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Tre computerized data system will have the same impact upon socleuy
that the printing press rad, and learned people are reacting as learned
people vreacted when printing was develcped. They are arguing that the

i new technology will enslave the common man and should Ue suppressea. In
3 a sense both are right. The only possible defense agalnst the printing
press 1s to learn to read. We succeeded that tilme. Print <fonts and

spellirg were standardlzed sc everyone could learn to read, and then we

insistsd that everyone learn to read. Now iwe have (0O stancardize the

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

. A rerson who 1s 1lliterate in computerlzed data rancling in the future

world will be as defenseless as the person who cannot reac 1s
defenseless now.

Andrel Ershove Soviet Acacemician
paraphrasec from address, Spring
Joint Computer Conference, ivd7

This paper 1s about data in our soclety. It first discusses
values, row people feel about using data. Then it discusses how man hLas
useé the technology that is available as tools 1a hancling data, and how
data handling has changed &s technology changes. Informaetion resource

management 1s now changing very rapidly as new technoiogy opecomes

_. avallatle.

Tre paper argues that the complex programs we call data base
management systems (LBMS) are an artifact of monoilthic computers with
hierarchies of secondary storage managed b& complex general purpose
onerating systems. The next step will take the DBLS apart, distributing

the data marnagement functions to provide the same capabilities witn less

cornstraints,

The paper concludes with a discussion of theory regarding computer-
tased data maragement. It covers the intellectua. lerment foliowing tie
introduction of randor access secondary storage, Uie dJevelopuent O
CODASYL, and the relational model. I; vriefly discusses tue lamiilar
arguments regarcing the reed to separate logical data dellnition 1Irom

the trhysfcal 1location of data, stressing different represencational |




requlirements.
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The paper concludes with the author's view of

wnat is

needed to form an acdequate ~foundation for information resource

management system develorment.




VALUES PAST

Yes, Hans Olderwick was my brother, and s¢ was Andrew QOlafson. 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, and 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 afifora.

Conversaticn with my grandfatier, Ivor Ulson
circa 1945

P

Traditionally, most <cultures nad a decided cultural bias towara
limiting data collection, based upon an experlenced distrust of people
who wanted data. Much c¢f the opposition to the introduction of social
securlty in this country was based wupon the argument that it would

enable the government to Kkeep accurate records. My father carerully

asked the lumberjacks who worked for him what name they wanted them to
glve soclal 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 inrormation
required membership in crganizations owning the information., Crafts

from Ironworkers to miners to bridgebullders were passec on to initiates

and others were carefully excluded. Pythagoras set the penalty for
teaching hils geometry to unauthorized people at death, and rigorously

enforced it.

‘ The development of the mcdern world was tased In large part upon
;
i learning how tc cobtaln and use information. Trace secrets were
‘ captured, codified =2ancé taught. Patent systems were introcuced TO
é encourage inventors to share <the secret details of their inventions.
Formal procedures for managing data were developed. The licrary anc tae
} filing cabinet were augmented by the conguterized repository. with
! facts avallable to s3suppert <theorizing, technocliogy eiploued. T he

A sclentific nethod formalized a rcle Jor experimentations collecting ana




retaining ca%a to prove cor disprove hypotheses. And as we ald these

things. our attitudes changed.

We are 1n agreement that row~to knowledge should pe formailzed and
taught, including agreement that access to teaching shoula not be

arbltrarily limited.

Our attitudes towards data are in a state of fluxs as wltrness the
same congress passing one bill guaranteeing privacy and another access
to government Iinformation without serious debate on +the unavcidabpie

conflict between these two goals.

We are developing an appreciaticn for data as a major property

right of organizations.

We appear to have reached a consensus that capturing data 1s
legitimate unless other laws must be violated to capture 1it, witn the
resulting data belonging to the people who capture it. We are also
reaching a consensus that if access to data 1s offered to anyone, then
oblective standards for access to data should be developed anu enforced.
In other words, that the standard commercial laws apply to data. More
and more, access to collections of Jata are teing offered in return for
money .

VALUES PROBLEMS

I ask you teo really belileve that the computer was developed tuirty
7ears earlier than it wasv and the state of the computer art in 1930 was
what 1t 1s ncw. MNow--remember wlat Hitler did to the Jews? Without a
computer, cculd he have cone 1t?

Frofessor Joe welsenvaum, MIT
Fersonal ccaversation, Aug 1966

Almost fifty years after his demlse, it's hLard to remember that

Hitler didn't have computars. Usling cnly manual recurds, ne éefinec tne




term 'Jewlsh ancestry, defined a Jew as a percon witi one Ifourtnh Jewisnhn
ancestry, and then he found over 95% ¢ them, some ol whom 4idn't Know
their ancestry. This required a massive effort involving ma jor

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

N *.."

firding pecple who meet any arbitrary definition will De easy.

Computer-based data will te available somewlere.

A computer has nc ethles, It is a tool, doing what it 1is

programmed to do. There 1is literally rnothing a computer can ac that

k- determined people willing to pay the price cannot do wWithout 1it, with
the possible exception of real-time contrcl. What the computer aces 1is

change the cost and difficulty of doing things, cften by many orders or

magnitude.

Much of ¢the advantage, or disadvantage, from a computer-based
information system 1s cdue to the analysis that preceeded it. The most
! effective approach is to stop Just bLefore installiation ot the computer,

and consider what you really want to do.

? We hkave the ability to provide access to accurate data to many
h reople under many concditions. In using this ability, we have learnea
. that many traditional procedures were wisely cdesigned to have data, andg
1imit access to that data by meking access éifficult.

An example 1s that the full personnel reccrd of eacnh employee under
ris/her surervision is avallable to each supervisor in the US receral
service. The supervisor doesn't have to state a reason [or wanting to
review the file. However, the supervisor must make an appointment ana
g0 to another office wusually located in another building to read the
file. When computers and communication equipment enabled access tTO
rersonnrel flles maintalined by a rpersonnel office pe provided in the
supervisor's office, scme organizations provided cthat access. They
removed 1t hecause employees felt +the supervisors were misusing it
snooning Iinte thelr prersorncl affairs without sufficlent cause.
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Tre world wve live in lLas fact availavility Tfar ©oeyond our
understanding of the interrelationships between racts and tne meanings
that can be inferred frem them. We have changed [frol a worlu wihere new
information was scarce tc ocne so inundated in data that almost any
concisvable informaticn can te extracted from data that 1is routinely
canptured. We haven't yet learned hLow to use <ata or to limit misuse of

data.

We haven't learned how to limit access to data, but . are rapldly
develering a consensus that data in computerized rm Dbelongs to
sometody who 1s resconsable for maintaining integrity c ne vata. The
owrer of the data is also responsible for authorizing cess to data.
Tre usual authorization fcr access involves paying money, and that money

is used to maintain both the data and the organization that owns 1it.

The most grandiose cdata availabllity scheme 1is Euronet(l,, wiere
the European telephone companies offcr a service. Anyone who wants Lo
sell access to computerized information can enter tie net. They Jjust
have to provide 2 standard gateway. Anyone witih appropriate equipment
whe wants to use it can do so through the phone 1ines. Euronet wili
111 the user and pay the providers. In the United States, various aqata
services are avallable. However, the user must usually sign up to the

individual data service, ané recelves individual biils Tor usage.

We haven't yet learred hew to exploit tie data we rave. Above aidl
ve dor't krow how to recogrize anc correlate data tnat are in Iact
d1ffepent ascects of the sane subject. Tils migiut Le caileu tne 'olind
man and elerhart' prcblem. Mocern analysis 1s agl'leead To pe concept

Ariven. Techrnology tc gc frem

o
w

undigested lac tC allCwiedge ©I interest

demands a mecdel relating th

(8

20255 te tik raowliedge. m0Gel vullding is




Just as diffi-cult as it hes always teen. aowever, model vaillaation 1is
much easier. We Frave 2tz now, 50 we can chec: the vaelidity or our
mocdels 1f we choose to do so.

To get the facts first Is 1mpossitle. Tlere are nu facts unless
one has a criterion of relevance. Lvents ULy thnemselves are not
facts....

Tre only rigsorocus nethod, the only one that enables us Lo test an
opinion against reality, is tLesed on the clear recognitvion tuat opinions
come first--and that 1s *the way it ciould be. Tlen no ovrne can raili to
see that we start out with untested hLypotheses--in Jdecision maxing as in
scilence the only starting point. We Know what TG ao WitTQn
hyrctheses--one does not argue with themy one tests them.

Peter Trucker, The elfective Executive 1507

We now have the data and processing power to valicate inciviaual
nodels, and are finding cut that the traditional concepts ‘'everyooay
new' are either gross over-simplifications, or else simply wrong.

“ For example, the people who tullt the lirst computer-aidea language

: translators found that the grammar they had veen taught wWas oova
inadeauate and wrong. As an instance, English adjectives co nave oraer,
anad cranging order changes meanirng.

Wrong concepts lead tc wrong decisions. Traditicnally this cian't
matter much, since decisions had so 1little .mpact. The 1impact of

de

A

isions depends upon the abllity to carry them out. The vetter toe
techroloagy avallable to carry out Jdecisions, the more destructive wrong
corcerts can be. Cur technclogy i1s now very powerful., We urgently neec
much tetter tcols to adapt concepts tc cunlform to the evidence at hand.

S If witness 1s needed, the behavior of economic systems managea Dby
Keyvnsian cr Marxist medels over-proves tne point. wations have
literally destroyed thelr econcmies bty actions taken in accoraance with

i ore c¢f these models. Yet sach of these models absolutely dJdemands voti a

) static world and 2 u2rld where Infcrmatica is free and always availavie.

. Tre deeislon makers who have ruined their owrn fortunes as well as tueir

" ratlon must have lncwn the world isn't statvic anu struggled Uto  outaln

N the Infeormation they needed tc do thelir Jobs. Tet they Leuk Lie actions

recommended by

the nocdel they lived 5y, and tihen counstructed ingenuous
exnlarations afcer each failure ctf thelr sysctem to vehave as thelir moagel
credteted, And continued to use the same mouel. :
.; i
g
o - 7 -
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We urgently reed to jevelop the Judgsment to Loti yuestion ana use
computer-based predicticrns. "Tle computer says" 1s scmetimes usec as a
final argument, and <hat is absurd. The implicatiovus bLenind 'the
computer =says' are that some model hLas bteen programmed into tae
comruter, data has been fed intc the model, and the computer nas 'mace'
& prrediction. The prediction {5 as good as the modei cenina it, whicn
can be very good indeed 1f the model Las been valiuatea, anc tne

assumpticns upon which it is based rave not teen changed. 1t can aiso

he nonsense.

Sometimes the 'model' hasn't been stated, let alone validated in a
defined domain. One of the successful techniques of Artificial
Intelligence is to model the behavior of selected experts, to ceveiop
wrat 1s called an 2xpert system. Properly constructed anc used, expert
systems can previce a useful aid tc Jecision maxing. iliowever, trnere is
much danger in using the system Indiscriminately without either a sounu
knowledge base or the judgcment of the expert velng modeileu. we lace a
real danger 1in accepting computer precictions anu recommenaacions
without adequate consideration cof the limitatvions 1innerent in tne

technology upon which they are based.

As we move Intn the informaticn age, we neecC neti.ouolcgy to manage
concepts in the rlural, tc traca the multituaincus possivie
Interpretations of data and to continually ask the yustlon , 'What would

disprove this concert®'. We need methocolugy LLAT w& LPUSL elOUEn that

™
(¢}

wrer. a corncert Is yroven incorrect we accept the proof ana use it tTo

develop better ccncepts. Tle reople who use information welli wili nave

T

the same transient zdvantage thc Lchuoch Lankers nau wrhen tney knew ol

Wzterloo the day befcre <threir competitors. J{ieir colivagues wWLo use




facts to validate concepts wlll have the more encuring auvancages the
Javanese have shown in adjusting their economy to change.

VALUES FUTURE

Information 1s the name for the content of what is exchangea witn
tre cuter world zs we zdjust to it, ané make our adjustments felt upon
i1t. Tre rrocecs of recelving cnd ¢ using information is the process or
sur adjusting to the contingencles of the outer environment anu oI  our
livirg effectively within that cnvironment......

It Dbvecormes plausiltle that information ....elongs among tne great
concents of sclence such ag metter, energy and elecirlic charge. Gur
adjustment to the werld around us depends upcn tne informational wincows
trat our senses provide.

Nortert welaer
Plilosopry of Scliciuce, 1943
The ability to validate concepts won't be enouwh for the worla tTuat

is or the horizon.

As we move into the information age, we need methouovlogy to manage
concepts in tre plural, to track the mnmultitudinous poessible
interpretations of data on the one hznd, and to continually asa tne

contradictory question, 'what would disprcve this concept' on the otaer.

We need methcdology that we trust encugh that wnen a concept is
proven incorrect ve accept the proof. Then we need methouoliogy to deal
with the disproven concepts. JISometimes we will be able to use the proorl
that our concept 1is incorrect to develop better concepts. OSometimes Wwe
will only Wnow that what we thought was correct is wrong, witonoul enough
knowledge to idertify what is right. This 1s the mcst uililicuit o1 ail
!rtellectual situationes. 1i{le have to be able to accept tihie fact that we
don't Y-msw, Ve rust 2lso find a way to cescribe what is happening well

enourh to brirg Yreins fte Ccar on tine newly iuentiiliec nissing concept.

The imrepcant noint 13 that e nust Le to able apply the scientiric

metrod %o tre zoncepts Srem vhich w2 infer ncaliing Trom zcata. However,




technology is of rno vzlu

4/}

unlecs it 15 used. We need to dOo what we

krow. Wrern a thecry I5 proven cor disproven, anu oul’ previcus vellels

are shewn to be in error, we nmust Jzvelop the cultural capacliity to

w

accert the fact. Even when we con't have anot.er theory to replace tue

one rroven tc ke in error.




TECHNOLOGY PAST

In the eﬂ*g“ of data tase manezgenent laciliities, partviculiarliy tae
self-contained functions and the kost_ ianguage data manipulation
facilities, there is always some underiying philosoply widcn governs tioe
cempromises made in both design and implementation of tune system, ana
therefare provides a basis for understanding the system.

Feature fAnalysls of Generalizea Latavase

Management Syctens, CCZASYL Systems

Committee Techknical leport May 1971
The earliest machines that couléd reasonably bve celillec ulgitdl
computers were designed to support census data analysis. Data engines
rreceeded 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 COBCL and PL/1.

We nften forget the lmpact of technology. As long as tape was the
only available seccndary storage, data aggregates of any size coula oniy
be accessed serially and ccmputerized data maiagement was management of
files. Conzequently, additicnal uses for data ilavolved constructing new
files to support access to the data. The new capavllities availaoie
when secondary storage was develcped that woulid support rancom access 0
data provided a great increase 1In capability, coupled Wit enornous

additional complexity.

The DBMS approach 1s an outgrowth of recognizing tnat uata
colleacted for one purpese cculd ce used for many other purposes &as weld,
ard shonuld %e ccllected znd nanaged as a resource of tiie enterprise as a
wkcle. This significant incight coupled witn tae wuevelopment ol

hierarchies of secendary storage ied Lo ueveloplent ol COLpiéX prograhs

to surrort management of the enterprise datacase




A rumber of commerclal scftivare geclhagxes nave bLeen aeveloped to
verform data management. i ccurse, these JoiiS assume the computing
environment in which they were developed. Tiat 1s an essentially Vvon
Newmanr machine with an operating system to manage ti.e resources or tne
system ircluding 211 stcra

e and the necessity to provide alli otrer cata

g
usage surport inside the LEIS.

Tre data base management system as an integrated package orf
software enabled the computer to be used to manage aata as a resource.
This was a step increase in capability to handle data, pala ror with
complex software, and the necessity to define an overall worlaview
(schema). The DBMS approach assumes a data administration runction,
where the schema and subschema (views) are aefined. "They assune tne
data administrator has all the smarts, and tie rest ol the users are alil
chimpanzees" to quote a éisgruntled colleague.(2) While <¢this colorful
phrase overstates <for enmphasis, it makes a pertinent point. Thne aata
administrator is responsiile for maintenance of the enterprise worls

view, as well as the conesistency and structupre of the wuata uncer

adrninistration.

In implementing 2 particular catu management system, an expiicit

data model is desirable, and

[8]

erarate semantlc anu syntactic mocels ol
rrorosed DBEMS  implementations usually lead to simpler logic anu more

understarding,

-

ot
37
3

r actionc tetween the $WC nouels canh  be reaully

e

docurenrted, le

¢

M
‘

irg <o €xpalcic docunienvation 0. votn
representaticn-indererdent grculsm statenmenls ana tae implementation
denisiors. Unferturately, currently available cdta aoueisd caniot ueal

~

with more thzr 2o single cverall persgective. TC wo lartier wi.i require

adyarces in lknculed
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Data mecdels are ucuzally referred 50 as lietarcanical, wiere cata

items can rave cnly one 'reoot’

,» Network where data items can Lave two or
more 'roots' and releticnzl wiere data 1: representeu as resations.
Both network and

set thecry and the relaticrnal meodel 13 based upon flcrst orcder preaicate
calculus. These nmcdels have Leen proven in one-to=-one corresponuence
with orne another in thz sense that cach can carry tLe same
Information,c.f.(2) and the particular model tTo be used in a particular
aprlication 1s ¢rrimarily a matter of preference. iiowever, the
arpropriate model for the individual application and individuals using
the model can greatly 1increase understanding of the underlying
processes. The hierarchical model was developec first, the network
second, and the relational last. Each had a decided aavantage over lt's
precdecessors in certaln applications. Each was strongly promotec after
it was developed., 1In fact, the relational model developed a fcllcwing
with many characteristics of a cult, and recent advances in data mouels
are referred to as post-relational. Post-relational mcdels combine the

characteristics of the hierarchical and relational.

As 1s usual when stepr increases are achieved, they are uighly
valued for a timee» after which they are taken for granted as a wutilicy.
The vproper place for utilitles in computer science 1s in tne cpeérating
system, and data management functions zre beginning to migrate to tne
operating svsten. The first such functicn was management of input and

ocutput to thre computer.

The DBMS rrovided the capablliity to use all the cGata of the
enterprise as 2 coherent whele., Tils capabllity to use data inside the

DBMS as a rescurce leads naturally to Lne cesire to comoine that uata

- 13 -




with other data not In the PBMS. Most modern DBMS packages incluae the
capabllity to access other filles resident In thne same machine by
t- declaring the file to the DEMS. However, the situation ©osecomes more
- complex when the data to bLe accessed residcs in another DBMS,
particularly another different DBMS hosted by a different machirne.

STANDARDS

Perhaps the biggest problem in the 1industry today is tnat ...
approaches to data management are not only incompatible witn each other,
but also are often data incompatible....

Feature Analysis of Generalized Latabase
Management Systems, CCLCASYL Systems Committee
Technical Report Hay 1971

The initial response to the desire to use data from dirfferent LBMS
together was to try to develop standards. In the simplest case, such as
the Euronet discussed above, where data 1s simply retrievea from
} different sources and moved to another for processing, this has worked
quite effectively. The designers of Euronet declared an interface that
a DBMS must have to enter the net, and vendors interested in selling
data through Euronet built it. In fact, most of them changed their DEMS
to make the Euronet interface a standard access procedure instead of
bullding the interface. The Euronet experience suggests that many users
desiring data frocm cutside theilr enterprise are satisfied by a network
of accesslble data bases. They are willing to identify the appropriate
data, vretrieve 1t, and move it into their own DBMS tor further

processing.

Standards are necessary to enable tiings from different sources to
work together, and uscful standards are urgently needed in data
management. Fcrmal standards activities are in progress to facilitate

the development and exploitation of DBMS functions. Tie AWSI/SPARC DBMS

model has 36 components and 44 interfaces designed to expilcate the

- 14 -
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functiors of DerS, and Tre stanuards necessary to proviae
integration, (4} SMEX Storiaris droup x3ms, Iaformation nesource
Dictlonary Systems 1s the first rermal prccuct of STARC activity., It 1s
in thre process of setting interface and ccntent standarus. LLe national
Bureau of Standzrds has also recently gublislec speciricatious ror a
standard data dictionary system.{(5, Data dicticnaries are veing ollereda
for sale with cdefined interfaces tc corunerciai DENE, wlhere —the aata
dictionary and DBEMS run together. Hcwever to date, interface tTo each

DBMS 1s being separately ccnstructed. No overall standarc 1is yetv

implemented.

A relatioral data base tasi: group was charterea in 1973, ana nas
publisted a feature catalcg of systems which is a precurscr to staidaras
definition., This will at least resclve a great ueal of contusion

regarding what 1s, and what is not, relational.(0)

Attempts at more detalled standairds, particularly avlempts to stang-

ardize on one computer ané cne DBMS haven't been very successtul. There
are three rrimary reasons, First, DBMS and data structures determine
how the DBMS behaves. Forcing several functions to use tie same DbiS
has lead to unacceptable cperational inefficiencies. JSeccnc, there is
always the data that wasn't “hought <f whken the cveraii System was
designed, ard thzt 1s now resident cn a different nost with a Jdirserent
DEMS, costing a forture in time and woney to change 1t Lut needlng to ue
used together. Third and most important, data L.elud in luentical wkmsS on
idertical computers still can't UYe used togetner witnout aaquitional
software, Wrat 1s needed for o single DBUS woull be une DBxdS managing
data in several computers zt cevercl nodes. Tihals is still o« researchn
sub ject. Hewever, rracticel considerations of Jatz ownershi and

control limit the arplicatility of the single CDiiS-many computers
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approach ftec using data frem different computers together. Capavisicies

PRl

A

3

to use DRMS teogether are reguire:

[§

THE UNIVERSE EXPANDS

We want more.

Sam Compers at variocus times 16u0-1Y2y

Tre first idez tc facllitate using DEDiiS tugethner was to implement
the cuery language of on= on the cther. Arl Shosuani(7,, tuen of 3LC,
has nroven this 1s in general 1mpossitle. HZowever, Hobert rrankeli{o),
then at the Wharton School, developed arn interpretivc interrace called a
Functlonal Query Language (FQL) in which general pirograms can oe
written, and which can be built ‘'cn top of' any CLCEuS. Franxkel
demonstrated a general capabllity to put a general 'top' on cirferent
DBMS trat will allow one program to run against all of theax. rel 1is

used extensively in building scftware feor commercial sale.

The first operaticnal system designed to support access tTO
disparate heterogeneous data bzses is the ADAPT capapility on the nighly
classified COINS nretwork at the National Security Agency. However,
addirg thre next data base tc ADAPT as originally deslgned ovecomes
progressively more difficult as tie numoer of DBMS increases. aAdaing
anotrer DEMS tc FQL does not introduce acdditional difficulties, and

retuilding ADAPT on FQL hazs teen proposed to NSA. Tlkere is nc puoliistied

da

ot
D

2 recarding usage of ADAPT. HEowever, ADAFT runs on a PLrli/io
attached *+e tre CCINS retwori and queue Culldup is not excessive,

leading t£r tke infeore:

D
N
]

)
t
ba

het querlies 1nvoliving two or nore Culnd  Coed

are cornaratively infreguent.(S)

PCL 2nd simtlar s

[ &
O
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Lo
[{y
LS
f
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O

J tae proulem of  wsing dGata

[¢]
[$)
3
T

bases together since <datna Te revreleved Ltuw 3everal etelrogelieous
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systems using tre sare 2« ~v1llisy. EHowever, dai Iwi oyjsTém Stilu
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recuires that the user of the <ata Lnow wiici LIN3 0i1ds t.e zata To De
accessged. L.S. Schneilder, then of llartin Lariectta corporation,
deslemed and built a relaticnal query compiler Tuac COulu access

distributed heteroger

)
0
[wd
]
{L
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o

cases without requiving rue user T LKLOW
where the dat: resiiled.(20) Hcwever, tlis compller reguireu extensive
comrutations. Additional research is5 required to estzblisi how vo wulld
an oreraticral system with the vcapauvility to access ulstriuvutea
heterogcnecus data bases where the user cdoesn't need to LNOW wiere che

data 1= located.

Tre Adifficult rrovlems 1in using cata from difterent LbMd &rise wnen
data from cne DBMS 1is used to specify the cata to be recrieved irom
another DBMS. Tlis capability would cectainly te useful. For example:
'identify the pciscrn from these symptoms aiic [inu out wiere tae
antidotes c¢an be obtained.' Symptoms of polsons anu location or
antidotes are almost certainly in different DENMS. liowever, OENS can ve
used effectively together without this capability.

PRACTICAL ISSUES

The ultimate objective of database systems is to make app.ication
development cheaper, faster and more flexitle. It 1s iaportant not %o
lose sight of this overriding objective as we discuss the complex
mechanics of database systems.

James Martin
Cemputer Lataluase

(@}

rganiczation, iI37

Deces it do what I wans &

N R
nll wsers evovrywhere

In practice, gettiig Luts Intce Sle cowpuscr in trhe dezirec rormat,
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efficiently. Tor e€xdlic, key to Gisa

erstems 2ro 2 oralop 2dvance cover leypunch maczhines, Lecause tune) enacie
Artn to te Aipectlr entored on dick. Yicrever pessicle, well-uesigiieu
fveteamz h2ld Zevices to conture data directly in Uhe prccess o1
rarferrmine 2ncther rnecaszory  function. Icr exampic, eautciated  casn
recisters cnnture <he Jdita necessary to maintalin inveniory. witn the
adyart n® rizrecomputers, fuch cutcrmatic dzta coptur:  1s vecoming
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arrlicetions I the cetcolcn arises, In particular, i7 a wejor portion
of 2 d2t=z YBa2se rucst he accesse? 1z rparticular racr i & rousiae
basgins, then +he da<cz gleuld Te lept in the crder In wilch 1v will ve
accessed. Otherwise retrioving the data in that crier +1L1 seturate thne

rees o datz in Tiles, or zven gutside The conputer systen.

th date In machine reacdclle form ready to enter the system in
ever-increasing quantitiss, the inrortance of designing tihe system Tto
., &0 whatever transfcermations ere reyuiced and
enter thre data Including integrity checls, 1Indexlng and Gtullaing othner

Aata  arcess rmechanisms in tirme synchronized with the data arrival speea

Tre cverall cystem nust be designed tc operate witu luman
fntervention only where humen decision-making ic requirec. This again
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derstanding of the enterpri
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. Tre enterprise mcdel

1s 1nvaluable 1in Jesigning the data syster te act in accerdance with a

Of ccurcz2, scmetimes “he presc

< rited algorithn has unrecognizeu siue
efffants, It 1s nor =almost Impessitle *%¢ buy the Stéancarc unstylisn
Ayferd woman's stoe. This ztyle remained the samc for decaues, seiliug
aneuzh e fustlfs stocliing 1t tc wemen whe preferrecd substance to style.
The, 2re the lessy exgensivez procduct for & &hoe manufacturer T&  mahe,
ginece they 2do net fnvelw cranglng producticon machinery or wour'king
Irstructleors, Tley are also the leoct expensive =z2loe $c  s.ock  since
they 111 »ot gc  out S style. Hewever, the algorictim tihat was
irtrecdized teo mancge rreoduction of uomen's cheas: anl Sppalentliy £Ciu L0
211 ~hee rarufreturerc. asaumed that zales oF esach ztyl:s vould peai dnu
Ale off. I+ 1= impertant to Stor productien to  Lrovent  wusalacle
ne<lmnper-strlicr  shoes, Sc & 'etop producticon wWich saleo uu 1Cuger
increace’ ppdap rrae bullt Irtc the productlon manEgdi. Cxford suwes
sien2l  star rcr~tuction, and the preducticn nanagor steps. To dave, the
tredieinomal’ wfard  sourcec  have  not 2lLceen te cverriue Taeir
rrocee=, 110
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L e
A ~rect ZJevl of thooroticol Gttantilon has ten pall to piceventing
reohlams  in caomeourrenzy. These ypreblemz arise whelh CH€ plldCL Or
rrasrap e vcndatine 2 datum or sof ol relatsd data whils anctier ls
usi=z !+, or whep twe cr more scurces arc updating She fziue data. Tiis
1s  salved vy =rpropriate lociiing of  files teilng updateds  cor oy
'“ime~starrinc o ascure trat tte frem different upcate cycles is nct

need “radverter<ely vced tcgether. fActually, this preblem is nor  olten
serirems In rractice, since datz is zlmost always updated Ly ciily one

srurce ancd little damaze 1s done by locking the domeln in wilich updating

is taline nlace.

A clezely related rroblem can bte critical 1 two or moOre users
exnaect to use thre csare 1tem. The military eizmple is where two Cr more
commardare enach n~lan tc uce the same airplane c¢cr shoct the same
arruritten,  In practifce, the reccurce allocation protlem 18 usually
avo!ded Dby administrstive actlior o¢f <the organicaticon usiag the data
base, Tra militery lnow wke cwns the ammunition anc the airplane, ang

A InAivi{dral wko  co

]

sn't own It will get cuthicrization [from ohe wiO

dnes  kefaopre ~lanning tc use it. In &alirliine ticiet sales, Tle
transactien telkes place whern the <ticket 1s actually sclu: widich is
defirmd 2a deleting 1t freom the 2ata base. The ticliet nuyer wncws Thatl

urtil tren the tirliet c/lie was tcld 2bout 3is sut

Anctbrer related preblerm 1o Jota security. Tt 15 8Colpiéu Tael il oa
TArA enedtarm pracparmer con get Intc o COMIULEr Sy LSil, Loy aayd wlless
En evorrekine dp tte sycter, Thiz rasn's Leeon  ceally  Toww  owihaeel all
2enittinre for seveor2l yesres, tut St problean of 0 lew te alliow
InAfvidsalg romegs t3 rort o2 orm Intogrote’ dtte nassz wiklle preventing
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¢z, ctarting with 2z DEIS and scrhenma cefinition tnat
suprert fdeptificcticn f data in terms of dcocess autiorization, and
thern vetre 2 seompiration of limi<ing 2ccess to wrusted individuals anc
Admiristnative cancticre rrcvices cccertacle security in most

si+vations. Trecretical werl kas focused upen tuilling precvably secure

sUetams, At present it 13 pcssitle to preove the correctness ¢ oniy

vape small fracments of ccle. Certifiably secure Jdata oystems are

exrected tc recome avelilable In the late 1980s.

Sometimes conventicral DBRMS and analiytic approaches 1leuu To
un=2eccentable time or resource regulrements. This 1s coused by very

cormrlex arrs data ecggregates. The
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rretotyre d4ifficult protlem is unfolding hills in geolegical analysis.

Several interesting prcblems remcin ursclved. dowever, successriul
aprreacres %o these prchlems have heen based upon simulatiocn, rotably oy

Renille of the Plerre and Marie Curie Institute, Paris [france..id,

Arotber annroach which 1s telng exploltcd to sclve the very difficult

3

reekhlems I1s through artificlal intellligence modeling of experis 1In the

%)

ub

Jact area,

Is mentioned 2bcve, the primary usar of most TEMS is software, nov

A rect cuery by recrnle., Tre requirements for effecctive interiace to

reogrars are  2ifferent than these for interface To Lunmans. 1in eitlrer
o=ge 1t 1z imperteant not  to thirow  awagy kndwledge régaruing qata

- - . [aa ™ -~
rrirtanticrally, This oins
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rarinhapals anatles much cimrpler sof<ware pachagec to peelorm  Tak DL

Attt Ane

4t wvepv  smart disks eand printers. For example, i Comacuore Jlisd
Jefya tneludes a tuile-in indexz or  eack: floppy 913l 21y Lew
cormercially 2valilable dislis for larger systems .ave cgulvalent
carn2hility. Uzers cf these nhome computers will demana tne  sane

cersisternay ard support in their major syostems.

Trird, +the data requirements of Knowledge Management, Active Lata
Dase systers, Artiflicizl Intelligence and CLecision Aids require
Irterfoces *c data o wvork effectively and these iInterfaces are
!m3lement in cenjunction with conventional DEMS. Protouype
svetems ope teilng constructed with LISP machires attacheu Jdirectiy Lo

15e machines without involving a2 general computer.

Firz11r, arrlication development environments are bclug ouile,
rerticularly to support AI applications written 1In the programsing
la-~~uage LISP. This experience establishes that capaciiities 1Low
rrovided by integratod DENS could be provided &g mutually cornsistent
sets ~f utilittes managed bty the computer cperuting system in tne

1 -~ Y. e 1. = - - - -
o egtabliclcd tlaet ¢the consistent set o1l

[

nediittas would climinate tie cverheud and arbitrary constraints of

- 14 L4 ~et e R ~ [ SRR -~ - a - Y
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nrocessing, with consequent delays and programming complexity requirec

to rerform analysis.

The computer language Ada(1l3), developed by the DCD for emcedded
computer functions and to be mandatory for mission-critical software is
an example of such an application support environment. Ada 1s also the
first operational language to 1include real azbstract data types. As
knowledge regarding how to build computer languages has developed, some
computer sclentists have argued that both operating systems and dacta
management should be brought back into the languages. Ada can be viewed

as the culmination of thils drive.

A DBEMS, ADAPLEX, 1s being developed for Ada. Documentation
rezarding ADAPLEX implies that Ada packages are belng written in Ada to
collectively perform the data management functions without viclating tie
2da groundrules. However, reading details leads to the concliusion that
AD APLEX will be a conventional TBMS written In Ada. This 1is
unfortunate, particularly since ADAPLEX appears to bte building a Jdata
language, DAPLEX, in Ada for ADAPLEX. It appears that Ada programs will
not be able to access data held in ADAPLEX withcut using IAPLEX! Trls

apoears to be a violation of the spirit of Ada.{li)

In the full Ada Application suppert environment, equivalent
capabilities can be provided inside +the Ada Processing Support
Environment without accerting the 1limitations now imposed by DBMS.
Trese 4a%a handling ceopahilitles can %e provided by bullding a system of
access 'ergines' each of which corresponds to a KkKnown databace system
feature, Trese access englnes should include a centiguous data group
ertine, a linear-list ergline, a netwerk navigation englne ana a

first-order 1lcglcal {(relational) engine. This will prcvide a f{ramework




from which customized engines can be built to interface with the current

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

"

from an Ada #nvironment without degrading that environment

Each ¢f these engines should be implemented as complere :ciosea,

ach

functions which might or might not make use of other engines. :
should alsc be run time suppert engines invoked by Ada grograms as
merely differsant 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 1in
this framework such as an engine for exploring geometrical Jdescriptions
used in cartaography, 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 supsort.
Engines can be transitioned to hardware if desired, without disrupgting
the processing environment in which they reside. This approachk ensures
an open evolutionary information resource management <capabii:ty ins:ide
the Ada APSE, whereas the ¢traditional data model apprecach i3 a

prescription for obsolescence. (15)




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 13 a

humiliation not to be barne; for it marks out sharply the limits of our
proud minds.
S¢ Thomas Acquinas: Summa Theologica
The new capabilities available when secondary storage was developed
provided a great increase 1in capability. coupled with 2NOTMOUS

additional complexity. This complexity was dealt with intellectually inrn

many ways.

A DBMS holds data abstracted from some real situation, and 1s
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 sbout all the new capabilities that had
become possible than as something to be developed in it‘s totality. (14}
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 wusuvally a8t 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 individuval subschema (now being referred to as viewpoints)

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

The CODASYL committee intended to wupdate their model as new
capabilities become possible, maintaining a coherent ‘state of date

handling’ as technology developed. To & large extent they have
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succeeced in this goal. The DBMS as we know it can reasonabliy be called
the <child of CODASYL. However the very success in developing one
coherent framework lead to monolithic integrated data management sycstems

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 Senkoa, <circa 19&8~-1971. Cr
Senko, simply said, ‘There are laws of how data behaves in storage
media. We can and should codify these laws. '’ The LCata Independaent
- Accessing Methodology (DIAM) was developed by Dr Senko to provide a

framework in which to report these laws. The UIST project was dissolved
3 in 1971, and was reported in a the three-part article in the IBM Journal
entitled ‘Data Independent Accessing Methodology (CIAM) 7. (173

Unfortunately, this article uses obscure notation and is extremely

oy L
I

difficult to read. DIAM breaks information systems into 1layers of

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

> et

of the relationships between the layers. This turns out to be both
powerful and necessary, and has become the standard prccedure 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 resuits not be

published for proprietary reasons.

DIAM argues that information management systems are best describec

Ve
L e

in terms of levels of functionality. The enterprise level Jefines the
world=view from which the data is abstracted, and 1dentifies semantic

relationships between data. The information level identifies what

it -28-




queries are possible and provides mechanisms to select from possibile
querises. The Access Path level idertifies what access paths to the dats
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 DBME
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 i3 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 1is
designed to capture and exploit the semantic similarities existing
between different data models. The Entity-Category—-Relationship model
of data developed by Honeywell 1is an excellent basis for enterprise
modeling. (19} Building an enterprise Jlevel model of ¢the expandesc
enterprise facilitates vusing disparate DBMS togethar. (21) The
information layer in DIAM and the access path layer are each bect
described in terms of the relational model. The relational medel can be
used without loss of generality tao develop highly restrictive typing of
access paths, and is the most powerful known model for syntactic
interface and access path determination. The encoding level 1%
system-specific 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

Ancther agpproach 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 111 optimize the human interface and waste as much
storage and processing power as necessary. People think in relations,
111 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 comparvatively 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 4he decsde

Experience in uvsing 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 easss devslopment
of application programs, as well as facilitate end-user queries. In
view of Dr Codd‘s rationale for introducing the rslational mcuel, 1t 1s
ironic that one of the strongest arguments in faver of it 1s tnat a
relational uyser interface facilitates restructuring a DBMS for
efficiency of operation. It is a tribute to ¢the pervasiveness of Lt
Codd’s arguments that +the semantic models now being daveloped s-e

referred to as post-relational
- 30 -
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The relational model is based wupon the first order predicate
calculus, which also provides a sound mathematical basis for primitive
data hanrndling procedures. Unfortunately the first order predicate
calculus does not include such aoperations 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 usuvally uses extended set theory.
The relational model 1is 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 dats 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 special-case
experiences and are stored in the brain bank and retrievabla thereafter
by the brain. But brains and their externalized detachedly operating
descendants-—-the electronic computer—-—-can only search out and grogram
the already erperienced concepts. and mind alone can reccgrize and
capture the unknown and wunexpectedly existent, ergo. unsearchable.
vnwatched-for——generalized principles.

Intuition, R. Buckmincster Fyller, 1972

At some point in our development of understanding about a subect,
it becomes possible to state ways to determine facts and operations upon
those facts:, which always lead to other facts. At this gpeoint, the
operations are called mathematics, and the determinatior c# facts 1s
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 algebtra needs to be extended %o at least 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 avazilable, ar
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 gquery

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 extendied algebra and developing algorithms for manipulating <the
algebra, particularly +for the purpose of computing completeness andg
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 wusing the algebra directly or through application

programs.

In the longer term this extended relational algebra could provide a
badly needed rigorous mathematical foundation for develcpment af
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 infaormation level

of any dats base is well defined in terms of relational algeura




Ancther apprcach to interfacing artificial intelligence programs
with data held in DBMS has been developed by SDC. (23} They have defined
a semantic model patterned after the AI ‘concept net’ approcach ane¢
demonstrated isomorphism between that and a DBMS model they also
develorped. They expect this to lead to implementation of a zimple model
which will simultaneocusly serve as a knowledge base for an expert system

and a schema for data base applications.

Artificial Intelligence, Decision Aids and MWnowledge Management
bring us full circle. They are vunavoidably 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 tc discuss is data
representation. A data base represents some aspects of reality in
symbols that can be held in computers. Some representation problems are
long sclved and readily agreed upon: time is divided into days, hours,
minutes, etc, and ¢the only decision 1is which of a small number of
representations shall be chosen for a specific system. Sometimes the
representatiorn 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 fo
address this problem lo;d to fundamental philosaphical problems, and
philosoghers have not yet come to terms with the need to solve very

mundane oxamples of their very abstract theorizing.

As previously noted, we need the capability to ideniify and track

more than ona concept at a time. We need to recognize that ‘it is-’
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always in support of more thamn one concept. We also wurgently need
theory that we trust enough so that when concepts are praver anc;rrect
we accept the proof. Then we need methodology +to deal wiih <the
disproven concepts. Sometimes we will be able to use the proof that our
concepts are incorrect to develop betiter concepts. Sometimes we will
only know +that what we thought was correct is wrong, without enough
knowledge to identify what is right. This is the mast difficult o+ all
intellectval gsitvations. We have to be able to accept the fact that uwe
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 coancepts.
The methodology we require must be a validated theory about knowledge

It must also be representable in digital processors if if igc to be a

viable foundation for information resource management.

One promising approach +¢o developing +this methodology 1is %the
state-of-affairs descriptive technology developed by Dr Peter Ossorric
at the University of Colorade at Boulder under thas rubric Descriptive

Psychology.

State of Affairs Technology (25)(26)(27) maintains that information
analysis is at once both completely principled yet completely
context-dependent. To deal effectively with these a number of
techniques have Leen developed. These techniques include Faradigm Case
Formulation as opposed to ‘definition’(28); Judgement-Space as opposad
to ‘identification’(29); State of Affairs Systems as oppaced o
‘frames ‘' (30); Intentional Action Systems as opposed to ‘scripts’ (31):
and Ex Post Facto Formulation as opposed ¢to ‘time (232). These
techniques have been successfully applied to solving problems in expers
systems (33, linguistic data processing (33), and av-omaetic #fact

analysis(Q9) . The wevidence of these successes sugges:t %that the
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state-of-a#fairs technology 1is a3 +fruitful basis for rasearch 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 :intellignce
programs can only be validated in experiential terms. We will have ng

reliable procedures ¢to be sure they apply in new situations: and rew

situations are precisely where they will be most needed
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MISSION
of
Rome Awr Development Center

RADC plans and executes research, development, test and
selected acquisition programs in suppont of Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering support within areas of technical competence
48 provided to ESD Program Ofdices (POs) and other ESD
elements. The principal technical mission areas are
communications, electromagnetic guddance and econtrol, sur-

veillance of ground and aerospace objects, intelligence data

collection and handling, infonmation system technology,
donospheric propagation, solid state sciences, microwave
physics and electronic reliabiltity, maintainability and
c .
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