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prime medium of the system, even the main unit 
of communication. An abstract is a useful and 
logical unit because it can be printed on a frame 
of microfilm or on a coded (punched or mag­
netic) card or on a single sheet of paper. 

Even advanced mechanized systems will 
probably use manually produced abstracts. 
Automation of the abstracting process will be 
one of the last stages in the evolution of fully 
automated systems. The reason is evident after 
a moment's reflection. Difficult as the problem 
of automatic language translation is, it is one 
order of complexity lower than the job of ab­
stracting. In many ways the difference between 
the two is analogous to the disparity between 
a dictionary translation and a translation 
turned out by a truly bilingual specialist in 
the field. The latter, if a good translator-, will 
not simply convert words or even phrases. He 
will restate the author's thoughts in the new 
medium. The abstract must do this same thing. 

Automatic abstracting comprises the ulti­
mate refinement of automatic translation and 
automatic indexing. It must translate ideas 
from expanded to compressed language, and it 
must be selective, It must also be endowed with 
a product all its own, the attribute of para­
phrase. 

REPRODUCTION AND DISPLAY 

There are a number of hard copy reproduc­
tion methods available, including: 
Copy Camera Ozalid 
Ditto Process Photoengraving 
Electrography Photogravure 
Letter Press Photolithography 
Li thogra phy Rotogra vure 
Mimeograph Thermofax 
Offset Printing 

There is a method to suit almost every con­
ceivable need. In general, the obtaining of 
higher-quality, cleaner copy calls for a greater 
investment. 

The situation is not so well resolved in the 
case of display systems. The technology of dis­
play has generally lagged behind the advance­
ment of data processing and transmission. 
However, government and industry have begun 
to exhibit a resurging interest in computer-gen­
erated large-scale displays. The development of 

high-capacity comman9 and control systems 
within the Air Force has emphasized the need 
for sophisthicated data-presentation subsys­
tems.14 

There are three main areas of technological 
effort: 

Projection, using a stable light modulator, 
such as film or selenium plate. 
Light valve, also a projection device, with 
direct electronic control of the image. This 
has advantal!es of speed and elimination of 
expensive film and the disadvantages of 
resolution and brightness (two urgently req­
uisite factors in IS&R display). 
Electroluminescence, no projection, experi­
mental prototypes only. Display surface acts 
both as light source and modulator. 

. In general, for the specific applications of 
IS&R, there are no suitably inexpensive sys­
tems for reproduction and display. Essentially 
what is needed is a low-cost, low-volume device 
to meet the demands of a circulating library 
replaced by a noncirculating, automatic 
transmission-displaY-reproduction system. Ad­
mittedly, for many applications, microfilm dis­
play can be made inexpensive, particularly 
where it is sufficient to exhibit an entire se­
quence of frames or film. But for IS&R, which 
is a selective application, research and produc­
tion have not come up with adequate equipment. 

COMMUNICATION LINKS 

Hardware development in IS&R will ulti­
mately make it unnecessary that a requester be 
physically present at the information center. 
Links for communication between remote re­
quest stations and the center, which are now 
available or in advanced stages of development, 
range from conventional telephone lines to sys­
tems employing microwave devices. A closed­
circuit television system (CCTV) will lend it­
self very readily to application in IS&R. There­
fore, the communication system might be as 
simple as one permitting a requester to initiate 
a search by telephone and whose results, in the 
form of abstracts, are returned to him by tele­
phone or mail. With abstracts and documents 
stored on microfilm and a CCTV /telephone sys­
tem, the requester could, in a more advanced 
system, view abstracts or the document itself. 
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The ultimate in a communication link be­
tween the user and the information center 
would permit the user to deal directly with an 
automatic IS&R unit (computer) to initiate a 
search, call up on a viewing screen the docu­
ments resulting from the search, and reproduce 
these in the form of hard copy. While all the 
functions involved are conceptually simple, con­
siderable development and system integration 
effort must be accomplished before the ultimate 
system becomes a reality, especially in the de­
velopment of CRT line scanning (800 to 1200 
lines) . 

In the area of volume hard-copy reproduc­
tion, to take one example, the state-of-the-art 
survey for this report revealed no systems that 
could be called ideally suited to IS&R if one 
considered high-cost trade-offs for systems such 
as electrostatic-video printing. Among the 
lesser problems, considerable work in human 
factors for such a system might be done. De­
tailed answers to questions of viewing-screen 
brightness and contrast and ambient illumina-

SPECIAL 
AND 

GENERAL 
PURPOSE 

COMI'UTERS 

Figure 4. Equipment State of the Art. 

tion should be made available. While all the 
individual functions involved are conceptually 
simple, considerable development and system­
integration effort must be accomplished before 
this becomes a reality. Much groundwork has 
been done,32 but the extent to which experience 
in viewing conventional TV visual presenta­
tions can be applied to the prolonged reading of 
text for an ideal IS&R visual· link is ques­
tionable. 

SUMMARY 

The status of information storage and re­
trieval is summarized in Figures 4 (Equip­
ment) and 5 (Techniques). The sizes of the 
boxes are drawn to indicate their relative 
"strength" of development of the given area. 
Note that the "Equipment" circle is drawn 
larger than the "Document Processing" circle 
to show the greater strength of development in 
this area. A notable exception is the equip­
ment for graphics and display, microfilm reao­
ing, and reproduction in particular. 

Figure 5. Technique State of the Art. 
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In two respects, IS&R is not yet an in­
tegrated science in the sense of chemistry or 
even such an interdiscipline as bionics. First 
of all, the contributing disciplines are diverse 
and overlapping, but hardly unified. Secondly, 
although many nonconventional systems are in 
operation throughout the world, they have little 
in common by way of a unifying description. 

The most glaring deficits are the software 
lag and lack of a truly empirical basis. Today 
is part of an era of machines that can analyze 
data, read and recognize printed symbols, recog­
nize audible and verbal signals, be conditioned 
and learn, teach humans or other machines, and 
even make decisions. Thin film memories are 
reducing access times to the nanosecond realm. 
A billion items of distinct information can be 
stored in a space the size of a paperback novel. 
But trailing far behind these amazing creations 
in the equipment field are the concepts of how 
people communicate with each other, partic­
ularly when the scientist or engineer presenting 
his results or theory on paper does not know 
who in what remote corner will want to read 
it, or when the person seeking information has 
some vague unfulfilled desire and-does not 
knov: -who in what remote COl~ner has the happy 
cure for his troubles. Each one hopefully relies 
on those who are entrusted with getting the 
answer to the need and finding the market for 
the goods. 

In the meantime, advanced thinkers are 
passing over the concepts-equipment gap and 
are developing theories for conceptual machines 
not yet in existence. And-emphatically-they 
are needed. But concurrent with these efforts 
is a greater need for less speculation and con­
jecture, less projection of pet ideas and sys­
tems, and more experimental investigation and 
scientific method. 

The ultimate criterion of how well a retrieval 
system works is the extent to which retrieved 
information meets the need of the user. From 
the outset one is confronted with problems be­
cause user need is already an idealization. The 
corresponding measure of how well this need is 
met might be called user satisfaction, which is 
ab;o an idealization. Because user need and 
user satisfaction are highly unquantitative and 
highly indeterminate, they must be approxi­
mated. The expression of user need is a request 

and the vague notion of user satisfaction is 
simulated by the notion of relevancy_ The situa­
tion might be visualized as in Figure 6. 

REQl£ST 
IGOALS AND 

OBJECTIVES BY 
PROXY) 

¢ SATISFACTION 0 

¢ RELEVANCY 0 

I 
I 
I 
I 
I .. 

DOCUKNT 
OR 

ABSTRACT 
IAN ANSWER BY 

APPROXIMATION) 

Figure 6. Contrast Between Ideal and Real Informa­
tion Retrieval. 
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TRAINING A COMPUTER TO ASSIGN DESCRIPTORS 

TO DOCUMENTS: 
EXPERIMENTS IN AUTOMATIC INDEXING 

M. E. Stevens and G. H. Urban 
National Bureau of Standards 

Washington, D. C. 

INTRODUCTION 

During the past five to ten years, increasing 
interest has developed in the use of machines 
as a substitution for human intellectual effort 
in the indexing or classification of the subject 
content of documents. In terms of practical 
applications, the greatest interest to date has 
been in keyword indexing from the significant 
words actually occurring in titles, abstracts, 
or full texts. Pioneering use of computers for 
this purpose, by Luhns and Baxendale,2 has 
been followed by the development of a number 
of KWIC (keyword-in-context) and similar 
programs. 

This is "derived" or "derivative" indexing as 
opposed to "assignment" indexing.6•s In de­
rivative indexing, the indexing terms used are 
identical with words chosen by the author him­
self. In assignment indexing, the terms used 
are typically drawn from a classification sched­
ule, a subject heading list, or a thesaurus of 
descriptors, and they are assigned on the basis 
of decision-judg!llents about the appropriate­
ness of these terms as indicative of the subject 
matter of the document in question. Approaches 
to indexing by computer based upon assignment 
of indexing terms or upon automatic classifica­
tion techniques have been reported by Baker,! 
Borko,3.4 Maron,9.10 Needham,ll and Swan­
son,16 among others. 

Small-scale experiments in automatic assign­
ment indexing have also been conducted at the 

563 

National Bureau of Standards in recent months. 
The SADSACT (Self-Assigned Descriptors 
from Self And Cited Titles) method is based on 
the two working hypotheses: 

1. That, given only a "teaching sample" of 
previous human indexing of representa­
tive items, the machine can derive statis­
tics of association between substantive 
words used in the titles or abstracts and 
the descriptors assigned to these items 
such that patterns of substantive words 
in the titles and cited titles of new items 
can be used for automatic assignment of 
descriptors to these new items, and 

2. That, as in the case of citation indexes, 
the bibliographic references cited by an 
author can provide useful clues to the 
subject of his own paper. 

In addition, we hope to demonstrate an auto­
matic indexing technique that will minimize 
time and cost of preparation by limiting the 
amount of input material required and by 
capitalizing on byproduct data generation from 
one-time keystroking of descriptive cataloging 
information plus the text of the titles of biblio-
'graphic references cited in new items. 

THE TRAINING SEQUENCE AND INDEX­
ING PROCEDURE 

In training the computer to assign descrip­
tors to our documents, we first select a sample, 
presumably representative, of items already 
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in our collection. These have all previously been 
indexed to some pre-established indexing-term 
vocabulary, as the result of human subject 
content analysis. In our experiments to date, 
the "teaching sample" has consisted of ap­
proximately 100 items drawn from a collec­
tion of about 10,000 technical reports in the 
fields of information retrieval and potentially 
related research including computer design, 
programming languages, mathematical logic, 
linguistics, pattern recognition, psychology, 
operations research, and the like. These teach­
ing sample items are ones that had all pre­
viously been indexed by analysts at ASTIA 
(now the Defense Documentation Center) in 
the year 1960. Descriptive cataloging informa­
tion, abstracts, and lists of descriptors assigned 
were available. This information was key­
stroked on Flexowriters and the texts of the 
titles, descriptors, and abstracts were con­
verted to punched cards for input to the com­
puter. 

In programming the SADSACT method for 
trial on the IBM 7090-7094 computers, the 
cards for each of the documents in the teaching 
sample are read into the computer, one item at 
a time. A list of descriptors assigned to these 
items is formed, and the frequency of use of 
each descriptor for the sample as a whole is 
tallied. The text of the title and abstract of 
each document is then processed against a 
"stop" list to eliminate the common and non­
significant words. Each remaining word from 
document title and abstract is associated with 
each of the descriptors previously assigned -to 
that document. Sorted lists of English words 
and their descriptor co-occurrence relations are 
formed and read out, using three output tapes. 

When all the documents in a teaching sample 
have been processed, the next step is to identify 
the "validated descriptors"-that is, those that 
have occurred three or more times in a 100-item 
sample. * (The "names" of other descriptors 
assigned to not more than one or two items are 

* In our first teaching sample, 219 different descrip­
tors had been used by the DDC indexers, and 72 
occurred for three or more items in the sample. Our 
second teaching sample, formed by substituting differ­
ent items for 30 items withdrawn from the first to be 
used as test material, gave 221 descriptors, of which 70 
were validated. 

retained as "candidate descriptors" but word 
co-occurrence data is not retained for these.t) 
For these validated descriptors, the word-de­
scriptor association lists are then merged into 
a master vocabulary list which gives for each 
word the identity of the descriptors with which 
it co-occurred and the relative frequency of its 
co-occurrence with each descriptor. 

The SADSACT automatic indexing method r 

therefore, uses an ad hoc statistical association 
technique in which each word may be associated 
either appropriately or inappropriately with a 
number of different descriptors. In the sub­
sequent indexing procedure, reliance is placed 
on patterns of word co-occurrences and on re­
dundancy in new items to depress the effects 
of non-significant or inappropriate· word-to­
descriptor associations and to enhance the 
significant ones. 

The SADSACT indexing procedure is carried 
out as follows. The text of the title of a new 
item and of titles cited as bibliographic refer­
ences by the author is keystroked, and the by­
product punched paper tape is converted to 
cards for input to the computer. This input 
material is p·rocessed against the master vocab­
ulary list to yield, for each word matching a 
word in the vocabulary, a "descriptor-selection­
score" value for each of the descriptors pre­
viously associated with that word. When all 
words from titles and cited titles have been 
processed, the descriptor scores are summed 
and for some appropriate cutting level,t those 
descriptors having the highest scores are as­
signed to the new item. 

The actual score value derived reflects both a 
normalizing factor (based, for example, on the 
ratio of the number of previous co-occurrences 
of this word with a particular descriptor to the 

tOne of the distinctions to be emphasized in assign­
ment as opposed to derivative indexing is that alth::mgh 
a word or phrase occurring in a title or in text may 
coincide orthographically with the "name" of a de­
scriptor or subject heading, its occurrence mayor may 
not result in the assignment of that descriptor to the 
item in which it occurred. 

tIn machine tests to date, the cutting level has been 
arbitrarily set so that exactly twelve descriptors are 
assigned to each item. However, since these are print~d 
out in decreasing order of selection-score values, results 
of other cutting levels can readily be computed. 
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number of different words co-occurring with 
that descriptor) and a weighting formula that . 
gives greater emphasis to words occurring in 
"self" -title (the author's own choice of termi­
nology) than to those occurring in cited titles. 
Similarly, greater emphasis is given to words 
that coincide with the names of descriptors. 
The latter weighting enables the assignment of 
"candidate" as well as "validated" descriptors, 
if words so coinciding occUI several times in 
the input material. An extension of this feature 
would allow similar treatment to be given to 
n-tuples of substantive words" (such as "auto­
matic character recognition") that had occurred 
with some frequency in the teaching sample 
material, so that "potential descriptors" could 
be used to provide change and growth in the 
indexing vocabulary. 

RESULTS TO DATE 

In a previous informal report, we have noted 
the results of applying the SADSACT method 

to eight new (1963) items to our first 100-item 
teaching sample, consisting of selected docu­
ments indexed by DDC in the spring of 1960. 
These results were disappointing in terms of 
comparison against discriptors assigned by 
DDC indexers, largely because of changes in 
indexing philosophy and vocabulary such that 
many descriptors used by human indexers in 
1963 were not available to the machine. How­
ever, 49% of the descriptors judged by a sub­
ject matter specialist to be relevant to these 
items were correctly assigned by the computer 
program. 

Our first report also covered tests on 30 
"new" items drawn from the teaching sample 
itself in order to provide, quickly, a basis for 
evaluation in which the indexing vocabulary 
could be held constant. Where titles and ab­
stracts had been used for the teaching sample 
procedure, for this test the titles and cited 
titles only were used, so that a reasonable 
proportion of the input was new rather than 

TABLE 1. Machine "hits" against DDC assignments, 
tests run against T .S. # 1 only 

% Hits 
% Hits Descriptors % Hits 

AllDDC Available Validated 
Short Title of Item Descriptors to Machine Descriptors 

Perceptrons and the theory of brain mechanism 37.5 42.9 60.0 
• (Pattern recognition with an adaptive network 33.3 33.3 50.0) 
Pattern recognition with an adaptive network 50.0 50.0 50.0 
Invariant input fora pattern recognition machine 25.0 33.3 33.3 
An adaptive character reader 37.5 60.0 

,.,,... £\ 

IO.V 

Theory of files 25.0 50.0 50.0 
Learning in pattern recognition 33.3 50.0 50.0 
Reorganization by adaptive automation 50.0 66.7 66.7 
Finite state languages formal representations 20.0 20.0 20.0 
Some computer experiments with predictive 45.5 55.6 71.4 

coding 
On categorical and phrase structure grammars 50.0 66.7 66.7 
Error correcting codes from linear sequential 33.3 42.9 75.0 
Method of improving organization in large files 57.1 66.7 100.0 
Machine program for theorem 'proving 60.0 75.0 100.0 
Pattern target analysis 0.0 0.0 0.0 
Tables of Q functiQns for two Perceptron models 25.0 33.3 40.0 
Lineal inclination in encoding information 22.2 25.0 40.0 

TOTAL 549.2 713.1 858.1 
AVERAGE 34.3 44.6 53.6 
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TABLE 2. Machine "hits" against DDC assignments, 
tests run against both T.S. #1 and T.S. #2 

T.S. #1 T.S. #2 

% % % % % 
All A vailable Validated 

% 
All Available Validated 

Flowgraphs for nonlinear sys­
tems 

Activity in nets of neuron-like 
elements 

Survey of cueing methods in 
education 

Facet design and analysis of 
data 

Automatic recognition of speech 
Problems in nonlinear control 

systems 
Guiding principleR for time and 

cost 
A'pproach to pattern recognition 

using linear threshold devices 
Simultaneous multiprogram­

ming of electronic computers 
Design and study of correlation 

instrumentation 
The learning model approach 
Soviet computer technology 
Computer applications of Boo-

lean functions 
Sequential encoding and decod­

ing 
Design of a language for Sim­

plex system users 
Automated teaching a review 

TOTAL 
AVERAGE 

14.3 

9.1 

42.9 

37.5 

25.0 
33.3 

40.0 

44.4 

28.6 

22.2 

27.3 
50.0 
37.5 

36.4 

75.0 

55.6 

579.1 
36.2 

"source" material. For these 30 items, the 
average "hit" accuracy was 64.8 %. This in­
cluded the occasional assignment of candidate 
descriptors in cases where words in title or cited 
titles coincided with the names of candidate 
descriptors frequently enough to build up a 
score above the cutting level. (For example, 
the candidate descriptor "Sleep" was assigned 
to an item entitled "Human performance as a 
function of the work-rest cycle.") Considering 
validated descriptors alone, the machine as­
signment accuracy was 77.4 % . 
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These results were suspect, however, because 
of the probable source material bias. Accord­
ingly, substitutes were prepared for each of 
these first "test" items to form a second teach­
ing sample consisting of 70 items from teach­
ing sample # 1 and 33 additional items. Items 
from teaching sample #1, now genuinely 
"new," and some additional items were then 
run against teaching Eample #2. Items new to 
both samples were also run against sample # 1. 
Results for 101 machine tests on 59 different 
items are shown in Tables 1, 2, and 3 in terms 
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TABLE 3. Machine "hits" against DDC assignments, tests run against 
T.S. #2, both with cited titles and with abstracts 

Cited Titles Abstracts 

% % % % % % 
All Available Validated All Available Validated 

Construction of convolution 66.7 66.7 66.7 66.7 66.7 66.7 
codes by sub-optimization 

Iterative circuit computers 40.0 40.0 40.0 40.0 40.0 40.0 
Use of context cues in teaching 20.0 25.0 28.6 20.0 25.0 28.6 

machines 
Model for communication with 42.9 42.9 50.0 28.6 28.6 33.3 

learning 
Word length and intelligibility 28.6 33.3 40.0 14.3 16.7 25.0 
Machine correction of garbled 71.4 71.4 71.4 85.7 8"5.7 85.7 

English text 
Multiple task study on automatic 50.0 50.0 50.0 75.0 75.0 75.0 

data processing 
Independence of attributes in memory 50.0 66.7 66.7 25.0 33.3 33.3 
Use of models in experimental 42.9 50.0 60.0 28.6 33.3 40.0 

psychology 
Linear recurrent binary error 42.9 42.9 50.0 57.1 57.1 66.7 

correcting codes 
Adaptive sample data systems 42.9 50.0 75.0 28.6 33.3 50.0 
Common programming language task 80.0 80.0 80.0 80.0 80.0 80.0 
Some requirements for produc- "1 A '1 .............. 100.0 14.3 50.0 100.0 ~":I:.':> t>v.V 

tion control data 
Remembering the present state 25.0 25.0 33.3 25.0 25.0 33.3 

of a number of variables 
Papers on the APT language 57.1 80.0 80.0 57.1 80.0 80.0 
Topics in the theory of discrete 100.0 100.0 100.0 100.0 100.0 100.0 

information channels 
Some aspects of problem solving 28.6 28.6 33.3 28.6 28.6 33.3 
Predictive model for self-organ- 25.0 25.0 33.3 50.0 50.0 66.7 

izing systems 
Adaptive switching circuits 29.9 38.5 55.6 29.9 38.5 55.6 
Techniques of pictorial data reduction 71.4 83.3 83.3 57.1 66.7 66.7 
Combining of classes condition 37.5 50.0 60.0 50.0 66.7 80.0 

in learning 
On some relations between 57.1 57.1 66.7 42.9 42.9 50.0 

human engineering 
Human performance as a func- 9.1 14.3 25.0 18.2 28.6 50.0 

tion of the work-rest cycle 
The simulation of human thought 85.7 85.7 85.7 71.4 71.4 71.4 
Studies of communication channels 14.3 16.7 50.0 14.3 16.7 50.0 
Concept of the ideal observer in 44.4 44.4 50.0 33.3 33.3 37.5 

psychophysics 
Learning in random nets 100.0 100.0 100.0 

TOTAL 1177.7 1312.5 1544.6 1241.6 1368.1 1609.2 
AVERAGE 45.3 50.5 59.4 45.9 50.7 59.6 
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of the percentages of descriptors originally as­
signed by nnc indexers which were also as­
signed by machine. These results show, even 
more than had been expected, a significant drop 
below the "hit" accuracy obtained when the 
same items were run under partially "source 
material" conditions.§ 

The overall average "hit" accuracy for these 
tests is only 40.1 Cfr, considering all descriptors 
assigned to these items by nne. However, in 
spite of the use of test items drawn from the 
same time period as the teaching samples in 
order to maximize consistency of indexing 
vocabulary, 19.17c of the descriptors assigned 
'by nDC were not available to the machine. 
When corrected for this not-available factor, 
the average "hit" accuracy was 48.2 %-. Other 
descriptors used by nnc for these items were 
available to the machine only as candidate de­
scriptors and could only be assigned if input 
words for the test items coincided with the 
names of these descriptors. Considering only 
the descriptors that were freely available to 
machine, the validated descriptors, the com­
puter assignment accuracy was 58.1 Cfr. In only 
one test ca s.e , for these 59 items, were no hits 
achieved by the machine method ("Pattern 
target analysis") . 

Figures 1 and 2 represent, respectively, ma­
chine assignments for title-and-cited-titles and 
for title-and-abstract of an item subsequently 
evaluated by several members of our staff, as 
shown by initials. Checks to the left of the de­
scriptors indicate agreements with nnc as­
signments. The machine missed three nnc as­
signed descriptors for this item: "Electronic 
Circuits," "Machine Tools," and "Servomech­
anisms," the latter two not being available to 
the machine system. 

Figures 1-2 illustrate the present format for 
computer printout, with assignments in order 
of decreasing selection scores (numeric data 
to the right of descriptor names) for three dif­
ferent weighting formulas. These figures also 
illustrate differences in order of machine selec­
tion and of actual descriptors chosen by the 

§ This is apparently due to the fact that although 
only each item's own title was source material, the 
weighting formulas to emphasize significance of words 
in the self-titles changed the effective proportion of the 
new material in the cited titles. 
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SADSACT technique using cited titles as 
against abstracts as input. 

In our earlier tests, the same items had been 
run both with cited titles and with abstracts 
against the teaching sample in which they had 
been included (that is, as both partially and 
entirely source material items). For these 
items, the 64.87r hit accuracy for the cited 
title case improved to 75.07c average accuracy 
in the abstracts case. However, when the new 
test items were run both ways against teaching 
sample #2, there was no significant difference 
in the average accuracies obtained as between 
using titles-and-cited-titles only and using 
titles-and-abstracts from the same items. 

Problem of Evaluation 

The problems of evaluation of any indexing 
method whatsoever, whether carried out by 
man or by machine (or by men aided by ma­
chines) are crucial. O'Connor 12 has aptly 
pointed out that: " ... the question, 'Is mech­
anized indexing possible?' by itself is not 
answerable, because it is not intelligible. More 
positively expressed, if you want to ask clearly 
about the possibility of mechanized indexing; 
you should have both some notion of 'good re-
trieval,' and some notion of hO\:tl good YOLI \vant 
the retrieval to be which is permitted by mech­
anized indexing." 

In advance of evaluations based on retrieval 
tests, we have relied, first, on comparisons with 
the prior human indexing. We have been faced 
with the mechanics of assuring consistency-of­
indexing criteria as necessary for any realistic 
assessment of machine as compared to manual 
indexing of the same items. As we have noted, 
this is not possible even for "training" and 
"test" items which are all documents of in­
terest in our collection and which were all in­
dexed in approximately the same time period 
by the same DDC (ASTIA) indexer-staff. As 
between "teaching sample # 1," "teaching 
sample #2" (of 100 and 103 items, respec­
tively, with 70 % overlap), and of test items 
"new" to both these samples there are obvious 
differences as to the descriptor-vocabulary and 
indexing philosophy. This type of discrepancy 
was even more marked in the first run of eight 
(1963) items against the (1960) basis of teach­
ing sample # 1. 

More serious, however, are the questions of 
the O'ConnQr remarks previously cited: those 
of evaluation of any indexing method whatso­
ever. We have, in our test data, a provocative 
case in point. In Table 4 we show the machine­
assigned descriptors for the paper by L. G. 
Roberts of l\1.I.T. entitled "Pattern recognition 
with an adaptive network." Although exactly 
12 descriptors were required, by our present 

TABLE 4. Descriptors assigned by computer to 
"Pattern Recognition with an Adaptive Network" 

Data 

Sampling 

Learning 

Simulation 

Computers 

Data Processing Systems 

Design 

Digital Computers 

Mathematical Prediction 

Mathematical Logic 

Digital Systems 

Mathematical Computer Data 
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program, to be assigned, none of the 12 so 
assigned by machine is entirely irrelevant or in­
appropriate. As it happens, this same document 
was indexed twice by nnc personnel, first as 
an unpublished report, later as a reprint of the 
version appearing in the open literature. In­
dexer A assigned to this item the four descrip­
tors: "Coding," "Digital Computers," "Mathe­
matical Computer Data," and "Programming." 
Indexer B assigned: "Digital Computers," 
"Electrical Networks," "Identification Sys­
tems," "Programming," "Simulation," and 
"Test Methods." 

It is of interest, first, that although our ma­
chine method "hit" score was 50 % with respect 
to Indexer A, and only 33.37c with respect to 
Indexer B, at the same time A's agreement with 
B was exactly 33.3 % and B's with A was 507c. 
More significantly, however, the machine 
method was the only one of the three which 
assigned the crucial descriptor "Learning" (re­
flecting the self-organizing and adaptive fea­
tures of the mechanism described) to the item. 
Indexer B assigned two inappropriate descrip­
tors-"Test Methods" and "Electrical N et­
works," but the SADSACT technique did not 
make either mistake, even though the word 
"network" did appear in the item's own title. 

A second problem of evaluation we are faced 
with involves the consequences of an assump­
tion that the previously-given hurpan indexing 
decisions, for a sampling of our collection, are 
in fact "good enough." This is a misleading as­
sumption. As a case in point, of the approxi­
mately 200 items handled either in the teaching 
samples or as "new" items, only one could be 
appropriately indexed under the descriptor 
"Computers" that also involved analog com-

these items, if "Computers" was a relevant 
puters or systems. Thus, for all but one of 
descriptor, so also was the descriptor "Digital 
Computers." There is considerable debate about 
claims for "consistency" of machine, as opposed 
to manual, methods of indexing. In some of 
our tests, for example, we assigned both the 
descriptor "Computer" and the descriptor 
"Digital Computers" in 41.2 % of the cases in 
which either was assigned, but the human in­
dexers assigned both if either was used only 
33.3 % of the time. 

In general, very little data are available on 
interindexer consistency or on the likelihood 
that the same indexer would index the same 
item the same way on different occasions. 
Painter 13 reports figures for interindexer con­
sistency as ranging from 5470 similarity of 
indexing to 82 %. Her data for the case of 
DDC show that: "One hundred and eleven 
starred descriptors were used the first time 
which did not appear the second (41 %) and 98 
starred descriptors were used the second time 
and not the first (36% )." Jacoby and Slamecka7 

report even less favorable figures, with inter­
indexer consistency as low as 18 % in some 
cases. In the light of such indications, the auto­
matic assignment indexing techniques appear 
promising. In addition, however, we have initi­
ated the investigation of relevance jUdgments 
on the part of subject matter specialists review­
ing the full texts of our test items. 

Evaluation by Relevance Judgments 

The data shown in Tables 1-3 compare ma­
chine assignments with those previously made 
by human indexers. An alternative method of 
evaluating the test results is to determine the 

TABLE 5. Average per-cent agreement, one or more 
people with machine assignments 

No. of Indexers No. of Items No. of Descriptors Assigned 

12 9 6 3 1 

2 1 50.0 66.7 66.7 100.0 100.0 
3 4 47.9 52.7 5.8.3 66.7 75.0 
4 10 40.0 45.7 55.6 53.3 60.0 
5 10 54.2 58.9 68.3 80.0 90.0 

OVERALL 47.4 52.9 61.6 67.9 76.0 
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probable relevancy of those descriptors that are 
assigned by the machine. Twenty-five of the 
items in the test runs have therefore been sub­
mitted to one or more members of our staff, all 
of whom are users of the collection. They were 
asked to choose 12 descriptors for each item ex­
clusively from the list of descriptors actually 
available to the machine. The results of these 
evaluations are shown in Table 5, which gives 
the summary data for judgments of relevance 
by one or more persons (including the initial 
DDC indexer) of descriptors assigned by the 
SADSACT technique. It should be noted that 
these judgments are based upon the independ­
ent assignment by the human analysts of these 
same descriptors to the same item, rather than 
by review of the machine assignments. Thus 
the reslJ-lts are probably conservative. 

The results in Table 5 also show the percent­
ages of machine-assigned descriptors judged 
by human analysts to be relevant for cases 
where the machine assigns fewer than 12 de­
scriptors. It is evident that the fewer descrip­
tors assigned by machine, the better the chance 
that human evaluators will judge those assi-gned 
to be relevant. It is also evident that the more 
the people who index, the better is the chance 
that one or more will assign a descriptor that 
the SADSACT model also assigns. 

Tables 6 and 7 provide more detailed data 
for the cases where independent evaluations 
were made by several people. Table 6 shows 
machine-ind'exer and interindexer agreement 
for the 10 cases where four of our own "cus­
tomers~~ had analyzed the items. It provides, 
for each of th( different descriptors assigned by 
machine at th~ 6-descriptor cutting level, indi­
cation of the iem for which these assignments 
occurred, and the agreement with assignments 
of that descriptor. Table 7 gives, for 20 cases 
in which four or more people made independent 
evaluations, the chances that the machine will 
choose descriptors also chosen by people for 
the first descriptor assigned, first two, ... up to 
the total of 12. 

Taking both the "hit" accuracy an.d the 
human agreement data into account, the' SAD­
SACT results compare favorably with those re­
ported by Maron!l (51.870) and by Bork03 in 
an experiment using the same computer litera­
ture abstracts as had been used by Maron 

(46.5 % ). Our results to date also appear to 
fall within the range of agreement-data for 
human interindexer consistency. 

Future Considerations 
Our present plans call, first, for continued 

testing and evaluation of a number of new 
items, varying such parameters as the size of 
the teaching sample, the number of descriptors 
to be assigned, and weights for both prior­
association occurrences and descriptor selec­
tion. This additional experimentation can be 
carried out using the present preliminary pro­
gram. Depending on the results of continued 
testing, we except to explore applicability of 
the method to other subject matter areas (both 
for more homogeneous and more heterogeneous 
collections) if they are favorable, and to study 
means for improvement by various means of re­
introducing human judgment into the process, 
if the results are discouraging. 

If the promise of the early results is sub­
stantiated on further runs, we shall also wish to 
re-investigate and refine the programming tech­
niques. For our preliminary evaluation, many 
ad hoc choices and arbitrary assumptions were 
made. These will require modification. Addi­
tional programming refinements should provide 
for consolidated vocabulary-descriptor associa­
tions for larger teaching samples, incorporation 
of occurrences of n-tuples of significant words 
as "potential descriptors," experimentation 
with various weighting formulas, and the like. 

The SADSAGT indexing procedure differs 
from most other efforts at realization of as­
signment-type indexing by machine in two 
principal respects. First is the emphasis on 
a posteriori, completely mechanizable, tech­
niques that nevertheless are based, in a sam­
pling sense, upon prior judgments of people 
with respect to specific requirements of real job­
situations. The second differentiating aspect is 
the insistence not only upon obtaining the 
consensus of the collection as the basis of 
vocabulary compilation and word-descriptor 
associations, but also of going beyond the in­
dividualistic usage of language and terminology 
by a particular author. This latter emphasis 
tends to reduce the effect of linguistic idosyn­
cracies and consequent scatter of like items 
under a number of different indexing terms. 
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TABLE 7. Number of descriptors assigned by machine, also chosen 
by one or more human indexers 
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Chance that people 75.0 70.0 66.7 66.3 64.0 62.5 60.7 56.2 52.8 51.0 49.1 47.1 
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It also tends to produce a normalizing effect so 
that the various items in the collection are in­
dexed more consistently than is possible if each 
item is processed as an entirely independent and 
self-sufficient entity. 

The word "training" as applied to our pro­
posed method for automatic indexing is some­
what of a misnomer in terms of our actual ex­
periments to date. It is justified in the sense 
that a training sequence, using a "teaching 
sample," gives the machine a representative set 
of "acceptable" input-to-desired-output ex­
amples. It is not justified, as yet) in the sense 
that, the system as presently programmed could 
significantly modify or adapt its procedures, 
without human intervention, to new vocabulary 

or subject emphases in the input items. There 
is reason to suppose, however, that the method 
can be adapted to new and changing vocabu­
laries (both of "descriptors" and of author 
terminology) by throwing out for human in­
spection: occurrences of words not on the gen­
eral stop-list, yet not in the vocabulary; and 
occurrences of non-purged words in title-and­
citations coinciding with the name of a descrip­
tor, when that descriptor has not been assigned 
(e.g., an early occurrence of the word' "plasma" 
in a physics paper, but not involving enough 
other words previously associated with blood 
chemistry, hematology, and the like, to assign 
physiological or medical field descriptors) . 

If this proves feasible, potentialities of 



TRAINING A COMPUTER TO ASSIGN DESCRIPTORS TO DOCUMENTS: 575 

training the machine system to recognize new 
descriptor-assignment possibilities, to sharpen 
its own recognition-selection-assignment proc­
esses in terms of current real-life input, and to 
recognize and display anomalies, changes, and 
trends, may supply significantly improved prob­
lem-solving capabilities in the changing world 
of literature search as aided by machine. 
Although the SADSACT results to date are 
quite limited, the procedure indicates some 
promise of being quick, relatively inexpensive 
and consistent, and it capitalizes on one-time 
key stroking of descriptive cataloging informa­
tion available for multiple purposes. 
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EXPERIMENTS IN INFORMATION CORRELATION* 
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Canoga Park, California 

1. INTRODUCTORY REMARKS 

It is reasonable to suppose that information 
systems of the futp.re will have control over 
portions of a document as well as over full text. 
In addition, we suppose that many users will 
want output in order to verify hypotheses or to 
form new hypotheses. This paper is concerned 
with the facilitation of the second procedure. 
Thus the emphasis is not on the two classical 
problems of information systems, namely, not 
retrieving relevant material, or retrieving ir­
relevant material; but rather on the problenl 
of assimilability of the output by the user. 

The particular aspect of the assimilability 
problem which will concern us is the effect of 
information loads of varying sizes upon the 
user's ability to assimilate and correlate data. 
It seems plausible to assume that the user's 
ability to correlate information is a function 
of the volume of information to be assimilated; 
and moreover, that this ability will improve 
with increasing volume until a certain critical 
volume is reached, beyond which the load of 
information causes the user's correlation ability 
to deteriorate rapidly. This assumption gives 
rise to two fundamental questions: 

1. What is this critical volume in a given 
situation? 

2. Is it possible to structure information in 
some way so as to improve the user's 

ability to assimilate and correlate, thus 
extending the critical limit? 

Experiments performed in connection with 
an earlier project on information retrieval and 
correlation provided some interesting prelimi­
nary answers to these questions. 

The library for this series of experiments 
consisted of a simulated intelligence file of sen­
tence fragments developed from a book­
'~Kogun-The History of the Japanese Army in 
the Pacific." A machine-produced concordance 
of all words contained in the fragments served 
as an index to the file. 

The experiment 'of particular significance 
here.is one which dealt specifically with the 
time dimen,sion. All fragments containing any 
reference to time of day (for example, "noon," 
"0645," "dawn," "8 :00 a.m.") were retrieved. 
About 25 fragment cards were retrieved in all. 
The fragments of this set had at least two at­
tributes in common: they concerned the Pacific 
War in some way, and contained some reference 
to time of day. 

The randomly ordered cards were presented 
to several persons, who noticed only that all 
cards referred to battles in the Pacific War. 
When the cards were reordered into two groups 
of night versus day, however, a striking cor­
relation emerged-namely, that all daylight at­
tacks had been initiated by U.S. forces and all 

* The work reported in this article was supported by the National Aeronautics and Space Administration under 
Contract NASw-538. 
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night attacks by the Japanese. (This correct 
inference, incidentally, was nowhere explicitly 
stated in the book.) 

The results of this experiment suggest that 
the critical volume of information may in fact 
be extremely small. Only 25 cards were in­
volved, and each card contained a single frag­
ment, which in this case was a minimal piece 
of information. Moreover, these fragments had 
certain attributes in common-"Pacific War" 
and "time of day." The correlation described 
above, however, was not discovered until the 
set of fragments was structured in terms of 
conceptual subgroups-"night," "day"-in­
cluded in the semantic range represented by 
"time of day." 

These findings suggest that structuring of 
data can extend the critical limit on volume, 
and further, that the elements of this structure 
should be subsets consisting of closely related 
members of the main set. The results of the 
earlier experiment thus established a point of 
departure for the present investigation. 

2. EXPERIMENTAL DESIGN 

A considerably more complex series of experi­
ments was designed to test whether the 
"Kogun" discoveries provided essentially cor­
rect answers to the two questions raised above. 
We decided to create a set of data structured 
along the lines described above-that is, a set 
whose structure is based on subsets consisting 
of closely related members of the main set. A 
second set of data more loosely structured than 
the first would be provided by the main set 
itself. A third set would consist of unstruc­
tured data compiled randomly. The ability to 
assimilate and correlate the information pre­
sented in these variously structured sets of 
data would then be tested by requiring experi­
mental participants to list inferences suggested 
by each set. Based on the "Kogun" experiment, 
it was assumed that the first set of data, being 
the most highly structured, and therefore, most 
easily assimilated, would be most productive 
of inferences; and the random data, least pro­
ductive. The scope of the initial experiments 
was limited to generating and testing the first 
set of data. 

The type of structure represented by the first 
set of data is most conveniently generated by 
"clustering" techniques. The object is to cluster 
the data in natural groupings whose members 
are associated through co-occurrence of con­
cepts. The procedure is as follows: if two items 
of the data set have a concept in common they 
are said to be associated. A cluster is then de­
fined as a collection of items which are mutually 
associated as well as being maximal with re­
spect to this property. This last condition means 
that an item cannot be added to the collection 
without violating the property of mutual asso­
ciation. The definition of association can be 
strengthened by stipulating that several con­
cepts must occur in common. The technique 
used is a mathematical procedure for exhaus­
tively listing these clusters. 

3. EXPERIMENTAL PROCEDURE 

Materials to be used for the creation of the 
three data sets were a fragment file of sentences 
generated from a collection of documents on 
advanced propellants and a machine-produced 
concordance which served as an index to the file. 

The first step in the experimental procedure 
consisted of selecting a single fragment called 
the F 1 fragment, which would serve as the 

Figure 1. Illustration of F 1 star. 
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nucleus for a set consisting of all fragments 
related to the F 1 fragment through co-occur­
rence of concepts. This is diagrammed in Fig­
ure 1. The lines between fragments indicate the 
co-occurrence of concepts; for example, if F 1 

contains the words "small motors" and F:! con­
tains the word "micro-burner," then the same 
concept can be said to occur. The set so formed 
is called the Fl "star." Clusters of fragments 
associated by co-occurrence of concepts in addi­
tion to the F 1 defining concepts can then be 
derived from the Fl star. 

As an illustration, in Figure 1 the set {F 1, F:!, 
F;{} is a cluster, so are {FJ, F .. }, {F), F:;}, {F), 
F H}. These clusters can serve as the maximally 
structured set of data for the experiments, 
while the members of the F 1 star would consti­
tute the loosely structured set. 

Since the magnitude of the task of develop­
ing these structures manually is directly pro­
portional to the number of fragments involved, 
it is essential that the membership of the star 
should not be too large. On the other hand, if 
its membership is too restricted, the star will 
not contain enough information for valid gen­
eralizfttions to be made. As the membership of 
the Fl star depends on the number of concepts 
contained in the F 1 fragment and their distri­
bution throughout the fragment file, it can be 
seen that selection of the F 1 fragment is the 
crucial step in the experimental procedure. 

Attempts to limit the size of such stars by 
arbitrarily restricting the number of fragments 
taken from each document proved unsuccessful, 
as did several other artificial means of coping 
with an oversupply of related fragments. Many 
potential F 1 fragments were selected, found in­
appropriate, and rejected before the following 
F 1 fragment was chosen: 

"Space mission studies have indicated the 
need for small rocket motors of low thrust 
(of the order of 100 lb.) for attitude con­
trol, midcourse trajectory corrections, ren-
dezvous, and so forth." 

Concepts used to define the F 1 star were as 
follows: 

small and motors or micro and motors 
burners 
engines 

burners 
engines 

space 
trajectory 
control and attitude 
rendezvous 

All cards containing these concepts were then 
retrieved from the file. There were 24 in all, 
yielding an F 1 star of 24 members, which 
proved to be a workable amount. 

A list of concepts was then developed for 
each of these fragments and the list for each 
fragment was compared with that of all other 
fragments in the Fl star to determine which 
fragmen~s had the greatest number of concepts 
in common. A correlation matrix was created 
in which fragments having two or more con­
cepts in common were labeled as strongly cor­
related, those having only one common concept 
as weakly correlated. "Strong" and "weak" 
clusters were then derived from the matrix by 
the mathematical technique mentioned above. 

Since a greater degree of relatedness or 
structure is required by the defining criteria for 
strong versus weak clusters, these clusters 
represent legitimate materials for testing the 
user's ability to assimilate and correlate infor­
mation having various degrees of structure. It 
was expected that inferences derived from 
strong clusters would exhibit some distinctive 
property as compared to weak clusters. 

A further test of assimilation and correlation 
ability could be achieved by imbedding the 
clusters in successively larger segments of text, 
on the theory that correlations obvious in the 
clusters as represented by the fragment cards 
would be obscured if the clusters were instead 
represented by the documents from which they 
were culled. We therefore selected 12 clusters 
-6 strong and 6 weak-which were repre­
sented by four levels of material: 

Level Description 

D Cluster is represented by the fragment 
cards. 

C Cluster is represented by the sentence on 
the fragment card plus the six sentences 
(3 preceding, 3 following) which form 

its immediate context within the docu­
ment. 
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B Cluster is represented by a machine-pro­
duced extract of the document. 

A Cluster is represented by the document 
itself. 

The clusters were then divided into four 
groups of three clusters each. The material for 
level A of the first group of clusters was placed 
in a folder marked for the first participant 
along with the level B material for the second 
group of clusters, the level C material for the 
third, and the level D material for the fourth, 
so that none of the four participants (specialists 
in the field of advanced propellants) would have 
the opportunity to draw inferences from the 
same cluster on two levels. These elaborate pre­
cautions were to prevent the participants from 
becoming familiar with the same cluster 
through its representations on various levels, 
causing a tendency to make the same inference 
for the different levels rather than looking for 
new correlations which might be exposed in 
proceeding to a level where the cluster is less 
deeply imbedded in peripheral material. The 
participants were instructed to begin with level 
A and proceed to level D, observing the time 
limits (given below) imposed- for reading the 
material and making inferences: 

Table of Maximum Times 

Time for Deriving 
Level Reading Time Inferences 

A One-half hour 
B 20 minutes 
C 15 minutes 
D 5 minutes 

4. RESULTS 

20 minutes 
20 minutes 
20 minutes 
20 minutes 

A total of 152 inferences were listed by the 
participants. Of these, exactly half were de­
rived from strong clusters and half from weak. 
The level from which the largest number of 
inferences was derived was the A level, which 
also contained the most material. 51 inferences 
were listed for the A level, 42 for the B level, 
34 for the C level and 25 for the D level, indi­
cating a strong correlation between quantity of 
material and number of inferences produced, 
which we had intended to offset to some extent 
by imposing time limits for reading and infer-

cel1ce listing. The S-16 cluster (representing 
level D) and the inferences derived from it are 
listed below. 

S-16 Cluster (Level D) 
This motor uses small quantities of propel­
lants which can be made on a laboratory 
scale yet is large "enough that the heat 
transfer losses are small. 
The combustion gases are cooled to a much 
greater extent relative to that in a larger 
motor, thus lowering c (characteristic 
velocity) . 
Space mission studies have indicated the 
need for small rocket motors of low thrust 
(of the order of 100 lb.) for attitude con­
trol, midcourse trajectory corrections, ren-
dezvous, and so forth. 

Inferences for Cluster S-16 

1. Inferences- at .A-level 
1. Propellant evaluations do not apear to be 

standardized. 

2. Inferences at B-level 

1. Hypergolic rocket propellants permit 
optimum utility of small thrust engines. 

2. Injector configuration is a critical pa­
rameter in achieving maximum perform­
ance of small, low thrust rocket engines. 

3. High energy, toxic rocket propellants 
can be handled without hazard. 

3. Inferences'at C-level 

1. Propellants can deteriorate upon stand­
ing over long periods of time. 

2. Impurities may be the cause of uncon­
trolled burning and/or detonations and 
decrease performance of propellants. 

3. In small motors heat transfer through 
components lowers performance signifi­
cantly. 

4. Better mixing of propellants increases 
performance. 

5. N20 2 and N2H4 are the best state-of-the­
art combinations which satisfy require­
ments. 

6. Testing on small sub-scale is sufficient 
for accepting or rejecting a propellant 
combination for use on larger motor 
tests. 
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4. Inferences at D-level 
1. Low thrust, efficient, simple rocket 

motors have a variety of potential re­
search and development applications. 

2. In a small motor, combustion gases are 
cooled to a greater extent than in a 
large motor probably because of the 
greater ratio of heat transfer surface to 
combustion chamber volume in the small 
motor. 

The inferences were then uniquely classified 
into the following categories: 

Propulsion Systems 
Propellant Combina­

tions 
Propellant Evalua-

tions 
Reliability 
Performance 
Design 
Chambers 
Storage and Handling 

Combustion Efficiency 
Combustion Stability 
Ignition 
Rea t Transfer 
Problem Areas 
Extrapolation of Test 

Results 
Applications for Small 

l\10tors 

The inferences derived on the various levels 
were compared to determine whether the classes 
of inferences had members from all levels; or 
whether, as we had postulated, the relations 
between members of a cluster. would be ob­
scured when the cluster was represented by 
large segments of data, so that the same type 
of inference could not be derived from all repre­
sentations of the same cluster. This assumption 
proved false in the present investigation, which 
might be attributed to the fact that the critical 
volume was not reached due to the overgenerous 
time limits. The same types of inference were 
frequently listed for levels A through D. 

The original fragment cards making up the 
clusters were then assigned to as many of the 
above categories as were applicable in order to 
compare the extension of the clusters with that 
of the inferences derived from them. Intersec­
tions of categories were plotted for the clusters 
and for inferences made at the D level-i.e., 
those derived directly from the clusters them­
selves. A correlation coefficient was used to 
determine the degree of "overlap" between 
clusters and inferences, thus measuring their 
conceptual closeness. Although the correlation 

coefficients for both strong and weak clusters 
were good,. inferences derived from strong 
clusters proved significantly more highly cor­
related with their parent clusters than did 
inferences derived from weak clusters. The 
strong clusters scored .61, the weak ones .43, 
where the coefficient is on a scale from -1 to 
+1 with 0 being the point of random correla­
tion. 

Although these data support to some extent 
the trends indicated by the "Kogun" experi­
ments, they also raise some interesting ques­
tions which can only be answered by compara­
tive data of the type outlined above in describ­
ing our design for these experiments. One of . 
these questions arises from the fact that the 
participants were able to recognize relations 
between members of a cluster and make infer­
ences based on these relations even when: the 
cluster was represented by large segments of 
text. Would the same apply for more loosely 
structured sets of data-if the 24 members of 
the F 1 star, for example, were imbedded in suc­
cessively larger segments of text, would the 
basic relation still be discernible, or would 
inferences derived be diffuse and general rather 
than highly correlated with the star from which 
they were derived? vVhat sort of inferences 
would be derived by applying the layering tech­
nique to a random selection of fragments re­
lated only by coming from literature in the same 
field? 

A second type of question is. more thought­
provoking, and less readily answerable. It de­
parts from the notion of an inference as a 
measure of the ability to assimilate and corre­
late information and considers instead the na­
ture of an inference. We have discussed the 
correlation betwen basic data and inferences 
derived from these data, but is it reasonable to 
expect such correlation to exist? Perhaps the 
mark of a good inference is that it exhibits 
little conceptual relatedness to the data from 
which it was derived. Again, what is a "good" 
inference? Should "good" be interpreted as 
"non-trivial"? How much information should 
be carried in an inference? A systematic ap­
proach to these problems is explored in the 
following section. 
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5. QUANTITATIVE EVALUATION OF IN­
FERENCES 

In developing a systematic procedure for 
evaluating inferences, it is convenient to think 
of the presented information set S as having 
three components: information content, volume, 
and structure. Let "s" denote the proposition 
expressed by the content of the set, and suppose 
that the analyst, after examining the set, pro­
duces the inferences (hypotheses, conjectures) 
h], ... , hu. By varying the structure, or volume, 
or content of S, different collections of infer­
ences will be generated. The problem is then to 
develop a comparative evaluation of the "good­
ness" of the two collections. In order to do this 
we consider a quantitative evaluation based on 
the notion of a subjective probability function 
or credibility function or betting function. Such 
functions are discussed in References 1, 2, 3. 
We denote this function by "B" (for "betting 
function" or "belief"). Thus B (h, s) is the 
analyst's evaluation of the degree of belief in 
the hypothesis h after considering the evidence 
s. B (h) is his degree of belief in the hypoth­
esis h prior to considerings. We suppose that 
B obeys the laws of probability so that B gives 
the value of the betting quotient (ratio of 
amount bet to total stake) that should be offered 
for a bet on the hypothesis in question. * In 
addition, the quotient should be psychologically 
fair in the sense that the bettor must alternately 
be willing to bet on the negation of the hypoth­
esis with the complementary quotient. 

Let us suppose for the present that we actu­
ally can obtain three fundamental values B (h), 
B (h, s), and B (s). Since the "goodness" of a 
collection of inferences should in some way 
depend on their validity, novelty, dependency 
on s, and non-triviality, let us see how the'se 
things can be defined in terms of the B-func­
tion. 

It seems appropriate to define the novelty of 
h to be B (11), where Ii is the negation of h. 
Thus the novelty of h is taken to be 

B(h) == 1- B(h) 

i.e., the complement of the degree of belief in 
the inference before examining the supporting 

::'Thus betting schemes based on B will not lead to a 
net loss in every possible case. (See Reference 1, 3.) 

data. We define the validity of the inference to 
be B (h, s) ; i.e., the degree of belief after exam­
ining the supporting data. It appears that the 
"score" of an inference should increase with 
increasing validity and novelty and that the 
product of validity and novelty would therefore 
be a good choice for the score. On the other 
hand, an inference quite independent of s 
should score zero. Independence is character­
ized by the condition 

B(h, s) =- B(h) 

so that the product of validity and novelty for 
an independent inference is B (h). B (h). Thus, 
we propose to score inferences as the product of 
validity and novelty less the independence value 
of this product. That is to say, we take the final 
score to be 

G(h, s) == [B(h, s) -B(h)] . B(h) 

The goodness of the inference is therefore 
measured as the product of the change in degree 
of belief and the novelty. 

Let us now test this scoring schema for vari­
ous extreme conditions: (1) h is tautologous 
(e.g., h is "A is A"); (2) h is contradictory 
(e.g., h is "A is not A") ; (3) h is trivial (e.g., 
h == s); (4) s logically implies h (deductive 
inference) ; (5) h is independent of s (the sup­
porting data does not relate to h). These five 
cases are shown in the table below. As well as 
showing the notions of validity and novelty, we 
also include the notions of "strength of sup­
porting data" and "relative validity." 

We now examine how the procedure would 
apply to some actual data. We use the "Kogun" 
experiment discussed above. The hypotheses to 
be considered are: (hd Japanese attack at 
night in a particular case; (h:!) Americans at­
tack in day in a particular case; (ha) Japanese 
almost always attack at night; (h.d Americans 
almost always attack in day: (hz;) h3 and h4 
(i.e., the assertion of the conjunction of ha and 
h4). The supporting data s is that given by the 
25 fragment cards. 

Since the source of the data is from the book 
"Kogun" and consists of supposedly factual 
reports, let us assign a rather high value to 
B (s), say 0.9. Disregarding s, we consider each 
of the hypotheses hI and h2 as quite plausible 
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and, therefore, assign a high a priori degree of 
belief to both, say 0.9. Thus, the novelty of each 
is 0.1. The analysis of the hypotheses ha and h4 
is more subtle. Presuming we know nothing 
about the Pacific War, we imagine that perhaps 
the specific military situation would mean that 
sometimes night is better fo~ attack, sometimes 
day. On the other hand, perhaps the general 
properties of the military situations of the kind 
discussed are such that night is always better 
or day is always better for an attack. This 
second consideration makes us think that B (h3) 
is near 0.5 (because we cannot choose between 
night and day). The first consideration makes 
us think that B (ha) is less than 0.5. Therefore, 
we take B (ha) == 0.4. Similarly B (h .. ) == 0.4. 

The hypothesis hr;, however, is completely sur­
prising, so we take B (hr;) == 0.1. 

To estimate the validity, we note that h t and 
h2 are contained in s. Thus, B (hI, s) == B (h2' s) 
== 1. For h3 and h .. , we note that s expresses 
frequency of occurrence of certain situations 
and that the relative frequency of occurrence of 
these situations as described in ha and h4 is 
unity. Thus, we take B (ha, s) == B (h4 , s) == 
0.9 (slightly less than unity). Similarly, we 
take B (hl), s) close to 0.9 but somewhat less, say 
9.8. * The relative validity and scores can then 
be computed. The results are shown in the 
table below and are seen to be intuitively satis­
factory. 

TABLE OF KOGAN INFERENCES 

Notion Definition hI h2 h3 h4 h5 

Strength of supporting 
data B (s) .9 .9 .9 .9 .9 

Relative Validity B (s and h) .9 .9 .81 .81 .72 

Novelty B(h) .1 .1 .6 .6 .9 

Validity B (h, s) 1.0 1.0 .9 .9 .8 

(Novelty) x 
B (h, s) . B (h) (Validity) .1 .1 .54 .54 .72 

Score [B(h, s) -B(h)] B(h) .01 .01 .30 .30 .63 

The problem of obtaining the B values is still 
open and it should be approached keeping the 
following considerations in mind. 

1. The inferences obtained often contain 
words indicating qualitatively the degree of 
belief (e.g., "it appears that," "possibly," "prob­
ably," etc.) ; there is evidence that there is a 
comparative notion of belief susceptible of 
quantization. 

2. There may be difficulty in obtaining an 
honest appraisal of B (h) after the analyst has 
examined the data s. Possibly this can be 
avoided by using a referee to make the ap­
praisals. 

*The normative condition, B(ha & h4, s) = B(h3 , 

h4 & s). B(h4, s), is considered in this appraisal. 

3. Comparative evaluations are desired and 
the quantitative evaluations are for this pur­
pose. Thus consistency in the evaluations is 
required only to the extent of the comparative 
results. 

6. CONCLUDING REMARKS 

In this study, it was assumed: 
a. that a user requirement in certain infor­

mation systems is the obtaining of data to 
form hypotheses 

b. that this ability to form hypotheses is 
dependent upon the assimilation and correla­
tion of the data presented 

c. that the ability to assimilate and corre­
late information is in turn dependent upon 
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the volume and structure of the information 
presented. 

A measure of assimilability called the critical 
volume was postulated based on the results of 
earlier information correlation experiments. 
An experimental design was developed to deter­
mine the relation between this measure and the 
degree of structure in the data presented. A 
mathematical technique was used to produce 
two sets of structured data. Assimilation of 
information represented by these data was then 
tested by requiring experimental participants 
to derive inferences from the data presented. 
Inferences derived from more highly structured 
materials proved more highly correlated with 
the basic data set. 

Thus in the course of these experiments, 
methods for systematically structuring data 
and measuring assimilability were designed and 
tested on a small scale. In addition, a procedure 

for quantitatively evaluating hypotheses (I.e., 
the procedure for measuring assimilability) is 
proposed as a tool for a feedback improvement 
to the structuring procedure. Results of these 
experiments, although preliminary, are gen­
erally positive, and suggest realistic approaches 
to further studies of information correlation. 
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INTRODUCTION 

The comparison between stored informa­
tion identifications and requests for informa­
tion is one of the principal tasks to be per­
formed in automatic information retrieval. In 
so-called descriptor systems, where information 
is represented by sets of independent key words, 
this operation is relatively simple, sInce it con­
sists of a comparison between the respective 
"vertors" of key words. In many retrieval SyS­

tems it has been found necessary or expedi~nt 
to use more complicated constructs for the iden­
tification of information. Notably "role" indi­
cators are often added to identify various types 
of key words, and "links" specify a variety of 
relations between key words. A complete identi­
fication for a document or an item of informa­
tion is often represented by a graph, consisting 
of nodes and branches between nodes, to iden­
tify respectively the key words and relations be­
tween key words.1,2,3 The matching of such 
information graphs with graphs ,representing 
requests for information is a relatively compli­
cated and time consuming operation, partlcu­
larly since the request structure can be made 
to match the information structure only par­
tially and incompletely. 

The graph matching problem arises also in 
document retrieval systems where certain sig­
nificant portions of text are extracted and com­
pared with the search requests. I~ such cases, 

it is possible to represent the syntactic struc­
ture of the text excerpts by abstract trees, and 
a tree matching procedure becomes necessary 
to compare the extracted information with the 
requests.4,5 As before, an exact matching proce­
dure would not be very helpful, since many dif­
ferent ways can be found to express the same 
ideas or requests. What is needed instead is a , 
procedure which permits inclusion of partly un­
specified information, and w4ich provides for 
the possible relaxation of the various conditions 
that render a complete match impossible at any 
given time. Graph matching techniques are, of 
course, also applicable to the comparison of 
items of information which exhibit inherently 
a multi-dimensional structure, such as electrical 
or pipeline networks, street or geographical 
maps, chemical molecular structures, and so on. 

Extensive experience has been gained in the 
past with structure matching programs which 
operate on a "node-by-node" or a "piece-by­
piece" basis.6,7,8 In the node-by-node approach, 
the nodes of the two structures are compared 
one at a time, until either the complete struc­
tures match, or else an incompatibility arises; 
in the latter case it becomes necessary to back­
track to a point where there is agreement and 
try again with different elements. In the piece­
by-piece approach, a dictionary of basic sub­
structures is used to break a given structure 
into pieces which are then matched as a whole. 

* This study was supported in part by the National Science Foundation under Grant GN-82. 
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Neither of the two techniques works well for 
any but the simplest structures. The node-by­
node method usually requires extensive back­
tracking, involving the comparison of many 
hundreds of nodes for even very simple struc­
tures. The piece-by-piece approach, on the 
other hand, suffers from the fact that no stand­
ard, well-defined method exists for breaking a 
given structure into substructures. 

A topological structure-matching procedure 
has been programmed for the 7090 computer 
which does not depend on a specific ordering of 
the nodes, nor on the presence or absence of 
certain specified substructures. Little or no 
backtracking is required, and the method can 
be used to detect complete as well as partial 
matches. The basic idea is to determine certain 
simple properties of the nodes of the two struc­
tures to be matched, and to equate. those subsets 
of the nodes in the two structures which exhibit 
equivalent properties. A standard procedure is 
then used to form new matching subsets, and 
to break down already existing subsets into 
sets with fewer members. The procedure is 
completely determinate except in cases where 
it is necessary to resolve certain symmetries in 
the connection pattern of the nodes; in that 
case a guess. (assignment) is made as to the 
correct solution; such a guess may later prove 
to have been right or wrong, and if wrong, may 
require some backtracking. In most practical 
problems, however, little backtracking seems 
to be needed. t Computer experiments indicate 
that the topological procedure is much more 
efficient than either the "node-by-node" or the 
"piece-by-piece" approach. Operating auto­
matic retrieval systems based on the use of 
relatively complex structures (as oppo~ed to 
sets of unconnected key words) seem therefore 
to become a practical possibility instead of 
merely a theoretically desirable goal. 

An example is given first to illustrate the 
partial matching procedure, as well as the 
methods which may be used to alter one or both 
of the structures to be compared in order to 
make a match between them more likely. The 
procedure is then applied to the matching of 

t A related strategy has been used by Unger to detect 
complete, rather than partial, isomorphisms between 
directed graphs.9 

document graphs with request graphs, and to 
a retrieval system based on the comparison of 
syntactically analyzed document excerpts with 
a stored phrase dictionary. 

THE STRUCTURE MATCHING 
PROCEDUREt 

Consider first the problem of determining 
whether the graph of Fig. 1 (b) is contained in 
the graph of Fig. 1 (a), that is whether Fig. 
1 (b) is a subgraph § of Fig. 1 (a). The nodes 
in the two structures are labelled arbitrarily 
from CD to ® and from ® to @ respectively, 
and the connection pattern of the nodes is rep­
resented by the binary connection matrices § 
shown in Figs. 2 (a) and 2 (b). Since no addi­
tional information is furnished about either 
the nodes or the branches of the two graphs 
under consideration, all relevant properties of 
these graphs are in fact derivable from the con-

0) DICT!OOARY STRUCTURE b) QUERY STRUCTURE 

Figure 1. Directed Graphs. 

t Theoretical foundations and proofs of convergence 
of the method are given in detail in Reference 10. The 
theory as well as applications to chemistry are also 
more fully treated in References 11 and 12. 

* A graph G consists of a set X (the nodes) and a 
set of relations between certain pairs of nodes (the 
branches). A matrix C such that CJ

i = 1 whenever 
there is a branch from node Xi to node xj' and is 0 
otherwise, is called the connection matrix of graph G. 
A 8ubgraph H of G is obtained by removing from G 
certain nodes as well as all branches adjacent to the 
removed nodes. A partial g'raph J of G is obtained by 
removing from G some of its branches. A partial 8ub­
g1'aph K of G is a subgraph of a partial graph of G. 
A completed pa.rtial 8ubgraph L of G is a partial sub­
graph to which branches are added so as to preserve 
all original paths between the nodes included in L i 
specifically, if node z is removed from G in forming L 
and if there exist paths from x to z and from z to y in 
G, then a path exists from x to y in L for all x, y 
included in L. 
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I 2 3 4 5 6 789 
I I 

2 I I I 

3 I I a b c 
4 I I a 1 1 
5 b 1 
6 I c 
7 
8 I 

9 I t t 

a) DICTIONARY STRUCTURE b) QUERY STRUCTlRE 

Figure 2. Connection Matrices for Graphs of Figure 1. 

nection matrices. The computer program is 
therefore based on the manipulation of binary 
matrices of the type shown in Fig. 2. 

The heart of the algorithm consists in using 
various properties of the nodes and/or branches 
of the graphs in order to generate pairs of sets 
which must match if the two graphs are even­
tually to match. The following properties are 
particularly useful for this purpose: 

a. the kth order outward (or inward) degree 
of the nodes, that is the number of nodes 

Set 
Number Criterion for Set Formation 

I Outward degree 1 
II Outward degree 2 

III Inward degree 1 
IV Inward degree 2 

V Partition 
VI 

VII 

Corresponding Sets 

(b) s: (l,2,3,4,6,8,9) 
(a) S:{2,3,4,9) 
(b) S:{2,4,5,6,7,8) 
(c) s: (2,5,7,8) 

(a) S (2,3,4,9) 
{b)S (2,4,6,8) 
(c) S (2,5,7,8) 

VIII Outward connection, sets V (b,c) S (2,4,5,6,7,8) 

r 

IX sets VI (c)S(2,6,7,8) 
X Inward connection, sets VI {a)s (1,2,3,4,9) 

XI sets VII {a,b}s (l,2,3,4,6,8,9) 
---------------------------------------------------------------------------------

XII Partition {a}S (2,3,4,9) 
XIII I (b}S {2,4,6,8} 
XIV (c}S (2,7,8) 

.-------- -.--------._-----------.------------ ------------------.-----.-------
XV Inward connection, sets XIV (a,b}s (1,2,3,4,6,8,9) 

XVI Partition (a) S {2,3,4,9} 
XVII {b)s: (2,4,6,8) 

XVIII {c} S (2,7,8) 
----------------------------------------------.---------------------_.------------

XIX Assignment (a)=(2) 

XX Outward connection, sets XIX {b,c)s: (6,7,8) 

XXI Partition 
XXII 

XXIII 

(a)={2) 
{b)S (6,8) 
{c)S (7,8) 

Figure 3a. Correspondences Formed for the Graphs 
of Figure 1. 

Set 
Numbe Criterion for Set Formation Corresponding Sets 

XIX' Assignment {a)={3) 

XX' Outward connections, sets XIX' (b,c)={2,5) 

XXI' Partition 
XXII' 

XXIII' 

(a)={3) 
(b)={2) 
(c)= -

Figure 3h. Set Correspondences Resulting from 
Improper Assignment. 

reachable from a given node by outgoing 
(or incoming) paths of length k; 

b. labels or identifiers which may be associ­
ated with nodes or branches; 

c. the connectivity patterns of sets of nodes, 
that is, the nodes reachable from a given 
set of nodes by paths of length k. 

The procedure for the graphs of Fig. 1 is out­
lined in Fig. 3. Only connections of length 1 
have been used to simplify the exposition. 

The initial set correspondences are shown in 
Fig. 3 (a), lines I to IV. Set II, for example, is 
constructed by noting that the set of all nodes 
I"\f 1"\11t·txT~ .... A .Aano ................ C) ;..... 4-h~ ....... ~_n ~+_ •• ~+.,_~ 
" .... "" ..... "LU ..... "'5L'I::;'I::; " ~.l.l "H'C \.{U'CJ..y i:jl..l U~"U.l'C, 

must correspond to the set of all nodes having 
at least outward degree 2 in the dictionary 
structure. The only node of outward degree 2 
in Fig. 1 (b) is ® ; there are four nodes in 
Fig. 1 (a) that have outward degree 2 or 
greater; ® must therefore correspond to either 
nodes ®, 0, @) or @. 

At this point it is necessary to generate 
smaller sets from the ones shown on lines I to 
IV of Fig. 3 (a). This is done by noting, for 
example, that the set of query nodes contained 
in both sets I and III of Fig. 3 (a) can corre­
spond only to dictionary nodes which are also 
contained in sets I and III (plus possibly in 
other sets). The on:Iy query node contained in 
both sets I and III is @ ; in the dictionary 
structure, nodes ®, @), ®, and ® are both in 
sets I and III, so that set {b} must be contained 
in sets {2, 4, 6, 8}. The set of possible corre­
spondents of node @ has then been reduced 
from the seven nodes of set I to the four nodes 
of set VI. This "set partitioning" procedure is 
performed by the computer by comparing the 
columns of the binary matrices exhibited in 
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I 

NODES 
SETS 

1 2 3 4 5 6 7 8 9 a b c 

I I 
0 1 0 1 1 i i 0 i 0 1 1 

II 1 0 0 0 1 1 1 0 0 0 0 1 
III 0 1 0 0 1 0 1 1 1 1 J 0 

0 0 0 0 0 I IV 0 0 1 1 1 1 1 

Figure 4. Matrix Representation of Sets 
I-IV of Figure 3a. 

Fig. 4. Node@, for example, has column vector 
1010; the only nodes of the dictionary structure 
including the pattern 1010 are nodes ®, 0, ® 
and ® with vectors 1111, 1110, 1010, 1011 re­
s pecti vely . 

The partitioning process yields three new sets 
labelled V, VI and VII. New sets (VIn to XI) 
are added using outward and inward connec­
tions of length 1 from the set;; V, VI, and VII. 
(The outward connection of the set {c} is 
empty, and therefore it is not included in the 
table.) The ,artitioning process is repeated, 
yielding sets XII, XIII, and XIV. Since the 
possible - correspondents of node ® have 
changed, it is not redundant to test the con­
nectivity again. When this is done and another 
partition performed, sets XVI, XVII, and 
XVIII result. These pairs of sets are identical 
to those produced by the previous partitioning, 
and no simple properties of the nodes can be 
used at this point to generate new sets which 
would in turn result in a reduced partition. II 
An "assignment" is therefore made by postu­
lating the correspondent for node ® (set XIX). 
This assignment represents a guess which must 
later be verified for correctness. Partitioning 
of the sets XVI to XX yields the sets XXI to 
XXIII. New assignments (not shown in Fig. 
3 (a» of @ first to ® and then to ® then pro­
duce two one-to-one correspondences between 
the graphs of Fig. 1: 

®~®I {®~® 
@ ~ ® ~ and (~~ ® 
0~ G)J ~ ~G) 

If it is desired to obtain other possible cor-

II The problem of choosing a "good" property set to 
be used for the generation of set correspondences is, in 
general, unsolved. For the example at hand, additional 
properties mi)?,'ht, however, have been used. For in­
stance, second order inward degrees yield the corre­
spondence c - 2, 6, 7 after the first partition. 

respondences, it is now necessary to go back 
to the sets XVI to XVIII and attempt other as­
signments for node @. Sets XIX' to XXIII' of 
Fig. 3 (b) illustrate the assignment ® ~ 0. 
This assignment yields a partition which is seen 
to be improper since node © cannot be included 
if! the empty set. The assignment a .~ ® is 
therefore not useful since it leads to an in­
compatibility. The other two possible assign­
ments for node@ , do, however, furnish accept­
able one-to-one correspondences as follows: 

@~0} f®~® 
®~ ® andl@~0 
0~® 0~®. 

The four mappings obtained are easily verified 
by comparing Figs. 1 (a) and 1 (b). 

A flowchart of the complete procedure is 
shown in Fig. 5. The procedure is seen to be 

--------------, 
I 
I 
I 
I 
I 

'---__ --.. ____ ....J -------------: 

Yes 

NO MATCH EXISTS BETWEEN THE 
STRUCTURES 

---- CARDINALITY VIOLATION 

Figure 5. Simplified Diagram of Graph 
Matching Procedure. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

..J 

iterative since the generation of corresponding 
sets is followed by a partitioning process, fol­
lowed again by the generation of new sets, and 
so on. Alternate applications of partitioning 
followed by formation of new sets will result 
in one of three situations: 

1. the membership of each set is reduced to 
one, thus exhibiting the complete match 
between the given structures; 

2. an incompatibility arises between pairs of 
corresponding sets, that is, a cardinality 
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violation is found to exist between pairs 
of corresponding sets; in that case no 
match exists in general; 

3. no incompatibility arises but repeated ap­
plication of the partitioning procedure 
will not result in the formation of new 
sets; in that case, more than one match 
is generally possible, and it is necessary 
to perform an arbitrary assignment of 
correspondents for one of the nodes. 

If a cardinality violation is detected, that is, 
if, for example, a set A is found to be included 
in a set B which has fewer members, as hap­
pened in the example for sets XXIII', then the 
two structures being compared obviously can­
not match. The comparison process can there­
fore be stopped immediately, unless the incom­
patibility resulted from a previous assignment; 
in the latter case, only that particular assign­
ment can be discarded, and other possible as­
signments must be tried before deciding that 
the two structures do or do not match. The 
procedure to be followed in case of cardinality 
violation is shown by broken lines in Fig. 5. 
In practice, cardinality violations normally 
arise early for graphs which do not match, so 
that the procedure is very rapid in such cases.# 

THE ADAPTIVE MATCHING PROCESS 

In the example described in the preceding 
section, four isomorphisms were detected be­
tween the graph of Fig. 1 (b) and that of Fig. 
1 (a). Clearly, it is possible to increase or de­
crease the number of matches (or, alterna­
tively, to increase or decrease the probability 
of a match between any two given structures) 
by suitably relaxing or tightening the condi­
tions which affect the matching process. If, for 
example, the unilateral connections (directed 
branches) in Fig. 1 are replaced by bilateral 
connections, and therefore the non-sym,metric 
connection matrices of Fig. 2 are changed into 
the symmetric ones of Fig. 6, then eight addi­
tional isomorphisms will be found between the 
two graphs. In fact, three different isomor­
phisms will then exist between the "triangle" 
{a, b, c} and each of the triangles {2, 6, 7}, 

:# Non-matching graphs of fifty nodes required an 
average of less than one-half millisecond on the 7090 
computer during a test run. 

t 2 3 4 5 6 789 
I t 
2 t I 1 I I 1 

3 t t a b cJ 
4 t I 1 a I I! 
5 t t b I lJ 
6 t t c 1 1 J 
7 1 1 1 

8 1 t t 1 

9 t t t 

0) DieT IONARY STRUCTURE b) QUERY STRUCTURE 

Figure 6. Symmetric Connection Matrices Derived 
from Graphs of Figure 1. 

{2, 8, 7}, {4, 2, 8} and {9, 4, 8} included in the 
dictionary structure. 

Another possible way of relaxing the condi­
tions which are operative during the matching 
process is to permit the introduction between 
any two nodes in the query structure of a varia­
ble number of intermediate nodes. This process 
replaces the query structure of Fig. 1 ( b) by the 
new structures of Figs. 7 (b) and ? ( d). (The 
broken lines indicate indirect eonnections.) 
Since each of the intermediate nodes mayor 
may not match a given node in the dictionary 
structure, it is now necessary to test whether 
the query structure is a compieted partial sub­
graph (rather than a subgraph) of the diction­
ary structure. A comparison of Fig. 7 (b) with 
the partial subgraph of Fig. 1 (a) represented 
as Fig. 7 (a), and a comparison of Fig. 7 (d) 
with Fig. 7 (c) reveals at least two additional 
completed partial subgraphmatches that could 
be obtained in addition to the four subgraph 
matches already exhibited in the preceding sec­
tion. Further completed partial subgraph 
matches not shown in Fig. 7 are also possible. 

0) PARTIAL SUBGRAPH OF 
DICTIONARY STRUCTURE OF 

FIGURE 1 

~ 
~7 

c) PARTIAL SUBGRAPH ~ 
DICTIONARY STRUCTURE OF 

FIGURE 1 

b) MODIFIED QUERY 
STRUCTURE 

d) MODIFIED QUERY 
STRUCTURE 

Figure 7. Matching Partial Subgraphs. 
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I 2 :3 4 5 6 7 8 9 
I I 1 1 I 

2 I I t 

:3 1 I 1 1 1 abc 
4 1 1 I 1 a I I 
5 b 1 
6 1 c 
7 
8 1 

9 I I 1 1 t I 

a) DICTIONARY STRUCTURE b) QUERY STRUCTURE 

Figure 8. Path Matrices (Including Indirect 
Connections) for Graphs of Figure 1. 

To determine whether a gral'h is a completed 
partial" subgraph of another graph, it is no 
longer sufficient to know whetRer two nodes 
are directly connected or not, but it is also nec­
essary to know whether a (possibly indirect) 
path exists between any pair of nodes. Thus 
the connection matrices of Fig. 1 must be re­
placed by the "path matrices" shown in Fig. 8 
in which the i_jth element is 1 whenever a path 
exists from node i and to node j. * * Each 1 in 
the matrices of Fig. 8 thus indicates either a 
direct or an indirect connection between the 
corresponding nodes, and use of the algorithm 
of Section 2 with the path matrices of Fig. 8 
(instead of the connection matrices of Fig. 2) 
will generate the isomorphisms derived in Figs. 
3 as well as a number of additional completed 
partial subgraph matches including those ex­
hibited in Fig. 7. 

Consider now, on the other hand, methods 
which will tighten the requirements to be met 
for a satisfactory match. Instead of specifying 
less information than for the directed subgraph 
comparison, it is now necessary to add restric­
tions to the graph of Fig. 1. A possible method 
consists in adding labels to the unlabelled 
branches of the graph to simulate, for example, 
various types of relations between the nodes. 
Another possibility is the addition of labels to 
the nodes of the graph so as to restrict the 
correspondents of a given labelled query node 
to only those nodes in the dictionary structure 
which carry the same label. 

Consider first the two graphs shown in Fig. 

** The path matrix may be generated automatically 
as a sum of powers of the corresponding connection 
matrix.l3 

a ) DICTIONARY STRUCTURE b) QUERY STRUCTURE 

Figure 9. Abstract Graphs Including Branch Labels. 

9. Clearly these graphs are identical with those 
shown in Fig. 1, except for the added branch 
labels which distinguish three types of relations 
denoted respectively by the digits 1, 2, and 3. 
The binary connection matrix of Fig. 2 may 
now be replaced by a numeric branch label 
matrix as shown in Fig. 10, whose i_jtll element 

I 2 :3 4 5 6 7 8 9 
t 2 
2 2 :3 :3 
:3 :3 I abc 
4 :3 2 a :3 :3 
5 b 2 
6 2 c 
7 
8 2 
9 :3 1 :3 

Figure 10. Branch Label Matrix for Graphs of Figure 9. 

is n if there exists a branch of type n from node 
i to node j, and is 0 otherwise. In the set gen­
eration and partitioning procedure, it is then 
possible to keep with each node a list of branch 
labels of all outgoing (or incoming) branches, 

Set 
Number Criterion for Set Generation Corresponding Sets 

I Outward degree 2 (or greater) (a} S(2,9} 
and outward branch label (3,3) 

II Outward degree 1 (or greater) (b) S (l,2,4,6,8) 
and branch label (2) 

III Inward degree 2 and branch (c) S(2,7,8] 
label (2,3) 

IV Connections from set I includ- (b,c] S(4,7,8) 
ing branch label (3) 

V Connections from set II and (c) S (2,6,8,7} 
branch label (2) 

VI Connections into set III and (b) S (1,6,8,4} 
branch label (2) 

VII Connections into set III and fa} S{3,4,2,9} 
branch label (3) 

Figure lla. Set Correspondences for Graphs 
of Figure 9. 
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a b e 1 2 3 4 5 6 7 8 9 

I 1 0 0 0 1 0 0 0 0 0 1 

II 0 1 0 1 1 0 1 0 1 0 0 (a}£{2,9) 

II 0 0 1 0 1 0 0 0 0 1 0 (b}£{4,8) 

V 0 1 1 0 0 0 1 0 0 1 0 (e) £{7,8} 

V 0 0 1 0 1 0 0 0 1 1 0 
VI 0 1 0 1 0 0 1 0 1 0 1 0 
'II 1 0 0 0 1 0 1 0 0 0 0 1 

Figure llb. Set Inclusion Matrix for Sets of Figure lla. 

and, obviously, given a pair of corresponding 
sets not only must the nodes match as before, 
but the branch labels must match as well. The 
matching procedure is illustrated in Fig. 11. 

The branch labels make it possible to gen­
erate a large number of sets at the outset. The 
set partitioning procedure illustrated by the set 
inclusion matrix of Fig. 11 (b) then results in 
the formation of the three small sets reproduced 
in the figure. Assignment of @ to either node 
® or node ® finally produces two one-to-one 
mappings as follows: 

®~®} {@~® 
®~@ and @~® 

©~® @~(f) 

A comparison of the graphs of Fig. 9 can be 
used to verify that these two mappings are the 
only ones which obey the branch labelling re­
strictions. 

As a last extension, consider now the two 
Syntol graphs2 of Fig. 12. These graphs cor­
respond to an actual document abstract and to 
a search request, respectively, as encoded under 
the Syntol system, and may be seen to be iden­
tical with the structures of Fig. 9 except for 
the added node labels. In order fully to repre­
sent the system, it is no;v necessary to add node 
label matrices to the connection matrices and 

Figure 12a. Typical Syntol Document Graph. 

~o ®IERF OPTiOUE 

CORTEX 2 ®~1 
~ CHRONAXIE 

@ 

Figure 12b. Typical Syntol Query Graph. 

to the branch label matrices. The node label 
matrices may be represented either as a table 
including all the node names together with the 
(possibly vacuous) corresponding labels, or 
alternatively as a full matrix whose i_jtlt ele­
ment is 1, whenever label j is attached to node 
i. The node labels serve the same purpose as 
the branch labels, since they restrict the num­
ber of possible correspondents of a given node 
to only those nodes which either carry the same 
label, or else carry no label, thus indicating that 
they can match any node whatsoever that satis;.. 
fies the remaining restrictions .. 

The procedure used to determine whether the 
query graph of Fig. 12 is a subgraph of the 
document graph is outlined in Fig. 13. Since all 
nodes are labelled, an immediate correspond­
ence is established between the nodes of the two 
graphs under consideration (sets I, II and III 
of Fig. 13). It remains to determine whether 
the connections and branch labels are preserved. 
Sets IV of Fig. 13 reveal an incompatibility, 
since node ® has two outgoing branches with 
a branch lab~l (3), whereas the corresponding 
node ® has only one such outgoing branch. 
Since a set containing two elements cannot be 
contained in a set containing only one element, 

Set 
Number Criterion for Set Generation Corresponding Sets 

I Node label "cortex" (a) S{3) 
II Node label ''nerf optique" {b}S{8) 

III Node label "chronaxie" {c)S(7) 
IV Direct connections from set I {b,c)S{2} 

with branch label (3) 

Figure 13. Set Correspondences for Graphs of 
Figure 11 Using Direct Connections. 
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I Set I I I ! Number I Criterion for Set Generation Corresponding Sets I 
I I Node label "cortex" {a} ~ (3) 

II Node label "nerf optique" (b) ~ {8} 
III Node label "chronaxie" (c) ~ {7} 
IV 'Paths from I with branch label {b,c} ~ {2,7,8} 

(3) 
V Paths from II with branch label (c) ~ {7} 

(2) 
VI Paths into III with branch label {b} ~ (l,2,4,6,8) 

(2) 
VII Paths into III with branch label (a) ~ [2,3,4,9} 

(3) 
VIII Paths into II with branch label (a) ~ {2,3,4,9} 

(3) 

Figure 14. Set Correspondences for Graphs of 
Figure 11 Using Indirect Connections. 

the subgraph test fails, and there is no need to 
proceed further. 

It is therefore necessary to relax the match­
ing conditions by taking into account indirect 
connections and intermediate nodes. The path 
matrix of Fig 8 is now used to verify that com­
plete paths (rather than direct connections) 
and path labels are preserved by the corre­
spondence in the node labels. The set corre­
spondences, shown in Fig. 14, demonstrate that 
to each outgoing and incoming labelled path in 
the query structure there corresponds a path 
with similar properties in the document struc­
ture. The query graph therefore matches the 
document graph when indirect connections are 
taken into account. 

An adjustable procedure for the comparison 
of query and dictionary structures can now be 
outlined. The process uses the same matching 
algorithm throughout, and is modified only by 
altering the matrices which represent the con­
nection patterns and the branch or node labels. 
The exact strategy used in the progressive 
alteration of the matrices may be made to de­
pend on the type of document collection being 
processed, and on preliminary retrieval tests. 
Clearly, the weaker the restrictions which affect 
the matching process, the more matches are 
likely to be obtained, and the larger therefore 
the collection of answers to a given search re­
quest. 

In general, elimination of the branch labels 
from the query and document graphs reduces 

a variety of possible relations between terms 
to a single one (represented by an unlabelled 
branch). Replacement of directed by non-di­
rected branches further reduces the ability to 
discriminate between a variety of relations, 
since a relation from A to B is now equivalent 
to one from B to A. Finally, removal of node 
labels simplifies both the search requests and 
the document identifications, since it eliminates 
from consideration some of the terms used as 
identifiers. 

A possible strategy for the gradual broaden­
ing of matching criteria is as follows: 

a. Use unmodified query structure Q and 
dictionary structure D and test whether 
Q is a subgraph of D; 

b. If the preceding test is negative use path 
matrix including indirect connections to 
determine whether Q is a completed par­
tial graph of D; 

c. If the preceding test is again negative, 
selectively remove branch labels by alter­
ing branch label matrix and test again 
using first only direct connections (sub­
graph test), then indirect connections; 

d. If matching conditions must be further 
relaxed, replace unilateral by bilateral 
connections and use symmetric connec­
tion matrices first with direct and then 
with indirect connections; 

e. Finally, selectively remove node labels and 
test again for subgraph and then for in­
complete partial graph. 

A retrieval system using graph matching 
procedures in conjunction with natural lan­
guage data is outlined in the next section. 

A SENTENCE MATCHING PROCEDURE 
FOR DOCUMENT RETRIEVAL 

A simplified automatic document retrieval 
system is shown in Fig. 15.5•14 This system 
makes use of the standard statistical proce­
dures, including the computation of word fre­
quency counts, word associations based on co­
occurrence in the same sentences or texts, docu­
ment associations based on . co-occurrence of 
words, and document relevance coefficients.l5,16 

In addition, a dictionary or thesaurus may be 
used if available to normalize the vocabulary. 
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INCOMI NG TEXT OR SEARCH REQUEST 

DICTIONARY LOOK-UP TO OBTAIN 
SYNTACTIC AND SEMANTIC LABELS 

r----------- ------------1 
I EXPANSION OF SEMANTIC LABELS I 

L __ TH~~~3~~R~~ IN ~~~E!~~~R!3~H2:J 
r------------I ------------, 
I COMPUTATION OF SENTENCE SIGNIFICANCE I 

L __ '=-NE !~~~':.!~C_SEN~E~':~ ~X2~~2:.I.::~J 
r----------- - I ________ ---, 

STRUCTURAL 1 SYNTACTIC ANALYSIS OF SIGNIFICANT I 
r.WCHING --I SENTENCES AND STRUCTURAL MATCHING I 

I I WITH CRITER ION PHRASES I 

~=~~~=~~=~=~J[~~~~--~==~~~ 
I EXPANSION OF SEMANTIC LABELS I 

LT~~O~~~ 5!~12S!~C~L TE~M_ ~~R~~A~I5:~J 

COMPARISON OF SEARCH REQUEST 
WITH DOCUMENT IDENTIFICATIONS 

AND POSSIBLE DOCUMENT CORRELATIONS 

// OPTIONAL STEPS 

/ COMPULSORY STEPS 

SIMPLIFIED SYSTEM USING STRUCTURAL MATCHING 

FIGURE 15 

Figure 15. Simplified System Using 
Structural Matching. 

The quantitative procedures may be supple­
mented by choosing a set of significant sen­
tences, as determined by the statistical process, 
and using them to perform a structural analysis. 
Specifically, each word is furnished with one or 
more thesaurus category numbers (the seman­
tic labels) as a result of the dictionary look-up 
procedure. If no dictionary is available, each 

0
0

_ 

~/J' \!:Io I 

®/ i 
I' i /~@) 
I I I 

J I 
I '(IDa I 
I 'I I 
I I I 
I I I 
I I I 
I I I 

SYNTACTIC} 
I I I 

LABELS R 8 A S 
• I 
I 

word can of course function as a semantic label 
by itself. A syntactic analysis is then per­
formed which determines a dependency struc­
ture for the words of a sentence, and also gen­
erates a syntactic label for each word. A typical 
dependency tree, resulting from an automatic 
syntactic analysis, is shown in Fig. 16. A syn­
tactically analyzed sentence can of course be 
represented as before by direct and indirect 
connection matrices, as well as syntactic and 
semantic label matrices; moreover, these ma­
trices can be generated automatically from the 
output furnished by the syntactic analysis pro­
gram.17 

It is now possible to compare the set of ana­
lyzed sentences or search requests with a set of 
"criterion phrases" included in a phrase dic­
tionary. Each criterion phrase is representa­
tive of one or more subject categories, and if 
a match is obtained between a criterion phrase 
and an analyzed sentence or search request, the 
corresponding subject categories can be at­
tached to the matching sentences or requests. 
To retrieve a set of documents in answer to a 
given search request, it is then sufficient to 
compare the subject categories attached to the 
requests, with the subject identifiers attached 
to the documents as outlined in Fig. 15. 

A typical criterion phrase is shown in Fig. 
17. Each criterion phrase is represented, as 
before, by an identification number and control 

~ ...... 0 ...... 0 

@l @l @: 

:@ /~0 
I 

@o i I 
I , I 
I I I 
I I I 
I I I 
I I I 
I I I 

V A 0 S V C 

SEMANTIC} BECAUSE 
LABELS HE TEXT CONTAINS SECRET INFORMATION RETRIEVAL IS VITAL 

Figure 16. Typical Syntactic Dependency Tree. 
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® o 

®/l o I 

; : 
SYNTACTIC} (A:O) (S~C) 
LABELS i ' :' 
SEMANTIC} (0;4, (0;7) 
LABELS 023) 

THESAURUS 
CATEGORY 014: (I.N.FORMATION, \ 

DOCUMENT (5),\ 
FACT (5), ) 
DATUM, DATA 
ETC. 

THESAURUS 
CATEGORY 017 (RETRIEVAL, ) 

PROCESSING, 
ORGANIZATION, 
SEARCH, ETC. 

Figure 17. Typical Criterion Phrase. 

information, the di]'ect and indirect connection 
matrices, the syntactic and semantic node label 
matrices, and the category indicators which 
identify the subject classes for the given phrase. 
The semantic node labels attached to the sample 
criterion phrase are decoded in Fig. 17. 

The matching process between a given crite­
rion phrase and a sample sentence or search 
request is identical with that used in the pre­
ceding section for document graphs. That is, 
two principal criteria must be satisfied: 

1. Given a specified node of the criterion 
phrase, all those sentence nodes are se­
lected which have matching syntactic and 
semantic labels; 

2. From among those sentence nodes which 
obey the restriction of part 1, some subset 
must be chosen whose direct (or indirect) 
connection pattern is identical with the 
connection pattern of the corresponding 
nodes in the criterion phrase. 

Consider, as an example, the criterion phrase 
of Fig. 17 and the sentence of Fig. 16. Clearly, 
both syntactic and semantic labels of nodes CD 
and @, and .of nodes ® and ® will match 
properly. However, there exists a path from 
node a to node ® in the criterion p·hrase, 
while no such path exists from node ® to node 
0. Therefore, the structure matching procedure 
will not be successful for the given example. 
On the other hand, it can be easily verified that 
the trees of Fig. 18 will, in fact, prope-rly match 
the criterion phrase of Fig. 17. 

Several methods are provided in the system 
for adjusting the matching process. First, the 
matching algorithm itself is adaptable, since 
node and branch labels can or cannot be taken 
into account, and direct as well as indirect con-

® 

(i)/~® 
I ' ,"'-.,. 
I : I",@ 
I , I 0 
I I , I 
I , I I 
I I I I 
I , I I 

SYNTACTIC} A S PR 0 
LABELS I I I 

I I I 
I I I I 

SEMANTIC} THE RETRIEVAL OF INFORMATION 
LABELS 

(a) 

SYNTACTIC} S V A + A 0 
LABELS 

SEMANTIC} HE DISCUSSES INFORMATION AND DOCUMENT RETRIEVAL 
LABELS 

(b) 

TREE STRUCTURES WHICH MATCH THE 
CRITERION PHRASE OF FIGURE 17 

FIGURE 18 
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S PR A LABELS , 
I I I , I 
I I 

I 
I 
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SEMANTIC } T~E 
LABELS PROCESSING OF DOCUMENT CONTENT 

(e) 

® 

®/i 
/Y ! 

0)/! I 

9 I : 
I I I 
I I I 

SYNTACTI C} I I I 

U~~ ~ A S 

SEMANTIC } DOCU~ENT FILE ORGANI:iATION 
LABELS 

(d) 

TREE STRUCTURES WHICH MATCH THE 
CRITERION PHRASE OF FIGURE 17 

FIGURE 18 
Figure 18. Tree Structures Which Match the Criterion 

Phrase of Figure 17. 

nections can be used. Second, it is possible to 
provide the criterion phrases with a smaller or 
larger number of syntactic and semantic labels, 
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thus restricting or enlarging the possible sen­
tence nodes which are compatible. Finally, the 
thesaurus which can be used to replace text 
words by thesaurus categories, as well as the 
criterion phase dictionary can be enriched 
to ensure inclusion of a larger variety of pos­
sible sentence structures. The system is pres­
ently being tested in order to determine the 
practical effectiveness of these various meas­
ures. 
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SOME IMPROVEMENTS IN THE TECHNOLOGY OF 

STRING MERGING AND INTERNAL SORTING 

Martin A. Goetz 
Applied Data Research, Inc. 

Princeton, N. J. 

GENERAL 

Sort/merge programs for magnetic tape com­
puter systems are of two basic classes: 1 

Digital (or Radix) and 
Collation 

The digital sort is useful 
number of cases and is not examined in this 
paper. 

The collation sort is the more general type 
of sort and is composed of two basic sub-pro­
grams: 

1. The first sub-program internally sorts a 
group of data. The group of data after 
being sorted is referred to as a "string" or 
"initial string." Such a sub-program is 
referred to as an internal sort. 

2. The second sub-program merges two or 
more strings. It will produce as output 
longer strings and will eventually produce 
one string which contains all the data. Such 
a sub-program is referred to as a "merge," 
or "string merge." 

The input data enters the internal sort sub­
program only once and the merge sub-program 
one or more times. The various sortingsys­
tems in use today all try to minimize the'execu­
tion time of the merge sub-program. This is 
accomplished by maximizing the' way of the 
merge while at the same time keeping input 
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strings the same size thus resulting in an 
"effective" power of the merge equal to the way 
of the merge. * The read-forward Oscillating 
Technique described in this paper is directed 
toward this goal. 

The Von-Neuman (T/2),1 Polyphase,2,3 and 
Cascade4 merge techniques begin after all the 
data is processed by the internal sort sub­
program and the initial strings are placed on 
tape (Figure 1). The Von-Neuman Technique 
places the initial strings on only half the avail­
able tapes; the Polyphase and Cascade place 
data on all the unused tapes. Depending on the 
number of tape units, one of the merging tech­
niques will prove superior over the others. The 
read-backward Oscillating Technique5 writes 
several initial strings, transfers to the merge 
sub-program, merges the strings and returns 
to the internal sort-hence the name Oscillat­
ing (Figure 2). As the number of tape units 
used for sorting increase, the effectiveness of 
the Oscillating Sort increases. Given T input 
tapes, the effective power of this technique is 
T-2. This technique, previously considered only 
for r8ad-backward tape systems, is developed 
for read-forward only tape systems as described 
in the following pages. 

~: For a d~st~n~tion b:tween "way of the m:rg"," and 
"effective power of the merge" please see glossary of 
sorti merge terms. 
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Figure 1. 
Distribution of Strings During Internal 

sort for Von Neuman (N / 2), Cascade and Polyphase 
Merge. 

READ-FORWARD OSCILLATING 
MERGE 

The read-forward Oscillating Merge allows 
the use of a preceding internal sort technique 
which produces variable size string lengths 
(e.g., Replacement-Selection/i). It also allows, 
of course, techniques which produce fixed-size 
strings (e.g., successive merging 1 ) • 

This paper presents an example in which the 
internal sort is a Replacement-Selection. The 
Replacement-Selection Technique used as an 
internal sort produces an initial string length 
almost twice the size of the memory available 
for sorting. Since the Oscillating Merge Tech­
nique must merge initial strings formed by this 
technique, it is important that we review the 
nature of the output produced by the Replace­
ment-Selection Technique. 

Given a memory for building strings that 
can hold R records, the expected string length 
for random data for the first string7 is l.73R; 
for successive strings, 2.0R; without replace-

'1'1 '1'2 '1'3 '1' 
4 

'1'. '1'6 5 

2 

~!~It::lil: ~[ 16 

0 I -] I 4 to, 0 ," 
• :Ut~· t~,. JJ..t O 

10 

" 11 

12 

U 

110 10 

15 11 

16 

l' 
110 

15 

16 

LlIGBIIID 
_ .u..et1«l ..... ___ .u..et1«l. 

(ooutb-torazod; ... _-_1 
1I1D&l ................ t_ t_.-....,.. (~) 
DoUl>l .............. ___ Vl'1tu... (~) 

o 1DU __ oeq_ or -.. _ 

writ..,. ... t_. 

Figure 2. 
Tape Motion of Read-Backward Oscillating Merge. 

mente l.OOR. Given T tape units, the string on 
the first tape is estimated to be l.73R; for the 
last tape unit. l.OOR. for all other tape units. 
2.00R. This variability in string length re­
duces the advantages of the read-backward 
Oscillating Technique.8 As will be demon­
strated, this variability also reduces the effec­
tiveness of the read-forward Oscillating Tech­
nique. 

The read-forward Oscillating Technique can 
also be used with an internal sort that produces 
initial strings of a fixed size. In this case, the 
initial string length is l.OR for all tape units. 

THE TECHNIQUE 

It is more convenient to describe the tech­
nique when the initial string lengths produced 
by the internal sort are fixed in length (l.OR), 
It will then be shown how the read-forward 
Oscillating Merge operates when used with the 
Replacement-Selection Technique in which 
variable length strings are produced. 

Given N tape units (T1 to TN) available as 
work tapes. (In the example· shown in Figure 
3, N is equal to 5.) 
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1. Initial strings are written on all tape units 
(T1 to Tx). After each string is written 
on successive tape units, the tape is re­
wound. The last tape unit is not rewound 
(Figure 3A). 

2. Tape units Tl to TX- 1 are merged onto tape 
units Tx, at which time all tape units are 
rewound (Figure 3B). 

3. As soon as tape unit Tl is rewound (this 
tape unit contains only one string of data), 
a string is written on tape unit T 1 and then 
it is rewound. Strings are consecutively 
written on tape units T2 to Tx- t • All tape 
units except TX-l are immediately rewound 
(Figure 3C). TX-l is not rewound. 

4. A merge of Tl to T X - 2 and Tx is performed 
onto TX - 1' Then all tapes are rewound 
(Figure 3D). 

5. The cyclings shown above continue for N 
cycles at which time all tape units contain 
a string length of size (N -1) times the 
initial string length (Figure 3E). 

6. The (N -1) size strings are merged, the 
power being (N -1) as shown in Figure 
3F. 

7. The pattern shown continues until the 
data is exhausted, at which time one 
string will be formed, similar to the read­
backward Oscillating Technique. 

Note that after 16 strings were merged, the 
rewind interlock time was equal to rewind time 
for N -1 strings. This time is a relatively small 
portion of the rewind time. Note that rewind 
time is minimized by starting the development 
of the next string in a group, although it will 
not be merged until the next cycle (String 21 
and Strings 17-20). 

When using the Replacement-Selection Tech­
nique in conjunction with the read-forward 
Oscillating Technique, initial strings are con­
strained not to exceed twice the number of 
records (R) in memory. After 2.0R records 
are written on tape, the string is completed. 
Note that with other merge techniques the 
minimum string length might be LOR as a 
lower limit· and "all" records to be sorted (an 
entire file) as the upper limit. When using the 
read:'forward Oscillating Technique, the upper 
limit is set at 2.0R. When 2.0R records can 
not be formed, dummy records (and blocks) 
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are substituted to form 2.0R records. Since 
2.0R is the expected length, excessive dummys 
will not be formed. 2.0R may not be an opti­
mum figure. It will, however, ciosely approxi­
mate the optimum as the number of tape units 
increase. 

To the degree that the read-forward selection 
technique must generate dummy records to 
produce string lengths of 2.0R, it is less ef­
ficient than the read-backward technique. As 
stated above, however, this reduction in effi­
ciency should be slight under most circum­
stances. 

THE PROBLEM OF WRITING ON TAPE 
USING THE READ-FORWARD OSCILLAT­
INGMERGE 

The read-forward Oscillating Merge herein 
proposed requires that data be written on the 
front of a tape without destroying information 
further down the tape which will be subse­
quently read. Depending on the computer sys­
tenl and the tape units, this may cause problems. 
For some computer systems, the read head may 
not be positioned properly due to start-stop 
time variations, automatic bypassing of un­
writable tape (bad spots), effects of the erase 
head or differences in writing density. For 
systems with a tape rewrite feature, there 
would be no problem. For systems which allow 
tape erase, gaps on the tape can be program 
generated which will solve the problem. If 
neither of these features are available "hash" 
blocks can be inserted to protect information 
which must be subsequently read. The tech­
nique may not be applicable to older systems 
where there is no programmed error control. 

Because of the wide variety of tape systems, 
this problem is not covered in more detail. It 
has been investigated, and it can be shown that 
the additional programming to cope with this 
problem is trivial. 

CONCLUSION 

The technque described offers the same 
potential as the Tead':bac:kwArd Oscillating 
Technique, namely: as the number 'of ita pes 
increase, this technique will perform the sort­
ing task almost twice as efficiently as the N /2 
(Von Neuman) and more efficiently than the 

Polyphase or Cascade Merge Technique. The 
Read-Forward Oscillating Technique might be 
considered even in systems which allow back­
ward reading. This is particularly the case in 
systems where tape reverse interlock is high. 

The foregoing presentation of the read-for­
ward technique should not be construed as a 
recommendation of this technique to the ex­
clusion of other methods. The selection of 
proper sorting techniques is a complex problem 
dealt with in detail in other papers ri, H, 9, 10 and 
which is not completely formalized at this time. 

VARIABLE LENGTH RECORD SORTING 
USING THE REPLACEMENT-SELECTION 
TECHNIQUE 

INTRODUCTION 

Another area where efficiencies' in sorting 
can be attained, is in the internal sort. Since 
the number of merging passes is based on the 
number of internal strings, it is desirable to 
minimize the number of strings formed by the 
internal sort. The number of strings are mini­
mized when the amount of data sorted at one 
time (the length of the string) is maximized. 

The sorting techniques in use today limit the 
string length for variable size records to the 
number of records that can be stored in 
memory. This section describes a sorting 
technique that permits an initial string to be 
formed that contains approximately twice as 
much data as can fit into the working storage 
a vailable in memory. 7 

GENERAL 

The variable-record length internal sort seg­
ment uses a modified version of the Replace­
ment-Selection Technique.6 This technique has 
previously been applied to the sorting of fixed­
size records or to a variable-size record con­
verted into a fixed format. 

The proposed technique temporarily "dis­
joins" a \7ariable-size record into one or more 
fixed-size "pieces" (re£erned 1il0> :M 'segments) 
and at selection time ,combines the separate 
segments of the record. No expansion of the 
record occurs. 
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The selection of an "optimum" fixed-size seg­
ment storage area is either determined by the 
user (based on his knowledge of the data) or 
assigned by the computer program. The opti­
mum size is one which will produce the longest 
string on tape without causing average size 
records to be broken up into a large number of 
segments. Long strings are produced by select­
ing a fixed storage segment size into which the 
records will fit without the need for excessive 
"fill" when the last "segment" of the record is 
moved into the fixed segment area. The selected 
segment size should be such that all keys for 
each record appear in the first disjointed seg­
ment when subdivided. 

A brief review of the selection logic for con·· 
ventional fixed size Replacement-Selection in­
ternal sorting follows: 

Core memory is divided into 4 parts .. 
(1) Instructions 
(2) Input Areas 
(3) Output Areas 

(4) A string building area (work storage 
area) 

The string bUllQlng . area is further sub­
divided into pockets (or sl9tS) equal to a fixed 
size plus about 12 characters to hold informa­
tion tlsed during the selection process. The 
selection process is similar to a tournament 
match in which the selected record at each level 
is referred to as a "winner." Assume as an 
example, the string building area can contain 
12 records. The logic for selection is as fol­
lows: 

1. A string building area is filled with records 
(R) from the input area. (See Figure 4.) 

2. The first record in the string building area 
is compared against the second, the third 

RECORD RECORD I~ORD 1 2 

4 5 ! 6 

7 8 9 

10 11 12 

Figure 4. 
Example of Records in String Building Area. 

against the 4th, etc. In this manner a 
set of first round winners is selected. The 
addresses of the winners are stored. 

3. In a similar way succeeding rounds of 
winners are selected until one final winner 
is selected. Addresses of the winners of 
each round are recorded. This process is 
called initialization of the tree and re­
quires R-1 comparisons. (See Figure 5.) 

RBCORD 1 

RBCORD 2 

winner 

RBCORD 3 

RBCORD 4 

winner 

RECORD 5 
winner 

RBCORD 6 
winner 

RBCORD 7 
w1nner 

RBCORD 8 

RBCORD 9 
w1nner 

RBCORD 10 
winner 

RBCORD 11 
winner 

RBCORD 12 

-Figure 5. 
Logical Relationship of Records in Tournament. 

4. The final winner is moved to the output and 
its position in the string building area is 
replaced with a new record from the in­
put area. 

5. If the new input record could be put out in 
sequence with respect to the last record 
that was put out, it can participate in the 
current tournament. Otherwise, it may not 
participate in the current tournament. 

6. Each subsequent record selected requires 
Log~R comparisons. This selection process 
is referred to as a "scan." 

7. When no records can participate, the cur­
rent tournament is over and a new string 
must be formed. 

U~ING THE REPLACEMENT-SELECTION 
TECHNIQUE FOR VARIABLE LENGTH 
RECORDS 

A record in the input area is divided so that 
one or more segments of it may be moved into 
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slots in the string building area. The first such 
segment, containing the key, is called the 
header; all other segments are trailers. Each 
segment of a record, except the last, contains 
as part of its indicative information, the ad­
dress of the segment of the record which is its 
immediate successor. 

When the string building area is completely 
filled it is "initialized." Only headers partici­
pate in this initialization and only headers are 
winners in each "round" of the tournament. 
Initialization is concluded when a final winner 
has been determined. 

At this point, the winner is moved to the out­
put area. Immediately, its place in the string 
building area is filled from the input area. 
Whenever a "segment" is moved from the 
string-building area, that slot is immediately 
filled. This is true irrespective of whether a 
header or trailer segment was moved out (Fig­
ure 6). As segments are moved out they are 
rejoined in the output area into a variable 
length record. Any "fill" in the last segment is 
deleted at this time. 

After a string building area slot has been 
refilled, a "scan" takes place if one is neces­
sary. It is necessary to "scan" if either a 

INPUT 

58 

6A 

RECORD SEGMENTS IN 
STRIN3 BUILDING AREA 

RECORD RECORD RECORD 

3 

Figure 6. 
R3~or 1 Segments in String Eui.U:ng Ar:::a. 

header was moved out of the string building 
area or if a header was moved into the string 
building area. In other words, the only time a 
scan is not performed is when a trailer is re­
placed by a trailer. 

After the scan, the next, "segment" is moved 
into the output area according to the follow­
ing rules: 

1. If the last segment moved to the output 
contained a reference to a successor (which 
must be a trailer), the successor is moved. 
This accomplishes the result of assembling 
the records which were segmented ini­
tially. 

2. If the last segment moved was without a 
successor, the current final winner of the 
tournament (which must be a header), is 
moved to the output. 

CONCLUSION 

The logic for processing variable-length 
records using the Replacement-Selection Tech­
nique requires an additional address in the 
tournament tree which is used to chain between 
segments of a variable-length record. Addi­
tional logic is required to p~ocess variable 
length records. Records are segmented into 
header and trailers. After the selection process, 
they are recombined into a variable length 
record. The logic of the Replacement-Selection 
Technique requires modifications as described. 
As in the Replacement-Selection Technique for 
fixed size records, data is moved only twice. 
The overall logic of the Replacement-Selection 
Technique is retained and all its advantages 
are exploited.6 
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GLOSSARY OF SORTING AND MERGING 
TERMS USED WITHIN THIS PAPER * 

Backward read 
A feature available on some magnetic tape 

system whereby the magnetic tape units can 
transfer data to computer storage while mov-
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ing in a reverse direction. Normally used, if 
available, during the external sort phases to 
reduce rewind time. 

Balanced sorting 
See: (T/2)-way merging. 

Cascade merging 
A technique used in a sort program to merge 

strings of sequenced data. Given T work tapes, 
merging is performed at T-1 on part of the 
data, T -2 on parts of the data, and so on. Strings 
of sequenced data are distributed in a Fibonacci 
Series on the work tapes preceding each merge. 
The effective power of the merge varies be­
tween T -1 and '1'_2 but in all cases is less than 
the power of the Polyphase Merge. CF: effec­
tive power of the merge. 

Collating 
Sequencing a group of records by comparing 

the key of one record with another record 
until equality, greater than, or less than is 
determined. 

Collating sequence 
The sorting sequence; a description of the 

sort key for a file of records. 

Collating sorting 
A sort which uses a technique of continuous 

merging of data until one sequence is developed. 

Computer limited 
See: process limited. 

Digital sorting 
A sort which uses a technique similar to 

sortIng on tabulation machines (e.g., IBM 
Sorter). The elapsed time is directly propor­
tional to the number of characters in the se­
quencing key and the volume of data. Also 
"radix sort." 

Effective power of the merge 
Equal to S~, where S is the number of input 

strings and N is the average number of times 
each element of data is read. 

Fibonacci series . 
A series where the current number is equal 

to the sum of the two preceding numbers: i.e., 

* Source: A Glossary of Sorting and Merging Terms 
-Communications of ACM, May 1963. 

1, 2, 3, 5, 8, and so on. Some sort programs 
distribute strings of data onto work tapes so 
that the number of strings on successive tapes 
form a Fibonacci series. 

Fixed size records 
Denumerable file elements each of which has 

the same number of words, characters, bits, 
fields, etc. Cf: variable-length records. 

Generalized sort 
A sort program which will accept the in­

troduction of parameters at run time and which 
does not generate a program. 

Generated sort 
A production program which was produced 

by a sort generator. 

Input tapers) 
Tape(s) containing a file in arbitrary se­

sequence to be introduced into a sort/merge 
program. 

Insertion method 
See: Sifting. 

Item 
See: Record. 

Key 
Also, sequencing key; criteria; sequencing 

criteria. The fields in a record which deter­
mine, or are used as a basis for determining, 
the sequence of records in a file. 

Magnetic tape sorting 
A sort program that utilizes magnetic tapes 

for auxiliary storage during a sort. 

Major key 
The most significant key in a record. 

Merge 
A program that performs merging. 

Merging 
The forming of a single file of sequenced 

records from two or more files of sequenced 
records. 

Multifile sorting 
The automatic sequencing of more than one 

file, based upon separate parameters for each 
file, without operator intervention. 
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Multipass sort 

A sort program which is designed to sort 
more data than can be contained within the 
internal memory of a central computer; In­
termediate storage, such as disc, tape, drum, 
etc. is required. 

Optimum merging patterns 

The determination of the sequence in which 
specific sorted tapes in a file should be proc­
essed so as to minimize the total number of 
merge passes required to create a single file of 
sequenced records. 

Order of the merge 

The number of input files to a merge pro­
gram. Also: power of the merge. 

Oscillating merge 

A technique used in a sort program to merge 
strings of sequenced data. For tape systems 
that permit backward reading, the effective 
power of the merge is equal to T -2. 

Output tape(s) 

Tapes containing a file in specified sequence 
as a result of a specific sort/merge process. 

Pass 
The processing of each file record once for 

the purpose of reducing the number of strings 
of sequenced records and increasing the number 
of sequenced records per string. 

Phase 
An arbitrary segmentation of a,sort program. 

Many sorts axe segmented into,=<three phases: 
initialization phase, internal-I phase, merge 
phase. 

Polyphase merging 

A technique used in a sort program to merge 
strings of sequenced data. Given T work tapes, 
merging is performed at the power of T-l. 
The effective power of the merge varies be­
tween T-l and T-2 depending cn the amount 
of input data and the number of strings. 

Power of the merge 
Also: way of the merge; order of the 

merge, the number of inputs to a merge pro­
gram. Cf: effective power of the merge. 

Process limited 
Also: computer limited. A sort program 

in which the execution time of the internal 
instructions determines the elapsed time re­
quired to sort. Cf: tape limited. 

Radix-sort 
See: Digital sorting. 

Record 
The basic element of a file such that the sort­

ing of file constitutes the re-ordering of file 
records; also referred to as "item." 

Replacement-selection technique 
A technique used in the internal portion of a 

sort program. The results of the comparisons 
between groups of records are stored for later 
lise. A selected record is placed on the output 
tape and a new record replaces the selected 
record. Given N records, a record is selected 
with 1 + lag;.!N tests; the expected string length 
for random data is 2N records. 

Rewind time 
Elapsed time consumed by a sort/merge 

program for restoring intermediate and final 
tape files to original position. 

Scratch tape ( s) 
See: Work tapes. 

Sequence break 
That point in a file between the end of one 

string and start of another. 

Sequencing criteria 
See: Key. 

Sequencing key 
See: Key. 

Sifting 
A method of internal sorting where records 

are moved to permit the insertion of records; 
also called "insertion method." 

Sort 
The copying of a file of records into a cor­

responding file in a specified sequence. 

Sort, external 
The second phase of a multipass sort pro­

gram, wherein strings of data are continually 
merged until one string of sequenced data is 
formed. Cf: string merge. 
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Sort, internal 
The sequencing of two or more records with­

in the central computer memory; the first phase 
of a multipass sort program. 

Sort generator 
A program which generates a sort program 

for production running. 

String 
A group of sequenced records, normally 

stored in auxiliary computer storage; Le., disc, 
tape or drum. 

St'Jing merge 
Program that performs merging. 

String merging 
The forming of a single string from two or 

more strings of sequenced records. 

(T /2)-way merging 
A technique used in a sort program to merge 

strings of sequenced data. The power of the 
merge is equal to T /2. 

Tape limited 
Also: I/O limited. A sort program in 

which the effective transfer rate of tape units 
determines the elapsed time required to sort. 
ef: process limited. 

Tennis match sorting 
See: Replacement-Selection Technique. 

Tournament sorting 
See: Replacement-Selection Technique. 

Vanable-length rec(Yrds 
Denumerable file elements for which the 

number of words, characters, bits, fields, etc. is 
not constant. Cf: fixed-size records. 

Von Neuman sort 
See: (T /2) -way merging. 

Way of the merge 
See: power of the merge. 

Work tapers) 

Also: scratch tapes. Tape (s) used to store 
intermediate pass data during a sort program. 

X mas tree sorting 
See: Replacement-Selection Technique. 
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CONCEPTUAL MODELS FOR DETERMINING 
INFORMATION REQUIREMENTS 

James C. Miller 
Arthur D. Little, Inc. 

Cambridge, Massachusetts 

INTRODUCTION 

For years, we who are interested in data 
processing have had a vague notion that one of 
the problems facing managers today is the lack 
of information. "If only I had known ... " is a 
familiar phrase to all of us. Most of us would 
like to cause that phrase to become unfamiliar. 
Unfortunately, very few people, if any, have 
been able to state very explicitly how we should 
go about filling the information void. Progress 
in developing a methodology for designing man­
agement information systems has been slow. 

So many people have written and said so 
much about management information systems 
that I would like to be sure that all of us have a 
similar notion in mind. Therefore, I would like 
to briefly define a management information sys­
tem as-a collection of procedures, equipment, 
and persons associated together for the purpose 
of providing managers, who have the authority 
to make decisions that commit the firm or its 
resources, with descriptions of the elements 
relevant to the performance of their function. 
In other words, a management information sys­
tem is a means of providing to the people who 
"need" it, information to guide them in the con­
duct of the business. An ideal management in­
formation system, then, would do at least these 
things: 

1. Provide each level and position of man­
agement with all the information that can 
be used in the conduct of each manager's 
job. 

609 

2. Filter the information so that each level 
and position of management actually re­
ceives only the information it. can and 
must act on. 

3. Provide information to the manager only 
when action is possible and appropriate. 

4. Provide any form of analysis, data, or in­
formation whenever it is .requested. 

5. Always provide information that is up to 
date. 

6. Provide information in a form that is 
easily understood and digested by the 
manager. 

Whether or not you can fully agree with. this 
as a description of J1 managerial utopia, I hope 
that this will at least provide a frame of refer­
ence that will help you to understand the use of 
conceptual models. 

PROGRESS IN MANAGEMENT 
INFORMATION SYSTEMS 

Using this ideal as a standard toward which 
our efforts are directed, we must recognize that 
no one has an ideal management information 
system. Just because we have not yet reached 
our ideal, however, we should not be di~cour­
aged from attempting to make progress. I t is 
not easy to produce a monumental improvement 
in the science of management. Nevertheless, 
considerable progress has been made. In fact, 
progress has been striking in the fields of hard­
ware, software, mathematical techniques, and 
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the integration of procedural systems. Com­
puters are available that can produce informa­
tion at fantastic rates. High-speed printers can 
generate reports fast enough to inundate an en­
tire committee. Teleprocessing has been devel­
oped to the point where up-to-date information 
can be maintained in a central data file. All of 
these various types of hardware can and will be 
improved,. and all of them will probably be made 
less e.xpensive or more efficient. However, I be­
lieve that management is not utilizing the capa­
pility that is already available. 

Software has been developed so that special 
requests or changes in procedures need not 
totally upset a system. I am not beating the 
drums for FACT, COBOL, or any other pro­
gramming language; I am sure that all of these 
will be improved further. However, I believe 
that even software is available today to assist 
management more effectively than managers 
realize. 

Mathematical techniques have been developed 
for many things. We can optimize inventories, 
we can model markets, and we can predict the 
outcome of an election when only a small per­
centage of the returns have been reported. Even 
so, this resource of mathematical techniques is 
neither well-understood nor fully utilized by 
managers. 

Many systems and procedures people have 
made substantial progress in developing inte­
grated data processing systems. These systems 
chew up customers' orders at one end and spew 
out bills of lading, invoices, and production 
orders from the other end. However, their pri­
mary focus of attention has been on the routine 
operating documents of the business. They have 
made a substantial contribution in that they 
have permitted many managerial tasks to be 
directed by management instead of being sub­
ject to the individual judgments of many oper­
ating people. In inventory control, for instance, 
stock clerks are no longer responsible for in­
ventory levels; management has the key to the 
inventory control system and can adjust its 
mathematical judgment to management's will. 

The point of all this is that in spite of tre­
mendous progress on a countless number of 
fronts, managers are not truly helped. Gener­
ally speaking, managers are working with the 

same variety of reports that they had several 
years ago. We believe that a major area of sys­
tems design has not been given sufficient atten­
tion. The problem of developing and defining 
the proper content of an information system 
has been slighted in the general work of systems 
analysis and design. One of the reasons for its 
having been slighted is that it typically falls in 
a no man's land between the technician and the 
manager. The technician typically says to the 
manager, "All you need to do is tell me what you 
want, and I have the wherewithM to supply 
it." Whereupon the manager, out of despera­
tion, lack of foresight, or overconfidence, usu­
ally supplies the pat answer: "Just what I am 
getting now only quicker and more current." 
Some managers will honestly say: "I don't 
know, but you're the systems expert; can't you 
tell me?" 

This no man's land has created considerable 
difficulty, and very few people have risen to the 
challenge to try to do something about it. 

Another reason for little having been done 
about the ability to define the content of an in­
formation system is that content is extremely 
difficult td work with. 

Let me define content as the message or infor­
mation that is contained in a communication or 
a record. Every report, analysis, or document 
has some meaning (or message) that transcends 
the actual format of the document or report. 
When we are concerned with defining the con­
tent of a management information system, our 
concern is to determine the subject matter of 
the messages that managers should receive. 
When I talk about content, I am referring to the 
subject matter of reports and documents, re­
gardless of how the data is displayed or arrayed. 

Information content is difficult to determine 
for managers. It is almost impossible to sepa­
rate the content of managerial information from 
the field of organization theory. Organization 
theory and practice is thin ice; it is a subject 
that is emotionally charged for any manager in 
a real-life situation. It is also a subject on 
which highly qualified, reasonable men can be 
expected to disagree. This is an extremely diffi­
cult area for anyone to work in, and particu­
larly for a person who is scientifically and ana­
lytically inclined. You cannot determine the 
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information that a manager needs without con­
sidering his responsibility and authority. You 
must concern yourself with what he is, in the­
ory, held responsible for, and how he discharges 
his responsibility and delegates his authority. 

Being concerned with the content of an infor­
mation system forces us to be concerned with 
"how to manage well." We must concern our­
selves with: How does a manager operate? 
How does he reach his decisions? How does he 
make his decisions effective? How does he man­
age '?" And perhaps an even more appropriate 
question is: "How should he manage?" Noone 
has an adequate description or an adequate set 
of principles to tell us how to manage well. At 
best, there are a thousand platitudes that are 
collectively exhaustive and mutually contradic­
tory. As if the lack of knowledge and under­
standing of the subject (from any analytical 
point of view) were not bad enough, this is also 
a subject that managers have difficulty discuss­
ing rationally and on which respected authori­
ties disagree. 

In spite of the difficulty, we believe that this 
is one area in which substantial progress will 
be made in the next decade. If nothing else, 
managers and systems men will be forced to it 
by the availability of hardware, etc., and the 
fear that some competitor may do it. 

We believe that much of this difficulty is men­
tal, and that we can attempt to develop a method 
for determining information requirements by 
trying to make the job mentally easier. There­
fore, what we have to suggest is not so earth­
shaking, but we believe it is a sound approach 
than can enable a poor, mere, mortal mind to 
somehow get around the subject of management 
and get into the business of defining informa­
tion requirements. The approach that we have 
to suggest might be described asa research ap­
proach. It is an approach that should enable 
analytically-inclined people to develop a defini­
tion of their company's information needs. If 
they want to, they can complete the entire job in 
an ivory tower, but the job will be done better 
if they have frequent reference to the regular, 
operating facts. The analysts should not lose 
touch with reality, but in fact, we have used 
this technique when there has been no reality 
to get in touch with. We have developed infor-

mati on requirements for nonexistent firms, and 
we believe that the results were extremely satis­
factory. 

Of course, an approach that is freq.uently pro­
ductive, but is not the research approach, is 
that of expertise. Most information systems 
and most informational improvements that are 
made today are made on the basis of expertise. 
Someone writes an article in a professional 
journal or a scholastic business review describ­
ing the types of reports that they use. Managers 
read these reviews, think that they are wonder­
ful and try to apply them to their business. The 
formats of the reports are face-lifted, and the 
manager tries to use them. Sometimes he has 
great success, and sometimes no success at all. 

There are many varieties of models, and they 
can be used in many different ways. Operations 
research people are accustomed to applying 
mathematical models to business problems. 
Some chemists and biochemists use physical 
models of what they imagine the structure of 
atoms to be. For now, we are interested in deal­
ing with a conceptual model. It is a model that 
deals with words and imagery to enable us to 
focus our attention and communicate our im­
pression about the operations and the manage­
ment of an enterprise. 

MODELS OF OPERATIONS 

The first step in developing a conceptual 
model of an enterprise is to attempt to state the 
key operations that the enterprise must accom­
plish in order to continue to function. We might 
describe an operation as a "gross unit of work 
specialization that is essential to the functioning 
of the enterprise." The easiest way to deter­
mine the appropriate operations for a concern 
is simply to begin to list all operations. Once the 
initial top-of-the-head list has been compiled, it 
should be juggled, combined, expanded and or­
ganized until it consists of a number-probably 
between 10 and 20-of operations of approxi­
mately equal importance. 

As an example, I have chosen a wholesaling 
business. We might think of this as being a 
typical wholesaling business rather than any 
one specific wholesaler. Figure 1 is an initial 
list of potential operations for a hardware, 
drug, or appliance wholesaler. Many of these 
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captions appear to be steps in a procedure, and 
they should. Most business operations follow 
a routine. On the other hand, very few of the 
captions suggest a department or organiza­
tional unit of a wholesaler. We believe that the 
major concern of management is the basic op-

STOCK CHECKING MAINTAIN PRODUCT LINE 

ORDERING TELEPHONE SEllING 

SCHEDULING SALESMAN SElliNG 

RECEIVING ADVERTISE AND PROMOTE 

STOCKING - BUU< WRITE ORDERS 

HOLDING PICKING 

STOCKING - SHElf CHECKING 

OK RETURNS DELIVERY 

PICKUP RETURNS INVOICE 

CREDIT RETURNS Bill 

STORE RETURNS COllECT 

SHIP RETURNS TO PIER. MAINTAIN ACCOUNTS 

RESTOCK RETURNS 

Figure 1. Potential Wholesaling Operations. 

Figure 2. Operations of a "Typical" Wholesaler. 

erations of the business. If management loses 
sight of this and becomes preoccupied with peo­
ple, the business can become a very nice place 
to work, but an extremely disorganized mass of 
human relations. We want to concentrate on 
the basic operations. 

Figure 2 shows the operations that I finally 
selected as being the important ones for a typi­
cal wholesaler. They are arranged in a flow­
chart format. The reasons for this will be ex­
plained later. Each block represents a job, task, 
function, mission, or as we have chose:q. to call 
them, operation of the firm. Take any one of 
these blocks out of the diagram and the business 
either ceases to exist, or is changed drastically 
in its methods of operation. 

In effect, this diagram of the operations of a 
wholesaler is a macroscopic view of the busi­
ness. Businessmen are already acquainted with 
other models of their business. They are accus­
tomed to an organization chart and they are 
familiar with accounting statements. All of 
these are macroscopic views of the business. 

The view of the firm that is illustrated in 
Figure 2 is specifically designed to focus our 
attention on the important things that must be 
managed. All of these things ~ust be under the 
control and the close scrutiny of management. 
Each of these operations can be accomplished in 
a variety of ways. Each of these operations is 
a positive reason for spending money, not just 
an unavoidable expense-we have not included 
the payment of taxes or the negotiation with 
labor unions, nor, in fact, have we included the 
information system itself. 

The next step is to try to provide meaning 
to each of the names that has been put in a box. 
in our flowchart. Because these names mean 
different things to different people, it may ap­
pear that we have omitted a significant opera­
tion, or we might have difficulty agreeing that a 
certain activity is included in one operation 
rather than another. Before we go any further, 
we should provide a more careful delineation of 
each operation. This delineation should take 
two forms. The first form is a simple statement 
of the input and the output for each operation. 
Inputs and outputs are, in effect, the fences be­
tween the operations. They serve not only to 
help define the operations themselves, but also 



CONCEPTUAL .MODELS FOR DETERMINING INFORMATION REQUIREMENTS 613 

to make us certain that we have not omitted 
some significant activities between the opera­
tions. Figure 3 shows the wholesaler's opera­
tions with their inputs and outputs. Notice that 
the only original input is product ideas and the 
only final outputs are: goods with customers, 
payment, cash, and collections. Having all the 
operations and all the inputs and outputs to­
gether in a single flowchart is a help, but it is 
still just a body of names which do not yet have 
sufficient meaning to enable us to probe the 
process of management. 

The second form of delineation for operations 
is a description of the suboperations that are 
contained within the major operation. Figure 4 
is a statement of the suboperations that are re­
quired to transform the demand for specific 
products, customers ready to buy, and prefer­
ence for our services into orders. These lists of 
suboperations can easily appear to be a descrip-

LEGEND 

(OPERATION ) 

® 
Figure 3. Wholesale Operations with Inputs 

and Outputs. 

OPERATION DESCRIPTION 

4. GET ORDERS 

ORDERS SHOOLD BE SECURED FROM RECOGNIZED CUSTOMERS. THESE 
CUSTOMERS SHOULD BE GIVEN ANY APPROPRIATE ORDERING AIDS SUCH 
AS WANT BOOKS, ORDER BlANKS, PREPAID ENVElOPES, ETC. FOR FOR 
CUSTOMERS IN REMOTE CITIES, lEASED TElEPHONE LINES WITH lOCAL 
MJMBERS MAY BE PROVIDED TO ENABLE CUSTOMERS TO PLACE ORDERS 
WITHOUT PAYING lONG-DISTANCE TOll RATES, OR CUSTOMERS MAY BE 
ENCOORAGED TO CAll COllECT. 

TtE CUSTOMER'S INVENTORY MAY BE REVIEWED FOR HIM BY A REPRE­
SENTATIVE OF THE WHOLESALER (POSSIBLY THE SALESMAN). THE 
WHOLESALER MAY MAINTAIN A PERPETUAL INVENTORY RECORD FOR THE 
WHOLESALER. AUTOMATIC DECISION RULES MIGHT BE PROVIDED AND 
REVIEWED BY THE WHOlESALER. 

A TElEPHONE CALLING SERVICE MAY BE ESTABLISHED TO SOLICIT ORDERS 
FROM CUSTOMERS. THIS INCLUDES: III ESTABLISHING AND SUPERVISING 
A TELEPHONE SALES STAFF; (2) SElECTING THE CUSTOMERS TO BE CALLED 
AND ESTABLISHING A SCHEDULE FOR THE CAllS THAT IS GEARED WITH 
OTHER OPERATIONS OF THE WHOLESALER; (3) CAlliNG CUSTOMERS: (4) 
SUGGESTING ITEMS AND QUANTITIES TO BE ORDERED; (5) QUOTING PRICES; 
AND (6) PREPARING ORDER DOCUMENT. 

ORDERS MAY BE SOLICITED DIRECTlY BY SALESMEN WHO PREPARE THE 
ORDER DOCUMENT, GET THE CUSTOMER'S APPROVAl., AND SEND IT TO THE 
WAREHOUSE. 

"TURNOVER" ORDERS MAY BE SECURED BY ENCOORAGING CUSTOMERS TO 
SPECIFY OOR NAME TO MANUFACTURER'S SALESMEN. ALSO WORK WITH 
MANUFACTURER'S SALESMEN TO INCREASE THE PROPORTION OF THEIR 
ORDERS THAT ARE TURNED OVER TO US. 

Figure 4. Description of an Operation. 

tion of a general operating procedure. They are 
likely to include some of the things that we 
jotted down as potential operations in the very 
beginning. (See Figure 1.) If we were dealing 
with a specific firm, the description would be 
more detailed. 

This (Figures 3 and 4) completes a concep­
tual model of the firm. Some of my associates 
and I have gone through this exercise for many 
firms and some command and control situations. 
We have found in every case that when two, 
three or four people sit down to prepare this 
conceptual model of an activity, they can, by 
constant negotiation give and take, agree upon 
a set of operations and definitions of operations. 
In short, a number of people with different back­
grounds can follow this procedure to produce a 
single, well-defined, comprehensive view of the 
activities of a company. 

MODEL OF MANAGEMENT ACTIONS 

Now that we have a conceptual model of what 
the firm, as a whole, does, we would like to 
move on to a conceptual model of the functions 
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of management. We have an adequate state­
ment of what the company does, but we must 
now decide how management manipulates the 
things that the company does in order to make 
it successful or unsuccessful. The basic ques­
tion can be simply stated as: "How are the 
operations managed?" 

Before getting too deeply involved in the con­
ceptual model of management actions and their 
results, let's spend a little time poking into the 
lore of management. Many books have been 
written, from Frederick Taylor until the pres­
ent time, about how managers can and should 
operate. The business reviews of our leading 
universities constantly publish articles about 
how to manage. We commend these sources to 
your attention. From our study of these sources, 
we nave generalized and concluded that man­
agement must evaluate, organize, select, decide, 
train, and motivate. We can also recognize that 
management has at its disposal a number of 
resources. Resources can be summarized into 
the ufour M's"-money, machines, manpower, 
and materials. Somehow, citing these names 
(evaluate, etc.) for the things that managers 
do, and citing the names for the resources that 
management manages seems to be helpful, but 
it cannot be the final conclusion. These names 
and labels are not sufficiently specific to help us 
decide what information management needs in 
order to manage effectively. 

In addition to the lore of management, we can 
logically consider the things that a manager 
does in a typical work day. Those who are man­
agers, and those who are familiar with the gen­
eral operation of managers, can recognize that 
many of the things that a manager does do not 
have long-range significance for the company 
as a whole. For instance, a large part of the 
working day for a manager is spent communi­
cating with those about him. This communicat­
ing is, of itself, not truly significant. It is an 
unavoidable expense. The decisions that may 
result from those communications, or the eval­
uations that can be made as a result of them, 
are significant, but the communications them­
selves are not. Similarly, a good manager 
spends a large part of his time studying and 
reading reports. In reality, this is simply an­
other form of communication. The amount of 
time that a manager spends actually making 

policy and making key decisions is a relatively 
small proportion of his total time. However, 
we believe that these are the significant things 
that a manager does that we would like to assist. 
With a good information system we might be 
able to reduce the amount of time that a man­
ager must spend communicating and reading 
reports. But more significantly, we would like 
to assist him in making wise decisions about the 
truly important facets of the operations that he 
is managing. 

One way to help cut out some of the chaff is 
to recognize that we are attempting to deline­
ate those important managerial actions that are 
taken by management as a whole. We are not 
trying to find out the specific actions that any 
one manager takes. If we were, we would miss 
the significant managerial actions taken by 
committees. In many cases, a managerial action 
is taken at different levels of the organization. 
At each level, the manager has a different set of 
limitations within which he makes his decision. 
If we try to cope with all of these variations at 
once, we will be swamped. Our immediate con­
cern is for the information that is required by 
management as a whole. We would like to post­
pone until much later the actual job of deciding 
exactly who should receive which information. 

After many trials and errors, and consider­
able study, we have concluded that the most 
significant managerial actions can usually be 
stated as "selecting a course of action," "adjust­
ing a rate of expenditure (or level of effort)," 
or "allocating resources." In a sense, allocation 
of resources is simply a combination or special 
case of selecting and adj usting. 

To illustrate, a manager selects a course of 
action when he decides to use a particular chan­
nel of distribution, or decides to acquire a par­
ticular piece of production machinery. In 
general, these are discrete choices; the manager 
must select one or more out of a number of 
alternatives. 

On the other hand, a number of elements can 
be adjusted over a continuous spectrum, such as 
prices or market area. These things can be 
adjusted up or down over a broad range. 

Allocation consists of assigning particular 
resources to particular activities. The word 
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"allocation" suggests that the amount of the 
resource is limited in some way. The grandest 
sort of allocation is the allocation of money to 
each of the operations conducted by the firm. 
The general management of the firm must con­
stantly reallocate its money among such activi­
ties as selling, delivery, and inventory. 

Keeping in mind these general sorts of man­
agerial actions, we can return to the conceptual 
model. We must examine each operation to 
determine the significant managerial actions 
that govern the quality of performance of each 
operation. If management acts wisely, the op­
erations will be performed well. A management 
information system can not supply good judg­
ment, but it can supply a sound base of facts 
to which managerial judgment can be applied. 
Figure 5 shows the managerial actions for the 
operation "Get Orders." Discovering these 
managerial actions for any operation is one of 
the most creative and imaginative steps in the 
process of constructing a conceptual model of 

LEGEND 

Figure 5. Managerial Actions for an Operation. 

a firm. It takes time and it. takes. stargazing. 
It is an iterative process that earn 00 improved 
each time it is reviewed. It is also an extremely 
educational process. If the managers them­
selves can participate in the process, they can 
probably ,profit 'by it. 

There :are a few sources that we can look to 
for assistance in pointing out the key mana­
gerial actions. One of these is the detailed 
description ,of the operation. (See Figure 4.) 
We can review that description, looking for 
instances. in which a manager must select from 
a number of alternatives, or for key decisions 
that are built into the regular conduct of the 
operation. We can also consider the resources 
that are required to perform the operation. It 
might pay to construct a list of the resources 
that are used in each operation. Resources 
might be~ 

Particular skills 
Manual labor 
Existing facilities (physical capabilities) 
Known suppliers 
Existing public (customer) image 
Existing products 

Figure 6 lists the major resources that are used 
to get orders. Some of these resources are sub­
ject to quantity manipulation. However, the 
rough proportions of the various resources are 
dictated by the nature of the operation itself. 
For instance, for a wholesaler, the selling ac­
tivity cannot effectively use a large fixed capital 
investment; almost the sole resource for selling 
is the highly skilled ability of a salesman in per­
sonal contact with the customer. 

In considering the resources required to per­
form an operation, there is a potential trap. 
That trap consists of considering money as a 
resource. Noone can deny that money is a 
resource, but it is the one ultimate resource. 
Given sufficient time, it can be transformed into 

SALESMAN'S TIME 

TELEPHONE SALES CLERK'S TIME 

FAVOR OF MANUFACTURERS 

TELEPHONE FAC ILITIES 

Figure 6. Resources Used in Getting Orders. 
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any of the other resources. Therefore, in deter­
mining the resources that are used in the per­
formance of an operation, we should exclude 
money from our consideration. Otherwise, we 
run the risk of doing a superficial job. 

Another potential source of help in discover­
ing managerial actions are job descriptions, or­
ganization charts, financial statements, and 
interviews with managers. All of these aids 
should be used liberally. 

N ext we would like to consider the results 
of each managerial action. Usually, at least one 
result of every managerial action is obvious 
from the statement of the action itself. If the 
action selects or adj usts, one result of the action 
is a commitment to a course of action or a 
change in the level of something. However, we 
are interested not only in the direct effects of 
the action itself, but also in the ancillary effects. 
Almost every managerial action involves more 
than one result. Many managerial actions imply 
a trade-off between two potential results. Some 
managerial actions simply have more than one 
effect. Figure 7 shows two manageri~l actions 
and their results. In total, when taken for all 
managerial actions, these form a conceptual 
model of a management of the firm. 

ADJUST FREQUENCY 
OF SALESMEN'S ORDER 

SOLICITATION 

ADJUST SALESMAN'S 
EfFORT DEVOTED TO 
SOLICITING ORDERS 

LEGEND 

I( MANAGERIAL) 
ACTION 

FACTOR 

INFLUENCED 

(ELEMENT OF 

PERFORMANCE) 

EFFECT • 

Figure 7. Action-Result Models. 

We slipped into using the word "result" 
rather quickly. We might better call them ele­
ments of performance, or parameters of per­
formance. These are the factors or elements in 
the business that are influenced by the mana­
gerial actions. It is important to think of the 
relationship between the action and its results 
as an influence. If you try to think of it as too 
direct a cause-effect relationship, you are likely 
to get bogged down. For instance, if you try to 
think of the purchase of particular delivery 
vehicles as directly causing the cost of delivery, 
you will get into trouble because delivery costs 
are also affected by wage scales paid to drivers, 
the distances the trucks are driven, and in fact, 
the number of deliveries that are made. Each 
of these things influences the cost of delivery, 
but none of them controls it. Similarly, in Fig­
ure 7, many of the results are influenced by both 
actions, and if we added the action "adjust fre­
quency of telephone calls" it would influence 
many of these results also. 

At this stage of the development of the con­
ceptual model, we must be careful not to insert 
results that are too far-fetched. Moreover, we 
must recognize that some factors are influenced 
directly by a managerial action, and some are 
influenced only indire~tly. For instance, almost 
all managerial actions have an influence on 
profit. Similarly, a number of managerial ac­
tions influence sales volume. To include these 
as results will be helpful for only a few mana­
gerial actions. We should concentrate on direct 
results. For instance, some managerial actions, 
such as "select products to sell," may directly 
affect the size of the market in which the firm 
competes. Others, such as "adjust advertising 
expenditures," may directly influence the share 
of the market that the firm enjoys. These ac­
tions have an indirect or derived effect on sales 
volume. 

The results of managerial actions do not ex­
ist in a void. They influence one another also. 
For instance, to continue with the last example, 
sales volume is influenced directly by the size 
of the market and the penetration of the 
market. With diligence and care, we can deter­
mine which results are influenced by which 
other results, and, in total, we can develop a 
structure of results. Figure 8 represents a por-



CONCEPTUAL MODELS FOR DETERMINING INFORMATION ,REQUIREMENTS 617 

Figure 8. Structure of Results 
(Partial and Simplified). 

tion of such a structure. It is drawn in flow­
chart form, and it has a natural progression 
from left to right. Observe that sales area is 
the most causal, basic element of performance, 
and return on investment is the most final, com­
mon element. 

The preparation of this structure of results 
will assist in simplifying the statements of re­
sults of each managerial action. From the 
structure, we can infer that anyone result has 
a chain of influences. Since we have the struc­
ture, it would be redundant to repeat the chain 
for each managerial action. It is enough to note 
the left-most element in the chain as a result of 
an action. For instance, Figure 7 does not show 
number of salesmen as a result. 

Furthermore, the very exercise of trying to 
compile a complete structure of all results of 
managerial actions is likely to point out some 
results that have not been linked to any action. 
If the result stands at the beginning of a chain, 
we should try to find the managerial action that 
influences it. 

Figure 9 shows the same struct.lre of results 
as does Figure 8, but superimposed on it are the 
managerial actions that influence the results. 
This exercise can help us to understand how the 
results of one action can influence another ac­
tion. It can also help us to see the managerial 
actions that are influenced by specific factors. 
For instance, the action "adj ust working hours 
of salesmen" is affected by "salesmen's travel 
time" and "call time." 

The flowchart is a very cumbersome device 
to display a complex structure of results. Fig­
ures 8 and 9 are simple only because they depict 
so few factors. We might try to simplify the 
job by using a precedence matrix such as Fig­
ure 10. A primary advantage of a matrix form 
of documentation is that it permits us to say 
something about the nature of the relationship 
between an action and its results, and between 
various results. Some of these relationships are 
clearly defined. After all, some of them are 
taken almost directly from accounting practice, 
and are, therefore, susceptible to the accounting 
definitions. We know that some other relation­
ships are proportional, even though we may not 
know what the exact proportion is. The inter-

Figure 9. Managerial Actions Superimposed 
on the Structure of Results. 

~:TOI OR RESULT \

line CORRESPONDING L~E NUMBER 
No. 112314 ~ 1 8 9 10 1112 \3 415 1611 \819~ 2\ 

Alrust Market ~rea 
SolEd Customers 
Alrust Salesmen's EffOrt • promoting 
Alliust Salesmen's EIIort· Soliciting Orders 
AIIiust Frequency 01 Salesmen's Order Solicitinq 
AIIiust working Hours 01 Salesmen 

~ 
Sales Area 
NuiTUer 01 Customers 
Salesman's Travel Expenses 
Salesman's Travel Time 

Salesman's call Time 
NuiTUer 01 Salesmen 

CostalOirEd Sales 

10 

11 

1 
14 

Cost 01 Telephone Sales 16 
Total Costs 1 
Sales VOlume ~ 
Profit 19· 

Return on InVestment 21 

I I p 

I P 

Figure 10. Matrix of Cause-Effect Relationship. 
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sections of the matrix can contain all that we 
know about the nature of the relationship. If 
we could determine the exact mathematical 
function that relates each of the actions to its 
results and the results one to another, we would 
have a fabulous mathematical model of the firm. 
Unfortunately, the nature of many of the rela­
tionships is simply unknown. 

This exercise c()mpletes the conceptual model 
of the firm, its management actions, and the 
results of those actions. The model can be used 
as a general guide to understanding how the 
firm works. It might be used as the basis for a 
mathematical model of the firm. 

DETERMINING INFORMATION CONTENT 

The major purpose of creating the model in 
the first place was to assist in determining the 
information that is needed by the management 
of the company to manage the company well. 
This can be done by simply reviewing the 
action/result models. (See Figure 7.) We can 
consider each element of the model as a require­
ment for managerial information. We would 
like to measure the managerial actions them­
selves-how much action is taken, when was it 
taken, etc.-and we would like to measure each 
of the results of the action. A comprehensive 
information system will contain each of these 
measurements. In addition, it will contain many 
similar measurements of competitors' business 
practices. 

In order to be more specific, we need to re­
turn to the diagrams of actions and results. One 
of the actions in Figure 7 is "adjust frequency 
of salesmen's order solicitation." This auto­
matically suggests the question, "How often do 
salesmen solicit orders?" The simplest answer 
to that question is the total number of calls 
made by all salesmen in a month. Of course, 
we might want a finer breakdown-number of 
calls made by each salesman, and number of 
calls made on each customer. A tally of the 
number of calls is a frequency from the firm's 
point of view, but we might want to turn it 
around and look at it from the customers' point 
of view. How many solicitations does the aver­
age customer receive in a month? 

Call frequency is not hard to measure. In 
fact, if we tried a little bit, we might even be 

able to learn how frequently our competitors 
solicit orders. If we asked our customers who 
else they buy from, and how freq,uently each 
competitor's salesman calls, we can expect some 
customers to refuse to answer, and some cus­
tomers to give us wrong answers. But if we 
carefully compile the data that we -do get, we 
can expect to be better informed than we would 
have been/otherwise. 

If we dwell on the subject longer, we might 
think of some other significant measures of the 
action itself, but we should also be concerned 
with the results of the action. "Salesmen's 
travel time" would be fairly easy to measure. 
All we need to do is ask the salesmen to keep 
track, for a month, of the time of day at which 
they leave one account and arrive at another 
account. We might even ask the salesmen to 
take an hour or so and prepare a "typical" 
itinerary with an estimate of the travel time 
between accounts. Either way, this is not an 
onerous chore, and it might even be worthwhile 
for the salesmen to go through the exercise just 
for what they would learn from it. Then we will 
need to compile it to learn the travel time. 

"Salesmen's travel expenses" are regularly 
measured by most firms. We should observe in 
passing that there is a close connection between 
tra vel time and travel expenses. Furthermore, 
both factors, time and expenses, cannot be 
attributed to individual customers. Any at­
tempt to determine the amount of travel time 
or travel expense that is incurred on behalf of 
anyone customer is bound to be arbitrary. 
Neither of these factors lend themselves to 
interpretation from the customers' point of 
view. 

If possible, we would like to go beyond meas­
uring the action and its results. We would also 
like to consider the characteristics of the rela­
tionship between them. For these particular 
actions and results, we have a pretty good no­
tion of the basic relationship-as the calling 
frequency is increased, the travel time and ex­
pense increase also. Any information beyond 
this intuitive feel will be difficult to acquire. We 
might ask a few salesmen to playa game with 
us and prepare hypothetical itineraries for the 
manner in which they would cover their terri­
tories if they were to cut their number of calls 
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to one-third of their present frequency. Then 
do it again for two-thirds, three-halves, and 
double. A compilation of these estimates should 
give us pretty good information about the rela­
tionship between the action, "adjust frequency 
of salesmen's order solicitation," and the re­
sults ,"salesmen's travel time" and "salesmen's 
travel expenses." 

Another important characteristic of informa­
tion is that it must be related in time, and in 
many cases, it must be understood "through" 
time. Each action and each result must be 
thought of as a time series. We want more in­
formation than just the present status. We also 
want to know how frequently we called on cus­
tomers last year and the year before; and we 
want to know what frequency is planned or 
expected in the future. In addition, we want 
comparable information about travel time and 
expenses. If we can get nothing better, we 
might even use an historical comparison to tell 
us about the relationship between call frequency 
and travel time and expense. 

The process of defining information require­
ments-the content of an information system­
is to find a ~vvay to measure each managerial 
action, each result, and each connection between 
an action and a result. Then see if a comparabie 
measurement can be found for competitors. We 
must be certain that the information can give 
an historical perspective and a glimpse of the 
future. In many cases, this method will lead us 
to unexpected information requirements. 

How many sales managers do you know who 
could give you a satisfactory, quantitative an­
swer to the question, "How often do salesmen 
solicit orders?" Most management information 
systems pass up this information completely, 
and yet, if we have any faith in our model, we 
can see that the action that is measured by the 
answer to that question has a far-reaching effect 
upon salesmen's time and expenses, and upon 
sales volume. 

The job of translating these information re­
quirements into reports and files is no small 
job, but it is a more familiar one. Systems and 
procedures people have been doing this sort of 
thing for years. Anyway, we have not yet 
found a way to have conceptual models help 
with this part of the job. 

CONSTRUCTING CONCEPTUAL 
MODELS 

The procedure for developing a complete con­
ceptual model is easy to work with mentally. It 
progresses from one stage to the next, and at 
each stage we can focus our attention on only 
a few factors at a time. In the early stages, 
these factors are abstract. They are so abstract 
that they can apply with little modification to a 
number of different economic enterprises. But, 
as the early framework is expanded and com­
pleted with more details, the conceptual model 
begins to apply only to the economic enterprise 
for which it is designed. 

I would not mean to imply by these words 
that conceptual models are easy to develop. It 
is one of the most rigorous mental exercises that 
I have run into. To complete a model requires 
creativity, imagination, insight, and judgment. 
I firmly believe that no one person can construct 
a good conceptual model. The best way is to de­
velop one through individual effort which is 
followed up with a review by one or more per­
sons. If this review is not available, the next 
best alternative is to attempt to complete sev­
eral stages of development of a model. Then, 
put it away in a desk drawer and come back to it 
in six months. By this time, you may be a dif­
ferent enough person to review your own work 
adequately. 

Don't get fooled by all the flow charts and 
geometric shapes. They are not the conceptual 
model. The model exists in the mind. The lines, 
words, and shapes are only a means of com­
municating and permanently recording what 
the mind has conceived. 

Recall that we are dealing with a model, and 
a model is something that simplifies reality. The 
model does not faithfully reproduce every attri­
bute and characteristic of the original; if it 
did, it would be a duplicate not a model. A 
wind tunnel model attempts to reproduce the 
exterior shape of an airplane or flying object 
so that engineers can observe the performance 
of the shape in moving air. A mathematical 
model for inventory control does not reproduce 
all the characteristics of the real world; it re­
produces only those characteristics which are 
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felt to be of primary importance in controlling 
inventory. This same sort of attention must be 
applied to conceptual models for determining 
information requirements. The developer must 
continually weed out and separate trivial de­
tails from important generalities. For instance, 
back in Figure 7, we might have shown "num­
ber of salesmen's direct orders" as an element 
of performance, but we cannot find anything 
significant about that number. 

At each stage of the development of a model, 
the analyst should ask himself: "Is each of the 
elements or factors which I have written on this 
page of approximately equal importance ?" 
Since there is no absolute scale of importance, 
this question cannot be answered conclusively. 
That is why our model is a conceptual one. It 
deals with words, abstractions, and impressions. 
As such, it is subject to arbitrariness and judg­
ment. Even so, it is worth developing. 
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