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Summary

The Fact Compilerisa system for the timely
extraction of significant information from source
data and for the storage of this information in an
organized manner that permits rapid retrieval.
In addition, the Fact Compiler can process or
manipulate the stored data in a variety of ways,
and it is adaptable for use with presend-day re-
porting techniques. The system is capable of or-
derly growthtomeetthe changing requirements of
growing organizations.

Information is stored according to a logico-
linguistic structure. This structure enables the
system to: (1) directly interrogate personnel and
request the reporting of specific information; (2)
automatically present desired data at the appro-
priate time intervals; and (3) retrieve information
according to subject, aspect, date, degree of
specificity, and organizational unit.

The Fact Compiler

As society matures, productionand use of in-
formation greatly increases. At the same time,
individuals tend to narrow their fields of speciali-
zation in order to cope with this growth of infor-
mation. Thus, the old adage about knowing more
and more about less and less becomes more
meaningful as time goes on. Itbecomes increas-
ingly more difficult to assimilate and evaluate the
mass of data contained in the paper work flooding
many business, government, and university or-
ganizations. The techniques of automation have
beenapplied in various ways to alleviate this prob-
lem. This paper willdiscuss anadvancedsystem,
the Fact Compiler, which uses new concepts to
automate the storage and retrieval of information.

The Fact Compilerisa system for the timely
extraction of significant information from source
data and for the storage of this information in an
organized manner that permits rapid retrieval. It
has been designed to function as a centralized
storehouse of important information. In addition
to retrieving information, the Fact Compiler fa-
cilitates the processing or manipulation of the
stored data in a variety of ways not readily possi-
ble withdecentralized storage systems. The sys-
tem is readily adaptable for use with present re-
porting techniques used in industry. At the same
time, it can be used with fully automated input,
The system is capable of orderly growth to meet
the changing requirements of growing organiza-
tions. The Fact Compilerisan in-line processing
system. That is, input data is immediately re-
corded in the memory and, therefore, is available
for immediate use. The rapid response of the
system permits the prompt discovery of trends in
the stored data. It also encourages personnel to
"browse'" for information as an aid in finding all
relevant data. The stored information, even if

received from widely divergent sources, can be
organized automatically and used in the genera-
tion of summary reports.

A keyproblemin designing the Fact Compiler
was the development of a language capable of ex-
pressing the communication needs of personnel
engaged in the input of information or in the for-
mulation of a request for information. A large
amount of linguistic and empirical study has re-
sulted in a language structure that satisfactorily
meets these objectives. Development of the lan-
guage vocabulary required a precise formulation
of the information needs of system users. These
needs are expressed as a series of questions or
interrogations which are indicative of the kind of
information that should be stored within the system.

Interrogations are organized according to a
logico-linguistic structure and are stored in the
system memory. Input information consists of
responses to the appropriate interrogations. The
combination of an interrogationand its associated
responses is called a factual statement. Afact is
defined as an interrogationand one particular as-
sociated response.

General systemfeatures are shownin Figure 1.
The systemis composed of human and machine ele-
ments. In general, system personnel exercise
judgment and perform decision-making functions,
and the equipment elements perform the necessary
routine processing. System personnel monitor
and control operational functions, and aid in the
input of data. The systemusesa general-purpose
digital computer and a high-capacity, rapid-
access, magnetic memory. The greater portion
of this memory is devoted to the file of facts.
Other importantfiles are the dictionary, or vocabu-
lary of terms, and the interrogation vocabulary
file. The inputor extraction process is facilitated
by the use of a communication console having an
alphanumeric display tube and a special set of keys
for data insertion. The output or retrieval proc-
ess may use either the communication console or
a high-speed printer.

Use of a Fact Compiler in a Business
Firm

The concepts involved in the use of a Fact
Compiler may be visualized in the application of
the system to a hypothetical business firm. The
organization structure of a typical business firm
is illustrated in Figure 2. Some of the basic re-
sponsibilities of business management are the de-
termination of the future course of the business by
farsighted planning, the selection of qualified key
personnel, development of a sound organization
plan, and effective control through the delegation
of responsibility. Management receives the data
necessary for making decisions in these areas
from a series of reports generated by line and
staff departments. A common phenomena among
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executive personnel is that of being ''swamped"
with reports. Development of procedures to filter
information destined for management (i.e., se-
lection of pertinent information and rejection of
unnecessary data)is an important function usually
performed by staff departments.

With a Fact Compiler, management and staff
would, in effect, have an '"extended memory' with
which they could review particular aspects of the
corporation's past historyinvarious levels of de-
tail. This type of review may permit better fore-
casts about future conditions such as costs, sale
prices, raw material availability, and productde-
mand. Also, the compiler could supply data in-
dicative of the degree of control in effect within
the firm. Correlations could be made between
activities not previously compared and general
economic conditions.

Interrogations for a business Fact Compiler
Systemare organized into interrogation lists rep-
resenting major subject categories of interest.
Typical interrogation list categories might be

"factory," "regional sales district,' ''subsidiary,"
'"budget, ! '"taxes, ' 'legal, '’ '"'patent," and ''cor-
porate assets. ' Information to be stored in the

memory for a particular factory, regional sales
district, or department is placed in an individual
record for that factory, district, or department.
This recordis called a Unit Record. UnitRecords
may store information derived with the aid of one
or more interrogation lists. The use of interro-
gation lists for data extraction and Unit Records
for storage and retrievalis fundamental to the op-
eration of the Compiler System.

Fact Compiler Language-Restricted
English

A solutiontothe communication problem be-
tween humans and the computer files was of crit-
ical importance in the development of the Fact
Compiler. It was evident that neither natural
English nor machine language could be used. A
compromise hadtobe made. After much experi-
mentation, a language was developed which has
proved satisfactory for both personnel and the com-
puter; the language is called Restricted English.

Restricted English consists of a vocabulary of
specially selected English words thatare familiar
and meaningful to personnel as well as being di-
rectly related to the types of interrogations and
information requests that the system is designed
to handle. Words are carefully selected with re-
spect to meaning, since synonyms are not per-
mitted. Restricted English terms maybe ''sim-
plex' (single words) or ''complex' (a word group-
ing or phrase). Complex terms are formed to
represent unique, commonly occurring concepts.
Rules have been developedtoaidinthe translation
process from natural English word groupings to
Restricted English simplex or complex terms.

The language consists of five parts of speech.
Each of these different term categories serves a
unique function. The parts of speech are:

Substantive. A nounor noun complex; a name

for a thing or object.

Descriptor. Describes or limits definitions
of substantives. They maybe ordinary adjectives
or past participles with adjectival functions.

Activity Connector. Relates severalsubstan-
tives in order todescribeanaction. Theyare usual-
ly present active or present passive participles.

Relational Connector. Prepositions, used for
defining relationships between two substantives.

Interrogative Operator. Interrogativeadver-
bial phrases used to determine the magnitude,
quality, or position of things or objects of interest.

Restricted English does not use conjunctions
or pronouns. Typical examples of business-
oriented terms are shown in Table I. Most inter-
rogations may be formulated by using four or five
terms; however, a few may require as many as
seven or eight.

The total set of terms defined for usage com-
prises the Fact Compiler dictionary. It is esti-
mated that a dictionary of a few thousand terms
should be sufficient to handle most business stor-
age and retrieval applications. Each term in the
dictionary is coded and assigned a four-digit tag
for internal computer use. The tag identifies the
unique term and the part of speech of the term.

Interrogation File Organization

Just as the dictionary defines a vocabulary of
terms for the computer, the interrogation file de-
fines a vocabulary of interrogations. As mentioned
earlier, interrogationsarefiledbymajor areas of
interest into interrogation lists. Each interroga-
tion listis further divided intoafive-level generic
classification structure.

Levels of Generality

1. Interrogation List subject categori
2. Capital Topic J egories
3. Major

4. Minor interrogation

5. Sub categories

6. Sub Sub

By assigning codes to each level, a ''generic
address" is formed whichuniquely represents any
interrogation used in the system. This address
serves a very important purpose in identifying the
subject category and level of generality of an in-
terrogation. It also permits insertion of new in-
terrogations at the end of a level without requiring
arevision of the entire address structure as would
be the case if an absolute address structure were
used.

Interrogation file structure is outlined in Fig-
ure 3. Each interrogation is represented by its
generic address, a series of four-digit termcodes
denoting interrogation content, anda series of cri-
teria. Criteriaare definedatthe same time as the
interrogations and permit the computer to perform
the following operations:



1. Present the interrogation automatically
to an input analyst on the basis ofa predetermined
elapsed time since the interrogation was last
answered.

2. Present current factualdata to personnel
at desired periodic time intervals.

3. Select next interrogation on basis of re-
sponse to present one.

4, Determine if an answer is in the proper
form; if so, perform any processing that may be
desirable before answer storage.

Extraction of Information—Input

The computer may take an active or passive
part in the input of new information. This de-
pends on the situation and system requirements.
With little or no historical data in its memory,
the computer's role would be basically passive,
waiting for personneltorequestinterrogation dis-
plays and input answers. However, once initial
data is stored, the Compiler System can compare
data 'tage'' with interrogation criteria and begin
actively asking for new input at appropriate peri-
odic intervals. This last feature can be quite
useful in assuring the reporting of important facts
and decreasing the possibility of reporting redun-
dant facts.

Upon receipt of a new document, an input an-
alyst must determine the Unit Record to which it
applies and then selectthe major subject category
involved. This informationis conveyed tothe sys-
tem via push-buttons, andthe inputanalystis pre-
sented with a set of interrogation subject catego-
ries on the display scope. A process roughly
analogous to the game of twenty questions ensues.
The analyst, now aware of the categories of in-
terest, reads the document until he finds report-
able information. Depressingakeyonhis console,
he generates an answer to an interrogation in the
selected category. On the basis of the analyst's
response, more detailed interrogations are pre-
sented as long as affirmative answers are sup-
plied; negative answers cause the generation of
higher-level interrogations, differentsubject cat-
egories, or resultinterminating the interrogation
generation.

The extraction of significant information thus
proceeds, with the analyst alternately scanning
the document and then reporting data in as much
detail as possible. This extraction procedure, of
course, does not depend on the existence of a
source document. Source data that is in any form
recognizable by humans may be used. Personnel
could directly reportfacts from memory ifdesired.

Fact Storage Organization

The choice of an information storage file
structure depends on many considerations such as
the type of memory device used, estimated size
of file, retrieval time requirements, and knowl-
edge of the frequency distribution of various types
of retrieval requests presented to the file.

The Fact Compiler memory is capable of
storing one million factual statements with an av-
erage of ten answers per statement, for a total of
ten million separate fact items. With this type of
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memory, it is desirable to store facts so that one
or several entries to the memory will select the
information records necessary to satisfy typical
requests.

If the frequency distribution of requests were
known in detail and did not change with time, an
optimum file structure could be developed. How-
ever, the distribution estimated before the system
is in operation is usually only a rough estimate,
and the distribution will change with time as inter-
est in various aspects of the stored information
changes.

If it is necessary for retrieval time to be
minimized, factual statements maybe redundantly
stored underseveral storage schemes, or storage
schemes may be revised by the computer as the
distribution changes with time.

For most purposes, such a high service rate
would not be necessary, and one of the two follow-
ing storage plans would be satisfactory. One or
the other plan would be chosen on the basis of the
predominant types of requests.

Fact Storage by Unit Record. A fact consists
of an interrogation andthe answer to that interro-
gation, derived from a particular source docu-
ment. It is also associated with a particular staff
department, factory, sales district, or other Unit
Record. A Unit Record storage plan is shown in
Figure 4. In the Unit Record shown, all informa-
tion extracted fromfactory XYZ source documents
is stored. Major columns are the statement ge-
neric address column and the response columns.
A response consists of theanswer extracted from
a particular document (represented by its docu-
ment number) and the date (date on document).
Rows indicate specific generic addresses of inter-
rogations used to extract information. An inter-
gection of row and column will provide an answer
to a particularinterrogation referenced to the as-
sociated document number and date. In actual
storage, each row is a separate variable-length
field, and responses are scanned for selection
purposes. Responses are stored in inverse time
sequence, so the latest answer is nearest its ge-
neric address.

Fact Storage by Substantive Record. Thesec-
ond storage plan is based on the part of speech
which stands for the name of the thing or object of
interest—the substantive. Storage of factual
statements by the names of things referred to inthe
statements is a powerful method because these
names or substantives play a dominant role in
most retrieval requests.

The layout of a Substantive Record storage
plan is shown in Figure 5. Each Substantive Rec-
ord contains the generic addresses of all state-
ments which contain the particular substantive.
The addresses are arranged in sequential order as
in the Unit Record storage plan. However, as
each address refers to one or more Unit Records,
code numbers occuras sub-entries under each ad-
dress. These representtheUnitRecords for which
each generic address applies. Therefore, generic
addresses act as main entries and have Unit Rec-
ord code numbers as sub-entries. Eachsub-entry
has stored with it a set of responses in the same
manner as the Unit Record.
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Retrieval

The concepts and procedures discussed up to
this point pertain to the extraction of data from
source documents and the storage of this data in
an organized manner in a digital file unit. The
stored data consists of factual statements—each
statement consisting of an interrogation and a
variable number of answers to the interrogation.
Each answer is referenced to the number of the
document from which it was obtained and the pub-
lication date of the document. Each statement is
generically related to other statements in an in-
terrogation listandisfiled in accordance with the
Unit Record to which it relates.

The retrieval system is capable of selecting
the set of statements, the set of answers to these
statements and, if required, the applicable docu-
ment numbers that satisfy the conditions in a re-
quest for information.

Retrieval requests may take many forms. If,
for instance, a top executive were interested in
receiving the most up-to-date information on pro-
duction schedules or sales forecasts, a console
could be provided for him with a push-button for
each category of information. Whenever the ex-
ecutive pushed one of the buttons, a signal would
be sent to the computer which would select the
latest answers tothe relevant statements and pre-
sent this information on a display device in the
executive's office. For highly standardized re-
quests, this method would be simple and effective.
However, if all requests were of this nature, the
Fact Compiler System woald probably notbe eco-
nomically justifiable, as this type of limited,
highly predictable information retrieval could
probably be performed by humans at less cost.

As mentioned previously, the Fact Compiler
is able to produce routine reports and present
timely information ona daily basis automatically.
It is felt, however, that the most important ad-
vantages of the system are its ability to retrieve
and relate items of information not ordinarily
compared or mentioned in normal business re-
ports, and its capability of reviewing the pasthis-
tory of various aspects of business information
which can be stored in some detail is desired.
The ability to '""probe in depth'' into historical busi-
ness data would seem especially advantageous for
staff department personnel engaged in analysis of
data for presentation to top management.

To provide this kind of capability, communi-
cation with the Fact Compiler must take place in
a language powerful enough to express the many
different and varied requests and yet simple
enough sothat humans can readily express whatit
is that they want from the file. An importantpart
of the retrievallanguage is the vocabulary of terms
used in defining the interrogations themselves.
Terms are chosen from this vocabulary and are
combined to express the factual information de-
sired. A thesaurus will facilitate the correct
choice of terms.

Restriction of the request to Interrogation
List or Unit Record categories is made by includ-
ing the names of the lists or records of interest.
Periods of time for answer selection may be in-
corporated by using date operators such as:

before-date, after-date, during-month (oryear).
Grouping within a request will be provided by the
use of the logical operators AND-OR and appro-
priate use of punctuation. Certain arithmetical
operations are allowable for selection and proc-
essing of answers. Examples are: Answers > or
£ a constant (for selection); sum, average (for
processing a set of related answers). A retrieval
request may be visualized as an algorithm which
is capable of causing the Fact Compiler to select
and present desired information to the requestor.
The Fact Compiler retrieval language of English
terms and operators permits appropriate connec-
tion of terms, restriction of request scope, and
definition of processing operations. The combina-
tion of appropriate terms and operators will allow
the ready generation of algorithms for the re-
trieval of information. The retrieval process is
outlined in Figure 6.

As an example of a retrieval request, suppose
it is necessary to have production and sales in-
formation on all dishwashers produced after June
1950. It is desired to relate this information to
changes in the Gross National Product, Index of
Industrial Production, and dishwasher develop-
ment cost. The request may be formulated as
follows: (Dishwasher, model number of, actual-
forecast sales of monthly, actual-forecast produc-
tion of monthly, development cost of; Gross Na-
tional Product; Index of Industrial Production)
after June 1950.

1. Parenthesis indicate all answers are to
meetthe date operator requirement. The
date operator is "after June 1950."

2. Commas separate related terms.

3. Dashes separate modifiers.

4. Semicolons separate unrelated terms.

The decoding section of the retrieval program
would break down this request, via the operators
used and a knowledge of the allowable syntax pat-
terns in statements, into the following phrases
which may be partial or complete statements in
the file.

1. Model number of dishwasher.

. Actual monthly sales of dishwasher.

. Forecast monthly sales of dishwasher.

. Actual monthly production of dishwasher.
Forecast monthly production of
dishwasher.

Development cost of dishwasher,

. Gross National Product.

. Index of Industrial Production.

o ~1 O bWy

The modelnumber and production data may be
stored in a Factory Unit Record. Development
cost may be located in a Research and Develop-
ment Unit Record. Sales information maybe con-
tained in several Regional Sales District Unit Rec-
ords.Items 7 and 8 are reportable under a General
Economic Parameter Unit Record.

In a file organized by substantives, all infor-
mation is found under the three Substantive Rec-
ords "Dishwasher,' "Gross National Product,"
and "Industrial Production.' However, in order to
find the information, the generic addresses of the
pertinent statements must be known. These ge-
neric addresses are found throughthe use of a fact



index. This index contains entries for all terms
in the vocabulary and, for each entry, lists the
genericaddresses of eachinterrogation which con-
tains that particular term.

Consider phrases 1 through 6 above. Each
phrase consists of three separate terms. All ad-
dresses of facts that pertain to one of the phrases
may be obtained by matching the addresses for
each of the three entries and selecting those that
are common to all three. When the appropriate
sets of addresses are selected, the three Sub-
stantive Records may be directly addressed, the
generic addresses located, and the date restric-
tions applied to date-answer combinations.

It may happen that retrieval requests that
would be unanswerable may be formulated. This
would most likely happen when too specific a re-
quest is made, so that the combination of terms
used does not occur in any statement in the file.
A request of this type would immediately be de-
tected since conjunction of terms inthe fact index
would result in a zero set of generic addresses.
This fact would be immediately presented to the
requestor so he could modify his request.

Conversely, if a request were quite general,
a tremendous amount of information would be pre-
sented. Before printing selected information, the
computer would indicate the approximate volume
of information that has been selected.

Monitor and Control

Figure 1 shows feedback to Monitor and Con-
trol from the input or extracting process, and the
output or retrieval process. This feedback is an
important part of the self-correcting procedure
necessary to keep system performance at a high
level of efficiency.

Feedback from the input process occurs when
an input analyst finds that he cannot enter what he
considers significant data into the machine mem-
ory because there are no appropriate interroga-
tions in the interrogation vocabulary.

Feedback from the output process occurs
when system users are not satisfied with the in-
formation contained in system-generated reports
or answers to retrieval requests.

In either event,operator personnel must de-
cide whether system capabilities should be changed
to permit extraction, storage, and retrieval of
new data. In making such decisions, they must be
guided by firm management policy on the use of
the system.

Systems capability may be modified by mak-
ing changes in the interrogation vocabulary or
criteria, the Restricted English vocabulary, or
the Retrieval Operator vocabulary.Such changes
are easily mads at a special display console op-
erated only by monitor personnel.

Additional functions of the grouparetotrans-
late natural language requests into Restricted
English, and to control and operate the system in
accordance with the wishes of management.

Conclusion

The Fact Compiler System represents one
solution to one category of information storage
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and retrieval problems. The predominant philos-
ophy involved in its development has been that of
an appropriate division of labor between humans
and machines. Humans are most efficient in mat-
ters of judgment, machines in routine and precise
processing. A machine will always need human-
generated criteria in some form for determining
what kind of information is significant or important
since anabsolute measure of the importance of in-
formation does not exist.

The value of a Fact Compiler System will be
proportional to the amount of judgment and effort
exerted in producing and maintaining a set of in-
terrogations that adequately express the real re-
quirements of system users. Producing such a
set of interrogations is not an easy task but it is
presently being done and is greatly facilitated by
the use of a series of rules for translation from
ordinary English toRestricted English Interroga-
tion Lists.

A clearly defined unambiguous vocabulary in
a specialized field of interest permits direct stor-
age of factual information within a computer mem-
ory file. This file may be searched in several
"dimensions' of index space. They are:

1. time, .

2. subject category,

3. organizational unit (Unit Record),

4. aspect(substantives andtheir modifiers),
and

5. degree of specificity (generic level).

In addition, the Fact File may be used as a
powerful index to source documents. Requests
may be formulated in a vocabulary which is easy
to learn and to use. Generally-oriented or
''"browsing'' requests may result in the discovery
of relations between data never before apparent
because of departmental report boundaries orbe-
cause of the long time periods involved.

Inmanyinstances, management should be able
to retrieve facts from the file quicker than they
can find a report in a desk or file cabinet. Im-
mediate access to this '"extended memory'' could
help management in speeding up the decision-
making process.

The Fact Compiler System equipment and
computer program is capable of handling any in-
terrogation vocabulary and set of facts that are
generated in an appropriate form. For example,
use by a large university might consist of allocat-
ing system time of several weeks eachtomedical,
business, and engineering schools. Thus, the
medical school might generate a Fact File of in-
formation about the diagnosis of various diseases,
the business school might use the Fact Compiler
to compare data from major industries, and the
engineering school might use the system to store
and retrieve data onuse and development of digital
computers. Each school could readinits own vo-
cabulary and data, and then extract, store, and
retrieve for the duration of its allocated time. At
the end of the six-week cycle, the process could
be repeated.

The organization of information within the Fact
Compiler will permitthe development of statistical
procedures for automatic correlation of data within
the file. This will be one of the objectives of future
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system studies. It is expected that these studies
will result in a capability for automatically finding

cause and effect relationships between various
types of information in the file.
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