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THE CRGANIZATION OF RESEARCH DATA BANKS:

EXPERIENCE WITH DIRAC-BASED INFORMATION SYSTEMS

* ¥
J. Vallee , J., Hynek

Abstract

This article presents the findings
of a new kind of information retrieval
effort at Stanford Unilversity, in the
course of which scientific data banks
were created, updated and interrogated
remotely using a time-sharing computer.
Experience with a direct-access network
for astronomers is reviewed, also an
automated processing system for bone
marrow data and blood bank 1nformation,
and an example of generalized programs
in cancer research. Programmer inter-
vention was minimized by reliance on a
retrieval language named DIRAC-1. The
study Indicates that cost-effectiveness
can be achieved in scientifiec informa-
tion systems when language functions are
gufficiently generalized to make file
structures and access methods trans-
prarent to non-programmers. The lmpact
the system has had on the work patterns
of scientists using these data banks
has been recorded. The artiecle reports
on the trends that were observed in
terms of computer utilization and user
behavior.

Introduction

During 1970 we have had the oppor-
tunity to create and use sizeable com-
puter-based data files in time-sharing.
These files conftained actual research
records and were applled to the analysis

of problems of current scientific inter~.

est, notably in medicine and astronomy.
An vnusual aspect in the project was the
fact that no programmer intervention
took place, leading to costs considera-
bly lower than could be expected under
classical conditlons. All files were
made accesslble under. a uniform command
system that was capable of interpreting
statements typed at terminals rather
than executing special programs in pro-
cedural-fashion, This in turn made it
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possible to observe certain mechanisms
in the interaction between users and
their data that dedlicated programming
usually tends to obscure,

The principal difficulty in imple-
menting scientific retrieval systems
under classlcal languages such as PL/1,
Fortran, and Cobol has arisen from the
need to anticipate user behavior and
"typical ingulries” at the time of
aystem design. The current literature
Drov1des guidelines the data processing

"expert" 1s invited to follow when he
undertakes the implementation of a large
data base and the search algorlithm that
will be used to process queries against
that data base, Such guidelines have
been guccessfully applied teo airiine
reservation, banking, and other business
systems. In the research environment,
however, the enforcement of these rules
leads to Inefficiencies that tend to
cumulate the problems already created
by the rapid obsolescence of coding
schemes and shifting concept structures,

Such a misunderstanding of the
esgential components of cost-effective-
ness in research systems results in two
observable defects: the first one is
over-specizlization (where we obtaln
very advanced systems that can serve
only one field for a specific applica-
tion); the second one is generalization
at the wrong level, as shown 1n the
spectacular failure of several large
Information systems, both in the busi-
ness world and on campus. Sometimes,
promising retrieval languages fail to
completely satisfy researchers because
they lock them inside a narrow set of
commands, and prevent them from estab-
lishing communication between the re-
cords they have selected and statistieal
or mathematical routines that are avai-
lable on the same computer,
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Certain techniques of generalized
programming, flrst introduced in non-
scientific applications, seem to be
ugeful here, and our wWork has been a
preliminary exploration of this concept
wilth real-1life problems as test cases,

The DIRAC Concept

Generalized programming, a major
trend in current software development,
is not an altogether recent concept.

Tt was recognized long age by systems
designers who applled it to lnput-
output control rcutines, and the ldea
of extending this convenience to wider
areas has been a natural one. When the
Buginess community beczme aware of the
hidden costs of dedlicated programming
and demanded of the software specla-
lists increased capabilities for the
on-line control of large data Tiles, a
number of information-oriented langu-
ages appeared on the market (1,2)., All
these languages attempt to relieve the
user of the burden of creating and
maintaining his filles by special-pur-
pose programs; they offer flexible
interrogation tools that can be "inter-
preted” (rather than "compiled") for
immediate executlon.

Late in 1969 we began planning a
series of information-oriented experi-
ments using the Stanford time-sharing
system, that runs on an IBM 360/67 com-
puter, and a new retrileval language
developed by one of us (3). The purpose
of the experiment was to apply the non-
procedural concept to scientifie pro-
blems in order to assess its usefulness
in a wide range of research areas. We
hoped to be able to present some state-
ment on the future feasibility of
sclentifie information systems and also
to arrive at some guldelines for a re-
duction of programming costs and delays
in research involving the use of compu-
ters,

The file schema under which DIRAC-1
operates is that of a simple hlerarchy
of fields within an arbitrary number of
records. Each record represents an
entity in the real world., For instance,
if we have defined a certain alipha-
numeric field in a cataiogue of super-
novae as the "cluster", and if we have
defined another field, "V¥s", as an
integer representing the recession
velocity of the star, it 1s now possi-
ble to type at the terminal the request:

Cluster Contains Virgo
and V3{<=2000 and >=1000).

The burden of generating an appro-
priate procedure to identify and re-
trieve those stars for which the infor-
mation exists and matches the request
(in this case, all supernovae in the
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Virgo c¢luster for which the velocity 1is
between 1000 and 2000 km/s) is now
placed on the system 1tself, and the
user need not be concerned with the de-~
talls of file operations that take
place when this internally-generated
procedure is executed,

After a three-month planning periocd
during which the DIRAC prototype was
mounted and tested on the Stanford com-
puter, we began creating and updating
files of medileal and astronomiczl data.

STATUS REPORT FOR FILE A200  (CLASS 1)

LT/APRSI9TC
Dearborn Observatory Bright Star Catalogue

DIRAC-1

CREATION DATE 10/APR/1970  FILE NANE bearborn
RECORD MOTATION ) CREATED DY : Nopthwastern
FIELD MOTATION GF REC, IZNCOTH : 32
DISPOSITION DUBLIC g, FIELDS ¢ 23

N0, OF RECORDS £3933 UPDATED LAST 15/AFR/1370

IDERT i FICATION & STATISTIGCS

Existence

Y¥o Mtamz Fileld Description T&il Nee? Slze
1 star Star identification A 5 YE3 4 £333 100.007
2 Alpna Right Ascension RS YES 4 €233 10C.093
3 Delta Dociination - RS YES & E£333 100,000
L Mag apparent fagnitude R S YES 4 8233 100,003
5 Spelum Spectrum/Tumtnosity I M 3 E333
6 Amation  Proper motioh alpha I 8 4 B773
g Dmotien  Proper motion delta I 5 4 a773
Tpap Trigon.parallax IS 3 2159
9 Spar Spectr.parallax 15 3 37
10 Dpar Dynamic parallax Is 3 3515
11 Apar rdopted parallax IS 3 5ibh
12 Padvel Radial veloeclty R 3 4 6759
13 Reta Rotation IN 1 6856
14 tul Multiplicsity Code c8 YE& 3 £353%
15 Dm Delta.nt I ? 2080
15 Sep Separation Iy E 218L
17 Per Pariod IH 376
18 Remark Ramarks cH 1 245
19 HR HR Reglon cs 1 shhy

Short form of a DIRAC-1 Status Report. IV shows
typ=a and multiplicities of data for a file of
nearly 9,000 stellar systema. Such reports are
typed at a remote terminal ar displayed on a

= scope, s

Figure 1.

Experiments with an Astronomical
information Network .

Since the advent of tlime-sharing in
the mid sixties, conslderable interest
has centered on the 1dea of a documen-
tation service used simulfaneously by
many specialists. OSystems of this.type
have been designed, and some have been
implemented partialily, to explore appli-
cations in literature searching. There
exists, on the other hand, a class of
users whose need for interactive data
retrieval was largely ignored by these
early systems: in the course of many
research activitles, professional
scientists do not really need access to
literature references as much as they
need the capability to interact meaning-
fuily with observational records,
standard tables, and private flles of
instrumental data., ZLarge institutions
devote thelr aitention to the prepara-
tion, publication, and maintenance of
scientific records, but they them-
selves do not have at thelr disposal



. Galaxles of G. deVaucouleurs,

an adequate computing toel of any
generallity. Clearly this 1s an aspect
of data management tThat lends 1tself to
avtomation, yet computing facilities
have so far been unable to respond
creatively to these needs,

Such a situation is encountered in
astronomy, where speclalists are well
aware both of the potential usefulness
and of the serious shoritcomings of the
computing machinery as an information
processing tool. The Astronomical
Society of the Pacific, for instance,
expressed concern over the problem and
stated in 1969:

The need for a means of recovering
varioug data on individual stars,
galaxies, clusters, or other ob-
jeets, 1s becomlng obvious, and
technigues for complling, steoring
and distributing such data have
been developed in recent years,

Recommending that such technigques be
surveyed, the Society appointed a
committee, chailred by Dr. Helmut Abt,
to estimate the storage and retrieval
needs of astronomers., While this study
was conducted, Stanford and Northwestern
were engaged In an experiment involving
the use of UIRAC from remote terminals
at Dearborn Observatory (near Chicago)
and in the Bay Area, to query an astro-
nomical data-base. Users could also
create new files and update existing
files in that data-base without pro-
grammer intervention,

The main active part of the experl-
ment lasted from April 2 to May 26,
1970, Three basic catalogues had been
stored under DIRAC: they were the
Warsaw Catalogue of Supernovae (that
was punched cover to cover for the pur-
pose of the study), an expanded version
of the Yale Bright Star Catalogue, with
a volume of approximately ten million
bits, and the Catalogue of Bright
Figure 1
shows the status of the Bright Star
file, printed by the automatlic report
generator included as a subset of DIRAC,
Eight astronomers used the system and
we were able to record the parameters
of 121 time-sharing sessions. These led
to estimates of a number of factors that
had not been previousiy accessible, such
as the expected distribution of terminal
sesslons during the trainlng period and
during normal use of the facility; the
statistlcal distribution of holding
times; the level of interaction and
growth rates of the files.

In a typical application of the
system, a user in Illinois interrogated
the Galaxy Catalogue to extract a sub-
list of all irregular galaxies for which
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radial velocltles were not available,
and used it the same day to prepare an
observing schedule for the observatory's
40-inch telescope. Thils particular pro-
Jeet would normally have required writ-
ing, compiling and debugging a speclal
program, In another use of DIRAC a
staff astronomer gt Northwestern, Mr.
Wackerling, generated the statistical
distributions shown in Figure 2, agaln.
without special-purpose programming.
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Figure 2. Relative freguencles of galaxles as a rurolction

of declination computed by DIRAC-1:

a) galaxies of xnown corrected 5-A magnitude
b} gaiaxies of «nown standard B(Q) magnituge
¢} galaxies of Xnown standard indices.

Courtesy of . DeVaucouleurs and L. Hackerling

We also evaluated the cost of ex-
tracting and printing a number of copies
of a significant subset of the Bright
Star Catalogue from a remote terminal.
The problem was for the Illinoils users
to produce on a high-speed printer in
California a catzlogue of F-type stars
that were primaries of a Southern visual
pair, It ftook a single DIRAC command
to generate this subset:

Delta < O AND mul{2)-=0
AND Spelum(l) {>=300 AND <kGO)

This command reflects a coding scheme

that we have described in detall else-
where (4)}. The retrieval system found
192 such stars. We now evoke the text-



editor to make this list of objects
available for punching, editing, or
off-1line printing. We generated 25
coples of this special catalogue with
g final unit cost of 50 cents, Total
time spent at the terminal had been
six minutes, and we had used 1.4 min-
utes of computer time,

Use of Interactlive Retrieval
in Cancer Research

The Plexiblility inherent in DIRAC
and its facilitation of computer-user
interaction in an on-line system is
illustrated by its application to a
problem in clinical cancer research,.
Using DIRAC for both data processing
and analysis the Divisicn of Radiation
Therapy, Department of Radiology of the
Stanford University Mediczl Center re-
viewed its fourteen years experience
during which 307 consecutive cases of
localized carcinoma of the prostate
were treated with curative intent using
the Stanford Medical Linear Accelerator
as the external radiation source (5).

More than 300 individual items were
abstracted from each patient chart and
stored, necessitating large individual
records with as many as 70 separate
multiple fields, This massive data base
demanded separate field interrogation,
correlations and cross-correlations, as
well as the ability to analyze certain
subsets of data using statistical rou-
tines avallable to the user but outside
of DIRAC,

The physicians were interested in
such questions as the foliowing:

~-How many patilents had disease
limited by the prostatic capsule? -0
these, how many had sclifary nodules
occupying less than 25 percent of one
lobe? ~What was the survival of this
group of patients five, ten, and fif-
teen years Tollowing completion of

treatment? -What did statistical analy- -

sis of these groups' survival show when
compared to other groups of patients?
-Were there significant differences in
sequellae between wvarious rotatiocnal
techniques?

Figure 3 shows survival curves for
a selected subset of patients, Survi-
val statistics such as these were dis-
played by a special routine that oper-
ated upon subsets of the file extracted
by DIRAC. It was thus possible for the
researcher to select potentially inter-
esting subsets by successive approxima-
tion, to trigger the production of sur-
vival statistics on his terminal, and
to return either to previously selected
subsets or to the original file.

In a typlcal sequence of interro-
gations, an investigator had thus ob-
tained survival statistics for patients
with cancer extending beyond the pro-
static capsule to immediztely adjacent
structures. The survival for this group
was less than had been expected, and
prompted the researcher to further
interrogate the files of these patients
looking for variables which might have
contributed to the poor survival, This
led to the identifilcation of a separate
group of patients who had extenslon in-
to the bladder and whose survival was
significantly (p < 0.05) poorer than
the entire group so as to adversely
change the slope of the survival curve.
With the solutien of this problem, the
physician could then release the subset
of data and return to interrogate the
entire file of 307 patlents.

Although this problem could not
have been foreseen originally, there-
fore excluding its preprogramming as
required by more conventional procedural
languages, the non-procedural nature of
DIRAC allowed further interrogation and
solution of the provlem without time
consuming and costly re-programming,

During this study of the cancer
file, we introduced new commands In
DIRAC-1 to allow certain operations
that had not been foreseen when the
language was inltially designed. Of
special interest to physiclans was the
on-line displiay of correlation tables.
If Tield 79 had the values A and D for
a glven subset of the flle, and if
field 80 had the values A4,C, and D,
then the command

) Corr 79 and 80 .
produced the table:

FIELD NO. 80

_— A c D
59,6% 16| -- 0 2 L 10
79| 26.2%| 6| A 6 0 0 0.
4,321 1{ o] 1 .0 o 0
23 7 2 4 10
30.4 8,7 17.4 43,5

indicating for instance that ten re-
cords, out of 23 in the current subset,
had the comblnation of a2 D In field 80
whlle field 79 was empty. Row and
coliumn totals, as well as percentiages,
were also generated.
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H Q50 CONTAINS ¥ END
1 RECORDS SELECTED

ACTIOM
1 EXTRAST 1 DTS EHD

19620212 19621119 ALIVE B
19521103 195.050%  DEAD O
19651015 19630311 DEAD D
12650507 126306132 DEAD D
19611623 19671127 DEAD ¢
19660922 19690568 ALIVE D
19571002 9699306 ALIVE D
19680529 19700703 ALIVE ¢
196561006 19691123 nEAl N
19640730 13650212 NEAR N
13651122 13676118 NEAR N
19550430 1971605236 ALIVE D
19570730 19661209 DEAD O
19620626 195630601

COMPUTATEON OF SURVIVAL RATES

-
L - NV Ry L SPEYET Y- Y

A CF W W O 0 L
-
m
-
=

8,1 LOST TO FOLLOW-UP

.

STATUS OF PATIENTS AT THE £HD OF EVERY G~MOMTH PERION SIHCE FIRST TREATMENT

YR A D T.D W OLST
1 0.0 1k, 9, 0. 0. 0.
7 9,5 1%, 1. 0. 0. 0.
3 1.6 13, 1, 1. 6, 0.
8 1,5 1z, 0, . 0. 0.
§ 1.0 12. 0. 2., 1. 0.
6 2,5 11, t. . 0. O,
1 3.0 10, 2. 3. 0. 0,
¢ 3.5 %, 0. 5. 9. D,
4 N0 2. G, 5. 0, 0,
1 &5 5. 0. 3. 20 0.
1 5.0 6. 1. 5. 0. 0.
12 5.5 5. 0. 6, 0. 0.
13 6,0 5. 1. 6. 0. 0.
14 6,5 3, 0, 7, L. L
15 r.0 3. 0. 7, 0. 4,
14 1.5 2. 0. 7. 0. 1.
17 . 8.0 2 0. 7. 0. 1.
12 L.5 2, 0. 7. 0. L.
19 9,6 1. 1. 7. 0. 1.
0 9.5 1. 8. & 0. 1.
¥ 10.¢ 1, 9. & 0. 1,
21 10.5 1, o, & 0. 1.
31,0 M. 0, B, 1. 1.
24 11,5 . 0, & 0, 1,
25 12,0 0, 0. & O, 1,
26 12.5 0, 0. & 0, 1.
21 13,0 0, &, & 0. 1,
23 13,5 0, 0. & 0. 1.
29 14,0 0. 0. 8. 0. 1.
THSTANTANEOUS DEATH RATE »
ACTION
: RELEASE
139 RECORDS SELECTED
ACTION

H Q43¢1) CONTAINS Y AHD
& RECOANS SELECTED
ACTEOM

% ALIVE b g8 1)
XXXAXXXKXXAALXNXXAXN |
AXXAXXXAXXALAXKAXLXK

XXXXXXXXXXXXAXXXXL | X
XXAXEXXXXXXAAXKXX | XX
XXAXXXXXXKXAKAXEX | XX

XXXXXXXXXXXXXXX | XX
XXXXEXXXXXXXEX AXER
XXAXXXXNXAR | AAKXAXX
XXXXXXEXXXX | XXXAXXY
AXXXXEAXXXR XXAXXXX
XXXXLEXX XXXXXXX
AXXXRXX | EXEXXXXX
XXAXXAX XEXXXXXX

XXxX% XXXIXXAAZX

XX ) XXXXXXXXXX

XX XAXARXXRXX

XX | XXXXXXXXXX

XL [ OXXXAXAXXKN

XX F XXAXXAXXXXK

X b OXXAXXXXAXX

X | XXXXXXXXXX

X | XXXXXXXXXX

X | XXXXXXXXXX

XXAXXXXXXX

KAXLXXLAXX,

NXXXXXXXXX

AXXXXXXXXE

XXXXXXXNXE

XXARAXXXXX

9.08

GA3(5) CORTAIRS Y END

: Bfrthdate < 1320AND Sirthdate > 1910 END

21 RECORDS SELECTER

Flgure 3.
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Examplie of survival statistlcs for a subfile
of cancer patients,

Such specizal reports

could be generated by users during a DIRAC

run.

Data Management in the

Clinlcal Laboratory

Early in the development of our
project, the Clinical ILaboratory at
Stanford Hospital identified several
areas where introduction of interactive
data management appeared deslrable,.

and, 1f possible, ilnexpensive computer
storage and retrieval methed, in view
of the rapidly expanding volume of
bone marrow examinations they had to
maintain. A primary objlective of our
project in this area wzs to produce a
simple bone marrow report format. This
file would then serve as an update
gsource for DIRAC under control of the

Physicians concerned with the treat- physiclan,
ment of hematologic disease had long
been interested in obtaining a simple

It 1s Important tec note that input
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files to DIRAC were stored and managed
under the unique text-editing system
called WYLBUR developed at Stanford by
J. Borgelt and R. Fajman., Under this
text-editor, not only was 1t possible
to interactively modify the contents

of a data-get, but listings of interest
to researchers could be generated
either at the terminal or on high-speed
printers,

Use of the system in this environ-
ment provided the physiclan with infor-
mation at three levels: 1; the stan-
dard c¢linical diagnosis, 2) an improved
bone mariow report, avallable for check~
ing and editing, and 3) & retrieval and
display language capable of answering
unpredictable queries in conversational
mode. This proved helpful in evaluating
effects of new treatment methods:on
hematologic diseases as well as bone
marrow and peripheral blood morphology,
and in correlating bhone marrow smears
with bone marrow sections,

Another important area where DIRAC
was used as a modeling tool was the
bloed bank, In view of the rapidly ex-
panding volume of blood handled by a
modern banlk, and in view of the increas-
ed sophistication of the services it
must provide, the design of computer-
based systems has been recognized as
imperative, Both rapid identification
of donors and bleood inventory control
are important, but other administrative
services can also be made more mahnage-
able by use of & computer.

The transfusion center prototype
that was designed under DIRAC took ad-
vantage of the generality of the langu-
age to place the creatlion and mainte-
nance of Tiles under the control of the
medical personnel. When the inventory
ig controlled by computer, the matching
process takes the form of an Interro-
gation of the parameters of units in
storage, These parameters are dis-
played on a scope that the clerk can
consult easily. Similariy, the compu-
ter can identify specifically matched
donors and recipients with regard to
platelets and cryoprecipitates. As
blood units are used, the blood bank
clerk triggers an update sequence that
generates administrative reports, and
also reflects the change in inventory
that has taken place. When the inven-
tory level falls below a certain thres-
hold, a list of donors of the appro-
priate category is printed out, In
emergenciles, the sysftem can be querled
to produce the phone numbers of donors
within a certain area {who can be called
into the transfusion center within
minutes) as shown on Figure 4,
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Serum CONTAINS O END

512 RECORDS SELECTED
: RETAIN
RHType CONTAINS NEG END

28 RECORD3 SELECTED
:  Clty CONTAINS "Belmont" END

20 RECORDS SELECTED

: DIFFERENCE {PresentiDate - LastDate)
> 60 END

18 RECORDS SELECTED
: HomePH CONTATNS "593-" END

11 RECORDS SELECTED

TYPE Name Address Ciiy HomePH Bus.FH
Serum RHType END

23
Name Best, John S.
Address 1721 Hiawatha Dr.
City Belmont
HomePH 563-1789
Bus.FH 488-9161
Serum 0
RHType NEG

55 .
Name Smith, Roger D.
Address 275 Fifth Ave.

- .

»

Figure 4

Some Technical Considerations

A large time-sharing system de-
velops a well-defined pattern of beha-
vior as a function of iime, number of
ugers and mix of Jjobs in its various
partitions. It was important to under-
stand the impact of a data-base sysiem
on this environment, to measure its
egssential parameters, and to carefully
document failures. In the case of the
applications that took place on Campus,
the importance of fazilures was limited
since users were already familiar with
recovery procedures and were kept in-
formed of current conditions at the
computing site. In the case of the
astronomy experiment, however, our users
had no access to system levels below
the text-edifing commands, and fallures
created an especially critieal situation.
This also afforded an excellent test of



the abllity of sclentists teo solve the
problems of data recovery, and led to
suggestions of interest to systems
engineers, In general, there were no
great problems, except during twe or
three days when a major defect Dbecame
apparent in the storage devices,

Careful accounting of the use of
the system (text-edliting, access time
and computer time) was kepi on 2 ses-
sion-by-session basls, and these were
cumulated on weekly intervals, The re-
sults are displayed in Flgure 5 which
provides scme indication of the evolu-
tion of user behavior during the experi-
ment, While the size of the data-base
grew rapidly, actuval use of the termi-
nal was reduced, without as large a
decrease in terms of computing time and
editing time. We can also observe that
users made progressively betfer use of
the retrieval system, as the ratio of
compute time to holding time' evolved in
a more economical direction.

Conc lusions

Ir: an article published in 1966,
(7), Lamson and Dimzdale defined an
ideal system as one that would, among
other requirements, "permit storage of
documents znd their retrieval by normal
human processes in such a manner that
the user could be unaware of the exls-
tence of the operative computer sys-
tems," Five years later, software de-
signers are still far from this ideal
~goal, However the experiments summa-

rized here clearly show that generalized

programming can be as useful in the
selentific environment as it promises
to be in reducing the costs of indus-
trial file handling. All our obgerva-
tions on the economics of the astrono-
mical network have been gathered in =z
separate report {8), but our main con-
clusions - that alsoc cover the other
applications we have mentioned - can
e summarized as follows:

1) The additional load such a
language places on a time-sharing sys-
tem is quite acceptable, This was verl-
fled in simulated conditions where
large files were filled with data simul-
taneously from several remote terminals.

2} It was déifficuli to observe a
"training" peried or "learning curve"
of any significance, Our users (who
had never been exposed to time-sharing
before) usually devoted their first
session to learning basic commands, and
began meaningful data retrieval on the
next session, This was qulte unexpected
and caused the number of users to expand
rapidly beyond our initial estimates,

SESSICH T 120 -
DURATION
(2)
WEEXLY 60 -
AVERAGE IN
MINUTES
i € L3 k) L) F ¥ L}
Weaek: 1 2 3 4 5 [ 7 B
4 4
(&)
GFU 31
PERCENTAGE
OF DURATION
2.
1.. ©
Week: i é 3 ti 5 6‘ 7' é
(e} 30 -
EDITING
PERCENTAGE
OF CPUTIME 5 -
01 \
T a| T T T T ey T
Week: - 1 2 3 4 5 6 7 8
Figure 5 .
3) The terminals proved to be

valuable teaching alds when DIRAC could
e used in connection with large files:
Thus Northwestern astronomy students
found it interesting to have tco think
about astronomical cobjects and the re-
lated literature in terms of informa-
tion structures.

The cancer research experiment
afforded an opportunity to observe in-

- formatlion structures that were beyond

the capability of most existing langu-
ages., These cbservations have led to
the introduction of a versatlile command
language for the structures that will
be available in DIRAC-2, Early tests
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of this new language wilth industrlal
data~hases Indicate that gigniflcant
Jmprovements in cost-effectlveness have
‘been achieved (12),

Our experience with DIRAC-1 indi-

cates that a text-editor can be made

to interface with a retrleval language
to achleve considerable flexibility in
the implementatlon of a potentially un-
limited data-base., .Networks using this
concept can be created with the objec~
tive of reducing processing costs while
bringing basic scientific information
eloser to speclalists untralned in the
art of programming. A major fraction
of the coperating cost then appears as

ure computing activity (this figure was
22% in our case). Communications and
connecting time costs are two items that
are likely to decrease in coming years,
making the concept of scientific data
networks attractive to an lncreasing
number of users,
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