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T h e Role of USAF Research and Development in 
Information Retrieval and Machine Translation 

R O B E R T F . SAMSONf 

INTRODUCTION 

TH E United States Air Force has numerous and 
varied types of data handling problems. This 
paper reviews some of the developmental ap­

proaches and contributions that the Air Force has made 
toward the solution of semantic-graphic information 
handling problems. Some of the interesting problems 
encountered in development of techniques and equip­
ment in this field are presented. 

BACKGROUND HISTORY OF ROME A I R DEVELOPMENT 

CENTER EFFORTS IN THE FIELD OF INFORMATION 

RETRIEVAL AND MECHANICAL TRANSLATION 

In the past four years the Intelligence Laboratory 
of the Rome Air Development Center (RADC) has 
learned, through trying experiences, how to get the re­
quired movement in this data handling field. Under­
standably there are many approaches or philosophies, if 
you will, of how to develop the right synthesis of index, 
logic, hardware, etc., for any particular informational 
retrieval solution. The same can be said of mechanical 
translation (lexicon-logic and hardware). If we allow our 
minds to review these years and look at the situation as 
it was when we began our efforts, without today's vast 
knowledge of hindsight, I believe our approach would be 
quite similar to the one we took then. We would see the 
information retrieval problem growing at a staggering 
rate. The linguistic side was getting some attention, but 
the hardware, very little. The need and requirements 
for the Air Force were there and all that remained was 
to gather funds, select approaches, and secure contracts. 
I presume you recognize the humor of the previous sen­
tence. 

At that time the Air Force started to lend support to 
various projects already underway as well as to initiate 
entirely new work in this field. We knew the field needed 
much development effort, and involuntarily the Air 
Force took on the role of "catalyst" in information 
retrieval and mechanical translation developments. 
Note that I am not saying we were first with most; 
indeed not—we slipped into a "role" that was important 
to the Air Force and I believe it has done justice to the 
problem of both information retrieval and mechanical 
translation. You will note that I imply the existence of a 
common problem area in my use of the term "both in­
formation retrieval and mechanical translation." In­
deed, with the exception of the problem of physically 
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handling documents and their contents, the Air Force 
Research and Development (R&D) program has been 
based on the premise that R&D effort in these two areas 
should be mutually cooperative. To illustrate this part 
before passing on: it gives a good return for effort ex­
pended because the two fields are interrelated, and ad­
vance in one usually means advance for the other. For 
example, if we were interested in information storage and 
retrieval alone, the Mechanical Translation (MT) field 
would be suffering for lack of a high-density storage that 
now seems quite practical. They "complement" one an­
other from a development point of view, not only in 
hardware as mentioned but also, and perhaps more im­
portantly, from the study of the rudiments of language. 

SOME CONTRIBUTIONS BY RADC TO THE LARGE-

SCALE INFORMATION RETRIEVAL PROBLEM 

Several years ago RADC could not begin to say what 
type of development catalyst was needed. It could have 
been in the form of heat generated from "blowing off 
steam" about the "vast amount of data that, must be 
handled" or it could have been in the form of a stim­
ulating hardware development acting as a catalyst in­
serted into all the ingredients and by "stirring around to 
bring about enough agitation to get something done in 
the field." As mentioned in literature, the old cliche of 
bewailing the fact that we are being overwhelmed with 
vast amounts of data and consequently develop only 
half-vast ideas, was not all correct, although I remember 
using the expression more than once. We accepted the 
approach of getting "something" underway and in so 
doing we became a doer in the field as well as the cause 
of the needed catalystic actions. From the start we real­
ized we would have to accept the empirical approach; 
by this I mean a single superior approach was lacking. 
We accepted the empirical approach not in total ignor­
ance, for we knew if one was to develop working tools, 
theoretical analysis alone would be of little help. In our 
search for new storage media in the field of information 
retrieval, we came across a high storage density, equip-
mental technique which, when coupled with high read­
out rates, could well be the answer to a practical and 
economical MT look-up or dictionary device. There was 
one storage medium known at that time that had pos­
sibilities of handling densities in the order of 106 bits per 
square inch; this was the work of King and Ridenour in 
the use of photographic emulsion on glass disks. The 
work that followed is now history—the disk photoscopic 
memory, handling 3X106 bits/square inch, was made 
feasible, providing us with an extremely valuable empir-
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Fig. 1. 

ical tool for further research in both information and 
retrieval and MT. This is an example to illustrate the 
point mentioned earlier, of getting better value in de­
velopment investment when a development group has 
interrelated fields. While I am discussing the develop­
ment of the photoscopic memory, I would also like to 
illustrate an interesting point. This is of particular in­
terest because it illustrates a sometimes neglected point 
in developing an equipment that is dependent on a new 
technique. Referring to the photo disk memory, the 
equipment necessary to produce a disk was considerable, 
but of course necessary, if one was to get a high-density 
storage medium (see Figs. 1 and 2). 

These two pieces of equipment by themselves do not 
represent all the necessary capability required to make 
a disk, but do show quite clearly the development in­
volved in reaching a goal of practical and economical 
storage. The point here is that development in these two 
adjacent fields does not require only development of 
data handling equipment per se. It requires development 
of all those components that have anything to do with 
the creating of the media. Actually, the development 
breakthrough here in terms of what had to be done to 
produce the required density, was not the disk itself; al­
though this is the end product, it was the precise com­
ponents that allowed us to make this disk from the raw 
data on the tapes, thereby providing a facile method of 

Fig. 2. 

trying many types of stored data. This is not unusual 
in development programs of this type, but it is the un­
heralded side. In terms of engineering toil, it represents 
70-75 per cent of the work and a substantial portion oi 
the development dollars. Feasibility is a wonderful ex­
pression but a tricky term when it comes to develop­
ment work. It was feasible to reduce a "bit" in terms of 
laboratory tests—the emulsion always had the resolu­
tion—putting the emulsion on optical flat glass had 
been done—reducing the bits to concentric tracks to 
disk to show feasibility for a digital store—all this then 
is "laboratory feasibility," and the cost is quite in­
significant when compared to the cost to reduce many 
millions of bits in a unit of time on a disk at the ac­
curacy required. This had to be done precisely and 
accurately, and peripheral equipment had to be de­
signed and constructed to make the photoscopic memory 
workable. The first set has been fabricated and improve­
ments are now underway to perfect the disk-making 
equipment. The electronic logic used for reading in and 
out of the photoscopic memory comprise the "other 
half" of the development. 

Now as to the empirical approach in information re-
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trieval. Although it seems that a device would exist that 
allowed compact physical storage and efficient retrieval 
for large-scale document libraries, such was not the 
case several years ago. Today after some doing instead 
of speculating, several methods exist. I shall speak of 
three RADC equipment developments that cover con­
ceptual voids in the field of storage and retrieval. These 
developments can be broken down into two general 
categories, both of which depend on environmental and 
operational conditions when selection is made. 

Category 1—The separation of the index from the 
text. Defined, it is the index of the document removed 
from the document itself so that the index search is 
separate from the physical document. The physical 
document is retrieved by an identification number as a 
subsequent operation. 

Category 2—The combination of the index with the 
text. The index will also produce the physical document 
when selection is made. 

Under Category 1, at RADC we have the Magnacard 
Development and the Index Selector. Both these devel­
opments come under the heading of technical develop­
ment, which means in reference to these particular 
equipments that we are developing "working" tools for 
experimental use at RADC. In the case of Magnacard, 
the storage medium is magnetic material deposited on 
segmented tape, I X 3-inch plastic cards. Engineers at 
RADC feel that Magnacard has excellent potential for 
files that require high-speed extraction of information 
and also where ease of updating and extensive file manip­
ulation by categories is required. 

The Document Data Index Set or the Index Search 
Computer for specialized library as reported in another 
paper at this conference by Ben Kessel of Computer 
Control Corporation, is an Index Searcher designed for 
library mechanization. I t searches a large volume index 
data and prints out the identification of the document-
graphic material, etc., that satisfies the search require­
ments. The Index Searcher uses continuous magnetic 
tape as the storage medium and the scan is serial in 
fashion. 

Under Category 2, that is, index and document text 
stored together, we find the Minicard program. As one 
would suspect, this philosophy is based on usage with 
extremely large files; and, aside from its ability to per­
form random search, it of course reduces file space and 
bulk document handling problems considerably. We at 
RADC consider this as one of the outstanding examples 
in empirical development approaches, and state with­
out reservation that this technical accomplishment is 
unsurpassed in the storage and retrieval field. Inci­
dentally, this development has now reached a point 
where one can say, "It works." It is our sincere hope 
tha t large-scale empirical data will be obtained by its 
application that will give still further impetus to storage 
and retrieval development. Also at this point, it might 
be of interest to those in this field that achievements 
of this kind do not come easily, and I am sure designers 

and engineers in this field realize fully that 4 | years is 
certainly a short period of time to develop an aggregate 
of ten complex equipments having many thousands of 
interrelated problems involving optics, emulsions, mech­
anisms, and electronics. 

What does all this mean? It means we have mecha­
nized library equipments that will simultaneously give 
improved operations and serve as tools by which we 
can experiment with various known library languages 
and in a relatively short time show the hidden problems 
in these index schemes themselves. It will also be quite 
natural to design the index around the logic and struc­
ture of the tool. We can prove the worth of indexes by 
constant evaluation while building a file. 

I was asked to include" in my paper all the work being 
done by RADC in the field of information retrieval and 
MT. In this respect I would like to mention that we are 
very much involved in the field of character recognition. 
This interest at first came about through the input 
problems associated with MT and subsequently con­
sidered for all input problems in data handling such as 
auto indexing, abstracting, etc. We have sponsored a 
development model which reads one English type font 
including numerals, both upper and lower case letters, 
space, and punctuation. We also are under way in de­
veloping a Cyrillic character reading machine which 
will give the MT field a tremendous boost in cutting 
down the transcription cost. 

New York University has recently completed the first 
phase of a study for RADC on Russian printing matter. 
This study included such problems as the variety and 
frequency of Russian type faces and sizes in current use; 
the reflectance data of the printed type, the reflectance 
data of the Russian paper, the absorption and reflect­
ance data on inks used in Russian printing, the predomi­
nant method of printing, and also the frequency of print­
ing errors. 

RADC is also doing other work in the MT field be­
sides developing hardware. A contract with the Uni­
versity of Washington has brought forth a lexicon in 
the order of 500,000 words with Russian as the "source" 
language and English as the "target" language. These 
words will be used on the photo memory of the me­
chanical translator. RADC scientists are also aiding 
others in supporting the very interesting work of Dr. 
Oettinger at Harvard in linguistic work in producing 
scientific dictionaries automatically. We are also sup­
porting the longer range efforts of the Cambridge Lan­
guage Research Unit of Cambridge University. This 
research centers about the use of logical methods 
utilizing the thesaurus approach in obtaining a trans­
lation breakthrough in the multiple meaning problem. 
Here thesaurus1 means "an organization of word usage 
in an ordering dependent on logical content (rather 

1 Report on the work of the Cambridge Language Research Unit 
for the National Science Foundation prepared by Gilbert W. King 
dated July, 1958. 
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than on alphabetic content as in a dictionary)." These 
two efforts are supported jointly with the National 
Science Foundation. 

RADC scientists are also aiding in the support of the 
Research Group of the Center of Studies on Linguistic 
Activity and Cybernetics, University of Milan, Italy. 
This work is a continuation of the research studies per­
formed on mental operation and semantic connections. 
The Research Group is pursuing the approach that man 
has fundamental order in his thinking process and that 
these are elements of a correlational net. Taking this 
correlational structure of thinking and mastering the 
semantic connections which link the input and output 
language within this structure, they believe, will be a 
solution to some of the more difficult problems in 
mechanical translation.2 

We have a development that is completed and al­
though it is classed in the field of information dissemina­
tion, we mention it here because it is used in association 
with storage and retrieval devices. We feel that dissemi­
nation exists as an important problem in the continuous 
flow of data in the field of data handling. This function 
can be automatized; the equipment referred to is the 
automatic disseminator jointly developed by RADC 
engineers and Magnavox Research Laboratory. The 
disseminator determines what groups are qualified to 
receive a given document and controls the production 
and addressing of copies so as to insure that the qualified 
groups get their copies quickly. The disseminator must 
determine on the basis of the subject and geographical 
area of coverage of a given document who is qualified 
to receive a copy of that document. The disseminator in­
put, as used in one case by RADC, is the flexowriter 
tape that was used in the Minicard camera for control 
and code input. The information on the tape is com­
pared to the stored requests in the disseminator as 
stored in a magnetic drum. The output is tape that con­
tains control data for manufacturing duplicate Mini-
cards based on a match in the disseminator. 

2 S. Ceccato, "Mechanical translation," Automaz. e Automat., 
p. 1, April, 1958. 

SOME REQUIREMENTS OF THE FUTURE 

After this cursory review (and I hope some insight) in­
to information retrieval and mechical translation devel­
opment efforts of the RADC, we come to a question of 
what lies ahead in these two fields. Before I go too far in 
this direction, I would like to mention that the Air Force 
has a cardinal interest in the national problem concern­
ing technical information. As can be seen by our efforts, 
we are going through a "development era" which we feel 
will have a great influence on the national technical in­
formation picture. This is a natural feeling to come from 
a group that is engaged in developing techniques and 
hardware such as language research, print readers, 
automatic language translators, storage and retrieval 
devices, and disseminators. Equipment such as this 
will, out of necessity, play an important part in the na­
tional picture in both centralized information systems 
efforts or in decentralized efforts. 

Being in the development field, one supposes we 
should have fine prediction qualities in the semantic-
graphic data handling field. Frankly it boils down to 
studying the trends, following the curves and coming 
out with the statement that future equipment in these 
fields should have -faster scanning rates, higher excess 
speeds, greater packing power, lower power require­
ments, lower cost, etc. However, anyone can make those 
predictions, but in speaking for a group which has a real 
invested interest in these fields, we feel the empirical 
exploitation of developed equipments should be aggres­
sively pursued and that much more should be done in 
language research for both information retrieval and 
MT. We feel some effort is "coming about" in this field 
but many more "bold steps" must be undertaken. 
Mechanical translation by itself is a language problem, 
and, by its solution and future use, we only add more 
literature in the already heavily loaded field of storage 
and retrieval. Being engineers and scientists we tend 
perhaps as a group to shy away from the language re­
search side of information retrieval and MT. However, 
we have slowly learned over the past few years that 
herein lies the ultimate solution to our immediate com­
mon problem. 




