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Information Organization for Interactive Use: Design

Implications in Data-Base Systems

The main purpose of this paper is to seek classes of
design implications in dota-base oriented languages.
Its scope is not limited to library automation, but ex-
tends to the problem of scientific and business data-
bases. As o point of practical reference it reviews the
lessons drawn from the application of the DIRAC-1
lunguage to o variety of problems at Stanford. The
second version of DIRAC, which is currently used in the
organization and utilization of a geoscience data-base,

¢ Qulline

This presentation diseusses information systems in the
context of infernetive use. Tt consists of fwo related lines
of comments, cach dealing with & certain type of imphica-
tion, as viewed by the designer in one ease, In- the nser
in the other case.

In the context of this paper we regard as an “informa-
tion system™ any organization that provides data upon
request from human users. We deal more specifically
with organizations that use the computer as the medium
of implementation and, among these, our atiention cen-
tors on data-base management services that allow their
users to ereate, update and query their own data files,
Such characteristies were met in the application at Stan-
ford University of two suceessive versions of a generalized
language named DIRAC,

In such a system the user is iypieally a non-program-
mer with a high-level problem in mind who is investing
considerable time in n series of transactions with the
system. (This usage contrasts with that of the re-
searcher who makes use of & program in the bateh or
ramote-hateh  environment.}) Typical of the problems

is described. An attempt is made to relate the aobser-
vation of these real-life systems to general character-
istics and leads fo hypotheses concerning future design
trends. In this context two points are regarded us
especially important, namely the handling of structure
specification and the need to view the user as an
operator rather than as a passive recipient of infor-
mation.
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met by such users are applications of the DIRAC-2
language in the ereation and management of mineral
resouree data-bases. The second part of this presentation
draws from this experience, which includes the ability
to dynamically retain, name and perform logical opera-
tions upon subsets of a main file while searching.

In the course of problem-solving using an interactive
deviee the language interfaee may create motivation or,
on the contrary, generate frustration. We will show how
this relationship can foree both the system and its user
to evolve, o process that was clear in the eazly stages of
development of DIRAC: This will he illustrated by
observation of a prototype network serving the American
astronomy community. In this context it is of inferest
to ask what the implications of the wse of the system
were an the design changes that took place: What were
the constraints that made feedback desirable? What
were the conditions that made it possible? And whai
guidetines emerged for future design phases?

Critical observation of the evolution of DIRAC and
similar systems leads to an essential question: Now that
we can build generalized systems of this type, and now
that we realize their major design implieations, to what
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extent can we say that they answer the information needs
of seientistx? Have we identified all the properties of
the interaction? In order to answer this question we
must rephrse it at several levels. It will be useful, for
mstanee, to re-examine the somewhat naive concept of
information as o ¢uantity stored in the eomputer and
simply retrievable at will by a passive user. The last
part of this presentation will offer practieal examples
where this naive notion proves inadeguate.

If a great part of the intrinsic strueture of the data is
mndiscovered, this impiies that the retrieval language
must supply facilities for the manipulation of information
at many levels in more ways than are currently available,
It is felt that some of the problems that are apparent
from existing experience with data-hase systems will only
find solutions in terms of systems that allow dynamic
structuring eapabilities. Some ideas are proposed to
illustrate this process, Throughout this discussion, the
word ‘system’ will apply to an organization of resources
designed to suppert a given process, and the word
Tanguage’ will designate the =et of waords that are used
i the communieation between this system and 2 human
operator, together with the syntaetic and semantie rules
that describe the proeess,

¢ Definitions

This digeussion will be restricted to those information
systems that exhibit the following features:

1. Decisions are made on the basis of the data
provided. {Examples: retrieval of a particular
bool, modifieation of & program, ete.};

2. The ratio of text-editing to programming is over
fifty percent. In other words, it is equally used
for on-line doecument preparation and for pro-
TrAMming ;

3. Under typieal operating conditions, users have no
coutact with the computer exeept via remote
terminals;

4. User data are available on-line without human
mtervention;

5. Problems are deseribed to the system in a user-
oriented language;

6. Communitics ean share data and services through

the system;

Development trend ix towards multi-dimensional

displays and a command language capable of

handling graph-structured text,

=1

Therce are eurrently fifty to one handred such svstems
in Researclh and Industry. It is of special inferest to
restriet our attention to a particular sub-category that
has not received a great deal of attention outside the
literature of library antomation, namely those data-hase
systems that have interactive capabilities. (In addition
to the above characteristics, interactive data-base svstems
must provide for the management at the physical level
and the refrieval at the logical level of structured data
files.)

This presentation will attempt to: 1) Deseribe the
design and operation of such a system in generai terms;
2} Identify its components; 3) Analyze its design impli-
cations; 4) Examine its underlying principles; and
5) Discuss briefly future developments and their implica-
tions.

Users of such mteractive systems are allowed to ereate,
update and interrogate their own information files, and
this interrogation may take the form of simple (linear)
search through records and catalogues, manipulation of
research files with evolving structure, or even complex
operations on distributed data-bases.

Typieal of the new generation of data-base systems i3
the fact that no programmer intervention is recuired in
any of the above operations. In other words, we shall
only he concerned with those systems that have been
designed in such a way that programming concepts would
hecome entirely transparent to the on-line user.

There are approximately half-a-dozen such systems on
the U.S. market, many more in private use, although
it is difficult to compare their capabilities from the point
of view of interactive utilization: they make use of
widelh varying concepts of file structure and command
language design.

@ Problem of Interfaces

It is frequently useful to phrase information proeessing
problems in terms of interfaces. Given the user world
on one hand and the set of machine representations on
the other, language interfaces can be identified at a
variety of levels: symbolic languages and assemblers,
algorithmic languages and their compilers have heen
defined and their implieations diseussed.

The place of information-oriented languages in this
hierarehy of systems i not always clear. Some text-
editors, for instance, contain compilers as a subset, and
users may have to be aware of programming econcepts
when using them. Some advantages of this appreach in
improving the performance of software developers have
been reported (6). Designers of data-base systems usu-
ally attempt to aveid any mixing of multi-level coneepts,
hut some languages do include small compilers within the
scheme of their interpretive structure. {DIRAC solved
this preblem through a FORTRAN interface allowing
users to provide their own code when they wished to
overlay the built-in computational facilities made avaii-
able as a default.)

Such gyvstems have implieations that are much farther-
reaching than previous types of software. These implica-
tions are Important to the designer, to computer pro-
fessionals in general, to users, and, ultimately, to the way
people think about their information problems.

@ Anatomy of an Information System

AMuch of the discussion that follows is based on the
experience with two languages, DIRAC-1 and DIRAC-2,
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whose applications at Stanford University sinee 1969
have covered the fields of astronomy (7), hematology
(4}, blood hank design, surgery file organization, radio-
therapy (4), administration, ete. The results of these
applications have been summarized elsewhere (8). The
opportunity to carry out a long-term analysis of these
implications at Stanford was lost when the DIRAC-1
group (and much of its early language design concept)
was absorbed by another project with quite different
objectives. A seeond version of the language, DIRAC-2,
was later developed privately. One specialized version of
this system has heen operational on the IBM 360/67
computer at Stanford since early 1971. It is currently
used in the organization of a mineral resources data-hase
that will be deseribed in special detail.

The following is an illustration of the use of DIRAC-1
in an astronomical seareh. The user in this case is a
seientist interrogating a catalog of supernovae, His first
(miestion restriets the search to 23 stars in the Virgo
cluster that have been definitely recognized as super-
novae, Among these, he asks, how many have a known
recesgion veloeity between one and two thousand km/sec?
The answer is eleven. In this subset, is there one that
has heen referenced in the literature under a publieation
from Mount Wilson Ohservatory? The system locates
one siar, supernova number 1901b, and the lterature
concerning this star is immediately printed, together with
some seleeted parameters.

In this illustration from an actual printout, the prompt
from DIRAC iz given in full as the word “ACTION"
followed by a earriage return and colon. What appears
on that line is the retrieval eommand as typed by the
astronomer. Capitalized words are DIRAC keywords.
The answer is given after printing of a separation line for
readability.

ACTION
Cluster CONTAINS Virgo AND SN DOES MOT CONTAIN s
END

ACTION
Vs EXISTS END

ACTION
Vs { < = 2000 and >> — T000) END

ACTION
Sources (FERST} CONTAINS "Mt Wilson” END

ACTION

. DISPLAY SN Vs 12 b2 Sources (ALL) END
N 1901b

Vs 1617

12 271,15

b2 76.50

Sources

1 Ap. J., 88 {1938), 285-304— Contr. Mt. Wilson 25 (1938)
2 XV Colloque Int. Astrophys, Paris (1941} 186,788
3 Ann, Observ. Paris, 2, (1948) fasc, 1, 165-179, et

Although the above example only illustrates the
simplest search capabilities of DIRAC-1, the eommand
language also provided facilities for interactively creating
files, updating them and displaying directory status,
These facilities will be described below in more detail.

* Primary Design Implications

A primary design objective, whose implieations are
obvious in terms of user aceeptance and training cyele,
is the transparency of low-level modules. Non-procedural
languages climinate the need for users to maintain an
awareness of physieal file strueture: a statement in the
command language is broken into subsets that {rigger
the appropriate series of primitive calls. The resulting
operations, in turn, are handled by the time-sharing sys-
tem that provides the necessary link to the file system.

Placing file creation under user contrel has many im-
mediate advantages; the major improvement is found
in the fact that one ne longer has to painfully explain ihe
process of his work to a programmer, who may or may
not be able fo grasp in a few days the coneepts of data
organization (often specific to each diseipline) that the
speeialist has acquired after many years of training.
Another very important advantage is that users no longer
have to a priort sclect one partieular structure for their
work. They ean create a file with an experimental lay-
out of fields and sub-fields, update it with a few typieal
records, attempt interrogation to zoe “how it {feels,” and
repeat this eycle several fimes,

At thig point it is important to emphasize a statement
made by Bennett (10) concerning the role of the designer
and his antieipation of a eertain level of user expertise:
“The user here is typically not professionally ecommitted
to the use of computer equipment per se” This state-
ment was made in the context of library automation, hut
it is valid in the entire field under consideration here.

Tarly in 1970, when DIRAC-1 was made available to
selected users at Stanford TUniversity, an important
experiment was earried out to study the implieations of
the concept for scientists who uged the system on-line,
This experiment consisted in the creation and operation
of a network prototype using data bases from astronomy.

In this experiment it was decided to study users who
had little or no computer experienee, did not wish to
heeome computer experts, had a well-defined, pressing
problem where computer support was mandatory, and
could provide us with a large initial data-base. In addi-
tion, they had to be situated in a remote location (with-
out access to the system designers). The users we thus
defined exhibited the characteristics of a much larger
class, namely, all those who would not use a procedural
language,

Users with these interests and profile were found
among the scientific staff of Dearborn Observatory, near
Chieago. They were provided with a 2741 terminal and
the ability to use DIRAC and a large astronomical data-
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base that was created at Stanford. The experiment lasted
eight weeks, leading to the recording of 120 time-sharing
sessions, At the end of the experiment, interviews were
held with the participants to find out their attitudes
towards the system and to analyze its implications in
terms of their own work. We also used a simple tech-
nique of performance monitoring to record instances of
system behavior of various types. These results have
heen reported in detail elsewhere (3, 7).

Typical of the questions asked in the course of this
experiment was the problem: “LIST ALL IRREGULAR
GALAXIES VISIBLE FROM EVANSTON IN JUNE
FOR WHICH NO RADIAL VELOCITY HAS BEEN
MEASURED.” To solve such a problem by hand would
require approximately one day of an astronomer’s time,
and to solve it by canventional programming could take
approximately the same time, {assuming standard turn-
around and a program with no bugs). This problem
was solved in a few minutes using DIRAC-1. A primary
implication was thus found in the fact that it became
inexpensive to ask a type of question that would not have
been justified under previous systems, and yet was most
valuable to the users.

Such a system ean be decomposed into six major
components:

1. The data,

2. The machine itself,

3. The implementation language,
4, The medium,

5. The interface,

6. The prohlem area.

In the ease of the astronomy network, the machine
was given, the language was FORTRAN, the medinm
was magnette disk storage, the interface was a remote
terminal with no display capability, and the problem area
was astronomieal education and research. However, one
could apply this model to an information system that did
not contain a computer. The elassical library, for
instance, is a system where the “machine” is a matrix
of shelves; the data are contained in bound volumes,
keywords. nomenelatures and abbreviations; the medium
is paper; and the interface is an index.

Is there an identifiable implementation language in the
manually-operated librarv? According to Bennett (70)
there is indeed such a language. It was developed to
permit the interfiling of access points to the main col-
lection and it consists of cataloging codes and filing rules.

Imphlications of design changes can be studied easily
under this model. For instance, we can follow the
procedure changes that would be triggered in the library
by changing the medium (from paper to miecrofilm) or
the machine (from material support to magnetic
storage).

Primary design implications that we lhave tdentified
can be stated simply as a set of guidelines for the de-
signer of some future system.

1. It is important not to set up a rigid system. It
must be possible to alter components without
drastically re-designing operating procedures as
seen by the end-user.

The user’s responsibility must be identified very

early to allow him to shape those parts of the

system, notably the interface, that are critical
for his application. {The procedure followed to
effect this in DIRAC will be illustrated in the
seetion “The User’s Viewpoint.”) The authors
of the INFACT system, for instanee, have
stressed the point that the software was easier
to develop when they proceeded “in an inductive

direction, from the specific to the general” (8).

3. Users should never be locked inside the retrieval
language. Multi-level interaction must he facili-
tated, rather than hampered, by the system. In
partieular it should be easy for the user to obtain
information from the terminai-handler, from the
operating system, from the file management
utilities, and to link to compilers during search.

4. Tmplementation languages must be selected
purely on the basis of ease of programming and
inexpensive training.

5. The system should be as independent of specific
data features as possible, and it should be the
user’s responstbility to provide the data definition
in terms of allowable types.

. Clearly-defined ecditing facilities should be pro-
vided. Data eatry and all related functions are
often underestimated in the early design of data-
hase systems. Such items usually prove much
more expensive than initially thought, especially
when they must include facilities for proofread-
ing and correcting records already entered into
the data-hase.

7. Finally, the system should not be optimized for
an existing language, but instead the implementa-
tien language should be allowed to evolve.

L

An adequate design strategy, in keeping with the above
remarks, would take advantage of any convenient ma-
chine and would use the highest-level language available
on that machine (without writing a new one), A first
version of the language would then be offered, and it
would be so open-ended as to permit inexpensive re-
design in the course of application development if minor
points required alterations. Real-life applications would
be tried very early, and would lead to complete calibra-
tion of the system. A second, eptimized version of the
first system level would then be released. At the same
time, the new concepts that may have emerged during
the first series of applications wounld be gathered in a
second level, used in expanding the applications, and so
on. At each step in this “bootstrapping” one would make
a serious attempt to recognize and extract erueial fune-
tions and to optimize in thejr terms, at the cost of
inefficient code if necessary.
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In spite of its usefulness, study of these primary design
implications does not lead to n complete understanding
of the complex impact of information systems. A better
view at this level is obtained when one begins to analyze
the common characteristies of the systems that have
failed.

¢ Why Information Systems Fail

Information systems that have been developed in the
past have failed to satisfy users for a large variety of
reason, ranging from unreliability of the hardware to
poar human engineering at the command Ianguage level,
In addition te purely teehnical problems, the misunder-
standing of data management plays a role in many
failures.

These systems can be classified into major categaries
depending on the type of shortcoming as seen hy the
user, irrespeetive of cleverness of programming, develop-
ment cost, or hardware ingenuity.

AMany systems provide no data. Instances of this type
of failure are found in eases where development has
preceded understanding, and whoere a programming staff
has begun its work on data management coneepts without
drawing inspiration from real-life applications. It is
typical for such a project to hecome hopelessly entangled
in its own software problems and to create difficulties in
its own path. A new computer generation appears and
forces re-design hefore anmy tangible results ean he
demonstrated,

Many systems provide uscless data. In this class of
system the entire development has usually taken place
from the inside out, perhaps with some real “end-users”
in mind, but with insuflieient awareness of the type of
decision-malking such users experience. The informn-
tion ohtained from the system furns out to he trivial,
overwheimingly sophisticated, or both.

Many systems provide usable data . . . buried in
noise. The comment is frequently heard in management
circles: “We have a fine system, and we are fairly suc-
eessful at keeping the computer and terminals operating,
but every time a real-life question comes up, it takes
longer to go through the output to loeate the real
paydirt than looking up the information myselfl,”

Many systems provide relevant data . . . in the
wrong form. ILvery category of professional users has
its own way of handiing, labeling and displaying informa-
tion. The graphie techniques that are used daily by a
geologist will puzzle an astronomer, and in the formula-
tion used by hiologiats, the chemists may not be able to
perceive relationships. Coding systems are an especially
frustrating example of this: medical nomenclatures and
the numbering schemes for libraries have very peculiar
mathematieal properties. They serve purpeses that
prograrmmers cannot be expected to “guess ar.” Tor this
reason, much of the information produced by current

systems, relevant as it may be, turns out to be useless
hecause it is not in a form users ean recognize.

Our team had such an experience with the cancer
research applieations of DIRAC-1 during the transition
phase to DIRAC-2. The results, that came on the
terminal in the form of tables and numbers, had to be
studied by the specialists and compared to previous
data or results available in the literature. When this
process was investigated we learned that eancer speeial-
ists had developed standard reporting procedures and
standard mensures of treatment effectiveness and sur-
vival rates. The system was then programmed to gen-
crate these statistics from the record subset selected by
DIRAC. In addition it beeame possible to display the
aectual survival eurves on the terminal. The pace of the
medical analysis was elearly increased by this technique,
which led to the identification of significani differences
among subsets of patients that were previously not
differentinted (4).

And this leaves all the systems that do provide relevant
data, oceasionally in a legible form, but too late. In this
case the failure ean usually he traced to poor integration
of the system within the organization it supports; to
poor training; to distrust on the paré of those who
gonerate and manage the information; or simply to
software design that has created a cumbersome machin-
ery that does more to shield end users from what is
happening in their data-base than to provide decision-
malking power.

® Secondary Pesign Implications

Observation of these attempts at developing informa-
tion systems leads to a number of remarks that may
seom obvious but do require elear attention. These
points have consistently been ignored in the design of
the “bad” systetns, in one way or another.

First, it is imperative to understand elearly the real
nature of the user’s problem. For example, the Lbrary
environment, with its very special set of parameters, is
not the ideal one in which to study the interaction of
scientists, It is not true that the numbering scheme
or the keyword mechanism used in a given profession wiil
suceessfully serve the needs of another one. To some
users it may he imperative to have access to the com-
plete text of cach document. In other applications an
index or a cross-reference is adequate. An effort to force
eertain techniques, like the use of keywords, on those
ficlds (sueh as medicine) where rapid evolution of the
terminology is taking place, may lead to failure of an
otherwise well-designed system.

Second, it s important to understand the dimensions
and the goal of the application. Consider the case of
astronomical researeh, where extremely massive cata-
logues have heen accumulated and where the potential
number of objeets that could be classified has no upper
limit. Careful observations of patterns of search show
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that a given astronomer does not need constant access to
these catalogues, and that his work would be greatly
simplified if a system allowed him to generate a “per-
sonal catalogue” of those objects he studies, with scme
form of on-line updating capability to draw upon the
resources of the larger data-base. Supporting this kind
of two-level information system will be more important
than designing the fastest access mechanism for a
single, centralized depository of data.

Third, the temptation to build “the ultimate informa-
tion machine” should be resisted. The fact is that the
state of the art in software does not provide us with
enough knowledge to predict what funetions future users
will apply to data-bases. Instead, we should design very
general tools with open-ended capabilities, and we should
apply them to earcfully-gelected applieations.

Reporting on his suceessful experience with such a
general software tool, an MIT political scientist has
called attention to this point: “No data management
gvatem iz likely to solve in the near future all the prob-
lems of data analvsis that the survey analyst now
faces” (11).

Finally, interfaces should he kept eclean and very
simple. This, in itself, will eliminate several types of
potential difficulties. It will shorten training time;
clerieal personnel with direet access to a lower-level
system, such as a text-editor, will ne longer have to he
aware of the entire machinery behind it. It will make it
casier to implement and maintain the system. Tt will
make changes possible when a monolithic system would
he vulnerable to alteration of its environment.

Prawing from these observations it has been possibie
to ereate a new version of the DIRAC language that
is ag simple In its command structure as DIRAC-1 but
hias more powerful internal search and display capa-
hilities, The following are some of its features:

1. Tt is fully interactive and operates in a time-

gsharing environment.

It appears to the user as a natural extension of a

text-editor with which it is interfaced.

3. Data eniry is effected remotely and only involves
simple typing skills.

4. The system introduces an order-of-magnitude
reduetion in the cost and delay of retrieval opera-
tions compared to classical computer program-
ming.

5. The commands may easily be learned in one ses-
sion at the computer terminal of less than an
hour’s duration. No previous programming
knowledge is required.

. Responses to the most important search com-
mands may appear either on the typewriter
terminal or on a video display scope at the
user’s reguest.

7. Selected records from the main file can be dy-
namically designated and treated as separate sets
during later search phases.

13

]
L=
[ ]

8. It allows a combination of indexing (user-sup-
plied codes such as industry standards, govern-
ment designations, abbreviations, ete,) with user-
specified field designations in free format,

9. The self-defining structure of DIRAC-2 makes
updating especially easy. Furthermore all text-
editing commands are recognized for modifying
data in any way.

10. Statistical tools are provided in the form of
correlation matrices and histograms that can be
triggered and displayed through simple com-
mands that apply to any file in the system.

The geoscience data-base that we currently use con-
tains information of potential interest to three mam
categories of users. The first user, the government ad-
ministrator faced with decisions on alternate uses of a
particular region of public land, may wish to assess its
mineral resource potential. Typical of the second user
class would be the personnel in charge of exploration
for a large mining company. Finally, a geologist might
he interested in correlations among certain mineral
assemblages found in partieular depesits.

It is useful to ask how they might each take advantage
of a computer technigiie such as we have illustrated, a
cuestion that the literature of geoscience applications has
begun to examine (74). The mineral resource potential
of the land area studied by our first user {the government
administrator) will be aecessible to him through correla-
tion and histogram displays; our second user (the ex-
ploration man) will require more detailed information
and will apply a variety of search commands to the data
hase until he has selected subsets that satisfy his criteria
for the eommedities with which he is conecerned. Once
this search is completed the system will give him nccess
to the on-line bibliography for further reference. The
third user, our geolegist engaged in research, will com-
bine both of these approaches until his questions are
refined into o consistent problem, to which will cor-
respond a preeise set of data reeords.

¢ From DIRAC-1 to DIRAC-2: A User’s Viewpoint

The reader will find in the Appendix an actual terminal
histing of a DIRAC-T session aimed at defining a mineral
resource data-hase. This session took place early in 1971
at an IBM 2741 terminal and utilized the Stanford IBM
360/67 computer to create a prototype file for mining
properties in Montana. The aim of this experiment was
not to ereate a permanent file, but to acquire a sufficient
arasp of the problem of structuring such a data-base to
make recommendations regarding larger problems, such
as we shall see in the next section.

DIRAC-1 was so designed that questions or “prompts”
were given to the user, who then responded with answers.
In some instances only certain responses were recognized
(such as the choice of output device) whereas in other
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instances the user had complete freedom in entering
terminology of his own choosing, such as the selection
of names and descriptions of the varicus Aelds. When an
invalid response was made, the user was informed and
supplied with the range of appropriate replies.

In the example given in the Appendix, which illustrates
the seif-defining features of the language, queries gen-
erated by the computer are flush with the left margin,
are always capitalized, and usually are preceded by a
number. The prompt to the user is a colon, as in the
astronomical example seen above, and a combination of
upper and lower case characters is permitted. Explana-
tions of what transpires during this session refer in most
cases to the actual paragraph numbers preceding the
prompts; in some enses, letters (A, B ete)) have been
suppiied,

A The user specifies that a file iz to be ereated.

B The user's own file identification is provided.

C  Bimple prompts will be used under the “terse”
mode, as opposed fo & more {utorial, or “verbose”,
mode of eperation.

I The file will also be known by the name
“minerals™.

2 The string * indieates the place where the
wser recalled that the deseription must he enclesod
in double quotes, By striking the ATTN key he
was able to correet his error.

3 This speeifies who can use the file: in this in-
stance, anyone can. However, only {wo persons are
named as permitted to updale (add to, modify or
delete) the file.

4 A special notation could be defined at this point.
5 This length of 512 characters is based on an
estimate of the maximum length anticipated for any
one record. Tt can be changed on the basis of update
statisties. Here the dynamie revision ecapability of
DIRAC-1 was used to ehange the preliminary esti-
mate to 256 words.

6 “Tields” refer to the various elasses of data that
are to be entered. These again are user-seleeted.,

7 The user is requested to iudicate if the various
fields will contain single or multiple entrios.

8 The record loeator is standard.

% No strueture specifieation hevond the free strue-
ture already defined.

10 Validations are imposed on the file by the user.
For imstanee, ne reeord will be accepted that has
over fifteen entries for cconomic elements.

I} The string FRFEE] is an error {eedback signal
that points to the last position secanned. The user
then receives an error number and information re-
garding the aceeptable specifications at this point of
the “conversation.” This response is offset to the
right to preserve readabilify, and the system re-
covers normally.

I At this point the structure of the file is com-
pletely defined.

F  Another ease of error and correction on the
user’s part.

G The user is requested to specify the mode of
display of the status report.

H  This report indicates the organization of the file,
as well as other relevant information; statisties will
be entered dynamically as updates take place. This
report is automatieally formatied by DIRAC.

I We now enter update mode.

J New records are to be entered from the terminal.
K Entries are made for the various fields in the
first record. It is noteworthy that fields ean be
speeified in any order, and that the entire update
session could also take place either from a previously
ereated ‘update set’” or from a formatted tape, under
the positional input processor of DHIRAC.

I The second record is now created,

A We now begin interrogation to cheek the feasi-
bility of working under this preliminary structure.
N Again, an improper response is made, and the
correct form is provided.

O The request is made to sclect those records (de-
posits) that eoniain gold.

P DBoth records satisfy this condition,

Q What are the gangue minerals that are known
to oeeur in these deposits?

R The next request is made to select those deposits
which eontain both gold and lead.

S Only one property satisfies this eondition, and
we type out all the information concerning it,

T The total time nvolved in this entire experiment,
from file ereation to interrogating a sample with two
complete properties, was under thirty minutes,

Development of the application beyond the stage of
“academic” rescarch led to major decisions in terms of
system support and langnage structure when the problem
of automating the large data-base of Alaska mineral
resourees was presented, as the next seetion will show.

® The Alaska Data-Base: Research in Progress

The largest systematieally organized file on minerai
deposits for any one state is that of Alaska, which was
initiated in 1948 and represents approximately ten man-
vears of wark,

The henrt of this file consists of approximately 7,500
mineral occurrence locations recorded on five-hy-eight
ards stored in Kardex cabinets. These i turn are tied
to a master bibliography of all Federal and State mineral
resource publications which describe these oceurrences.

The basie breakdown of this fle is by USGS quad-
rangie-maps at a seale of 1:250,000 of which there are
153 in Alasks with abeut twa thirds of these reporting
occurrences of metallie mineral deposits.

A typical example of the kind of data recorded and
the manner in which it is presented is shown below.
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This file, in its existing form, has served as the basis for

over 75 publications and maps, the source of answers to

numerous requests for information on Alaska, and over

2500 copies of mineral oceurrence reports with accom-

panying bibliographies and maps have been distributed

to individuals and firms upon their request.

(Fortyfive Gulch) {Pup} {Pass) GOLD, TIN, TUNGSTEN

Ellsworth and Parker, 1211, 64d12m N. 142d05m W approx
p. 170 Eagle (14.5, 3.6) approx.

Porter, 1912, p. 217

Ellsworth and Davenport, 1913

Mertie, 1938, p. 185

Joesting, 1943, p. 19-20, 28

Thorne and others, 1948, p. 28

Smith, W, H., 1968 p. 2

Foster, 196%9a, p. G28

Foster and Clark, 1970, p. M5

(Fortyfive Gulch) (Pup) (Pass)

Tn 1971 we began experimenting with DIRAC-2 to
asceriain the feasibility of automating this file without
significant modification of use patterns, but in a way that
would considerably extend its scope. First, a trial file of
fifty-one properties was created with selections from
various quadrangles. The following sessions illustrate a
typieal query sequence in the abbreviated form of
DIRAC-2.

In the first part of the session, a request is made to
find all those properties in which copper is reported.
This subfile is retained for interrogation or display at a
later time. Next, we learn how many of the occurrences
indieate lead and silver mineralization and are located
in the Nulato quadrangle. We find that two such proper-
ties exist. We type out ail the information known about
the first of these two sites. Next we wish to obtain the
complete bibliographie reference for the article by Cass.
The master bibliography is searched, and the reference
is typed out.

Au, Sn, W

? find ELEM Cu
15 ENTRIES
? hold i
? file G
51 ENTRIES
? find ELEM Pb
9 ENTRIES
and ELEM Ag
2 ENTRIES
hold 2
and QUAD NULA
2 ENTRIES
? lype
NULA Perseverance
< E4¥30'N, 157+09W>>
Brooks, 1923, p. 39
Brooks and Caopps, 1924
Metrtie, 1936, p, 227
Cass, 1959
Berg and Cebb, 1967, p. 228
? list ‘Cass 1959
Cass, 1959—~Cass, J. T., 1959, Reconnaissance Geelogic map
of the Nulato quadrangle, Alaska: U.S. Geol. Survey Misc. Geol
Inv. Map 1-291, scale 1:250,000,

-0

-

Returning now to subfile I, it is desired to examine
the number of times copper is found to occur in connec-

tion with other economie elements. A correlation display
demonstrates this immediately. We also produce a histo-
gram to indicate the total and relative occurrence of each
of these economie elements in those fifteen copper-bearing
occurrences. This information would be extremely diffi-
cult and costly to obtain if we had to rely on a2 manual
search on the entire file.

? file 1
15 ENTRIES
? corr ELEM ELEM,
?ert O
ELEM ELEM

1Sh | Cul Aut Bb I Ni | Ag !
19 1B.19% | Sb 51 5151 4101 01
35 33.3% [ T} PS5 5 v 710 5 1 2 1 1 1
25 23.8% | Av I 5 v 7 ¢ 7 1 510111
19 18.1% ' Pb 1 4 1 5 1 5 (1 51 010!
4 3.8% 1 Ni 1ot 2101 0L 210
3 2.9% I Ag o1 1 1 1 1oty o111
TOTAL = 105 19 35 25 19 4 3

18.1 33.3 23.8 18.1 3.8 2.9
? draw 0

ELEM

5 143% Sb  *eeew
]5 42.9% CU ER R A SRS S ST
7 20,096 Au RreRrEs

5 14,39 Pp  wwrrx

2 57% Ni **

T 2.9% Ag *

Among the advantages of automating this file under
PIRAC-2 we found the following:

1. The data-base can remain at one location where

it can be maintained, yet may be aceessed in-

stantly from any point where terminal service
is available.

People interested in selective information—such

as all Cu-Ni oceurrences—can obtain instantly

all known reported locations and an acecompany-
ing bibliography, previously a very time-consum-
ing task.

3. It is possible to keep this mformation source
current, by updating both the literature refer-
ences and the parameter values stored in the
record, whereas publiched material hecomes
rapidly obsolete.

4. One may seek out relationships which eould prove
of value, but which would be too time consuming
and costly to obtain manually.

5. The system meets the short-term response re-
quirement of decision-makers and administrators.

6. The data-base can be interfaced with plotting
routines to produce commodity maps, such as
those created for S.E. Alaska by Heiner and
Wolff in 1970.

Current work is proceeding in line with the reqguire-
ments, recently set forth by the U.S. Geological Survey,
to use computerized data banks for resource information
{12).

f ]
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* Principles of “Datanauties”

How ecould we apply the knowledge of these implica-
tions to the design of better information systems?

A special item of interest here is the generalization of
the concept of a set of files into that of an information
space. In the library context, Bennett poses the follow-
g fuestions: “Is a sense of spatial loeation important
to a searcher? Are there display techniques that give the
searcher a sensc of continuity as he skips from place to
place within a system file? Between system files?” (10).

These tuestions have been addressed by several de-
signers. The Augmentation Research Center at SRI has
proposed and demonstrated ways of linking documents
within on-line files. Given that techniques do exist to
move at will within such an information space, what kind
of navigational aids do we need ?

It will be usefnl, as the first step, to clearly distinguish
between the automaton, or system, that performs the
text manipulation functions, and that system which
communieates with the user at the highest level during
search. Given the reference plane of the user, and given
the various layers of information that are visible from
this plane, we ean imagine that the first type of software
fool at his disposal might serve the purpose of a “data
probe’ with the following funetions:

1. conmuxieaTion, In this mode messages can he
sent and received at the terminal, “help” com-
mands are processed and error messages are
posted.

oBsErvaTioN. The [anguage at this level has the

ability to deseribe the strueture within which

the user is moving.

3. amomrury. The user needs the ability 1o move
across files,

4. acquisitioN. Ability to acquire the record speci-
fied by an index, to seleet a part of text, ete,

9. VisvanIzaTioN. Examples of thiz funciion might
he to move the third line to the top of the sercen,
to display selectively the context of eertain key-
words, etc.

0. oncanizatioN. All the functions of editing at the

word or character fevel,

. DERivaTION, The ability to operate on the file and

generaie (compute) new items.

8. merwrrory. The user must be provided with
sense of the boundaries within which he moves,
including any privacy econcepts that may be
applicable.

]

' |

Such a “probe” may be a text-editor with terminal
handling eapabilities (although such programs fypically
provide little computing power). Tt is important to
specify the type of visual output available at this level
both in terms of the data itself and of the structure of
the data, Traditional design principles are applicable
here. A eclassieal book on human engineering (1) has this
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to say about the display of motion within a structured
space:

In general it ean be said that, as an operator's vehiele
moves aboub in space, he can best eomprehend a dis-
play that gives a representation of his movement with
the fixed portions of the instrument representing the
space within which he has moved.

This prineiple ean be applied to the ailoeation of
display areas on a seope for the visualization of the data
structure as opposed to text, and it has a place in a dis-
cussion of human factors.

The seond software level that will communicate with
the probe through a simple interface could be ealled
“information control module” and would have the follow-
ing funetions:

1. para amanevrarion. All funetions of the “data

probe”,

2. HIGH-LEVEL Tasxks. File system functions are
transparent,

3. INVULNERABILITY. Recovery from failure or
conflict,

4. sacHING iNpEPENDENCE. Hardware and operat-
ing system funetions are {ransparent,

5. avroararisa. Non-procedurality of the command
language.

(. AwarnyvzanLe, Gathers information about itself
and monitors its own perfarmance.

When implementing such a system, one should identify
these components and antieipate a processor with an
analysis level and a recovery level for each component.

Some of the above points may appear as philosophical
issues of little significance to the “nuts and belts” imple-
mentation work, until one finds himself faced with the
real-life complexities of natural language processing. In
ihe context-sensitive environment of the newer systems,
the detection of ambiguity places an additional burden
on the control modules.

In an cxperimental system developed in 1966 for
question-answering in astronomy, the problem arese of
distinguishing between such questions as:

FIND THE PERCENTAGE OF GIANTS BLUER
THAN A2 AMONG BINARY STARS WITH
VELOCITY BETWEEN 50 AND 70 KM/SEC;
that would lead to feasible retrieval formulac {and a
numerical answer) as opposed to questions of the type:
HOW AMANY STELLAR SYSTEMS HAVE
STARS?
where the answer could he determined without search of
the data-hase, while a third type of question, such as:
HOW MANY MULTIPLE STARS ARE SINGLE?
or:
WHAT IS THE PROPORTION OF DWARFS
AMONG GIANTS?
resulted in semantically-invalid interrogations. Clearly
the automnton that determines semantic contents of
stich queries should he separated from the module that

b
o
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will, for instance, recognize DWARTS as a plural form
of the word DWARF.

® Questions about Information

After considering the questions we have enumerated,
we must ask whether some very basic difficulties, inherent
in the nature of information processes, will not place
severe limitations on the best software system we can
ever hope to design, given our present understanding of
these processes, These ‘theoretical limits’ are already
reached in some instances, although programmers are
proposing new ways to get around some of these
difficulties.

Consider as an example the case of & hospital data-base
that has three potential categories of users:

The first eategory of users, hospital administrators,
may wish fo ask questions such as: “How long do peaple
stay in ward 1777 or “How many beds were available in
June?”

In contrast to this type of question, the clinical staff
will gquery the same system to obtain data concerning
tests for particular patients, or the number of sleeping
nills to be distributed this evening.

A third category of potential users, the medical re-
searchers, may query the system for long-term correla-
tions between complications and symptoms in given
disenses,

What are the characteristics of an information system
that would serve all three categories of users in a high-
level language, and in optimal fashion? Consideration
of this problem immediately leads to basic guestions
about the nature of information, and raises the issue
of the definition of languages to describe its struecture.
Some questions that we must pose at this level follow.

Is information structure “God-given?” In other words.
15 there, for any problem, an optimal structure specifica-
tion that must be discovered (or somehow “revealed”)
at the outset, and never altered? If szo, for a given
problem, can we build a set of “primitives” that repre-
sent the structure, and ean we deal entirely with these
primitives in Iater stages? Such an assumption appears
to underlie most of the work eurrently done in library
automation, vet the hypothesis has not been examined
in the light of the difficulties we have alluded to.

Even more basically, designers could look into the
problem of determining whether it is always possible
to separate strueture from data: in the description of
astronemical entities, such as stellar systems, we already
found that this was not necessarily the case. In a multi-
ple stellar system, for instance, the word “triple” is an
answer to a data question (“What is the multiplicity of
the star Castor?’) but it also determines the number of
branches we see in the information tree at the next level,

In a system where structure manipulation is inexpen-
sive, the user himself can rapidly evaluate the implica-
tions of structural changes. In other words, the svstem

can he used not only to implement a particular structure,
but to discover the “best” structure among several al-
ternatives.

As experience with information retrieval spreads out-
side the scope of the Library, and reaches many levels
of government, business and research, it is becoming
increasingly apparent that other major difficulties have
not yet been identified.

Computerized information retrieval is a difficult field,
because it is not usually possible to store “information”
in a computer in the first place. All we can store in a
computer is data. These pieces of data, when retrieved
by a human user, may appear as information to that
particular user, but it is unrealistie to expect the param-
eters of this interaction to be measurable in the terms
of transactions observable at the machine interface.
Such an interaction can only be evaluated in terms of
the behavior of the total organization, not on the basis
of CPU cveles, number of terminal transactions or disk
utilization ratics.

Given a user who is trying to manipulate research
data, an effective data-base system must function as a
re-structuring tool rather than as a simple processing
machine, It must adaps to intellectual decisions made by
a human and it must be eapable of displaying information
at varying depths and in a great variety of forms, not
so much as a support for retrieval of a particular docu-
ment but rather as a guide to the user’s thinking process.
A crucial, yet seldom reeognized, decision that must be
made early in the development of an advanced system is
the selection of a significant application to serve as a
guide for the implementer’s thinking. A person anafvzing
this kind of interaction might find more inspiration in
the work of artists, theoreticians in science or decision-
makers in husiness, than in the observation of computer
programmers or Hibrarians.

In this context, it is not enough to observe the repre-
sentation {the finished work of art, the demonstration
of a theorem, or the form of an investment deeision).
We must ask what was the intent of the activity, its
meaning in a particular eontext, and we need to identify
the compeonents of this interaction. Then we need to
discover how the representation or aectivity has evolved
during the history of this particular user, or school of
users, befere we can form a theory of the process and
measure its effectiveness. This is a problem of much
greater scope than currently defined.

As we begin to question the traditional view of the
user as a passive recipient of information, it is not enough
to recognize his role as a source of guestions. In an
information system the human plays a far more impor-
tant role, one that has so far heen regarded as lving
outside the scope of system design: his role as an
operator in the mathematical sense, as the originator of
transformations that can be applied to the data. The
result of the transformation is generally what is recog-
nizable, and retrievable, not the data itself. Thus we

206 Journal of the American Society for Information Science—July—-August 1973



are led to the speculation that future data-base systems
will have to devote increasing attention to the support of
a class of intellectual processes that operate upon com-
Dlex information structures.
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Appendix
A Complete DIRAC-1 Session

enter

PIRAC VERSION 1B

NAME QF USER

Askevold

PLEASE TYPE EXECUTION MODE

CREATE (A

FILE [DENTIFICATION
G010
KEY FOR THIS MODE

COMMAND

SET TERSE
INTERFACE
_+ NONE

T. FILE NAME

Minerals

2. FILE "DESCRIPTION"
File of ***
“File of Mineral Peposits”

{8)

©

3. DISPOSITION (PUBLIC/PRIVATE)

PUBLIC

ENTER “AUTHORIZED UPDATE USERS”

“Askevold Other name"

Revisions ?

NONE

4, SPECIAL NOTATION FOR RECORD AND FIELD?

: NONE
5. RECORD LENGTH?
12

REVISIONS?
REYISE 5

5. RECORD LENGTH?
56

REVISIONS?
NONE

6. SUPPLY NAME AND “DESCRIPTION" FOR ALL THE FIELDS

@1 7 Property “Name of Property”
@2 *? District "Mining Distriet”
@3 ? County “County"
@4 ? Survey “Land Survey
@5 ? Type “Type of Deposit”
@6 ? Elements “Economic Elements”
@7 ? Production “Past Production”
@8 ? Ore "“Ore Minerals”
@9 7 Gangue "Gangue Material”
@10 ? Host “Host Rock’
@11 7 Alteration “Alteration”
@12 ? END

REVISIONS ?

NONE

7. SUPPLY DATA TYPE AND MULTIPLICITY
ALPHA SINGLE @! @2 @3 @5 @11 @4

: ALPHA MULTIPLE @7 @1
8, DEFINE “RECORD LOCATOR"
NONE

REVISIONS?
NONE
9. DEFINE RECOR®D STRUCTURE
NGNE
10. VALIDATION
@6 SUBFIELDS 15
@7 SUBFIELDS 20
@6 LENGTH 30

*********!

@4 SIZE 30
@1 NECESSARY
END

REVISIONS ?
NONE

0 @ @6 @8

76 (D)

ACCEPTABLE SPECIFICATIONS:
NECESSARY, SIZE, SUBFIELDS,

FOLLOWED BY INTEGER.
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11. CODES: MONE

THE FILE HAS BEEN CREATED. {E) UPDATE OR STATUS, UPPER CASE.

SET VERBOSE () : STATUS G010

*EA] QUTPUT DEVICE? (0/7/2 — TERMINAL/SCOPE/EDITOR) {G}
---------------- 1 0 {H)
STANFORD UNIVERSITY STATUS REPORT FOR FILE G010 DIRAC-1
COMPUTATION CENTER 16/FEB/1971

DESCRIPTION: File of Mineral Deposits
CREATION 16/FEB/1971 FILE NAME Minerals
RECORD ENS CREATED BY Askevold
FIELD (@F RECORD LENGTH 256
DISPOSITION PUBLIC NO. OF FIELDS 11
NO., OF RECORDS 0O LATEST UPDATE 14/FER/1971
FIELD IDENTIFECATION, STATISTICS AND VALIDATION INFORMATION
TYPE VALIDATIONS STATISTICS

FLD NAME BESCRIPTICN TM NEC 1 m REC PCT

1 Property Name of Property As YES o 0 0 0%

2 District Mining District AS 0 0 0 0%

3 County County AS 0 0 0 0%

4 Survey Land Survey AS 0 0 0 0%

5 Type Type of Deposit AS 0 0 0 0%

& Elements Economic Elements A M 30 15 0 0%

7 Production Past Production AM 0 20 0 0%

8 Ore QOre Minerals AM 0 0 0 0%

? Gangue Gangue Materials AM o] 0 0 0%

10 Host Host Rock AM 1] [¢] ¢] 0%

11 Alteration Alteration AS o] 1] 1] 0%

VALID COMMANDS: CREATE, QUERY,

UPDATE G010 <|)
FIXED FORMAT 7
: NONE
INTERFACE
: NONE
NEW OR OLD ? 0y

RECORD NO. 1

@1 ""Cape Nome"
@2 “Clinton-Potomic”
@3 “Missoula”
@4 “SE 1/4, Sec. 19, T.I2N, R.16W" K)
@35 Vein
@61} Cu
@6(2) Ag
: (@6(3) Au
r@7(n >19,000 Ib”
: @7(2) 2,000 oz
@7(3) “3 oz"
@8(1) Chalcopyrite
@8(2) Tetrahedrite
@8(3) Malachite
@?(1) Quartz
@2} Barite
@9{3} “Specular Hematite”
@4} Siderite

@1 ‘Legal Tender”

@2 “Alhambra-Warm Springs”

@3 Jefferson

@4 ""Sec. 9 & 10, T.BN, R3IW" (L}
@5 Vein

@6(1) Av

@612} Ag

@6(3) Cu

@6(5) ZIn

@6&(4) Pb

208

@8(1) Galena
@8(2) Tetrahedrite
@%(1) Quariz
@P(2) “Manganese Oxide”
: END
MAXIMUM RECORD LENGTH : 104 WORDS.
THE FILE CONTAENS 2 RECCRDS,
UPDATE EXECUTION TERMINATED.
QUERY GO0
COMMAND
@65 CONTAINS Au END

*tl

(M}

{N)

PROPER RESPOMSE: SET TERSE,

SET VERBOSE, NONE
COMMAND
SET VERBOSE
INTERFACE
NONE

ACTION
SELECT
@6 CONTAINS Auv END

ACTION
LIST @9

*kk k]

cemrmnn 17

{0}
P

SELECTION RULES BEGIN WITH @F,

SELECT OR LEFT PARENTHESIS

1 Quartz

2 Barite

3 Specvlar Hematite
4 Siderite

1 Quartz
2 Manganese Oxide
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ACTION 2 Tetrahedrite

Elements CONTAINS Au Gangue 1 Quartz
AND Elements CONTAINS Pb END {R) 2 Manganese Qxide
1 RECORD SELECTED (s) ACTION
ACTION ;. END
TYPE ALL NOW YOU CAN EXIT BY TYPING AN EXCLAMATION MARK
g T EXECUTION MOBE 7
Praperty Legal Tender s 0
District Alhombra—Warm Springs EXIT FROM DIRAC.
County Jefferson ? logoff
Survey Sec, 9 & 10, T8N, R3W EDITING TIME =z 2.79 SECONDS (TH
Type Vein COMPUTE TIME — 15.68 SECONDS
Elements 1 Au MEMORY USAGE == 799.83 PAGE.SECONDS
2 Ag /O ACTIVITY =0 UNITS
3 Cu ELAPSED TIME == (0:28:38
4 Pb END OF SESSION
5 ZIn e e e e e e et e e e e e
Ore 1 Galena 9 June 1972
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