to adapt concepts to, curform to the evi.dence at hand.

If witness is needed, the behavIor of etoonomic systems rnanageu by
Keynsian or Marxist models over-proves thie point. .,irions nave
literally destroyed their economies by actions5 taken in accoraaiue with
one of these models. Yet each of these models absolutely %demands bothi a
static world anb a -.rtorld where Information- 'i6 free and aloays avaiiao'l..
The cdectlon makers who h1-a%,o ri.ed their own fortunes as well as th~eir
natIo n must have~Thv tie ' - orlt- isn't stazic a.-_ atruggleu it c outain
th e information they need-ed to do th-elr Jobs. Yet tiey toouk Li.e actions
-r-.mended b:7 the model th ey l1ved b3y, and then const.ructed ingenuous
explan~ations after each failure of their syszem to 'behave as their mooei
rre" cted,. And contInued_ to use thie sam-,e -nou-el.

-7-



We uraen-l,, need t: .evclop the judgement to -othi question ano use

computer-based predictiens. "T.e corputer says" is sometimes usec as a

final argument, and that is absurd. IhX ilplicatiouC bati ,l 'the

computer says' are that some model has been prograrrmned into tne

cornputer, data has been fed intc the model, and tie computer Ids 'maae'

a rrediction. The prediction is as good as the model uenina it, whiich

can be very good indeed if the model I-as been valluateG, anc tne

assumptions upon which it is based have not beer changeu. it can also

be nonsense.

Sometimes the 'model' hasn't been stated, let alone validated in a

defined domain. One of the successful techniques of Artificial

Intelli.gence is to model the behavior of selected experts, to deveop

wi-at is called an a::pert system. Properly constructed anc used, expert

systems can -rrvie a useful aid to decision making. However, tnere is

-uch danger in using the system indiscriminatei without either a bounu

knowledge base or the Judgcment of the expert oeing modei.Leu. ae face a

real danger in accepting computer prt'eictions azu recommienuations

without adequate consideration cf the limitations innerent in tne

technology upon which they are based.

As we move !nto the information age, we neec methouoicgy to manage

concepts in the ilural, to track the multituainous possible

intermretations of data and to continually askz the qustion , 'what wouid
d snrove this concept?'. We need methocolvgy raz ie irusL .rougn tiat

wier. a corcrpt is -roven incorcct ,e accept the prouf ano use it to

develop better ccnceptz. T:e people ,ho use information v.,eli wiii nave

the Sare transie.t advanta;e t-hc London Larners , ken tney kne . of

Waterloo the day before their competitors. f1air colliagues .It.o use

-8-



facts to validate concepts will have the more enduring auvancages the

Jatanese have shown in adjusting their economy to change.

VALUES FUTURE

Information is the name for the content of what is excnangea witn
the cuter world as we -adjust to it, and make our adjustments felt upon
It. The procecs of receiving an c:' using information is the process of
our c dusting to the contin62ncies of the outer environmnent anu of our
livirg effectively i:ithir that cnvirorirent ......

It becomes plausitle that information ....;elongs among tne great
concerts of science such ai mattar, energy dnd tlectric charge. Our
adjustment to the ,crld around us depends upon the infotmational wincows
that our senses provide.

Norbert ,veiaer
Philosophy of Sciclce, l43

The ability to validate concepts won't be enough for the worlu Li,at

is on the horizon.

As we move into the information age, we need methouoiogy to ana&e

concepts in the plural, to track the multitudinous possible

interpretations of data on the one hand, anj to continually asA the

contradictory question, 'what would disprove this concept' on the otner.

We need methodology that we trust enough that wnen a concept is

proven incorre.t we accept the proof. Then we need methouology to deal

with the disproven concepts. Sometimes we will be able to use the proof

that our concept is incorrect to develop better concepts. Sometimes we

will only krnow that .,hat we thought was correct is ;;rong, witnout enough

knowledge to identify what is right. This is the most cificuit ox all

4-rtellectual situations. "c have to be able to accept the fact tnat we

don.'t . '.,e muSt also find a way to Uescribe ihta Is happening well

enough to brlrg tr.rs tc --car n the newly imeiitL'iec nissing concept.

The .rrt.r oirt I. that -:et be to able apj.ly the scientirlc

met hod to t!-% cnepts frcn w.hic- ;,e Infer :fcaning from sata. However,

-9-
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technology Is of' no vanlue urle--S it i. useci. ee ne~ d o do wr-At we

kn~ow. When a thecry 13 ;rover. cr L zroven, i~n our~ paevioub ueleixs

are shown to be in error, ,.e rnuzz --'svelop the cultavdJ. capaollity Lo

*accent the fact. Even wihe- .. e -on 't have anut~l'.p theory Lo vepJiace the

one rroven tr be in error.

-10 -



TECHNOLOGY PAST

In tlhe c eson of data base managem.ent facilities, par'ticuar'Ly i.e
self-contained functions znd t'. host. angua~e data manipulation
facilities, there is always some urndci iying phi!: oi wh' icn i!overns th-,e
ccmrromises made in both design. and Im'pleme tazion of the systerai, ana
therefore provides a basis for understan~ding the system.

Feature Analysis of' Gener'allzea Latarase
T-!anagemernt Syzte,--z, C0OA,.3YL Syszems
Com-.ttee 2.e, ,nica1.-Ie -oet IN'Lay 1971

The earliest machi.nes that could reasonably be calleu jz-gltai

computers were designed to support census data analysis. Data engines

preceeded arithmetic engines. However, in the beginning, data was

managed for a known set of reasons, with one specific viewpoint. In

fact, most data structures were embedded into procedural languages such

as COBOL and FL/I.

We often forget the impact of technology. As long as tape was the

only; available secondary storage, data aggregates of any size could only

be accessed serially and computerized data :nandgtement was management; of

files. Consequently, additional uses for ciatd iinvulve6 constructing new

files to support access to the data. The new capa~ilities avaiiaoie

when secondary storage was developed that w.ould aupPOc't rariaom access to

data provided a great irncrease in capability, coupled with enormous

additional complexity.

The DBMS approach is an outgrowth of recognii 1ng t hat :1ata

2o7ll cted for one purpose cculd oe used for many other purposes as wei.,

ard should te cczjected and -..anaged as a re~ource cf the enterprise as a

w1o L e . T h 1-s signi.fi.z i nc.I j;1t coupled ;.iiit:e ueveiopmenz 0f

hierarchies of secondarY ztorage leol -,, evelopumeit; of cormpiex prograrais

to sujrrt7rt rranagement of the enterprise dataLast..



A rumber of comercial scft;.are pa.La6es i.have teen aeve.ojeu to

perform data management. Cf ccurse, these DZ:iiS assume the computing

environment in which they ..ere developed. TLat is ar, essentia*ly Von

Newranr m'achine with an operating system to manage the resou,-ces of tne

systen including all stcrage and the necessity co pouviue all other Cata

usage suport inside the :E!',S.

The data base managemont system as an integratea pacxage of

software enabled the com;uter to be used to manage oata as a resource.

This was a step increase in capability to handle data, paio 'or with

complex software, and the necessity to define an overall worloview

(schema). The DBMS approach assumes a data administration function,

where th- schema and subschema (views) are aefined. "They assume t e

datn. administrator has all the smarts, and the rest of the users are all

chimpanzees" to quote a disgruntled colleague.(2) Wi le this colorful

phrase overstates for emphasis, it makes a pertinent poiIt. :he aara

adrinIstrator is responsible for maintenance of tLe enterprise worla

view, az well as the consistency and structure of thie Oata uncer

adrinistration.

In _mple-entinC a particular Gata management system, an explicit

data model is desirable, and separate semantic anu yniactlc moceis o'

prr rosed D!'S implementations usuall. lead to siijie" logic anu aore

underrtprdi ng. Interact ion bet;een the t;,c noc=.s car, Le rea~i.y
docurmertad, lead! ng t ex iit d1)uu~e ,ation uo n

rep rs e. t 1 cn-inep e .ent F rc 1m, -t e....it; nC te ImPiellentL tion

dieclsiors. Tnfcrtunately, cu.rrently available .ata c;ioue.s cannot ueai

with more th-r a single cverall pers:etive. o o 'arL'ti..r' Aill require

arivprces in knc.;lcdge reprcsentatlon.

- 12 -



Data models are ucually referrod to as i.iLa rc Ucal, wi.ere cata

items can pave cn1L one 'root', nez,;ork wdhert data items can Lave two or

more 'roots' annd relational ;:ere data i repres enteu as relations.

Both network and hierarchical data models are baseu mteiatically upon

set theorr and the relatrnal model Is based upon ficst order p re cica.e

calculus. These models have teen proven in one-to-otie corresponuence

with ore another in the sense that cach can carry the same

information,c.f.(3) and the particular model to be used in a particular

application is primarily a matter of preference. Hiowever, tne

appropriate model for the individual application and individuals using

the model can greatly increase understanding of the underlying

processes. The hierarchical model was developea first, the network

second, and the relational last. Each had a decided aavantage over it's

predecessors In certain applications. Each was strongly promotec after

it was developed. In fact, the relational model developed a following

with many characteristics of a cult, and recent advances in data moueis

are referred to as post-relational. Post-relational models combine the

characteristics of the hierarchical and relational.

As is usual when step increases are achieved, thy are hilignly

valued for a time- after which they are taken for granted as a utility.

The proper place for utilities in computer science is in tne operazin6

system, and data management functions are beginning to migrate to tne

oueratin.. system. The first such function was maiagement of input and

output to tte computer.

The D.MS rcvide4 the capability to use all the data or the

enterprise as a :oherent t:hclc. TI.is capaLility tu use data inside he

DBMS as a resource leads naturally to tne cesire to comzlne that uata

- 13 -



with other data not in the DBMS. Most raudern DBMS packages incluae the

capability to access other files resident in the same machine by

declaring the file to the DBMS. However, the situation becomes more

complex when the data to be accessed residcs in another DBIS,

particularly another different DBMS hobted by a different machine.

STANDARDS

Perhaps the biggest problem in the induszry today is that ...
approaches to data management are not only incompatible with eacn other,
but also are often data incompatible ....

Feature Analysis of Generalized Database
Management Systems, CCDASYL Systems Committee
Technical Report Nay 1971

The initial response to the desire to use data from different DBMS

together was to try to develop standards. In the simplest case, such as

the Euronet discussed above, where data is simply retrieved from

different sources and moved to another for processing, this has workced

quite effectively. The designers of Euronet declared an interface that

a DBMS must have to enter the net, and venaors interestea in selling

data through Euronet built it. In fact, most of them changed their DBMLS

to make the Euronet interface a standard access procedure instead of

building the interface. The Euronet experience suggests that many users

desiring data from outside their enterprise are satisfied by a network

of accessible data bases. They are willing to identify the appropriate

data, retrieve it, and move it into their own DBMS for further

processing.

Standards are necessary to enable things from different sources to

work together, and usoful standards are urgently needed in aata

management. Formal standards activities are in progress to facilitate

the development and exploitation of DBMS functions. The ANSIiSPAC DB-iS

model has 36 components and 44 interfaces designed to explicate the

- 14 -



functions o f D.LUaS A e tan, ards necessavy to provice

integration .(4O StaSI S_.atz . .roup X3i-4, lformation Resource

Dictionary Systens is the first formal p'cuuct oi' ZARC activity. It is

in the process of setting interface anf ccritert .taluaL'ub. Iiie nationai

Bureau of Standards has also recently publisf.ed icicazioi zor a

standard data dictionary sy.9ter:.(5' Data dictionaries are being oirereo

for sale with defined interfaces tc corunercial D E I, - ,here rne ata

dictionary and DRMS run together. However to ;ete, interface to each

DB?4S is being separately ccnstructed. No overall standaru is yet

imi lemented.

A relational data base task group was chartered in 1979, aiu nas

published a feature catalog of systems which is a precursor to standaras

definition. This will at least resolve a great 6eal of contu~ion

regarlinC what is, and what is not, relational.(6)

Attempts at more detailed stan-.Jads, PartieUdi'ly aL PtO to stanol-

ardize on one computer and one DBMS haven't been very succQss1ui. !nere

are three primary reasons. First, DBP:S and data structures dietermine

ho, the DBMS behaves. Forcing several functions to use tihe same Da,4S

has lead to unacceptable operational inefficiencies. Zeccnd, there iz

always the data that %rasn't thought of when the' overall system -as

designed, and tthat is now resident on a different L.ost wJith a A-ifieren

DBMS, costing a fortune in time and z..oney to cl,ange it but ieeaiing to ue

used together. Third and most important, data ielu in iutnic± , on

idertical computers still can't !e used toether wit~out aaouitionaL

software. 1-.t is n.eeded for -- sirne DB4S hould be one DS1..6 managing

data in several computers at 1-1veral nodes. :his is still a researon

subject. However, practlca! considcrat . of data ownership ano

control limit tlhe applicabit t of the single DDi-an2 ¢ozpters

- 15 -



approach to using data frcm different computers together. CapaoiiiLes

to use DBl:$ together are requre •'.

THE UNIVESE EXPANDS

We wcnt more.

Sam Ccrapers at various times i6u0-1924

The first idea to facilitate using DMS toether was to implement

the query language of one on the other. Ari Shoshani(7), then of SDC,

has nroven this is in genera! impossit-le. However, Rooert iranKeio),

then at the Wharton School, developed ar, interpretivc interface called a

Functional Query Language (FQL) in which general programs can Ue

written, and which can be built 'on top of' any D B&S. Frarael

demonstrated a general capability to put a general 'top' on Lifferent

DBMS that will allow one program to run against all of them. r-L is

used extensively in building software for commercial sale.

The first operaticnal system designed to support access to

disparate heterogeneous data bases is the ADAPT capability on the highly

classified COINS network at the National Security Agency. however,

addirg the next data base to ADAPT as originally designec oecomes

progressively more difficult as the nurber of DBMS increases. acling

another DBMS tc FQL does not introduce additional difficulties, and

ret-uilding ADAPT on FQL has teen proposed to NSA. There is nc puoiisLeu

! at- re rring usage of ADAPT. However, ADA F T runs on a PLi-II/ 7

attpche4 *n the CCI'E r.etworl: anj quL-ue buiidup is noc excessive,

leading tr t, inferr,- c that .ueries involvin6 two or more CLuL.S

are comr)sritively Infre-uent.(0)

FCL _nl similar syste;s sl jcct cQ *. I poWiem c f using aata

S bases topet or since cat. can te retLieve iLui, several i.etevogeneous

- 16 -



systems using ti-e sare a d, O t; 1; e1. sil.

recuires that the user of the 'ata h.z;: , 3 , .ol. :.e aara to De

accessed. L.S. Schneider, then of Iartih .cauiezLa vorporation,

der iemned and built a relaticnal query Jopiler :.ac coul access

distri ,b-'e' heterogeneous cata bases withouc rceqiui.z,. the user to ,ciiow

where the dat:-. resiJed. '0) Hcwe-ve', t his compiler requireL extensive

commutations. Additional research is require.. to establisL how ;o build

an oreraticnal system :ith the apauliii. to access iistriLuteu

heterogeneous data bases where the user doesn'r iieed to cnow viLere ;ne

data -T located.

The difficult problems in usin data from dffrrent DBiL arise wnen

data from one DBMS is used to specify zne zata to be retrieved z roai

another DBMS. This capability would certainly be useful. -or example:

'identify the poison from these syibptoms ai finu out where t.he

antidotes can be obtained. ' Symptoms of poisons anu location or

antidotes are almost certainly in different D1-S. liuieve, EZE' can be

used effectively together without this capability.

* PRACTICAL ISSUES

The ultimate objective of database systems is to make application
development cheaper, faster and more flexible. I: is importan not to

*lose sight of this overriding obJective as we discuss the complex
mechanics of database systems.

James v artin
Computer Data a.:e Organization, .137

Does it do .,hat : ;wat it tz do?
a!:,cst all cr ev:t.ry;r.ere

In practice, ietti.:t t itc t.c co,, 1 uz'Cr in :e I ezrec :ormat,

with sut.nst-ur: y che1c'.:z so .. can e a.Lmut

! ,ry, "' - ... ?- 1 -"_ h , ' _ ~ C-r,- er-ti:. :. vu c-s r-quireu to ierate

th0 P". ': rc~JDEMS *4.u~~ ~:ttc. esigneu Lufn rpc " ^ 't . -,,c: cc. i l- -co z. . ... . .

- 17 -

.



~ture :2en'erlV re coi vid 3 . lr1 L1' I I Ie t 'c ur e ca I

tise Alfferernt techrnoic~n -n. r'euire I '1 .': ; 1fc a on o u r6i ae

Lcortrvtpr scierce. T 11-,t z noct_ n c *r sa,- a 1, 1 z; . t a~ ar e a.1 o 1
Invar1l.bl, in1 ~ ' tpr,7s of th--e at!!f %, t, rjor~ ao . _('Q

~r- -'ore ofte. :,sed '* rc~rams thar- 'y ;jpJ Art.~~~~~3

~'err s-toms are rsLactec_, t t j _uctb.6 J b LhM;;

f~,7 c~r iisu.inl" i'- Ztt"Ing data ii-,to tI,-- L,~ t. a tIae~. atu~rELe,

Ar,: ccr. Istent mrr.rer.

TD'P t.a cartu re r equ Ir cs ie r-t if yl. n tg e u&tL, CoL, rceu 6ezing

V : 'r ri ?- f, 1f I t -e 1 -,z t o s cwr. e, a.,- -tl - *.p rocc~ures b'or

~r'r! it ~-e--a 2or a-lvacc.z 1: J;u nff've come iruL1,

~~- :1t ts tr c-pt.re clata in the -r'oczss of in o:eA ei..e.

13-!L~'~1ir- cth-r ;a2-lgtz to crnatle coi:parativel-j u .ee~ tople to

' o reiot'2 petive I-;r!. -ore efficiently. F-or- caa.yey to u. r

P ~'~'rc~vanze over kcoypun.ch m:aclhincG, 'becaus e :zI~e enacl~e

rp , 1rt1- ernt red on vek ~C~~vr pcsz3::.-e, i-A e s 6ejr

evi' ces cto c~u re Udata di e. tly in- Zt~ roes oi

rnrf-r-ir- rc-c "rec' s.-rY funrctior. Tor ex; a,-, , aatcllaze- casn

r~it - ,!7 cn. re the data ncceszary to ;ataninven~cr'y. ',itn th'-e

~' :rcco7.Tuters, -uch autonatic J at a 7 L:uve I~ be com:.ng

s ~ r treams of d ati that t> .t ~~~~~atManageu.

-l~rc ?3~ zc c-tant2Azhed th-at Ocr Tr.y ap io a; iur., z

t9'!7P~ Ir' s '_re,:, b :e ' c of '-a re l.c.z a n 2vcr t~ a s c;i

~ ;~e-- 'uaEe s of the. data '2ecci.,t= zra. Ile;

a ~~-~~*.o~ fii:~vra



Pi1les Cnr St~l2 to a cceszcF- tc eratcte th, I.trt to b r , oe~ fcL"V ot her

of -':' r~ -'zt t-: acce3e i.-: z. art..-Llar cr i L r. ro u z; i ,e

t thon *':e t ao-- zc -, t~ c -,t inr t e cr e' n, Z; --j

P OtPerSris ro trllaving ti-e c _taIn that ;recr ! _ZU. dz trne

D?'-S_;o r-uot c t her uscre. :±ten, raF: i. to ~itt

lceFtc lsa in- filoe, oi, even ts": 'c cc:u'sy Szer,..

1 t 4 a F :r,chine re ,CaLe fw*I.-, ,,t;LL:y to enter t.*,e sy ste i'.

-:'7!r-irncreasli- qiartltias, the ir-.rortance of -esi~nin-- t-e Zysein c u

roertiurc t1-Is r a . d Pt a o whatever transformations are requived and

PrP theo lata ir.cJ.uing integrity checlho, index inf, ard tuilaing oth~er

rll- n.-s -elan hM tir-e synchrornized with tihe daita avvivai 6jpeea

V- c'"2 ys t em. ,u s t be d e s i.,ne a to operat.o . i :,.umaan

I tPrvent i n only vzhere hum-,an deciz~lon-makifni izc req 2.rfeC. 1 'is again

im~rnlves detail. understancinS of the enterpri-e The eote rprise mcoue.

Is Iri1uable In lesigrning the data system to act I'n acccooiance wit1h a

-rrcrited nl,7crithm.

Of' c'ourc-, scrnetimmes the prezcrilceu I-o~tr as uiivecugnizeu icile
ef*,'ts. it Is n ov almost im,-pcszs.t~e tc buy th, stan%.Aaro unrstysi,
-Yfcrn -':c"an's zloe. This .-tyle remained the sar,.o for uecaues, selinIg
-nom-7:-' to 11-tif.- stocl:irng it to .:c,-.en -wlIc preferred su~~~eto ityle.

! r * P enrt ex ,ensiva product for a sil'oe -. _rnu 'wtu r ar L ;- zark e,
S"'-oC tl--y donot 1n vclvc c !hargir. n& roco_torn 'ovy L'Kafl

Otuctlcrs. TI-' are also 'he leazt e.,.zernz"ve 1.) e to a uei ,ince
-1 ot EC 0u of StY'e. Hc;.;ever,' &trccam'-..

Irt ~ 1-c to na 7roe_'rc_, :t jar of ;:one'e hos% an- Zc~~ o
i1~-h-7 raufc'irorcsue tha-t zzj-es .f each.: -,,-, pe,; allu

r1!' r~f' i- o Icr t an t t C sto- rC C t_C,, t o 11, t a. 0

!ror'n2r-' order * built irtc the r odutIo n n agi. L OCxf r, zi Io t,
s I cr n-2 s~ r-htoand the -roducticn --arnagr TGc.3 : a;z, the
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A -r'?'t c- I Tf '- ooCr_ I' al tt-'ton Z cr. jioI:' to iC av 6i ,

c' e' I" -m'.Ir r. Cy. T he se p r ct Ie 7. a r's ;:*z h&;i o:leiz p.3oi or

P~ rr 1 1 a datum o r t f~oo~ re--'4t

vr tw -c rm-re scurcer, arc t~te~~2t.L.

F,) Ieve~ ty pCraP Pcrg of I e s t 6- u I-, -' ur L;Y

lnst~rr--rC -o a z 7r e t:I - t Jt ,. f rcc 1 Jte r rt udt e c cb i. not 1 r

uoi'r dvert-rt2.y used tcget!her. Actually, this -roblem is iotL 01 ter.

s e r! ns i rac rlce , since d!a a I s a~ns 1 alwz .Iay 6 u p&Lt-. e j 0i 1y one

,-urce, ar~f little darra e is done by locking the donzin In ;.i.Ac Upartin6

Aclose ly relate-d rroble. can be crItlcasl if two or more users

entto use t!he sam-e Item. The military eA-ample is ;;heret; or mo re

c ar- 7 la n t1o us -- ,hc cas airplan~e c r shoot the same

cr in rracteo, * the rescurce allocaticn ;prot le i s u uiLi

avo4 e( b,7 nit ive act_1or. of the organization uSingS the data

basp. Th !2tty knw whc c,.:ns the azmunitior. aziL the ali'pli~ a U

! ii~al .-:ho ac*e- .' t o*,,n I t wil I got au thori za-tion f rora one iLO

'~~ fre ~a nn Ir. z toC use it. in a 1 11ne tlce t isae, lt : Z

rr. s c t 1 takxes P.lace w her. the tlcl:ot, is a.:tuall~ Su V.1.1cr. Is

4r eleting it from the data base. The, tic!het >nyer rcs t~

urt I t len "he t I lc t s/h:e .,as told4 abou~t IS zsut 'ct E~ &Ib

~"terrea-1ted rrctlem Is zt ecurl ty. t135co~c .i

c--n~- a =7nte z.

t- h"-ir teszn. Th-s "aCsr.'t tee:.: I~l t . A. e V .d

C C r,4 f - r vc riI ; e r c 'tt th L,' ste_. f ~ tc, alliow

~ e :th~r"~rt: of tho .lits b-a,:e dcez- rot .;ea...eJ-o

-20-



U'. ~~iZ, trt In -.,It!. aESancshai2r to ra

A 4,zne t P4~ ~a a in ermo (-)' a&cesz .- ovizatlon, andi

the- "?"'* _ _at Ion of'~,n aooss t ,,ru st -,Ivi dual~s arn a

4- -, rn ly1 e s an c t crs z rcV iC e s Eoe V-t a c e sec.-, rty il I ,I os t

7 1 ~ti On T e--r e t l r 1c rlhI- has f--c us e U1d 4cn bL:_4I-- fng jr cv a bly secure

S" 4s A t present it is pcssitle t- 1;rcve the correctness c: oniy

fe' ~l r? -:ent3 of cc~e. Certffiabbjy secure .4a t s t'se ms a ce

errect- to teo'n ava_'latle :n, the _lte 1980s.

S om'e +,4-r,?s conven~tion~al D Bl.S and -a i1a-Ly ti I approaches I e a to

llr,'c-:table t 1 me or resource req u ire:,ct s . TlUs is cauej by very

co?-rlex analytic rrocesses and/or v or -Layr ge dlat a a6EgreEates . ~ie

rrr~tcntyre clifficult problem, Is unfo'c-.Ir hi'll irn geolog'cal arn&ly~is.

Sev- rp 1 interesting 1,rcbl1erns rernz.ln ursolvet.. How eve r, succeisiul

arnrroac -es "c tlhese r'olems ha~ve teen based upon ~ton, rLozably by

-ou'l A the_ Plerr!e and Marie Cur~le instit'ute, 1"a r 6 Frulce

Arnot I -r ar:!roa c 1 whi ch is being exploitcd to solve thu very lffl'cult

rro7le'ns Is through art~ficial intelligence moul'2eIr. of experts In t ne

2_blact area.

As sentionei abo,.ve, the pcrinary user of 7ost DSis 3ui'tware, not

IIrc ur'b., -eorle. TI-c requirements fcr e f fcc ti vt! irt!rface to

r ro a - 6 cr lf ferent t'-an those- for Interface to k-ui;ns. li eitrer

t t ic !inocrl,,t not to t 1hr ow,% a y o;e~ el,5raini dta

~'~'ll.T!his -,-i nt appcoarz to olvicis tc Ztate, except t'-a-.i

-ft'c rt~inr'-r ucace 3f manyJ DE2 tructures o thos L~ sc ;.t.~

Ce 'a'itU IT !lzsctlncssillcto 'norrallz&e a re'liccial. 3truc.ture

c:7ot~ ' n In ' r a t cn the(t sUr F t hen e 1a &cu5 s
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Rlrp~ tcrct~iiarns nr'gue th at 'r sou.c a rc - ~ ~ .

-r.r-'H pro rammers and users are tecoming, mare exper. vc. -. Se-

m~11,the., arizue that t*.-e C3!' dcsir. si'culi rct ccr.' 'er :'o i ic y

e 7 cFet t i r te: rrms o f demand u or human users, :e;'n ii. tlhis

ar-li-rt is th~at in ,:ractice c:.ever mzany r 0F UrC_.z Kive '-.eer., jroviueu,

uses for tb~esP resources ra, idly ex:'eeclc the n-4_ply. 'Up~ra ;ing a L.t~

s-stem Ic still. a ma,'or ut:n. in cons-quance, ho~w t 1e Di.,

i t, rc, t ~ 1;)- the primary int,:n~fed use m-u.-t tc ccri~-2ered if' the ZZ i3

is tc provide effective suprort.

Corrruter systems generally tehave Letter -if d sigrled t y tiLe a-ld

C* Ct 1ol~ 11C rlrcirle of sutsicdiar'ityr never do ar, thIng at a !.4h6%er ievci

'_ t co". done at a ici-er level. Have the comrputer p e r c rm .iza

~e 1eo -t t he first point iwhere all necessary dlata i~z a-Wailao-e to

-lIr1e eata !-r:ndling. Keep support closFe to ':htis Leir,% sup .orteo,

ro.'c t l9t support of Tilvidual devices pr'oppE;,.te far beyond the device

* heirr curported. Keep user support close to the user, printev svvcii'ic

* crords clocre to the printer, nd disk dl roctorics cn th.e &. ts1 f

0-ivI( ments on the hrnrizo)n may .,eli maka tihese praat-.,e Ts Lu c.. tacsk et.

V*n PMipe r, exocerience tc data sugg;ests that n.--11ect af thezie axu-_'ai~

Izsrcs "I stil lead to unacceptatli zyztcm promne

TFC!!17 OGY FUTT-TRE

17- m a!n cifflculty cmd -nllcnGfi of cur age is ~ ~.
' -ttrhc;dsireatle, Cr.-stic chanec i Z th masztJ :f

.- 7C-" r"v rC n r'n"-_.i:nd ha.s unde rEo no a'- :a::. .b
"',~~, ~ Its can b- re cairnf-ul n rj i. h

Tech~r ulc c c-e a ure t, PEinni r.. O~ :ai, ate:t.e

~ to the.n*a' - .. . -
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~-rr~h~r'c~r~z-f :Zci xuOc6 are zrri

~'!~,- hi.- s have t(e deve17:'ed t-at :K~; Ir~ . c; ~e

I!," ~ t'l'e printers andf other eriplhevzz. L.s .0 v % a

St i-cepre 1 r data hc'r dll 4-1- "' aob>. A data C.S ow can Le

""i ,t u2.v rIvsef- as a ver- z r t 1 s 1:. Cato Za~ 0 ";I are

rn114 r 7c- pat 111tZ t o m an ae f-t IJoo ry cf'2icicn! ot.~ ie Lee

-a !n ts 1-n-' -lernents cf i-.aral1elism., and cevzcra. s~cr: maci-iies caiL 6 t;

c Se e t !,tc r -as tac:-end tr* data manaenernt L r C, U ~ -P s f r r

hc"- co-lete, lata base rracih--ncz can be tai'cred a r, e ;,t, L ~i' i L

rr-1-- a fcur'dIaticr fo-r ccr.strioctU'f of rachires tailored fve oitiial

~~ri,rt- tnc- ecif~ c applicatin.

N,-xt, nr-, rrocesoors vit h se r support s o f -,war e a t t :, w ork

r- tU" reS i r 4 n F: ta -rovide the integratcdf data view previously

2TT sof7T'arf:, and Dl:,NS overhead. Work stations rnaa~ing L I.e

t ~c h e~n arrrzpriate to th~eir a-plications accessin.g dJata in Jiata base

lrlac"U'ee or even conuter-based file systemns cazn boc a ,;cry adaltatl.e

'"ure fcr 1nf c rr.-.a t Ion re-sourcc mana~cmnent, p r ov i C1r.b eZZ;

!-'-iit~ eZ wl~t!hC ut DF!'S over!-caud. In fact, for -.a ny ap ic ati C,- a

~rn rr £~cC eS u !t i S not necessary . 'icr'opr'ocessor-t.=eu; %ork ,

E*,.s rort indi viduals.. who s.are a common. d'ata taze in a ;azta-Uase

1b c~ccreo-ae F,-' c '.- g I 6 nt rodu ced p = , p'~ e ral

In r e~e en2rIa c decloicrs tc tc =ooc -..uc. ea-r~lic 1-1t -at"

er'i""-' -rncecs, limitint; t-he d-ata tz ;t :;~cv'~Intc c ore

~erv~', r-tl.' rnducinC 'tho prcezz-'ni .-..cd oc ~Te p ri nte r

~ t~t nl~ hi~h-~ve 'ho;: : .:ant it to b ' nstructici,6 ;4 u~t ue

r:7 e. 1: rrt er, aZgain r edu c-'ng prccessinFg. uLi 6ci 1,

- 23 -



ri r 1-ra 1 -en,1t c zile r sof a re p a c,-a gz to pc rfo ;:5

'-,st rr-tased home computer systems h-ave cnz-1s tent et~r~rt

~ '~ry =zart disk s and prinrters. For exampe, hOo.oor

-r - ! nclulde3 a b,-,11t -'- n I nd ex o r. each. f oppy 61~3i z' eL,'J e

cnrrercially Pvailable ds':: f-r Zarser sy stems .a ve , ivaier,:;

car~tj 11,ty. Uzers cf these c~me computers 1lI dema i i, -,,e salMe

ccrsi!?te-y ird support in their .major sy~tsemZ.

T1,1 rel, t be data requirements cof Kno;;ledge Mana6ezment, Active Data

?SS systeirs, Artificial intelligence and Decision A.6s require

!rt-rf-ce to data zto w or 1c eL"f e ct ivoy ,- nd t he s E interf'aces are

1 1ic1,2t to 'rr,-lcm7ent in ccrjurnction with conventional DBI-IS. ProLoiype

' re being Constructed with LISP machines attaci-,U dlIrectlyi Lo

base machines wft~out involving a general computer.

P1 icara development envi ronuerut are "c'iit buJit;,

r~rticularly to su.pport AI applications written i r. thL-e pr~rgruwng

--u a e LISP. This experience estat-2ishes that capa.- i ties i Lo(

~r~id d 1 ntegratc(1 I .S couldJ be V-vidas -utual -crIsent

5-- nf ut-111t4,s managecd by the computar cierutin6 6sstef,' ir the

nv!o'lr-arner. it alzc esttlil.cd t!.a c c or,;si s ten- set oi

'+-4 it~ Fwou 1 £c11ina th c vc r 1,c- a a n d arbitra~y constraints of

~th c P"S. A :;l-0&c prga: n-vironm.-ent also ensures

r*. . .1 o -vanta-e t~a data maiiagemert functions

c _ _ conrction with the full processing pco:ei' of t ie

F-hI '- mportant for m.any: forms of --.a aly s.z .ios Z

4.9 n2 "IF!'S rczuire th.at !ata be t a..cr. 2utside the zDB"Sf
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processing, with consequent delays and programming complexity requirec

to nerform analysis.

The computer language Ada(13), developed by the DOD for emoedded

computer functions and to be mandatory for mission-critlcal software is

an example of such an application support environment. Ada is also the

first operational language to include real abstract data types. As

knowledge regarding how to build computer languages has developed, some

computer scientists have argued that both operating systems and data

management should be brought back into the languages. Ada can be viewed

as the culmination of this drive.

A DEMS, ADAPLEX, is being developed for Ada. Documentation

regarding ADAPLEX implies that Ada packages are being written in Ada to

collectively perform the data management functions without violating the

Ada groundrules. However, reading details leads to the conclusion that

ADAPLEX will be a conventional DBrS written in Ada. This is

unfortunate, particularly since ADAPLEX appears to be buildini a data

language, DAPLEX, in Ada for ADAPLEX. It appears that Ada programs will

not be able to access data held in ADAPLEX without usin SAPLEX! This

appears to be a violation of the spirit of Ada.(l14)

In the full Ada Application support environment, equivalent

capabilities can be provided inside the Ada Processing Support

Environment w_. hout acc rtinc the limitations now imposed by DBFIS.

TIese h.t .ardling ca tailities can be provided by builJIng a system of

access 'ergncs' each of which corresponds to a known databace system

feat,-re. These access engines should include a contiguous data group

-.- a a linear-list engine, a netwcrk navigation engine ana a

first-order icgical (relational) engine. This will provide a framework
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from which customized engines can be built to interface with the current

DoD data files and DBMS, ensuring that current data can be accessed

from an Ada environment without degrading that environment

Each of these engines should be implemented as complete ,closea,

functions which might or might not make use of other engines. Eacr.

should also be run time support engines invoked by Ada programs as

merely different devices or device types. There is no inherent limit to

the number and kind of engines that an Ada program could 'open' during a

run-time session. Application specific engines can be constructed in

this framework such as an engine for exploring geometrical descriptions

used in cartography, route search, etc required by navigation, mapping

and intelligence analysis. As newer features such as decision aids

become available, new engines can be constructed to represent these as

directly as possible, probably using existing engines for support.

Engines can be transitioned to hardware if desired, without disrupting

the processing environment in which they reside. This approach ensures

an open evolutionary information resource management capabiity inside

the Ada APSE, whereas the traditional data model approach is a

prescription for obsolescence. (15)
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THE BUILDING OF THEORY

In the living of life, every mind must face the unyielding rock of
reality, of a truth that does not bend ..... To some men this will be an
exultant challenge: that so much can be known and truth not be
exhausted, that so much is still to be sought... To others this is a
humiliation not to be borne; for it marks out sharply the limits of our
proud minds.

St Thomas Acquinas, Summa Theologica

The new capabilities available when secondary storage was developed

provided a great increase in capability, coupled with enormous

additional complexity. This complexity was dealt with intellectually in

many ways.

A DBMS holds data abstracted from some real situation, and is

therefore a model of reality. This fact was recognized very early, as

was the fundamental problem of mapping abstractions of reality into

linear space, and the critical importance of being able to represent the

inherent logical structure of the data.

The CODASYL committee developed it's model, which was intended more

as a language with which to talk about all the new capabilities that had

become possible than as something to be developed in it's totality. (16)

They defined terminology which has been generally accepted; a data

dictionary to carry information about data; and a data definition

language and a data management language which are usually at least

closely related and consistent in definition and usage, and so on. They

defined the overall view of the data the enterprise seeks to manage as a

schema, and individual subschema (now being referred to as viewpoints)

of the individual activities to be supported by the data base.

The CODASYL committee intended to update their model as new

capabilities become possible, maintaining a coherent *state of data

handling' as technology developed. To a large extent they have

- 27 -



succeeced in this goal. The DBMS as we know it can reasonably be called

the child of CODASYL. However the very success in deieloping one

coherent framework lead to monolithic integrated data management systems

that became very difficult to adapt to changing technology.

Most of the early permanently valuable abstract theorizing

regarding data handling from the intellectual ferment following the

introduction of random accessible secondary storage appears to have

originated in the IBM proprietary Universal Information Systems

Technology (UIST) project, led by Dr Mike Senko, circa 1968-1971. Dr

Senko, simply said, 'There are laws of how data behaves in storage

media. We can and should codify these laws.' The Data Independent

Accessing Methodology (DIAM) was developed by Dr Senko to provide a

framework in which to report these laws. The UIST project was dissolved

in 1971, and was reported in a the three-part article in the IBM journal

entitled 'Data Independent Accessing Methodology (DIAM);. (17)

Unfortunately, this article uses obscure notation and is extremely

difficult to read. DIAM breaks information systems into layers of

abstraction, with a formal model of each layer, and a formal description

of the relationships between the layers. This turns out to be both

powerful and necessary, and has become the standard procedure for

discussing many different aspects of information resource management.

Simulators built upon the DIAM theory have led to sufficient fidelity that

the vendors of the system tested requested that the results not be

published for proprietary reasons.

DIAM argues that information management systems are best describec

in terms of levels of functionality. The enterprise level defines the

world-view from which the data is abstracted, and identi;:es semantic

relationships between data. The information level identifies what
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queries are possible and provides mechanisms to select from possible

queries. The Access Path level identifies what access paths to the data

have been implemented and provides mechanisms for selecting among

implemented paths. The implemented DIAM simulator also allows

identification of access paths which are implementable in the DBMS

structure, but which have not yet been implemented. The encoding level

identifies how each access path was or is to be implemented and selects

from among implementation techniques. The address space level defines

where each access path is implemented and selects from among logical

files. And finally the physical device level identifies the device to

which the path is assigned, selecting from among physical devices. (18)

The enterprise level requires a model capable of carrying semantic

data, and some form of entity-set model is optimum. A semartic model is

designed to capture and exploit the semantic similarities existing

between different data models. The Entity-Category-Relationship model

of data developed by Honeywell is an excellent basis for enterprise

modeling. (19 Building an enterprise level model of the expanded

enterprise facilitates using disparate DBMS together. (21) The

information layer in DIAM and the access path layer are each best

described in terms of the relational model. The relational model can be

used without loss of generality to develop highly restrictive typing of

access paths, and is the most powerful known model for syntactic

interface and access path determination. The encoding level IS

system-spocific since implementation techniques must be selected in

terms of their efficiency. Both the address space and physical device

level define specific relationships in the particular hardware

Another approach to the new capabilities to be achieved by

secondary storage was developed by Dr Codd, also believed to have been a
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member of the UIST.(21) In essence he said, 'the new capabilities are

all very well, but what matters is how humans use the data and instead

of optimizing usage I'll optimize the human interface and waste as much

storage and processing power as necessary. People think in relations,

I'll build a relational data base. ' The result in practice was the

implementation of a single data management system as a series of flat

files, with complex software to perform comparatively simple operations

upon them. This led to comparatively easy construction of queries.

However, in practice there is no technical reason why the relational

model should propagate beyond the user interface, and many reasons why

more efficient software is developed when it does not. We are back to

the problem of how to use our secondary storage.

Dr Codd and Dr Senko are known to have been at least in extreme

competitive disagreement. This may well have retarded the recognition

that their viewpoints need not conflict. In retrospect, much of the

theorizing regarding DBMS during the 1970s appears to be extension of

the dialogue between Drs Senko and Codd at the beginning of tbe decade.

Experience in using DBMS has established that the usual DBMS access

is by application programs and not by individuals with ad hoc queries,

so Dr Codd's arguments for the relational model lack generality.

However, the well-designed relational user interface eases development

of application programs, as well as facilitate end-user qveries- In

view of Dr Codd's rationale for introducing the relational model, it is

ironic that one of the strongest arguments in favor of it is that a

relational user interface facilitates restructuring a DBMS for

efficiency of operation. It is a tribute to the pervasiveness of Dr

Codd's arguments that the semantic models now being d.-eloped a-e

reerred to as post-relational.
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The relational model is based upon the first order predica~e

calculus, which also provides a sound mathematical basis for primitie

date handling procedures. Unfortunately the first order predicate

calculus does not include such operations as count and sum, so at least

a second order calculus needs to be developed. It is a serious

theoretical limitation, and one reason why in practice mathematics isn't

used in DBMS construction or usage.

Post-relational DBMS theorizing usually uses extended set theory.

The relational model is subsumed under this theory. In practice, the

predicate calculus appears to be appropriate to modeling the information

interface in DBMS, and should be extended to cover the data situations

of interest.

FOR A FIRM FOUNDATION

Mind alone can and does discover heretofore unknown integral
pattern concepts and generalized principals, apparently holding true
throughout whole fields of experience. And once discovered by mind the
concepts of the generalized principles become additional soecial-case
experiences and are stored in the brain bank and retrievable thereafter
by the brain. But brains and their externalized detachedly operating
descendants--the electronic computer--can only search out and program
the already experienced concepts, and mind alone can reccgnize and
capture the unknown and unexpectedly existent, ergot unsearchable,
unwatched-for--generalized principles.

Intuition, R. Buckminster Fuller, 1972

At some point in our development of understanding about a subject,
it becomes possible to state ways to determine facts and operations upon
those facts, which always lead to other facts. At this point, the
operations are called mathematics, and the determination cf facts is
called applied mathematics. The understanding about the subject can
then be called science.

Professor whose name I don"t remember,
circa 1948

To provide a sound mathematical basis for complete data handling

the set theory and relational algebra needs to be extended tc at leait a

second-order calculus to deal with such operations as count and sum.
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It also requires extension to deal with questions of completeness

and relevance such as 'What data is known, unknown, not available, or

inconsistent with other data,?' and 'What data is relevant to this query'

Is it more or less relevant than other data? If certain data is

relevant to a query, what other data is still needed to answer the query

and how can this need be expressed?'

Relational algebra can be extended to deal with these questions by

extending or interpreting the notion of domain to give rigorous

definition to the concepts of unknown, incomplete, inconsistent and not

applicable; adding operators to the algebra and extending the domain

definition of existing ones; discovering the laws for the manipulation

of the extended algebra and developing algorithms for manipulating the

algebra, particularly for the purpose of computing completeness and

relevance. Such sucessful extension of relational algebra would lead to

the ability to state, formally, what data is or is not relevant to a

given situation so that inferences can then be made. (22)

The immediate payoff would be in direct support to information

analysts either using the algebra directly or through application

programs.

In the longer term this extended relational algebra could provide a

badly needed rigorous mathematical foundation for development of

artificial intelligence techniques. Extended relational algebra will

also facilitate interfacing artificial intelligence with data held in

data bases of any size and characteristics since the information level

of any data base is well defined in terms of relational alge,ra.
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Another approach to interfacing artificial intelligence programs

with data held in DBMS has been developed by SDC. (23) They have de-ined

a semantic model patterned after the Al 'concept net' approach and

demonstrated isomorphism between that and a DBMS model they also

developed. They expect this to lead to implementation of a simple model

which will simultaneously serve as a knowledge base for an expert system

and a schema for data base applications.

Artificial Intelligence, Decision Aids and Knowledge Management

bring us full circle. They are unavoi-dably dependent upon values,

whether or not these values are explicitly stated. They will be of

maximum value only when they rest upon sound theory. Until then, they

are at best 'ad hockery. '(24)

One of the most difficult aspects of theory to discuss is jata

representation. A data base represents some aspects of reality in

symbols that can be held in computers. Some representation problems are

long solved and readily agreed upon; time is divided into days, hours,

minutes, etc, and the only decision is which of a small number of

representations shall be chosen for a specific system. Sometimes the

representation chosen interacts seriously with new uses for the data.

For example, the decision to manage data in terms of fixed installations

makes dealing with mobile objects almost intractable. We don't know how

to deal with multiple representations of the same object. Attempts to

address this problem lead to fundamental philosophical p-oblems, and

philosophers have not yet come to terms with the need to solve very

mundane examples of their very abstract theorizing.

As proeviously noted, we need the capability to identify and track

more than one concept at a time. We need to recognize that 'it is.
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always in support of more than one concept. We also urgently need

theory that we trust enough so that when concepts are prover :ncorrect

we accept the proof. Then we need methodology to deal with the

disproven concepts. Sometimes we will be able to use the proof that our

concepts are incorrect to develop better concepts. Sometimes we Wall

only know that what we thought was correct is wrong, without enough

knowledge to identify what is right. This is the most difficult o4 all

intellectual situations. We have to be able to accept the 4act that we

don't know. We must also find a way to describe what is happening well

enough to bring brains to bear on the newly identified missing concepts.

The methodology we require must be a validated theory about knowledge.

It must also be representable in digital processors if it is to be a

viable foundation for information resource management.

One promising approach to developing this methodology is the

state-of-affairs descriptive technology developed by Dr Peter Ossorrio

at the University of Colorado at Boulder under the rubric Descriptive

Psychology.

State of Affairs Technology (25)(26)(27) maintains that information

analysis is at once both completely principled yet completelV

context-dependent. To deal effectively with these a number of

techniques have been developed. These techniques include Paradigm Case

Formulation as opposed to 'definition'(28); Judgement-Space as opposed

to 'identification'(29); State of Affairs Systems as opposed to

'frames'130); Intentional Action Systems as opposed to 'scrirts'(31;

and Ex Post Facto Formulation as opposed to 'time't32). These

techniques have been successfully applied to solving problem- in expert

systems (33), linguistic data processing (34), and a :omatic 4act

analysis(25. The evidence of these successes sugges:; that the
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state-of-affairs technology is a fruitful basis for research in

representation, and the development and validation of concepts.

Until we have agreed-upon formalisms by which we can manage our

conceptual models of reality, capable of representing multiple

world-views we do not have valid theory. Until then, our application

programs, decision aids, knowledge management and artificial :ntell4gnce

programs can only be validated in experiential terms. We will have no

reliable procedures to be sure they apply in new situations! and new

situations are precisely where they will be most needed.
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