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Information Retrieval on a High-Speed Computer
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tion retrieval system for the technical library of

General Electric's Aircraft Gas Turbine Division.
The system is confined to the technical reports and
papers available in the Division’s Library. Textbooks
have not been included as of yet since they are carried on
a Library of Congress system and did not readily fit
into the manual scheme which was developed. This dis-
cussion will be in two parts. The first part will cover the
information retrieval system prior to mechanization,
and the second part will cover the mechanization of this
system.

The technical library was established in 1953 using a
uniterm or key word coordinate indexing system. To
understand this system, we will follow the progress of a
publication through the various steps of the system.
First, as a publication is entered into the library, it is
assigned a six-digit access number (see Fig. 1). This re-
port is typical of the technical reports generated within
the Division. Another example of reports in the library
would be NACA technical reports. The next step in this
system is the abstracting of the document. The ab-
. stracting is done by professional librarians and then
posted to a card file as shown in Fig. 2. This card is
controlled according to the previously assigned access
number. The next step in the system consists of review-
ing the title, abstract, and document to select the most
descriptive words which will identify the document.
These words are primarily nouns. They become the uni-
terms. In our hypothetical case, these words are shown
on the right in Fig. 2, just as they appear in the system.

These uniterms, along with the appropriate access
number, are then posted to the uniterm file (see Fig. 3).
There are 100 numbers per side of card when full. Both
sides are used, and in the case of general terms such as
these, they are heavily posted so that several cards are
required. Certainly this system appears cumbersome at
this point, but it has the advantage that, in any given
technical area, the number of uniterms tends to level
off at a specific number after the system is developed.
In our case, this number is something under 9000. The
combined system is shown schematically in Fig. 4. 1
think now you can see how information is recalled from
this system. The requestor discusses his problem with
the librarian. They decide on the uniterms to search.
The librarian then furnishes the appropriate uniterm
cards to the requestor. Once again referring to Fig. 3,
the problem facing him can be seen. He must cross co-
ordinate the cards to find numbers which apply to all
uniterms. In our case, we have used three uniterms. A
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more typical case would be four to six uniterms but
with less access numbers per term. In any case, if the
requestor is persistent, he will come up with some of the
matching numbers. The librarian can then go to the ab-
stract file for the abstract cards. These are perused by
the requestor who in turn selects from the abstracts
those documents he desires to read in full. In the case
of the three uniterms we have selected, each has over
1000 access numbers posted to it. It is easy to see the
difficulty of cross coordinating these cards. This dif-
ficulty did little to promote the use of the technical li-
brary. The result was duplication of experiments, tech-
nical studies, etc., with the attendant delays in time and
increases in cost.

Obviously, something better was needed. That “some-
thing better,” we feel, was the program written for our
IBM 704. This program is basically a mechanization of
the manual system with very little effort to change the
system itself. This program is in two parts. Part one is
file updating and the cross coordinating of the master
uniterm tape, or, referring to the manual system, the
uniterm card file. Part two concerns the selection and
printing of abstracts. (Part one can be run independ-
ently of part two if desired.)

Cross coordinating, at present, is done on a strict
AND system. That is, an access number must appear
under each uniterm used in the search. The possibility
of an AND/OR system was considered and rejected.
However, the AND/OR approach is being used on a
modification of this program for a different type of in-
formation retrieval system. If no information is found,
a modified list of uniterms can be developed by the re-
questor and the librarian, and another run made.

It was decided during the development of the pro-
gram that one of the features of part one was to update
new information into the file at the time of cross co-
ordinating. This decision was based on the knowledge
that in any information retrieval system there is a major
problem of keeping the system updated. Thus, all uni-
terms with their associated access numbers were stored
on the master uniterm tape in alphabetic order.

All search information and updating information can
be read into the machine from either the card reader or
tape. This information is processed to determine if it is
in alphabetic order and if there is any updating infor-
mation. If the input is not in alphabetic order, it will be
sorted within the machine. If there is no updating, a
new uniterm master tape will not be made up. Both of
these decisions are made within the machine by inter-
preting the input information.

To utilize best the 32,000 locations of memory in the
704, it was decided to use long records of information.
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Fig. 2—Abstract card with uniterms.

Many of the uniterms, with only a few access numbers
posted to them, are combined into one record with a
total length of not over 7000 words. A total of 9000 lo-
cations is reserved for reading in these records. If any
record exceeds 7000 words, the program will try to
separate this record into two records. If the record ex-
ceeds 8995 words and cannot be broken down, the pro-
gram will be halted. Because of this factor, no uniterm
can have over 8995 access numbers posted to it. For a
larger system, this could be easily modified so that there
would be no limit to the number of access numbers
posted to a uniterm. Another feature to help cut down
on the length of records is whenever a new uniterm is

TOTAL ACCESS NOS.=1029

Fig. 3—Uniterm wheel cards.

TECHNICAL
»REPORT

ASSIGN FIVE-DIGIT
ACCESS NUMBER

10117

Y

ABSTRACT,
DEVELOP ABSTRACT
FILE

[TUR!
SELECT BOJET

UNITERMS-DEVELOP
UNITERM FILE

Fig. 4—Flow chart of manual system.

added, this uniterm will start a new record. This will
also tend to break one record into two records because
this uniterm may fall alphabetically between two uni-
terms that are in one record (see Fig. 5).

As the machine does the cross coordinating, each
search is stored in variable length buckets in memory.
The total length of these buckets is also 9000 words.
If the amount of information stored in these buckets ex-
ceeds 9000 words, the uniterm that caused the overflow
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Fig. 5—Updating uniterm master tape.

is stored in a temporary area and the search continues.
As more uniterms are read and cross coordinated, the
length of the buckets is decreased, permitting the addi-
tion of another search at the end of the last bucket.
When the master tape has been completely read, the
program rewinds the tapes and makes a second pass on
the tape using the uniterms from the temporary area.
At this point, let me stress that a second pass is only
made if there is an overflow on the first pass (usually
over 50 searches). In most instances, this will not occur.
If on the second pass all uniterms cannot be processed,
the program will notify the operators that the search
is too large and must be made smaller.

The present system contains about 35,000 abstracts
with an average of ten uniterms each, or a total of over
350,000 numbers posted to the master uniterm tape.

Part one will handle 99 searches at once with no limit
on the number of uniterms per search. It will also handle
unlimited updating. A normal run is about thirty
searches and updating of about 2000 access numbers
into the general file. The time required is about two
minutes for searching and four minutes for updating, or
six minutes total. Tape assignments for part one are
shown in Fig. 6. .

Part two is the printing out of all abstracts which cor-
respond to the access numbers discovered in the first
part. One million abstracts have been allowed for in the
program. Timing for part two is approximately four
minutes per 10,000 abstracts. At the present time,
10,000 abstracts are placed on a master tape in numeri-
cal order by access number. A statistical study is now
being conducted so that abstracts will be in order by
frequency of use. This will significantly improve the
timing for part two as we expand our system. Tape as-
signments for part two are shown in Fig. 7.

Originally it was thought that the program would, in
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most cases, go right on into part two. Therefore, re-
ferring to Fig. 6, it can be seen that the only tapes avail-
able at this time are tapes 7 and 8. The first abstract
master to be read is found on unit 7, the next on unit 8.
While the program is searching tapes 7 and 8, the
operator can mount other abstract master tapes on
units 4, 5, and 6. After each master tape is searched,
another abstract tape can be mounted. A continuous
loop is set up selecting tapes 7, 8,4, 5,6 — 7, 8, 4, etc.
The number of tapes to be read is determined by an in-
put card. All access numbers found in part one are
sorted into numerical order before starting part two.
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At the beginning of each master tape is an indication
of the range of access numbers of that tape. Each num-
ber that the program is looking for is compared against
this range, and if it is not on this tape, an on-line com-
ment will tell the operator we are finished with this tape.
The program will then modify all addresses to pick up
the next tape unit in sequence.

The output of this system is in two parts as shown in
Fig. 8. At the top is a sample listing of those access
numbers located by the system. Below is a set of single
sheets of printing. Each sheet contains the abstract cor-
responding to one access number as shown in the column
on the left. Each sheet is pre-addressed for direct mail-
ing. If there is a security classification, it is shown. If for
any reason it is considered necessary to suppress print-
ing of security or proprietary information, this suppres-
sion is under the control of a sense switch. It is now
possible for the requestor to review the abstracts, select
those for which he would like to receive the original
document, check the appropriate access number on the
list on the left, and return this single sheet to the
library.

I think that many of the advantages of this system are
obvious, among which are speed, cost, designation of
security classification, and the direct mailing feature.
Advantages that are not obvious are:

1) Reduction in amount of human handling with the
resultant errors.

2) All information is in narrative and is alphabetic.
There is no coding.

3) Complete abstracts are readily available to the
requestor.

4) The need for extensive manual files is eliminated.

5) No information ever need be removed from the
system so no information can be lost.

This system has been in operation in General Electric
since September, 1958. Some of the modifications that
we have found to be advantageous through experience
are:

1) In most cases it is desirable to stop the program
after part one and examine the print-out before
going on to part two.

2) Itisadvantageous to be able to supply to part two
the ranges of access numbers wanted on each
search.

3) An upper limit should be placed on the amount of
abstracts to be printed if it is requested that the
program continue on into part two without stop-
ping after part one.

4) A method of combining several uniterms into one
composite térm on any individual search is ex-
tremely necessary.

Fig. 8—704 output parts 1 and 2.

5) If any uniterm reduces the number of access num-
bers found to zero, this term is eliminated and the
search continues as if this word was not given in
this search.

These are only a few of the conclusions we have
reached. Future experience, we are sure, will dictate
many other additions or deletions to this program. Of
course, we are looking forward to the time when with
new equipment we will be able to search tapes simul-
taneously, thereby reducing our running time by a fac-
tor of approximately 10 to 1.

We are presently planning to expand this system to
mechanize the records involved in checking material
into and out of the library. We also plan to develop an
automatic overdue notice system.

This information retrieval program has enjoyed wide
acceptance in our plant. We have received requests to
modify the program to process various types of person-
nel registers, engine test data files, specialized blueprint
files, and various other types of information systems.
In any place where the key word coordinate indexing
system or some variation of it can be used, this program
seems to be the answer to many of our problems.






