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RESEARCH ON MECHANICAL TRANSLATION

I. INTRODUCTION

Now the whole earth had one language and few words. And as men migrated
in the east, they found a plain in the land of Shinar and settled there. And they
said to one another, “Come, let us make bricks and burn them thoroughly.” And
they had brick for stone and bitumen for mortar. Then they said, “Come, let us
build ourselves a city, and a tower with its top in the heavens, and let us make
a name for ourselves, lest we be scattered abroad upon the face of the whole
earth.” And the Lord came down to see the city and the tower, which the sons
of men had built. And the Lord said, “Behold, they are one people, and they
have all one language; and this is only the beginning of what they will do; and
nothing they propose to do will now be impossible for them. Come, let us go
down, and there confuse their language, that they may not understand one
another’s speech.” So the Lord scattered them abroad from there over the face
of all the earth, and they left off building the city. Therefore, its name was
called Babel, because there the Lord confused the language of all the earth; and
from there the Lord scattered them abroad over the face of all the earth.—
Genesis XI.

Communications between many areas on Earth is very difficult and
at times is almost impossible. Hundreds of languages and many more
dialects place barriers between people that are more formidable than
oceans and mountains. By manmade machines we can sail across the
waters and fly over the mountains, but we have not yet devised ma-
chines to circumvent the language barriers. The mere fact that we
have modern methods of travel that can move men from the Western
to the Eastern Hemisphere in a quarter of a day highlights the confu-
sion of tongues mentioned in the biblical story of Babel, and empha-
sizes the problem of languages which is a most important issue in our
fast-moving society.

Wars have brought many countries in closer contact as evidenced by
this generation's travels to most parts of the world in support of na-
tional objectives. War, too, has provided us with steppingstones, or
means to language translation, as evidenced by the first spark of an
idea to machine translation by Warren Weaver in 1946. During that
year. Weaver suggested to A. D. Booth that all languages might con-
tain basic elements which could be detected by means of the techniques
developed during World War II for the breaking of enemy codes.
Booth took the position that any digital computing machine having
the necessary storage capacity could make a dictionary translation.'

As sparks often kindle fires, so these thoughts on mechanical or
machine translation—affectionately referred to as "MT" by those in
the business—formed the basis of the international research and de-
velopment program now in progress.

Within a year Booth ana D. H. V. Britten, at the Institute for Ad-
vanced Study, Princeton, worked out a detailed “code” for use on an
automatic machine to add a set of grammatical notes to the bare dic-
tionary stem renderings.

' “Machine Translation of Languages,” edited by William N. Locke and A. Donald Booth.
1
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In July 1949, Warren Weaver wrote his memorandum entitled
"Translation,”" which resulted in the initiation of active research proj-
ects at the following universities:

University of Washington.

University of California at Los Angeles.

Massachusetts Institute of Technology.

Reifler, of the University of Washington, in his 1950 “Studies of
Mechanical Translation, No. 1,” suggested the concept of pre- and
post-editing. In 1951. Oswald and Fletcher, of the University of
California, published their “Proposals for the Mechanical Resolution
of German Syntax Patterns.” In that same year Yehoshua Bar-Hillel
became the first full-time paid research worker in machine translation
at MIT.

Bar-Hillel organized and presided over the first conference on ma-
chine translation in the spring of 1952. This conference was made
possible by a grant from the Rockefeller Foundation. Although con-
clusions were not drawn at this conference, there was general agree-
ment that word frequency and word translation studies as a function
of individual languages and scientific fields can be undertaken now;
operational analysis of syntax with a view to programing in terms
of machine operations can be started immediately.”

In January 1954, the Georgetown IBM experiment succeeded for
the first time in effecting machine translation from Russian into Eng-
lish on a limited basis. This experiment used a vocabulary of 250
words and the six rules of syntax formulated by Prof. Leon Dostert, of
Georgetown University. Paul Garvin, also of Georgetown, devised a
code used by Peter Sheridan, of IBM, to program the problem.

A second major event took place in 1954, when the first issue of a new
publication, Mechanical Translation, appeared. This journal is edited
and published at MIT by W. N. Locke and Dr. Victor Yngve.

As the value of machine translation became more evident, additional
Government agencies began sponsoring research, more colleges and
universities became interested, and industrial organizations formed
teams to provide services to this growing field.

A new discipline in research has been born from the students and
teachers of languages, from the designers of computing machines and
from the electronics experts who build and operate these complicated
instruments. In the dawn of this era of machine translation it is well
to repeat the words of Prof. Leon Dostert, when he said in his “Brief
History of Machine Translation Research” that—

One of the difficulties which has handicapped progress in the field of machine
translation has been the lack of communication on the one hand, and the assump-
tion of somewhat rigid positions on the other. To help remedy the first diffi-
culty, we hope that the publication and distribution of our seminar work papers
will be one step toward greater communication among the different research
groups in this country and in England.

In respect to the second problem, it is somewhat more difficult to suggest
remedies. It seems to me that since we are still barely past the threshold of our
investigation, it would be both premature and unscientific to cling narrowly to

a given hypothesis or theory as to the most efficient manner in which the problem
can be resolved.

2 Ibid.



RESEARCH ON MECHANICAL TRANSLATION 3

Purpose of investigation

During the first session of the 86th Congress, on May 25, 26, 28,
June 2 and 17, 1959, the Committee on Science and Astronautics of
the U.S. House of Representatives held hearings on “Dissemination
of Scientific Information.” The problem of translation of foreign
scientific documents was discussed during these hearings. Mechanical
translation was mentioned as an aid to the translation problem.
The committee then decided to investigate the research program in
machine translation in greater detail during the second session of
this Congress.

Lt. Col. Francis J. Dillon, Jr., staff consultant to the committee con-
ducted a survey of the research effort in machine translation prior to
the scheduling of hearings on the subject. As the majority of the
research is conducted with Government funds, it was determined that
the principal witnesses should be the Government agencies concerned,
along with the principal investigators or contractors. The five Gov-
ernment agencies sponsoring research are the National Science Foun-
dation, Central Intelligence Agency, Army, Navy, and Air Force.
The National Bureau of Standards is conducting research in this field
at the request of the Army and is funded by the Army.

Hearings were held for 4 days. Because of the limited time avail-
able it was not possible to call all interested agencies and investigators.
The Navy was not called. In addition to those mentioned above the
committee heard testimony from the Massachusetts Institute of Tech-
nology, Harvard University, Georgetown University, Baird-Atomic,
Inc., and International Business Machines Corp.

National Science Foundation

By 1954 there was enough interest in mechanical translation re-
search to gain recognition from the National Science Foundation in
the form of a grant to the Massachusetts Institute of Technology.
Now, according to testimony presented by the National Science
Foundation, 11 groups in the United States are engaged in various
aspects of mechanical translation research with support from the
Federal Government.

On September 2, 1958, the Congress passed Public Law 85-864
entitled “The National Defense Education Act of 1958.” Section 901
of the act provided for a Science Information Service and directed
the National Science Foundation to—
undertake programs to develop new or improved methods, including mechanized
systems for making scientific information available.

Section 10 of Executive Order 10807, dated March 17,1959, entitled
“Federal Council for Science and Technology,” states in pertinent
part that—

The National Science Foundation shall provide leadership in the effective
coordination of the scientific information activities of the Federal Government
with a view to improving the availability and dissemination of scientific infor-
mation. * * *

Central Intelligence Agency

The first Government agency to show interest in machine transla-
tion was the Central Intelligence Agency. In 1951 their scientists
discussed the possibility of developing an automatic indexing and
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translating machine with Dr. James Perry, then with the MIT Center
for International Studies, and now Director of the Center for Docu-
mentation and Communications Research, Western Reserve Univer-
sity. After some preliminary work, Dr. Perry and CIA representa-
tives, in June 1952, attended a meeting at MIT of linguists, logicians,
and mathematicians on the subject of machine translation. The prin-
cipal result of that meeting, which was promoted by Dr. Bar-Hillel
and supported by the Rockefeller Foundation, was the further stimu-
lation of interest and the realization of possibility in the minds of the
linguists present.

In the next 2 years or so, CIA reviewed various proposals, including
those from MIT, the Battelle Memorial Institute, and Georgetown
University. Some of these were considered jointly with elements of
the Department of Defense.

The CIA took the position during that period that the develop-
ment of a machine translation capability was highly desirable, and
should be supported. They also recognized that such a program had
implications which transcended the interests of CIA and those of the
intelligence community. Therefore, they considered it preferable that
an organization with broader responsibilities than their own should
be prevailed upon to take the initiative in pushing a comprehensive
MT program. The CIA then identified its immediate need as a usable
product, i.e., one which might well be far short of a perfect transla-
tion, but nevertheless highly useful. In return for an early MT
capability to produce a usable product, they were willing to leave the
achievement of superior results to a longer range program.

This pragmatic approach was the aim and purpose of the CIA in
1954, and remains their aim and purpose today.

CIA then negotiated with the National Science Foundation which
culminated in early 1956, in an exchange of correspondence between
the two Directors. The National Science Foundation agreed to ad-
minister any part of a program of research in machine translation
which is agreed by all concerned to be desirable.

U.S. Air Force

In 1954, the Air Force sponsored its first research effort in machine
translation. This initial effort involved experiments with an auto-
matic dictionary of Russian to English. A magnetic drum and as-
sorted electronic circuitry were used to look up meanings of Russian
words. This work was done at the Harvard Computation Laboratory
by Prof. Anthony Oettinger.

Early in 1955, the Rome Air Development Center of the Air Re-
search and Development Command recognized automatic language
translation as an area of major importance to the Air Force. As a
result of planning, a technical approach was formulated for a com-
plete automatic language translation complex, in which three major
areas of research were defined. These involved automatic input,
techniques and machines for translating the foreign language into
English, and an automatic output.

Work in the second area required the greatest effort in research and
development, and in May 1956, the Air Force started work with Dr.
Gilbert King for research and development on his invention of the
photoscopic disk. The photoscopic disk is to serve as the heart of the
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planned translation complex. At the same time research was started
with Prof. Erwin Reifler at the University of Washington to direct
the development of a Russian-English dictionary. This dictionary
has been stored on the photoscopic disk.

Today the Air Force has 10 research and development contracts,
6 with universities and 4 with U.S. industrial concerns. Two of the
contracts are with European universities.

U.S. Army

A relative newcomer to the field of research on machine transla-
tion—since 1958—is the U.S. Army. Two major programs were se-
lected by the Army Research Office: one with the University of Texas,
in German-English and English-German translation under Professor
Lehman; and the other with the National Bureau of Standards in
Russian-English translation under Mrs. Ida Rhodes.

National Bureau of Standards

The National Bureau of Standards turned its attention to me-
chanical language translation by use of an electronic computer upon
the request of the Army. Their project on mechanical translation
has been conducted as a service for and under the support of the Army.
Work began in 1958 with a small group consisting of Mrs. Ida Rhodes,
project leader, and three assistants.

The National Science Foundation has helped the Bureau of Stand-
ards by detailing Mr. Richard See to work with Mrs. Rhodes part time.

U.S. Navy

The U.S. Navy began research on machine translation in 1958.
The Navy is a sponsor of research and as such, does not perform the
actual research. The Navy approach is to support projects which
lead to the development of new theories or techniques which can be
used as tools or rules to solve practical problems. They have a con-
tract with Wayne State University to concentrate on techniques which
will enable translation of mathematical text. They also have a con-
tract with Hydel, Inc., for the development of a computer memory
which will enable more efficient use of computers for automatic
translation.

Since the very inception of the high speed digital computer, the
Navy has been heavily involved in the support of computers, com-
puter organization, programing techniques, computer technology, and
auxiliary computer devices. From June 1953 to August 1954 the
Navy contracted with International Telemeter Corp. for the develop-
ment of the large photomemory which is the heart of the [.B.M.
machine translation system. Also from January 1954, to July 1957,
the Navy Bureau of Ordnance supported fundamental research in
pattern recognition at Baird-Atomic, Inc., which led to the print
reader program of that company. With regard to computer output
devices, the Navy has supported work which led to the now widely
used Stromberg-Carlson high speed printer capable of printing 5,000
lines per minute. From 1952 through 1956 the Navy supported a
basic study of Russian linguistics at Wayne State University. This
resulted in a very prominent book by Prof. Harry Josselson, “The
Russian Word Count.”
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II. WHY MECHANICAL TRANSLATION

The world is divided by language barriers into about 4,000 linguis-
tic communities. Many of these communities are small and represent
primitive or underdeveloped cultures. But well over 50 of these
language communities are large and important enough to carry on
extensive trade, communication, and cultural interchange with one
another. All interchange between language communities must now
funnel through individuals who are to some extent bilingual. The
resulting bottlenecks serve to stifle such intercourse and to keep the
language communities in comparative isolation. So testified Dr.
Victor H. Yngve, of MIT.

There are many reasons for conducting research on machine trans-
lation; however, the two most important reasons may be listed as:
National intelligence purposes; and for the automation of languages
to facilitate the dissemination of foreign scientific and other types of
information to those who need it.

Prof. W. P. Lehman, of the University of Texas, states the need
for mechanical translation in the following excerpt of his prepared
statement for the record:

Translation by machine is the only practicable method of meeting the urgent
problem of making scientific and technical information published in foreign
languages available to American science and technology. The volume of publi-
cations in numerous areas is increasing rapidly, as any survey demonstrates.
Moreover, with the spread of scientific interest to all areas of the world, publi-
cations of value are being produced in a greater variety of languages than before.
We cannot assume, even today, that significant publications will appear only in
French, German, or English. Russian publications are now almost exclusively
in Russian; Chinese scientists publish in Chinese; and as the level of technology
increases in countries with a strong nationalistic tradition, the United Arab
Republic, Indonesia, and so on, we can expect important works published in the
national languages of these countries. If one moves from the technological
sphere to that of intelligence, even the seven languages alluded to above are in-
adequate to keep abreast with activities today. They will not help us in all of
South America, in much of Africa, nor in important sections of Asia. No one
can master all the important languages while specializing in one of the sciences.
For rapid access to publications these will have to be provided for him in his
native language.

At least for the present there is no likelihood that the number of important
languages will diminish. For nationalism is complicating the world's linguistic
situation. India, for example, is abandoning English in favor of Hindi. New
countries in Africa may follow India's pattern.

Nor will an artificial language—e.g., Esperanto or even an international
natural language—solve the problem. All artificial languages have been based
on those of Europe, so that they are not readily mastered by non-Europeans.
Even the most widely used has a pitifully small number of speakers.

On the other hand, in the nationalistic world of today, languages associated
with great powers will be suspected for potential cultural domination. It is
unlikely that native speakers of English will adopt Russian a3 their technical
language. We can expect the Russians to maintain a similar position toward
English.

A further possibility of keeping abreast with current publication would be
employment of a corps of human translators. This possibility is dubious be-
cause of expense and unmanageability. Translators would have to master tech-
nical fields as well as different languages in order to produce adequate transla-
tions. The number of translators needed to deal with Russian nuclear physics
would probably not be many fewer than the number of nuclear physicists oar
universities have trained.

We are left then with the necessity of devising mechanical means of transla-
tion, because of the number of languages that exist, the wide number of tech-
nical areas, and the tremendous volume of publication.
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The Government agencies involved in mechanical translation re-
search have stated the need for such a system as follows:

National Science Foundation

The National Science Foundation lists as its specific objective the
automation of languages, but also states that there are broader im-
plications that this research on language may have for the future of
information processing, particularly in the fields of automatic index-
ing and abstracting and in the mechanization of systems for the stor-
age and retrieval of scientific information.

The National Science Foundation also supports worthwhile re-
search not supported by other agencies. However, it supports only
those projects that are considered to be of scientific merit and that
usefully supplement or complement other work in progress.

The Director of the NSF, in concluding his prepared statement,
said:

It is our belief that the problem of mechanical translation, involving as it
does some of the most subtle aspects of human communication, is at the same
time of the greatest importance to the scientific community and of the greatest
difficulty, requiring years of intensive research for its solution. We are con-
vinced that the promising results obtained thus far warrant continuation of
support of research on mechanical translation by the (National Science Foun-
dation and other Federal agencies.

Central Intelligence Agency

The intelligence requirements for national defense are the moti-
vating forces of the Central Intelligence Agency in their conduct of
a program of research on machine translation. The CIA included
the following two short excerpts of a letter from Mr. Allen W. Dulles,
Director of Central Intelligence, to Dr. Alan T. Waterman, Director
of the NSF:

I should like to reaffirm the deep interest which we in the intelligence field
have in the possibility of translation of Russian language materials, particu-
larly in scientific fields, into English by machine. In addition, many of us feel
that the degree of human understanding that could be accomplished if language
barriers could be lowered without sacrificing linguistic integrity might well be
a major step toward peace. * * *

It is our opinion that much is to be gained by the early development of a
machine capability for translation, The national security can be well served
if we have available the scientific and technical literature of the U.S.S.R. in
English for detailed analysis as early after publication as possible. I am as-
sured by leaders in electronic research that technological problems yet un-
solved need not stand in the way of the rapid development of a machine once
the linguistic research has been started.

In Russian scientific and technological literature alone, the volume
has greatly increased in recent years. The CIA estimates that the
annual available output is now about 780 million words. This increase
has been accomplished by increased efforts of the Government to trans-
late the most useful part of the production. And the performance, 95
percent of which is by the Government or under Government contract,
is impressive. About 53 million words of Russian scientific literature
are now being translated annually (of which CIA accounts for over
9 million).

The CIA witness presented the following seven reasons for con-
ducting a machine translation program:

1. The volume of publications will continue to increase, and at a

rate in excess of our ability to procure competent translations.
H. Rept. 2021, 86-2---3
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2. The quality of translation work done through contract arrange-
ments is not uniformly excellent. Whatever the level of accomplish-
ment in machine translation at any given time, the output is uniform.
In short, machine translation holds out the promise of a uniformly
more accurate product.

3. Machine translation also promises greater speed. We now give
priority to categories and languages of greatest interest. Nonpriority
items are invariably slow in reaching the reader. Perhaps the trans-
lator with the particular skill in a language, or in a discipline, cannot
immediately take on the task. In any case, he cannot translate, on an
average, more than 2,600 words per day. The machine can hurl them
out at rates of 3,000 to 50,000 words per hour, depending on the
computer used. And these rates will increase. Even if postediting
were required, the man-machine system would appreciably outproduce
the human translator working alone.

4. With machine translation, more translations would be available.
This increased availability of translations would itself generate new
and more widespread demands for them. We now strive to pass over
only marginal material, but cannot be sure that we are invariably
successful.

5. Greater availability would result in a better informed corps of
scientists in this country.  This would result in superior evaluations
of scientific and economic developments in the [Sino-Soviet] bloc than
is now possible.

6. The development of a two-way machine translation capability
would make possible low cost production of American publications for
sale in underdeveloped countries where low cost bloc publications now
have an almost clear field to the detriment of U.S. interests.

7. And finally, the research done and the techniques developed for
accomplishing translation by machine would contribute materially to
the solution of problems in the broader field of information storage
and retrieval, and the emerging field of language data processing.

U.S. Air Force

The Air Force is active in the development of an automatic language
translation capability primarily because of its interest in the trans-
lation output for intelligence and research purposes.

Thus, the Air Force mechanical translation program is designed to
provide a capability for continued assessment of foreign scientific
and technical literature, both for the scientific and intelligence com-
munity. At the present time the large volume of foreign language
literature results in a 5 to 8 months lag which prevents timely utiliza-
tion of the information. The Air Force has formally recognized this
basic need.

An understanding of “Why” the Air Force has undertaken a pro-
gram of automatic language translation research is implied in the
basic need discussed previously, as well as by the nature of the trans-
lation requirements of these agencies. The Assistant Chief of Staff,
Intelligence, requires extensive translation of reports and publications.
The Aeronautical Chart and Information Center requires translation
of source documents that are used for the production of charts and
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topographical material. The Aerospace Technical Intelligence Cen-
ter requires detailed translations of scientific literature in specialized
fields. The Air Research and Development Command must stay
abreast of the scientific progress of all foreign nations in all fields
and use this knowledge in its own research programs.

At this point, a summary of the preliminary survey made by the
Planning Research Corp. for the International Business Machines
Corp. is included to accentuate the need for a machine translation
capability.

Estimates of the accelerating publication of foreign literature

and increasing accessions of those publications indicate that U.S.
Government requirements for translations will become steadily
more acute, and that present human translation capabilities will
become increasingly inadequate in the face of the demand. The
1959 world production of books, for example, was shown to
be well over a quarter of a million titles already, and that almost
100,000 of these are published in the Soviet bloc. By 1970, the
U.S.S.R. alone will produce 100,000 books, while bloc production
may well reach 160,000 titles or 12 billion words. The relation-
ship between foreign-language publication, U.S. accessions, in-
telligence community requirements and current translation efforts
for the U.S.S.R. is summarized in the table below. It should
be noted that although only about 5 percent of U.S.S.R. pub-
lications are accessioned by the U.S. Government, by 1970 the
present rate of procurement will add about 2.5 billion words from
Soviet books and periodicals to U.S. collections each year.
Under the constraints of current human translation capabil-
ities and costs, U.S. Intelligence Agency requirements are kept
to an extremely modest level. Requirements total only 0.6 of
1 percent of Russian publications and 13 percent of current acces-
sions. Current translation efforts are able to fulfill even less of
the demand: 15 percent of the intelligence requirements; 2 per-
cent of current accessions; and only 0.09 of 1 percent of Soviet
production. Even if a more moderate criterion—the need to
translate only critical intelligence information—were adopted,
current accessions from the Soviet bloc and Communist China
alone would require the translation of about 250 million words
per month. Such a requirement would necessitate an expansion
of the pool of private and governmental translators to over 50
times its present size, and when the translation of intelligence
materials from areas outside the Sino-Soviet bloc are added to
the burden, the costs in manpower and funds become prohibitive.
Finally, it should be noted that the potential for machine
translation of foreign languages developed in this study takes
into consideration only requirements arising from intelligence
activities in the U.S. Government. Translation requirements
associated with other governmental activities and nongovern-
mental demands would expand the potential far beyond the pres-
ent estimate.
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Comparative volumes of Russian publications

Books and  [Periodicals Total Proportional
monographs | (million (million relationship
(million words) words) (percent)
words)
(a) Production, 1958-59........c.cccc..... R 5,175 22,500 27,675
(b) Production, 1970.......... 7,500 56,000 63,500
(c)Accessions, 1958-59 ... . 923 363 1,286 C/A+£5
(d) Accessions, 1970 ................ . 1,689 818 2,507 D/B=4
(e) Requirements, 1960. ..... ............. . 62 108 170 E/A=0.6
E/C=13
F/E=15
F/C=2
(f) Translation, 1960. 13 13 26

U.S. Army

Intelligence requirements, coupled with the Army’s interest in scien-
tific problems led the Army to support the activities of the National
Bureau of Standards and the University of Texas in mechanical trans-
lation research. The Army witness stated that—
the Army, as you know, sir, has many uses for, and has been interested in auto-
matic-data processing in a variety of ways for a number of years. In fact, |
am sure you know that the Army was responsible for the development of the
first high-speed computer.

In dealing with the scientific problems and the intelligence problems, it is a

natural consequence of our computer interest that we would also be interested
in this other use of computer techniques.

U.S. Navy

The reasons for Navy support of machine translation and auxiliary
projects are three in number.

First, good machine translation would be of great and immediate
value to the Office of Naval Intelligence. Much of the information
used by ONI arrives in one foreign language or another. Acceptable
automatic translation riot only would increase manyfold the amount
of raw data which could be ingested, but also could improve the ac-
curacy and consistency of available English translations. Perhaps
most important, competent analysts would be freed from the necessity
of personally translating documents which they need quickly, thus
leaving additional time available for the more abstract aspects of in-
telligence analysis. An added quasi-intelligence benefit to the Navy
resulting from the availability of good mechanical translation equip-
ment would be the ease of translating information from English to
the languages of the various foreign personnel encountered by naval
forces in various parts of the world.

Second, the Navy has a very great interest in the translation to Eng-
lish of foreign scientific and engineering literature. The Navy spends
many millions of dollars annually in discovering and developing new
devices and methods. Wide availability of pertinent foreign infor-
mation could easily shorten the development periods required and
reduce the money spent on work already accomplished elsewhere.
American scientists would accordingly be considerably more aware of
foreign projects and would have a broader base of scientific research
upon which to draw in attacking specific Navy problems.

Third, machine translation is a most exciting application of high-
speed computer technology. As has been mentioned, many of the
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problems involved in machine translation are common to a number of
fields of information processing, so that progress in one field results
in progress in the others, as well as giving additional insights into the
solution of problems in other fields. Thus, for example, advances in
machine translation will yield simultaneous improvements to docu-
ment storage and retrieval, high-speed data processing, and automatic
programing. All these subjects are of vital interest to the Navy and
contributions to them will in many cases have immediate and wide-
spread application.

ITI. FOREIGN RESEARCH ON MECHANICAL TRANSLATION

Soviet Union

The Georgetown University-International Business Machines ex-
periment in January 1954 received widespread notice in the press and
other media of communication. Early in 1956, in the journal, Prob-
lems of Linguistics, Soviet experts reviewed the Georgetown-1.B.M.
experiment—which in contrast to some of the reviews which appeared
in this country-—was remarkable and commendable for its objectivity.
They announced at that time that they, on the basis of the information
gathered from the Georgetown-IBM experiment, had started research
in the field of machine translation, which they claimed had brought
them beyond the level of achievement demonstrated in the George-
town-1BM test.

Scientists in the Soviet Union began research in this field in 1955,
conducting experiments on a computer at the U.S.S.R. Academy of
Sciences. Both the Institute of Precision Mechanics and Computing
Technique and the Steklov Mathematics Institute of the Academy of
Sciences began research in this field at that time. Later, the Institute-
of Linguistics of the Academy, Leningrad University, and other insti-
tutions entered this research field. In May 1958, the First All-Union
Conference on Machine Translation was held in Moscow.

In April 1959, a conference on mathematical linguistics was held in
Leningrad which dealt largely with mechanical translation research.
Soviet work in this field has been largely theoretical up to the present
time, and very few experiments with computers have been mentioned
in their literature. This is in contrast with the research in the United
States, where experimentation with computers often has played a
central role in the research process.

The CIA witness testified as follows:

When MT is discussed there is invariably an expressed interest m what the
Soviet Union is doing in this field. I will not dwell on this except to say that the
Soviets have a program which considerably exceeds our own in scope and size,
and that they are doing very good theoretical work, though restrictions on the
availability of computer time has limited opportunities to apply theory to prac-
tice. Two papers, one by Professor Oecttinger (Anthony G. Oettinger, “A Survey
of Soviet Work on Automatic Translation,” “Mechanical Translation,” vol. 5
No. 3, December 1958, pp. 101-110), and one by Dr. Harper (K. E. Harper,
“Soviet Research in Machine Translation,” Rand Corp. Monograph No. P-1896,
Feb. 4, 1960, 17 pp.), provide valuable assessments of the Soviet effort. The
Joint Publication Research Service series “Soviet Developments in Information
Processing and Machine Translation,” will also be of interest to the committee.

The Soviet effort is of more recent origin and in fact is going ahead
much more rapidly. There are in excess of 80 institutions in the
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Soviet Union that have programs in this field, including the following:
Institutes of the Academy of Sciences of the U.S.S.R., and the Union
Republic Academies of Science. They also have major programs, for
example, at the Institute of Precise Mechanics (Moscow), the Electro-
modelling Laboratory of the All-Union Institute of Scientific and
Technical Information (Moscow), the Steklov Institute of Mathe-
matics (Moscow), and the Experimental Laboratory for Machine
Translation (Leningrad).

Professor Dostert, from Georgetown University, stated the
U.S.S.R. effort was more advanced than the CIA witness indicated.
He submitted for the record that the Russian effort in the field of
linguistics and related sciences is far in excess of the U.S. effort. In
the field of machine translation alone, evidence indicates that between
700 and 1,000 specialists in languages, linguistics, mathematics, com-
pilation techniques, and engineering are at work in the Soviet Union.
There are indications that the work on machine translation is focused
on approximately 50 languages and that in respect to some of them,
their system is operative. A basic advantage which helps Soviet
activities is effective coordination of the diversified aspects of the total
effort.

Professor Dostert received a paper from Andreyev of the U.S.S.R.
Academy of Sciences, entitled “Basic Problems in Applied Linguis-
tics”, which made the following points:

1. Increasing importance of linguistics.—The increasing importance of lan-
guage communication necessitates increasing attention both to theory as well as
practical aspects of linguistics or the science of language. Although applied
linguistics in the Soviet Union has made great strides, it is still lagging behind
other sciences.

2. Development of alphabets.—Soviet linguists have succeeded in developing
alphabets for the people of the U.S.S.R. who have no written language.  The
same effort is being made by linguists in southwest China. Africa has a long
standing problem in this field.

3. Language teaching—The importance of linguistics in language teaching
methodology is increasingly recognized. Morphological and syntactic portions
of algorithms developed for machine translation can be successfully used in
language Instruction.

4. Transcription and  transliteration.—A uniform  transcription and trans-
literation system must be developed.

5. Emerging scientific terminology.—The increasing growth of scientific
terminology through creation of new words for new concepts makes it necessary
for a major effort to be made in lexicology, both in terms of creating new words
and standardizing terminologies of diverse disciplines.

6. Translation of scientific texts.—Translation of scientific texts is subject to
linguistic laws rather than being a problem of aesthetics.

7. Shorthand.- —Improved stenographic systems can be developed on the basis
of new data derived from information theory.

8. Speech defects.—Linguists and psychologists can contribute to the improve-
ment of speech defects.

9. Orthoepy.—The importance of developing orthoepy on the basis of the
methodology of linguistics for greater facility of communication is essential.

10. Communication channels.—It is necessary to insure their effectiveness on
the basis of rigorous linguistic analysis of the accuracy of the messages carried.

11. Compression of speech—Greater economy in communication system can
be achieved through this means.

12. Compression of written speech.—At present, lexical coding is, being de-
veloped to provide compression of telegraphic codes to about one-fourth their
original length. The importance of written language compression is obvious
for the field of machine translation and data processing.

13. Transposition of codes—The use of computing machines should be in-
creased for the transposition of codes and for extracting information in lin-
guistic form.
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14. Scanning and listening devices.—Research should be accelerated for the
development of electronic scanners, both for visual and auditory perception.

15. Speech synthesis.—Greater emphasis should be given to speech synthesis
in view of its importance for oral machine translation.

16. Machine translation.—Even though the present efforts are increasingly
important, machine translation must make greater strides not only for its prac-
tical value, but for the information it will yield on the overall theory of
language.

Great Britain

British scientists have long been interested in mechanical transla-
tion research, but full-scale research began only in 1955 when a grant
for this purpose was made to Birbeck College, University of London,
by the Nuffield Foundation. In March 1957, the National Science
Foundation and the Rome Air Development Center of the U.S. Air
Force began joint support of the Cambridge Language Research Unit
in its mechanical translation research. In the spring of 1959, research
in this field was begun by the National Physical Laboratory, at Ted-
dington, England, an organization that is roughly comparable to our
National Bureau of Standards.
Italy

A group at the University of Milan in Italy has been studying
this problem for a number of years, and since February 1959, has
been supported by a contract with the Rome Air Development Center.
France

In France, researchers interested in mechanical translation have re-
cently formed an association for the study of problems in automatic
translation and applied linguistics. In December 1959, a study center
for automatic translation was established by the French National
Center for Scientific Research. A member of the U.S. Air Force serves
as the U.S. representative on the mutual weapons development team,
for exchange of technical data on automatic language translation re-
search with France.
Japan

In Japan, the Electrotechnical Laboratory of the Japanese Govern-
ment, Tokyo, has been conducting research in mechanical translation.

China
Finally, according to a recent article in a Soviet journal, research in
this field has been carried out in Communist China since /958.

IV. THE RESEARCH PROBLEM
General

Dr. Burton W. Adkinson, Head, Office of Science Information Serv-
ice, National Science Foundation, introduced his prepared statement to
the subcommittee with a discussion of the different approaches and
objectives in the field of machine translation research. He stated:

Although the work in this field is often described simply as mechanical trans-
lation research, there are actually wide differences as Dr. Waterman said, in
methodology, subject matter, and objectives among the various research groups.

The research of some groups, for example, centers around computer experiments.
On the other hand, some groups have had no recourse to computers at all, or
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have made only incidental use of such equipment. This difference in the use
of equipment often reflects wide differences in the nature of the research. Even
among those groups that use computers there is an important difference in ap-
proach or methodology. Some groups use a computer merely to verify that
the procedures they have worked out function properly. Others prefer to
use computers as a means of carrying out experiments with natural languages
in order to learn more about language itself. These two uses of computers may
be kept quite distinct in some groups and blended in others, but in any case are
indicative of important differences of approach.

Another difference among groups is in the languages under study. Most of
the groups in this country are studying translation from Russian to English be-
cause the practical need here is great. The large amount of Russian-to-English
translation now being done by human translators is indicative of this need.
Some groups, however, are also studying the problems involved in translation
from other languages, such as French and German.

Of course, in other countries work is often concentrated on translation into
the native language of the researcher, with the corollary that exchange of results
on an international basis is often of interest largely from a theoretical or abstract
point of view, since the actual detail with respect to any one language may be
of little direct interest to a researcher studying another language.

At the present time it is impossible to say to what extent methods for trans-
lating the literature of, say, physics will be applicable to translation of articles
in some other field, say biology. It is clear that there are at least some differences
in vocabulary which may make it necessary to study each discipline in which
the researcher is interested if machine translation is ever to be achieved on
anything comparable to the human level. At present in the United States, the
groups studying the problem of Russian-to-English translation are concentrating
on such disciplines as physics, electronics, mathematics, chemistry, and bio-
chemistry.

Groups differ greatly in their objectives. Some are aiming at a crude and
yet useful product in the most immediate future. Others are interested only in
high-quality translation by machine requiring no polishing or editing for its use.
Regardless of the immediate objectives, however, the ultimate goal of mechanical
translation research is complete automation of the process of translation, and
we, in the Foundation, regard the terms “mechanical translation,” “machine
translation,” and “automatic translation” as referring to this goal of completely
automated translation. The work thus far indicates that there is a strong
possibility that this goal will one day be attained. Much more research is needed,
however, to determine whether or not this ultimate goal is indeed possible, and
if possible, economically feasible.

It is possible that the crude machine output that can be produced at this time,
consisting mostly of ungrammatical sequences of words, might be found useful
by some organizations as indicative of the content of processed material. We
do not believe, however, that such unedited output will be useful to research
scientists.

There remains the additional possibility that machines may somehow be used
to aid human translators in their work, so that the resulting man-machine com-
plex will be able to translate either faster than a human expert, or more econom-
ically, or both. We understand that consideration is being given to the possibility
of utilizing some of the intermediate research results and procedures to produce
machine output that would then be converted by humans into usable translations.
We have as yet, however, seen no convincing evidence that such partial automa-
tion of the translation process at this time would be an improvement over existing
human translation. Before any sound conclusions can be reached concerning the
usefulness of partially mechanized translation, there is need for study and
objective evaluation of—

(1) The quality of the machine output achieved by mechanized procedures
developed by several of the research groups, and

(2) The amount of human effort required to convert the machine output
into usable translations.

Some of the research groups and sponsoring agencies have a still broader
objective and are interested in mechanical translation as one aspect of a much
larger problem, that of processing natural language by machine for a wide
variety of purposes, including automatic abstracting and automatic indexing
for storage and retrieval systems.
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Dr. Victor Yngve, of MIT, stated that---

work in mechanical translation can be separated into three parts: Science,
technology, and production. Under science, we have research directed toward
the discovery of the basic facts and knowledge of languages and translations
that will form a firm foundation for erecting a technology. Under technology
we can include research leading to the development of the dictionaries and ma-
chines that our science tells us how to build. Under production we would, of
course, contemplate actual use of the technology for the production of useful
translations.

Dr. Anthony G. Oettinger, of Harvard University, continued by
stating that—
like all forms of automatic information processing, the process of automatic
translation may be divided into three phases: Input, logical processing, and
output * * *,

The problems in a research program of this type are many. As the
program is comparatively new, research is progressing along the three
avenues outlined by Dr. Yngve and we see different organizations
pursuing courses which can be classified as science, technology, and
production. We also see each of these classifications being applied to
the three phases of machine translation research as listed by Dr.
Oettinger: Input, logical processing, and output.

Most of the scientific research is centered on the logical processing
phase of this problem, as the input and output problems are mainly or
a technological nature. For experimental purposes in the logical
processing field, there is no urgent requirement for high-speed input
and output. However, for a semioperational or fully operational ca-
pability, high-speed input and output are not only desired, but
required.

The Air Force is conducting a large program in mechanical trans-
lation, which is equipment oriented, with the objective of attaining a
complete automatic language translation complex. The Air Force
program includes development of input, processing, and output ma-
chines. The Georgetown University is ready to start an elaborate
program of translation of Russian documents by their machine proc-
ess, but will rely on a manual key punching of cards for their input.
Other agencies are devoting the majority of their research effort to
the solution of the logical processing phase.

First, regarding input, the need is for a print reader capable of
recognizing all types of fonts used in Russian literature, accommo-
dating charts and pictures, and doing this job at as high a speed as.
the processing machine operates. This subcommittee heard testi-
mony from only one contractor—Baird Atomic, Inc.—on this sub-
ject. The Baird Atomic machine will have the speed, but is not yet
ready to handle charts and photographs. Most of the witnesses tes-
tified that they believe a print-reading capability will be available
when the logical processing phase is ready.

Second, regarding the output, there are many commercial products
capable of providing a high-speed output for printed text. The task
is to combine this high-speed printing output with the original equa-
tions, charts, graphs, and pictures, so as to maintain the original
format.

The third, and major problem, is the logical processing. Here
there are many differences of opinion, which is normal, if research is

H. Rept. 2021, 86-2 ------ 4
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to progress. It would be a stagnant field if all agreed to one course
and pursued that course.

Dr. Oettinger, of Harvard University, in discussing this third
point—which includes syntactic analysis, said that—

syntactic analysis still presents many challenging experimental and theoretical
problems.

Proceeding with his prepared statement, he gave an example of a
Russian word and the syntactic and semantic problems associated with
resolving its proper meaning. Syntactic analysis can resolve some of
the problems associated with a word, but figuring out meaning must be
left to semantic analysis. Dr. Oettinger stated—

semantic analysis deals with the elusive concept of meaning, and little that is
both worthwhile and correct can be said about it at this time. Beautiful, smooth-
looking translations can be produced here and now by various techniques all
either unsafe or question begging. For instance, if precisely one English cor-
respondent is stored in the dictionary for each Russian word, the problem of
choosing among several correspondents obviously disappears; or, alternatively,
if correspondents are labeled by technical field and the one most likely to occur
in a given text in a given field is chosen invariably, then again the problem dis-
appears. In either case, errors as yet unpredictable in number or in effect will
occur, but the reader is led into thinking that because the result produced by the
machine is smooth English, it must be right. The dangers of such a situation are
obvious and similar to those inherent in the employment of incompetent human
translators. Another possible technique is to interpose between the machine and
the consumer a corps of bilingual technically competent editors, responsible for
checking the work of the machine. Such a technique obviously begs the question,
and such a staff might well be more profitably employed translating in the old-
fashioned way.

Dr. Edward W. Cannon, of the National Burecau of Standards,
stated :

Considering the formidable difficulties which face the human translator, we
must exercise extreme care in attempting to use for this task a manmade device
which possesses neither the senses, nor the brain, nor the lifetime of experience
bestowed upon man. For example, the conscientious human translator fre-
quently augments the information stored in his mind by the use of grammars,
scientific texts, dictionaries, and special glossaries. This implies that for auto-
matic machine translation the vast totality of information, whether inherent to
the human mind or stored in the accumulated literature, must somehow be fed
into the electronic processor. Not only do we lack, at the present time, adequate
devices for such a task, but the expenditure of time, labor, and money to store
such colossal amounts of data will be prohibitive for many decades to come. We
must therefore lower our sights and make a judicious choice of the data to be
fed into a translation machine. But this choice depends both on the mechanical
translation scheme which is being evolved and on the type of equipment which
will eventually be used. The task of the NBS Mechanical Translation Group
thus assumes a double aspect—to strive to achieve a workable mechanical trans-
lation scheme and, simultaneously, to keep abreast of and be prepared to utilize
promptly engineering developments.

Postediting

Discussion of the research problem must include a few remarks on
one of the major controversial issues surrounding the problem of
mechanical translation: postediting.

Brig. Gen. William S. Ely, the Army witness, stated that their
meaning of machine translation is—
90 to 95 percent accurate transfer of the intended idea, counted by whole sen-
tences, with no preediting or postediting. If the product serves its purpose in

this manner, it is truly machine translation. If it requires postediting of any
sort, it should be called machine aided translation.
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Discussing this same subject, Dr. Cannon, of the National Bureau of
Standards, said:

I think that the requirements for effective utilization of such a procedure, the
preservation of meaning from the source to the target language, en what we
call posteditors, are more stringent—at least as stringent—than those on the hu-
man translator. I believe that it would be difficult to do the job, and I doubt
that the output would be as fast—well, I think the output, the rate of translation,
if the posteditors conscientiously should strive for accuracy, would be no greater
than that of the human translator.

Prof. L. E. Dostert took exception with the witnesses who preceded
him by stating:

In my years of experience in organizing and directing translation staffs, I have
never known or heard of one, whether in the U.S. Government or in interna-
tional agencies, that did not provide for revision. Yet, we have been told that
revision in the case of machine translation renders the machine output trivial.

Mr. Robert F. Samson, of the Air Force's Rome Air Development
Center, said:

I would like to say, first off, I agree with Professor Dostert. Human trans-
lation or machine translation will always require some postediting, but I feel
this will be done by the reader. Because there exists no objective yardstick
today for measuring the quality of translation output, one cannot say how much
postediting is actually required in any particular case. I would say, however,
postediting is done to improve the flow of words for easy reading. I feel this
is somewhat of a luxury at the present time.

When asked about the accuracy required in translations, Dr. Gilbert
W. King, of .B.M., stated :

Speaking as a scientist, I, myself, could read output perhaps that ought to
be somewhat better than we are getting now, but I do not feel we have to have
it 100 percent accurate.

Profs. Harry H. Josselson and Arvid W. Jacobson, of Wayne State
University, in their prepared statement for the record, stated :

We believe that postediting in actual production translation work will be
necessary, but, as more experience is gained and procedures are refined, the
amount of postediting will diminish.

This briefly gives the story of postediting of machine translation
output.

Special purpose machine

The design of a special purpose computer for language translation
purposes is an item of conflicting opinion. In general, most witnesses
stated that the present general purpose computers are suitable for
automatic translation research while the techniques for the ultimate
system are developed. Most felt that the general purpose computer
would not be suitable for the large mass of language material, mainly
because of economic reasons.

The 1.B.M. witness, whose company is the manufacturer of large
computers, while discussing general purpose computers, stated:

We find that it has only limited use, because machines of this type are not
really suitable as they are. They are really computers, and there isn't anything
to compute in the language problem.

Others expressed the opinion that the standard computer would
be best, as they are located around the country and thus will allow
language translation at any place that has the program.

The cost of using a standard computer would be higher, as all the
features of the standard computer not required for language trans-
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lation would be purchased although not needed or used. When the
program for the machine is perfected, the translation requirements
will be high and computers will have a full time use in the national
translation program.

V. APPROACHES

As in most problems of research we find that various investigators
take different approaches to the problem. Machine translation
research is no different. In classifying approaches to this research
problem, the various types have been referred to as statistical, sys-
tematic, empirical, objective, and subjective. Definitions of these
approaches may overlap. In his addition for the record of the hear-
ings, Dr. Cannon, of the National Bureau of Standards, made the
following remarks:

When the idea of automatic translation emerged, at first only word-for-word
translation was considered. The inadequacies of this plan were obvious. They
manifested themselves principally in the facts that some source words had more
than one target word associated with them, and that the word order in the target
language often has to be different from that in the source language. Speaking
of multiple-target words and of word order, however, is not the most useful ap-
proach to classification of problems. The change in word order can be under-
stood by analyzing the grammar of a sentence. Multiple-target words can be
either different grammatical forms belonging to the same stem or words having
entirely different meanings. Thus, in the main, the problems encountered in
translation are classified into syntactic and semantic problems.

The three approaches to the semantic problem which we have just outlined
might be named the statistical, systematic, and empirical approach. The same
three methods of approach can be distinguished in dealing with the syntactic
problem.

Here, the statistical approach consists in searching through large amounts of
source texts and enumerating the frequency of certain word sequences. For
instance, how often does an adjective precede a noun, and how often does it
follow it? The systematic approach attempts to set up a system of rules—in
other words, a machine program—which analyzes the syntactic structure of
each source sentence. That is to say, it identifies subject, predicate, direct
object, etc., of each sentence or clause. This frequently has to be preceded by
a grammatical analysis of each word, just as conventional grammar is divided
into morphology and syntax, the former dealing with the inflectional forms of
each word, the latter with the function of each word in the sentence. Finally,
the empirical approach starts by selecting a few very simple rules for translation,
tries them on a body of text and notices where they fail, corrects the rules or
introduces new ones to cope with the observed failures, tries the revised rules
on a larger body of text, and so forth.

From a slightly different viewpoint we may distinguish between the use of
conventional grammar and the design of new systems of grammar (or lin-
guistic structures, as they are called), which are intended to be better suited
to mechanical analysis than is conventional grammar.

There are other differences among the various groups working on machine
translation. For instance, in designing the dictionary or glossary, some propose
to list in the glossary every inflectional form of every source word, while others
propose to list only the stem, or equivalently some canonical form such as the
infinitive of a verb and the nominative singular of a noun. Russian nouns have
a dozen inflectional forms, adjectives and verbs many more. Thus the size of
the required glossary is greatly affected by this decision.

Other differences are found in limiting the scope of a machine translation
project. Some groups are satisfied to translate into a kind of pidgin English.
Some are resigned to leaving certain semantic ambiguities unresolved and print-
ing out multiple meanings. Some are willing to admit failure in a small per-
centage of all cases. Some will even admit undetected errors in the translation,
a point of view which others consider dangerous. Some propose to use a
man-machine partnership rather than letting the machine do the entire job. In
these cases the machine prepares certain aids to translation—at best a kind of
preliminary draft, and these are used by a “posteditor” in producing a polished
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translation. Preeditors, are less frequently contemplated, but a certain amount
of preediting may be combined with manual key punching of the text

On one extreme is the approach taken by some that only 100-percent
perfection is acceptable. Dr. Yngve stated that—
any quoted percent accuracy means very little, however, because of the difficulty
of assessing less-than-perfect output. The trouble is that, even if errors could
be counted, it is difficult to determine the relative amount of loss caused by
different kinds of errors. Some errors are not serious, others are very serious.
But, if I were pressed for a figure, I would say that realistically we can’t reach an
accuracy of 50 percent at present. But even if we could achieve 95-percent
accuracy, what would it mean? Would it mean that we would miss the 5 per-
cent of important new material and get the 95 percent of already known material?
There is some indication that this would be the case.

The approach taken by Prof. Leon E. Dostert, director of the ma-
chine translation research program at Georgetown University, is em-
pirical. He stated that after participating in the machine translating
meeting at MIT in June 1952, he came away convinced that there was
enough promise to warrant an empirical approach to the problem.
He stressed the word “empirical” because the vastness and complexity
of a general theoretical solution became quite apparent in the course
of the discussions; and he felt that a pragmatic cumulative approach
might prove more fruitful. Professor Dostert compared his cumula-
tive, empirical-pragmatic experience to Lindbergh’s flight of the At-
lantic in 1927, in a monoplane, alone, to today’s 90 or 100 people in a
jet plane—that did not invalidate the importance of the 1927 flight.

Another approach is that taken by Dr. Gilbert King, director of
experimental systems research of the International Business Machines
Corp. Dr. King stated:

It has been our aim in automatic translation to consider all aspects of the
problem and to make use of the skills and backgrounds of men who have
pioneered before in the application of machines to this kind of nonnumerical
material.

At present, Dr. King’s group has developed a method to translate
phrase by phrase and is working to extend the range of the clues from
the phrases to the whole sentence.

Thus, the problem centers on the method of machine translation and
extends from word look-up in an automatic dictionary, to phrase look-
up or composition, to the full sentence look-up and rearrangement.
The requirement for preediting and postediting is frequently dis-
cussed. Syntactical analysis of the sentence appears to be one of the
agreed upon goals of mechanical translation.

Best known for syntactical analysis or predictive analysis approach
is the group at the National Bureau of Standards under the leadership
of Mrs. Ida Rhodes, and sponsored by the U.S. Army. Mrs. Rhodes’
approach can be classified as subjective or systematic. Dr. Oettinger’s
group at Harvard University is following a similar approach to Mrs.
Rhodes’ group.

However, the best results expected from predictive analysis call for
“Pidgin English,” with correct meaning. The next major problem to
be tackled is that of semantics.

Still another approach, described by General Ely, of the Army, is
that of Dr. W. P. Lehman’s project at the University of Texas. One
might call this the objective approach. Examine the parallel text in
two languages and derive rules for translation by means of the com-
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puter. This is in effect the systematic approach, referred to by Dr.
Cannon, but it has the advantage of being equally applicable in either
direction for a pair of languages.

VI. THE RESEARCH PROGRAMS

Funding

In Government the method most commonly used for measurement of
effort is the dollars expended. A summary of the effort of the five
agencies concerned with funding research in mechanical translation is

as follows:

All prior years [Present year [Next year

..... $109,000 $170,000 $225,000

veeeen 50,000 50,000 70,000

....3,400,000 1,400,000 1,500,000

....... 315,000 177,000 922,000

.]....1,063,300 325,000 490.000

... 4,937,300 2,122,000 (3,207,000

' Proposed.

National Science Foundation
The National Science Foundation does not conduct research, it
sponsors a research program through grants to various organizations.
The NSF grants for research on mechanical translation for fiscal
year 1955 through the third quarter of fiscal year 1960, are as follows:

Amount
Grantee institution Date of grant Duration | Amount of |[transferred
of grant grant from other
agencies
Massachusetts Institute of Technology)..October 1954 ..... 1 year $18,700
October 1955..... do. 24,800
October 1956......).. do 35,200
September 1957 do 41,400
November 1958 do 90,600
October 1959 do 126,000
Total....ooovviei .. 336,700
Georgetowm University. June 1956 1 year 100,000 |''$65,000
June 1957 do 125,000 |' 90,000
June 1958 do 186,000 |' 150,000
Total... oo ..411,000 305,000
Cambridge Language Research Unit |[March 1957 1 year 27,100 [* 20,000
December 1957 do 33,000  [*20,000
April 1959 do 35,650 |*20,000
Total....oovviiiii 95,750 60,000
Harvard University .........ccoceeevvervreenenne. January 1958 6 months 29,150 ’ 15,000
June 1958 4months. 26,200
September 1958 1 year 220,000  |*70,000
December 1959 do 200,000 100,000
Total ..o o e 475,350 185,000
University of California September 1958 1 year 40,500
June 1959 do 57,600
Total....cccvees v e e 98,100
Grand total.............coeviviiiiieiiii L 1,051,900 |550,000
' From CIA. * From RADC.
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NSF grant for research related to mechanical translation

Grantee institution Date of grant Duration Amount

of grant of grant
University of Pennsylvania (Syntactic analysis of October 1956 3months  $1,950
English for information retrieval). February 1957 1 year 24,300
February 1958 16 months 42,300
October 1958 6 months 31,450
June 1959 2 years 321,800
TOtAL. L. 421,800

The Foundation does not give instructions to the research groups
working under Foundation grants. The Foundation believes that
the research can best be planned by the research scientists and tech-
nical specialists in each field of research. The NSF submitted for
the record of the hearings a summary of plan of research and results
achieved by each of the organizations that has received grants for
mechanical translation research:

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Summary of plan of research

The objectives of the work on mechanical translation at MIT have remained
essentially unchanged since initiation of the project in 1954. The primary
objective of this basic research program is to find out how languages can be
translated by machine. Secondary objectives are concerned with evaluating
the fidelity which can be achieved with different approaches, the usefulness of
the resulting translations for various purposes, and their respective costs. A
further objective is to add to the general knowledge of noncomputational use
of digital computing machinery and to a basic understanding of human com-
munication.
Results achieved

In light of these objectives considerable progress has been made. After con-
sideration of the fidelity that could be achieved by various suggested techniques,
it soon became evident to the MIT group that more knowledge of language and
the translation process would be needed. Their most significant advances have
been of a basic and fundamental nature, which will help to make it possible
eventually to program computing machines to produce accurate and acceptable
translations. The work that has been done on generative grammar and the
theory of grammatical transformations is believed to represent an important
advance in linguistics, making possible more precise descriptions of language and
shedding considerable light on the relationship of syntax to some aspects of
meaning. Early work, showing the necessity for sentence-for-sentence transla-
tion rather than word-for-word translation, has now met with full acceptance
by all groups working in the field. The conceptual framework that the group
introduced nearly 2 years ago advanced the idea that mechanical translation
should be a three-step process, analysis of the incoming sentence, choice of
appropriate components of the output sentence, and synthesis of the output
This conceptual framework is gaining acceptance by an increasing number of
mechanical translation groups. Much of the work has been concerned with the
preparation of detailed grammars of English, German, and French and with
continuing studies of some of the formal features of linguistic expressions, such
as expressions of negation. This work is rapidly reaching fruition. The group
first had to find out the best way of representing the grammar of a language
for use in a machine. At the same time they have devised techniques for using
the machine to aid in their research, including a programing language known
as the COMIT system, for use with machines in linguistic work.

GEORGETOWN UNIVERSITY
Summary of plan of research

In this project it was proposed to extend the results obtained in the experi-
ment conducted in 1954 by the institute of languages and linguistics of the
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university and the IBM Corp.; and to develop the additional rules required for
the translation of complete texts. Research was to be concentrated initially on
the analysis of contemporary Russian texts in the field of organic chemistry.
An experimental approach was conceived in which groups following three
different approaches would be permitted to study the problem to see which would
prove the most effective. A program of computer experiments aimed at gradual
improvement of one or more systems was planned. Work on other languages
was planned to complement the work on Russian.

Results achieved

All three of the experimental procedures for translation of Russian were
carried to the point of testing on computers. One of the methods, that of
Paul Garvin, dealt primarily with the analysis of Russian syntax, while the
other two methods were aimed at actual translation. It was shown that both
the “code matching” technique and the “general analysis” technique had been
programed to the point where crude output in English words, in which some of
the problems of translation had been solved, could be demonstrated. The gen-
eral analysis technique was selected for further study. Up to the present, a
corpus of 268,000 running words has been utilized in the preparation of a dic-
tionary of 10,800 entries. Furthermore, 115,000 words of Russian text have
been processed by computer, and much of the output has been studied for the
purpose of improving the programs. Recently, the code matching technique has
been the subject of further study at the Corporation for Economic and Industrial
Research at Arlington, Va., and the work of Paul Garvin has been continued
at the Thompson Ramo Wooldridge Corp., Los Angeles, Calif.

As for other languages, an experimental system has been developed for French-
to-English translation and has been brought to the point where French nuclear
physics texts can be converted into English words which in many cases convey
the thought of the original. Preliminary research has been conducted on the
problems of translating English into Chinese and English into Arabic.

During the past year, all of the support of this project has come from the
Central Intelligence Agency, and the work outlined above has been continued and
extended to other languages.

CAMBRIDGE LANGUAGE RESEARCH UNIT

Summary of plan of research

The unit proposed to investigate the possibility of using a specially con-
structed mechanized thesaurus in the production of idiomatic translations by
machine. To this end they planned to study the application of logic and other
branches of mathematics to syntactic analysis; to extend descriptive linguistic
analysis to give the cross-relations between passages in a language and transla-
tions of them into another language; and to construct comprehensive, ready-
to-use mechanical dictionaries and programs for machine translation.
Results achieved

Much of the study of this group has been devoted to the semantic aspects of
natural language and how to deal with them. A careful study of existing
thesauri has been carried out and has served as a starting point for various
experimental thesaurus-like word classification schemes which indicate the ways
in which words are semantically related to each other. These classification
schemes have the same form as mathematical partially ordered systems, and the
unit is attempting to show that they can be so modified as to form more special-
ized mathematical systems known as lattices. The group believes that word
schemes in lattice form will be a useful tool for natural language processing,
including mechanical translation and abstracting, and information retrieval.
As an example of the last type of application, a retrieval system for several
hundred books has been worked out and is being expanded. Work on one par-
ticular mechanical translation scheme from Italian to English is well advanced,
and other work, including construction of translation procedures based on syn-
tactic categories, is being carried on simultaneously.

HARVARD UNIVERSITY

Summary of plan of research

It was proposed to extend the preliminary research on the structure of the
Russian and English languages being carried out at the Harvard Computation
Laboratory, in the light of the conviction that the processes of translation were
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not well enough defined to justify construction of any complete translation sys-
tem. The initial effort was to be devoted to the formulation of efficient tech-
niques for the compilation and maintenance of an automatic dictionary in order
to provide an experimental tool to facilitate research still needed to develop
methods for high-quality translation and a system for automatic word-by-word
translation. Continued research into methods for achieving faithful, smooth
translation from Russian to English was planned.

Results achieved

During the first 2 years of research, computer programs for the Univac were
written which permit the operation of an automatic dictionary containing about
15,000 Russian words. The programs permit the recognition of any of the
15,000 words in any one of their forms, making it possible to process over
150,000 distinct Russian word forms. This automatic dictionary has been used
to produce word-for-word translations of scientific Russian texts, which are not
true translations since they fail to take account of the grammar, but which have
proved useful for some purposes in lieu of actual translations. The techniques
and procedures which have been developed are applicable to the whole field Of
compilation and operation of automatic dictionaries.

The automatic dictionary has also been used as a tool both to compile lan-
guage statistics and to conduct research on syntax and syntactic analysis.
Recently developed programs for syntactic analysis are based on the work of
Mrs. Ida Rhodes of the National Bureau of Standards. Programs are now in
operation which provide a partial syntactic analysis of Russian sentences on an
experimental basis. '

UNIVERSITY OF CALIFORNIA, BERKELEY

Summary of plan of research

The purposes of the project were (1) to analyze a large amount of scientific
Russian text in order to provide the information necessary for the preparation
of a mechanical translation program; and (2) to write and test such a pro-
gram. To minimize the size and complexity of the vocabulary, it was decided to
restrict the scope of research initially to one area of science, but to design the
translation system in such a way that it can be readily adapted to other fields.
The more specific research tasks include compilation of an automatic dictionary
and programs for its use, development of a system for the automatic parsing of
sentences, and development of a mechanized system for analyzing Russian text
and compiling data about the language as it is used in current scientific publica-
tions. The major part of the analysis is devoted to the solution of the “multiple
meaning” problem, which will require the analysis of several hundred thousand
running words of text. Programing of the translation mechanism will proceed
hand in hand with the linguistic analysis, and the results of the latter will be
incorporated into the program as they become available.

Results achieved

As a result of discussions with representatives of the Central Intelligence
Agency and the National Science Foundation, the group decided to concentrate
on the field of biochemistry, rather than nuclear physics, as originally suggested,
since there already was a group studying nuclear physics.

Systems and research tools which have been produced thus far include (a)
a maximally effective segmentation system for splitting Russian words into
component parts, (b) a coding system for Russian grammar, (c¢) a Russian-to-
English dictionary with a vocabulary coverage of over 300,000 words, (d) an
automatic dictionary system which can accomplish look up and segmentation at
a rate of 7,500 words per minute when used on an IBM 704 computer, (e) a
system for analyzing Russian text, (f) an exhaustive analysis for 30,000 words
of text, (g) a linguistic data gathering program for obtaining information from
analyzed text by means of an IBM 704, (k) a system for coding Russian scientific
text for input, (/) a catalog of situations in which changes in order of words
are required when translating from Russian to English, and (j) a method for
automatic parsing of Russian text.

U.S. Army
The U.S. Army has two projects in mechanical translation research.
First is a $100,000-a-year contract with the University of Texas in
German-English and English-German translation under Prof. W.P.
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Lehman. The Army witness testified that: “Dr. Lehman’s project
is a new one, less than a year old.” It is a long-term research effort,
based on computer analysis of parallel German and English texts.
One might call this the objective approach—examine the parallel
text in two languages and derive rules for translation by means of
the computer. This is a tedious, systematic approach, but it has the
great advantage of being equally applicable in either direction for a
pair of languages. Translation of English into other languages has
few “handles.” By ‘“handles” I mean identifying features built into
a word which tell one immediately whether it is a noun or verb, its
case, its gender, its number, and so on. We ourselves make these iden-
tifications by context—one might almost say by instinct, but really
by using the vast number of tidbits of information in our minds. A
machine has no such information unless every single bit has been put
there, and we are very far from being able to put as many pieces of
information into a machine as even a year-old child possesses. -

This is why a mathematical parallel correlation technique may
prove to be the best for English to other languages and why we are
supporting Dr. Lehman’s work. I would like to repeat that this is a
long-term project from which we cannot expect quick results.

The second Army project is with the National Bureau of Standards
in Russian-English translation under Mrs. Ida Bhodes. Mrs. Rhodes’
project is only slightly older than Dr. Lehman’s—about a year and a
half. Brig. Gen. William J. Ely, the Army witness, stated that—

by oversimplifying, 1 might be to call her approach the subjective
one versus Dr. Lehman’s objective approach. Mrs. Rhodes is making a pro-
gram for machine translation of Russian to English by a method called predic-
tive analysis. This might be described as taking each word in the sentence
and shaking it by its “handles” until it gives the machine all the possible informa-
tion it contains, both about itself and about other words in the same phrase,
clause, and sentence.

Russian words have many “handles”—prefixes, affixes, grammatical endings,
and especially word agreements. A machine can be programed to identify these
“handles” and make predictions of what else must be in the same phrase, clause,
or sentence. When the machine finds these predicted items, it goes on to the next
problem, satisfied. If it doesn’t find them, it stores the predictions and goes on
with an eye cocked. If there are multiple choices, the machine makes a choice,
but stores the other choices to try if the first proves wrong. Some predictions
mast be fulfilled, such as having a subject and a verb, expressed or implied.
Others may be fulfilled or may not. When the machine reaches the end of a
sentence, it examines its hindsight pool where unfulfilled predictions are stored.
If it finds any that are labeled “must be fulfilled,” then it knows that the trans-
lation is probably faulty. This may happen for a number of reasons, such
as printing errors, omissions, or grammatical errors by the author. This is a
quick and crude explanation of Mrs. Rhodes’ technique.

National Bureau of Standards

Dr. Cannon, of the National Bureau of Standards, explained Mrs.
Rhodes' system in greater detail than that presented by the Army.
He said:

In our approach at the NBS the machine first examines each word in the
Russian text and establishes its grammatical interpretations and meanings. I
take a moment here to emphasize as strongly as possible that very rarely does
a source word possess a unique interpretation, either as regards its grammatical
structure or its particular shade of meaning.

A simple example will suffice to illustrate this assertion. A Russian translator
confronted with the isolated English word “b-o-r-e” would be hard put to decide
whether it is (1) a noun describing a feature of a gun; (2) a noun characteriz-
ing a certain type of human being; or perhaps (3) the past tense of the verb
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“to bear,” which in itself has various meanings. We say, “The wild beast bore
down upon the explorer” or “The queen bore the king a royal heir” or “The
martyr bore his cross with angelic patience.” In no other language, obviously,
could we expect all of these connotations to be expressed also by a single word.
I feel certain that one would expect similar ambiguity to exist when one goes the
other way—from Russian to English. It does.

To return to our process of machine translation, the machine examines each
Russian word to ascertain from its grammatical form its meaning or meanings
in English, and what other Russian words it leads us to expect These expecta-
tions are pooled with others arising from the rules of conventional grammar
and are compared with subsequent occurrences. Occurrences which do not
match the existing predictions are stored, for further use, in what we call a
hindsight pool, and are subsequently reconciled.

The English equivalents found in the dictionary during the analysis I have
described are synthesized into an English sentence, giving an output which is
in pidgin English and very crude, but which has the correct grammatical con-
struction.

As far as 1 know, the foresight or predictive technique, which is now being
called predictive analysis, together with the use of hindsight pools, originated
with Mrs. Rhodes, leader of the NBS Mechanical Translation Group. I believe
that it is a very powerful and a promising technique for the mechanical transla-
tion of languages, and this opinion, I am pleased to state, appears to be shared
by many students of languages and members of mechanical translation groups
both in this country and abroad. As you no doubt were informed yesterday,
for example, Dr. Oettinger’s group at Harvard University is now concentrating
major effort in exploring this technique.

Other unique features of Mrs. Rhodes’ approach to MT are the use of repeated
passes (successive approximation techniques) to translate the more difficult
sentences, and the provision, for each translated English sentence, of indicators
of the measure of reliability the reader may attach to it

At the present time, her scheme is able to cope with the syntactical aspects of
the mechanical translation problem. In other words, the predictions enable the
machine to pinpoint the unique grammatical interpretation of a source word, so
that it assumes its proper role and sequence in the target sentence. We wish
we could say as much for the semantic, or multiple-meaning aspect This is a
far more difficult task, as it involves the examination of the context of the
word under consideration, and the derivation of the proper inference from the
association of ideas revealed by the surrounding words. Remember the example,
the English word “bore.” Until this formidable problem is solved (and we are
not yet certain that it can be) we shall be forced to print several meanings for
a single-source word and, on occasion, several versions of the same sentence.

For this reason, and many others which we shall not enumerate here, our
final translation will be quite inelegant—as we have said, even in pidgin English.
We do feel that the crude translation yielded by our method will give the reader
a correct image of the meaning in the foreign text. Consequently we are now
concentrating on completing and testing thoroughly a set of computer instruc-
tions embodying our techniques.

U.S. Navy
The Navy currently supports research in machine translation of a
general critical nature at Hebrew University in Israel, and at Wayne
State University, where a small group is considering the translation
of mathematical literature from Russian to English. This group
cooperates very closely with groups at Georgetown University under
CIA sponsorship, and Ramo-Wooldridge under Air Force sponsor-
ship. The Navy is involved in a number of coordination activities
in machine translation through its membership on various govern-
mental committees. These include the CIA and NSF committees.
Following is a list of contractors of the Navy which are and have
been specifically involved with research on machine translation.
Those contracts concerned with other areas of data processing and
information technology having a bearing, as previously mentioned, on
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machine translation have been omitted if they have been otherwise
motivated.

Amount  Fiscal
Contractor Title Dates of contract of con- year 1960
tract funds

Massachusetts Institute of  High-density storage and  April 1957 to March 1961 $96,000 $25,000

Technology, Cambridge, character recognition.
Mass.
Hydel, Inc., Waltham, High-speed photomemory. August 1958 to August 60,000 30,000
Mass. 1960.
Wayne State University, Russian linguistics November 1952 to July 21,400 None
Detroit, Mich. 1956.
DOt Mechanical translation of May 1958 to August 1960 94,500  None
languages.
United Research, Inc., Printreading June 1960 to May 1961 16,400  $16,400

Cambridge, Mass.

International Telemeter High-capacity photomem- June 1953 to August 1954 28,300 None
Corp., Los Angeles, Calif.  ory.

Baird-Atomic, Inc., Cam-  Pattern recognition stud-  January 1954 to July 1957 100,000 None
bridge, Mass. ies.

Total funds 416,600 115,900

U.S. Air Force

Following is a list of Air Force contractors and the value of their
contracts for research on mechanical translation:

Indiana University $99, 000
Thompson Ramo Wooldridge, Inc 38, 000
University of Washington 76, 000
Syracuse University 50,000
IBM Research Center 927, 000
IBM Research Center 840, 000
Thompson Ramo Wooldridge, Inc 92,000
Baird-Atomic, Inc 381, 000
University of Milan, Italy 124, 000
National Science Foundation, for Cambridge University, England,

and Harvard University 125, 000
Intelligent Machines Research Corp 267, 000

Within this broad base of contracts the Air Force started its pro-
gram in automatic language translation with the search for a large
capacity, high-speed device for use in lexical data handling. This
search led to the glass disk storage device invented by Dr. Gilbert
King. This glass disk photoscopic memory was the means to an
economical and fast method of automatic language translation. This
led to the program now in existence.

Figure 1 shows the dictionary in the round. Heart of the auto-
matic language translation complex is the memory disk or diction-
ary—a glass word warehouse 10 inches in diameter which has as many
entries as Webster’s Dictionary. The 550,000 Russian-English words
are stored in concentric tracks of binary code.
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FIGURE 1

The Air Force’s greatest effort is with IBM and has resulted in
an experimental model of a fully automatic dictionary look-up tech-
nique. It accepts Russian word inputs, searches for the English
equivalent and produces these English equivalents at the rate of
approximately 30 words per second. The experimental model has
been operating since last April, and has clearly demonstrated its abil-
ity to perform its basic language translation function.

An automatic print-reading R. & D. program, which will read Rus-
sian literature automatically, and at a rate comparable to the speed
of the automatic dictionary, has also been supported by the Air Force.
The feasibility of the print-reading technique has already been
demonstrated by the contractor—Baird-Atomic, Inc.—and a more
refined model will be tested by the end of this year. In describing
the print-reader the Baird-Atomic witness testified as follows:

The Baird-Atomic reader, now under construction, is capable of recognizing
and distinguishing a large number of different type fonts in various alphabets
including at least English, Cyrillic, and Greek characters. This reader has
recognition capability independent of the spacing between lines, the position of
the text on the printed page, and the occurrence of randomly interspersed
graphic material. Furthermore, the present design objective is to provide an
instantaneous reading rate of about 1,000 characters per second. This speed
is accomplished by an optical system which permits comparison of an unknown
character, printed letter or number simultaneously with each of a large set
of reference characters. The set of reference characters, called the system's
memory, are photographic masks or optical apertures that can be rapidly and
inexpensively prepared and replaced should a change in the language or type
font be desirable. Baird-Atomic simultaneous comparison, recognition, and
identification of characters reduces excessive mechanical motions and elimi-
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nates time-consuming electrical scanning procedures which have been proposed
and utilized previously by others. Mechanical and electrical scanning proce-
dures usually require ancillary computers of considerable complexity and cost.

The computer requirements for such a scanning reader appear to be par-
ticularly severe when Cyrillic, English, and Greek characters are intermixed as
is the case of Russian technical literature. For these reasons Baird-Atomic
has employed a simple optical approach to the problem.

Because of a multiplicity of related and unrelated problems associated with
automatic print reading, Baird-Atomic has limited its efforts on the present
contract to reading text which is first prepared on transparent 70 millimeter
film. The developed film negative is read by the machine. This approach was
taken for several reasons which relate principally to the manner in which tech-
nical papers are presented by their authors. They usually include pictures,
graphs, and multilined mathematical equations, and to cope with these random
inserts when word translation is the prime interest, would increase the cost
of the development considerably. Furthermore, although the problems are not
insurmountable, the availability in time of such a functional system would
be questionable.

The decision to work with photographic transparent text does not, in any
way, preclude the possibility of reading opaque material directly. In fact,
Baird-Atomic is presently considering the elements of opaque text reading
independently of the program being discussed here.

This discussion is intended to be a layman's description of the physical prin-
ciples underlying the Baird-Atomic method of optical character recognition.
It is presented to familiarize you with the simplicity and the ultimate potential
of the technique.

Figure 2 is a photograph of a typical optical mask or array of apertures which
includes characters of a particular type font.

FIGURE 2

Figure 3 shows a simplified optical layout of some of the elements used to per-
form the character recognition. There is a source of light, a diffuser, and a lens
to concentrate the diffused light onto an unknown transparent character. If
opaque copy is used, this initial optical arrangement would be altered but the
following discussion will remain essentially unaltered.
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The light passing through, or reflected from, the unknown transparent char-
acter then diverges and passes through the array of standard apertures, and
thence to a corresponding array of photodetectors. The electrical outputs from
each of these detectors are ultimately processed and fed to the translator or to a
recording tape for ultimate use with the translator.

It is noted that the mask or array of apertures includes all of the characters
of interest inclusive of the one being identified. Furthermore, if the unknown
character is within the master set of apertures, no motions, mechanical or
electrical, are necessary to recognize or identify the unknown. Consequently,
with this method of optical automatic print reading, speed is not limited by the
optical recognition technique. Currently, the speed is controlled by such factors
as text alignment, poor copy, and so forth.
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When extended, imaginary lines, of optical rays, drawn through the center
of the unknown character “A” and passing through all of the centers of all of
the characters in the array of apertures pass through small holes placed in front
of each of the photodetectors. Figure 4 shows a photograph of the mask and
also two photographs of the distribution of light in the plane of the small holes
covering each of the photodetectors. If the letter “A” is the unknown, a bright
spot appears in the plane in front of the detector for recognizing “A.”

Ficoee 4

I think if we consider this page, this very last page, the upper diagram is
typical of the mask, and you notice the letter “A,” is three up and three over,
on the mask. If you look at the lower lefthand picture, which I must say has
been reproduced very poorly, there properly should be a bright dot in the posi-
tion corresponding to the position of the letter “A.” Actually, in the original
negatives which we have, this is much more obvious than in this multilith repro-
duction. Similarly, if the dollar sign is used, as the unknown letter, in the next
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diagram one will observe a brighter spot in the second row, the second line down,
indicating the identification of the dollar sign.

This method of recognizing alphanumeric characters simultaneously correlates
all of the characters in a particular type font with the unknown. The decision-
making function is carried out electronically by means of threshold -circuits
at the outputs of the photodetectors.

Furthermore, with only a slight increase in the optical complexity of the
system, minor dissimilarities in characters and punctuation marks such as
periods, commas, and semicolons are readily recognized. It is anticipated that
appropriate identification of punctuation marks will be of primary importance
in effective mechanical translating. This is believed to be a feature of this
approach to optical reading which is not inherent in other disclosed techniques.

Concerning the print out of the translation in English, research
is in progress for the development of a technique for automatic inser-
tion of equations, graphs, charts, and pictures.

An integration of the above developments is expected to be accom-
plished and demonstrated by the fall of 1961.

Central Intelligence Agency

First in the machine translation program, the CIA is following the
pragmatic empirical approach and has supported the efforts of Prof.
Leon E. Dostert at Georgetown University. The combination of all
Government funds to Georgetown University totals $730,000. This
includes $106,600 from NSF, $120,000 from DOD, and the remaining
$503,400 from CIA.

The Georgetown program has been concerned with experiments in
Russian organic chemistry and French nuclear physics texts. The
experiments are based on actual texts and these texts are used as the
lexical and grammatical basis for the MT operations.

A total of 395,000 words in continuous texts in the field of organic
chemistry in Russian have been key punched, along with a corpus
of 20,000 words in the field of metallurgy, for a grand total of 415,000
key-punched running words. Their coded dictionary now includes
10,800 entries.

In the field of French to English translation, the research led to the
formulation of a generalized programing system called simulated
linguistic computer. This system is being used in part in the conver-
sion of the Russian-English “Georgetown Automatic Translation
Technique.”

Along with the experiment-focused research, a certain amount of
theoretical investigation has taken place in the following fields:

1. An approach to the establishment of semantic categories;

2. The broadening of syntactic analysis; and

3. The development of a program for the machine composition
of chemical terms not found in the machine lexicon.

Prof. Leon Dostert of Georgetown University requested the com-
mittee to conduct a test of the output of the Georgetown automatic
translation technique. He proposed that a random text be selected,
translated, and evaluated by a qualified chemist. The results of that
test are included in the appendix (p. 41) of this report.

VII. COMMITTEES AND COORDINATION

Two committees of Government concerned with machine translation
have been established.
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Subcommittee on Mechanical Translation

The first committee was organized by the Central Intelligence
Agency and is the Subcommittee on Mechanical Translation of the
Committee on Documentation of the U.S. Intelligence Board. The
CIA, therefore, had taken steps to formalize within the intelligence
community, and to inform its members of new projects and of the
status of existing projects. For overall coordination in matters tran-
scending the interests of the intelligence community, CIA looks to the
National Science Foundation. Membership of the Subcommittee on
Mechanical Translation includes the Army, Navy, Air Force, Depart-
ment of State, National Security Agency, and CIA, with a National
Science Foundation representative as an associate member.

Interagency Committee on Mechanical Translation Research

The first meeting of the Interagency Committee on Mechanical
Translation Research was held on March 10, 1960. This Committee
was organized by the National Science Foundation following a series
of informal meetings by agencies concerned with machine translation
research. The Committee was organized to broaden the field of the
CIA Subcommittee on Mechanical Translation. This Committee re-
ports administratively to the Federal Advisory Committee on Scien-
tific Information, and through that Committee all interested agencies
will be kept informed of problems and progress in the field of mechan-
ical translation research. Membership includes representatives from
the Army, Navy, Air Force, CIA, and the National Science Founda-
tion.

Coordination

The NSF pointed out the coordination of the overall program
through the existing committees, the work of the NSF in managing
grants for other Government agencies, their coordinating effort, and
their directional control. This has not been a program within the
Federal Government where each agency was working in isolation.
The NSF witness stated that there has been close cooperation and
coordination in the support of research on this very difficult problem.

The CIA witness testified that it is imperative that an agency like
the NSF be in a coordinating position.

The Air Force witness, in his prepared statement, said an important
element in the Air Force program is participation in other automatic
language translation research efforts. He maintains direct coopera-
tion with the National Science Foundation and with the Central In-
telligence Agency. The Air Force also keeps abreast with automatic
language translation developments of the Army, the Navy, the Na-
tional Bureau of Standards, as well as with all other research efforts
throughout the United States.

It was also noted that there are a number of national and interna-
tional symposia on the subject of mechanical translation research
sponsored by various Government agencies.

VIII. STATUS OF HUMAN TRANSLATION OF RUSSIAN

In his presentation, Mr. Paul Borel, of CIA, mentioned that the
Russian scientific output of scientific information is now about 780
million words a year. He also stated that the United States was now
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translating into English 53 million words a year, or about 7 percent of
the total output.

Following questioning from the committee, Mr. John J. Bagnall,
of the CIA, added that the CIA scans half of the 780 million words
that are made available, and that through other agencies of Govern-
ment virtually all of the available Russian literature is scanned.

The major value of the Russian work is in the periodical literature.
The largest part of the 780 million words is contained in the mono-
graphs or books in scientific subjects. The CIA finds that ordinarily
the books contain information in scientific fields which has been previ-
ously published in the periodical literature, and is subsequently col-
lated in book form appearing several years later. Consequently, by
scanning the periodical literature which is current and up to date,
much of the book literature may be left out.

Mr. Bagnall further testified that—
the CIA is aware of and scans the literature made available. For complete
analysis of much of this literature, full translation would be required. Full
translations take considerable time, as you well realize, and of course if the
translations could be made available much more rapidly for analysis in con-
nection with current events and developments, it would be advantageous.

All of the information, shall we say extracted or translated from the Russian
scientific literature, is available to other Government agencies and to the general
public. For example, the particular output of CIA is a scientific information
report summarizing the highlights of developments in the Russian scientific
literature, and is issued by the Office of Technical Services, Department of
Commerce, on subscription to the general public.

In commenting on the timelag when the Russian text reaches this
country and the time it is abstracted or translated and made available
to the, scientific community, Mr. Bagnall commented that—
in general, the highlights of important items may be abstracted and made avail-
able within 4 to 6 weeks after date of publication. However, translations of
important articles will be made available, depending on their length, of course,
at considerably later dates, running from 1 month to perhaps 6 months for a
book of, say three or four hundred pages.

Mr. Bagnall further stated that the Russians have an enormous
organization in Moscow for translation and abstracting. There are
some 2,000 translators and 20,000 abstractors used part or full time
for just our scientific and technical literature.

In addition to the statements from the CIA witness, Dr. King, of
[.LB.M., submitted the following chart from the Planning Research
Corp. study, showing the delays in human translations (fig. 5).



RESEARCH ON MECHANICAL TRANSLATION

34

g TEOOLT

(W3Li 30 3Lva NOILVONaNd)~(3ANTI0A S'L O 40 31VQ) = INIL 9V JLVYNIXOHILV

(SHINCW) 3IWIL 9v7 I LYNIXO¥ddV

9

€

0

%
_
L

S39%d 9l~-ii 7//&

$39vd OI-9

$39vd G- D

SW3all 06 -3ZiIs 3INdNWVS

L0vHLI X3 vIid0IY3d -~ NOILVIITENd 40 JIdAL
Sddf ~432nJ0odd

ANIDIGIW - LOINENS

NYISSNY — JOVNONYT

S)

0l

2l

L4

a1

8

oe

SW3Lll 40 ¥IASWAN



RESEARCH ON MECHANICAL TRANSLATION
35

IX. FUTURE

Timing the arrival of an operational machine translation system is
very difficult, according to the majority of the witnesses. There are
no operational systems at this time, and the only optimistic estimate
is for some time in 1961. However, there are doubts about the value
of the output, and even though an operational complex will exist, some
will continue to degrade its value unless something very close to 100
percent accuracy is achieved.

However, it is not too soon to start planning for this eventuality, and
the committee investigated the future use of an operational system
with numerous witnesses. Of concern to the committee was the possi-
bility of forming a new agency of Government, or a central agency
assigned to an existing branch of Government, to handle the national
job of machine translating all documents at one center. Responses
varied, as indicated in the following excerpts of testimony.

Dr. Adkinson, of the National Science Foundation, stated:

It is my view that we should proceed the same as we are doing with human
translators; that there will be agreement reached as to the responsibilities among
not only the Government agencies, but also among private organizations inter-
ested in translating with machines if they become useful. I think we will
have to come to an agreement on responsibilities. But I wouldn't envision that
at first with the machines we would translate everything, because the scientists
and engineers and the administrators are having enough trouble now reading.
I hope they will translate the important things. This will vary, depending on
whether you are an intelligence agency; whether you are a military agency
without intelligence responsibility, say with research and development responsi-
bility; whether you are the Department of Agriculture, or whether you are the
Department of the Interior. So I think there will have to be an agreement on
areas the same as there is agreement on areas today and a central file on what
is being translated and what has been translated.

Brigadier General Ely, of the Army, did not agree with the cen-
tralized agency concept. He said—

I don't feel that it should be concentrated, because it involves the use of general
purpose computers—all types of computers, which will be available in many
places.

Mr. Borel, of CIA, took the following position in his prepared state-
ment:

More basic is the problem of organization. Shall an MT capability once
achieved be exploited by each on his own or should a central facility serve all?
If the latter, who shall set it up, who shall operate it, and tinder what terms
shall Government and private interests participate?

It is not too early to start thinking about this. I believe a central facility is
indicated, but not exclusively so. The enormous potential output of MT
greatly exceeds the present and prospective requirements of any one part of
Government or single private organization. Problems of procuring and selecting
materials to be translated, and of disseminating translations to those needing
them, are very considerable. These can most efficiently and economically be
solved centrally. Moreover, a central facility permits the use of equipment
exclusively designed to produce automatic translations. There are, however,
requirements for accomplishing translations under mobile conditions, or, for
fully utilizing general-purpose equipment acquired for processing data rather
than language. Hence there is also continuing need for research to develop MT
materials and programs in various languages and disciplines for translation by
general-purpose computers.
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Dr. King, of I.B.M. proposed a modification of the central facility.
He said:

I believe the technical part of the problem, say dictionary lookup, is well
enough in hand so that one could consider a single center. It would save a lot
of money if all the efforts on the linguistics work were put into this single
machine organization. I think this single center could handle all the require-
ments and coordinate them and consolidate them for general information and
intelligence for this country. I am sure that there always will be necessity to
have outlying translation equipment, say with the Army for field data.

In his prepared statement for the record, Prof. W. P. Lehman, of
the University of Texas, stated—

when successful, machine translations need be made at only one center. For, if
a Chinese article on the mineral resources of Tibet is once translated, it will
not need further translation. Accordingly, machine translation should be ar-
ranged under an agency of the Government, such as the Department of Defense,
the Library of Congress, the National Science Foundation, the Department of
Health, Education, and Welfare, or a separate foundation devoted to linguistics.
Such an organization might circulate all translated materials gratis, or for a
fee.

When asked about the overall field of language sciences, Professor
Dostert, of Georgetown University, stated:

* % % | believe the time is at hand to study the advisability of establishing a
national institute of language science, somewhat along the lines of the present
National Institutes of Health. I would envisage that such an institute would
embrace several basic areas: Mechanical linguistics (including machine trans-
lation), pedagogical linguistics, cultural linguistics, psychological linguistics, and
lexicography. An outline and table of organization is attached.
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SUMMARY EXPLANATION OF ORGANIZATION CHART

1. The NALS would have as its primary mission the coordination of the
national effort in the various areas of the science of language, both practical
and theoretical, on the basis of the five substantive divisions given in the chart,
plus one service division.

2. In certain fields it would have an operating responsibility whenever this
procedure would be deemed more effective than the assignment of specific re-
search and development projects to selected academic institutions.

3. It would provide for interfellowships to permit the assignment for 1 year
or more of top specialists who would be working with the NALS in specific
research or development projects.

4. The Advisory Board would be made up of five recognized scholars or author-
ities in the five substantive fields who would function as regular consultants.

5. The Executive Board would be made up of the divisional directors under
the chairmanship of the Executive Director.

6. A Supervisory Board could be made up of five executives from academic
institutions or learned associations who would be appointed on a rotating basis.
The Supervisory Board would also include two members from the Government.

7. It is estimated that when in full operation the NALS would have a staff
of from 300 to 500 persons. The preliminary budgetary estimate is of the
order of $15 million per annum, half of which would be for internal operations,
and the remainder for external projects, based on contractual grants.

8. The first measure to be taken if the project meets with approval would be
the appointment of a small planning staff under the direction of the future
Executive Director, who would review and present a more complete and rigorous
proposal for legislative consideration. The planning staff would arrange to
have the advice of five recognized authorities specialized in diverse areas within
the purview of the proposed Academy, who presumably would become the future
Advisory Board.

X. CONCLUSIONS

1. The hearings on mechanical translation vividly pointed out the
importance of a mechanical translation system to the overall intelli-
gence and scientific effort of our Nation. =~ With the advent of such a
capability, a new approach will be taken by all segments of our culture
to the reading of foreign documents.  Truly, a capability of transla-
tion in reverse—that is, English into foreign languages—will open
up new vistas and avenues for the exchange of cultural, economic,
agricultural, technical, and scientific documents that will present the
American way of life to people throughout the world.

The pursuit of this research and development program on mechani-
cal translation is a must and should be vigorously continued to insure
an early capability on a national effort.

2. There are a number of approaches being taken to solve the
research problem. These were listed as statistical, systematic, empiri-
cal, objective, and subjective. The definitions of these approaches
may be partially overlapping. All approaches are valid and should
be pursued so that the Nation will benefit from an early interim
capability while waiting for the long-term research to provide a
highly accurate system.

3. The equipment oriented program of the Air Force provides a
unique tool for the checking out of the complex fully automated
system of input, logical processing, and output. This program pro-
vides for the inclusion of modifications derived from other research
as the results are made known to the overall mechanical translation
family. It is now time for the mechanical translation research com-
munity to start combining the good features of the several programs
and come up with the best workable program for the first application.
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4. There are many Government agencies conducting research in
this field. With so many agencies working in this field it will even-
tually make coordination of the total effort more complicated, and
lead to the possibility of duplication in some areas.

5. The National science Foundation, although participating in
this research program on mechanical translation, is not assuming the
predominant leadership role that is expected of the Foundation.
Greater effort could be made by the National Science Foundation in
establishing a coordinated program, managing more of the diversified
programs, and generally directing the national effort.

6. The Georgetown University proposal for a National Academy
of Language Sciences along the line of the National Institutes of
Health has considerable merit. This is indeed a steppingstone toward
the solution of the language barriers that confront our Nation in inter-
national relations. One segment of such an academy would be devoted
to the national program of mechanical translation.

7. The most promising long-range program for mechanical transla-
tion is Army-financed research at the National Bureau of Standards.
There was almost complete agreement that this method of syntactical
analysis would produce the best readable translation as far as sentence
structure is concerned.

8. In the Department of Defense all three services have their own
programs. The effort in the DOD could well be centered in one
service, with the requirements of the other services met by the respon-
sible agency.

9. There are apparently sufficient funds allocated by all Govern-
ment agencies to maintain a satisfactory rate of progress in this field of
research.

10. A national center for machine translation will be required in the
near future. The national center could well have branches in specific
areas throughout the world, but the center would be the overall co-
ordinating agency for translation. Exceptions for intelligence and
military necessity will undoubtedly be made.

11. An eventual national machine translation production program
will most likely be operating on a full-time basis. A special-purpose
computer, designed for translation and not including the other costly
benefits of an all-purpose computer, will be desirable.

12. An early production program, on a limited scale, as proposed
by Georgetown, is an excellent approach. The determination, at an
early date, of a limited machine translation with postediting will
provide the scientific community with a sample of things to come.
The value cannot be assessed as there are insufficient data available.
This in turn justifies the limited production so that comments can
be received from the users and the value of such a limited capability
subsequently assessed.

13. The committee is very pleased with the present effort of manual
translation of Russian documents, periodicals, and books now being
accomplished by the CIA and other Government agencies. The CIA
is to be congratulated for such an outstanding contribution to this
field of intelligence collection.



APPENDIX

Results of the Georgetown University test: This test was requested
to prove the value of tgz resent method of the Georgetown automatic
translation technique. random text was selected in the field of
chemistry (1), the text was translated by machine (2), and evaluated
by Dr. Francis Weiss. Dr. Weiss’ evaluation was submitted to the
committes by the Chief of the Science and Technology Division of the
Library of Congress (3). A human translation is included for cross-
reference (4).
Ravpoxw Texr (1)

WCCNEROBAHNA M3 OBNACTH XHHOJHHA B EFO IIPOH3IBOAHLIX

XXI. COBMECTHAA KOIJIEHCAHIIA APHAAMHHOB
C THAPAKPUNOLKM ANBIETHAOM :

L. M. Apdawes 1 B. H Muusun

Panee uao ofmeuesio, 910 FRApakpuIositil (P-oxcabiponnonosui) anbae
THE MOWET BPUARMATS Y4aCThe HapARY ¢ aKpoiensom o peaxmine Cipayna |}
B camom fede, OB OfipaayeTesl B 3UANUTCABHLX ROJMYCCTBAX KAK DDK Pasio-
e TRogepisa 2], Tak U npI EpOCUCINREDIN K AKPONENNY BOXW 0PN No-
snmenol Teunepatype (3], oputest peakiia NPUCOCTIHRNILA KATARWAILPYLTER
gucrotoit [*). B coazn ¢ 3THM npeIcTaBAAICCE HUTEPOCIMM HIYHITE BIaR-
aoReliCTBIC HEKOTOPHX SPOMATIMECKUX AMHIOD ¢ FHAPAKPWAOBWY 0Xkje-
THAOM € HeRRI0 NUAYUNHAR XIWIWANMILDR, OT8 peakuia ue ofnncalla b Xitsnge-
exolt anTepatype, aan ncxAloweinés narenra “Muuwnbadnna (4.

Hasun G130 YeTmInuiene, 110 FHRe D ol YEADNIAL HpoRaeni cu.
rean CKpayma, 8 muennd — HpNn RPAEMIRSAIMI CUADOKEPIIGIORS BAL T2
& warpery o a0 JNP—14F peaRNnEy M CHOCh Hoz ¥y Tend SUHOANN © Big-
xonoy $5%. Ecan npusenati $0me MEPKIe YOIk« NCMEIBINBOTL OKRC-
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ARTENE H-HATPUBEHIOICYALPORRCIUTY N Becin peaxmui D Pa3daBICUNOM
, acidope, BLIXOAH XIHOMNHOS OPU BCHOALIOBRNUN THAPAKPUIGLUTG Aabae-
ll?nna nuc"rurawr 50%. D10 N0AB0IALT JAKANMNTE, YTo NpH WYION Upobe-
gernn peaxunn Crpayoa ¢ rauiepnioM, & Takke npn 3aMene r:umrepmm
axponennon [*] opmun n3 nanpssaennil Peakmity ABIACTCA BIAUMOAL |c‘r.nne
¢ THEPAKPANOBEIM AABAETANOM, OOPAIYWILIMCH U3 FRNOEPUAA Wikl B3 aRpo-
AedHa. i .

Peakns rEAPSKPIIOBOTG BABIEITAS ¢ APOMATHYCCKINIL AMIRAME PACTPO-
c-rpaancrcsi na auapunamen. Tax, na Andennaarsnia #aM YanoCh DOAYIUTE
c0Ap N-PeNBAXMHOINHEA, Il 3T PPARKINA BPINEHEHA K APYTIM ANapLIAMUAAN.
Takutn o6pagoM, TOKAIAHA BOIMOKHOCTE BBCJCHUA BTOPITHHY AMKNOB B MO
anukanmio criteza Cxpayma ¢ CRAPSKPHAOBHM ANBASTIAOMN.

Ha peckofsKnX HanpaBRendi peakmuy BIaNMOARICTEUA THAPAKPUASRITO
ANBRETRAA ¢ APMIAMNBAMI, BEAYMEX K 00pAIODAHNK) XHHOMNIOS, paubomed
BepoATHOfl DPeRCTABAACTCA HAM CXeMma, COTASCRO KUTOpOU 113 aBuda rapgpa-
KPBAOBOTO BABACTHAA BOZHHKAET HAN AKPOJCHHA, UMEIHIYiomuics B XN-
BonaH. .
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CHOHCHACKO 7
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Jln‘reparypnne HMCTOYAHKR, OTHOCAMESCA K HIYIeHRN MeXaHAIMA PEAKTIAR
Crpayna,* K monywenHue HAME SKCDOPAMOHTARLHHNE NaHAMe B aToll patore
OPHBORAT MAC X BHBOAY, YTo'peaknen CKpayna OPOTEKasT KAk YePes B3aHMNO-
pelicTre ¢ AKPONCHAON, TAK H C TRAPAKPRACEMM H, BEPOATED .C TIHHSPRBOBRN
ANEZETHAOM,*¥ OpAYeM B SABECHEWOCTH 0T NCXOAHLX DPORYRTOR @ OPNHATHI
yonoBal Karoe-anGo E3 STUX Hanpamdenmil ABAAGTCA TNABHEIM.

AKCOEPHMEHTANLHAA YAGTL

Peaxnau mposoznames & Tpexcopiodi xoxbe, cHaGkermod wmexanmuecxok
uemAAKOH, olpATHHM YOAOIMALEAKOM, B KOTOPKE BCTABNANACL KADOXLRAM
BUpORKA, 1 TepMoMeThoM. Biavane onuTi npoBoimANGE € camuM rugpaxpm-
AOBHM AIGETUAOM; OZMAKY 3ATeM BBHAY HBOAHOH HNEHTMIHOCTH HOXYIAN-
IMAXCH PE3YALTATUR NPNMEHAACH NUATMAOBHT ameTanh ero sTHNOBOTO Bdupa
xag Gosee nerxo pocrymnuii (4], Urobu nabesats mannomerc OCMOACTINA B
CRMKEHNA BHXOROR, BALALTHANMG KOMOONONTH Leerna Apascisl penTRdPRDE-
POBALECE, M MCOONLINGACK APURYKT € T, kN, 1 —02° npa 32 aw,

OCunwr i Xovnoanu K25un HS0, (4 1.84) w125 ¢ aurp-en-
aoaa apubansuaucy b3 £ aunsina, Coaeck narpenaaac Ao 120°, u n Te ene
0.5 waco npabanasnaves wo samanm 17 © peETaaoBGR anetaaa $-orore yupo-
BROBuBARG QALAUTHG, BPIWM TOMICPATYRA HE IYWMAMAIZCH Blie 135"

Motan arure cuect Xunstusach ome 1—2 wacn upu $38—148. Xu qygup
* Manpwsep, yewomwo o, wto gps 8 ;s TR b

UOZYNANITCH IUEL CAC0M XM R |7, P HRLIOTBSHOM  CRIORMING 0L
B e gl prasowa Opayus s MY N )
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SHALARACA HeNTOH Kpobiiod conpo {*]. Buxon 200 ¢ (15.6%). 1. www. 234
°: npEspar 7. oA, 201°

Onur 2. Xaxnoann Pacteop s-uurpobennicyandornciots i
oparotosken, nv Yrepmoneny [*], ua 12.5 r unrpobeusoaa, 50 r 20% waeyMas
x 20 wn popn. K semy poGapnammcs 9.3 ansuxmma; satem npn 126135
B Teueune 3045 MEAYT opukanuaainck 20 © ANSTHIAUCTHAS (-OTOKSHI Potitn-
HOBOre AaxBjeruma, focae veru ¢Mech narpeeadack upit 135--145° eme
1—1.5 yaca. Buxop xumornna 6.95 v {53.8%). T. knn. 233—238": nuxpar
T. ox 200°.

Oour 3. 6-Metokcaxupoanu Ouat ananorumen cuury 2.
HMa 12,3 r p-annsngraa noxyveno 6.74 r (43.4%) S-metoxcuxunonmma. T. sua.
278-.284°; nuxkpar T. mn. 212°. .

Oaur 4 Mepxnopar N-dpeunaxnavannna K csecu
8.5r nudesmnamuka, 45 r anTpoSenacaa m 10 ma H,S0 , 3a 15 munyr nputas-
neno npu 120—130° 10 ¢ gusrnaamerans B-IToKeMApOUHUNOBOTG AXngerAda,
8 cMech Earpebanach eme 2 uaca ape 125—135°. Bupenenne npomomiigen
ABAZOTUANG N30ARpopaHHE N-apuaxnnaasmnmmenstx c¢odeit [*]. Buxoa
mepraopata 1.72 r (11.2%). Tocne nepexpucrasansanint u3 BoAw T. aa. 157°.

Haigeno %: C 58.75; H 3.79; Cl 11.83; ClO, 33.78. Gyl NCl,. Buoncicno % :
C 58.93; H 3.95: C1 11.60; Ci0, 22.60.

Buropgnu

1. Peaxnueil THAPARPHAODOTS AALHCTHAA © AUNAKAAMI [OAYYSIW XA-
WOMHIOBHE TPOHIBONHME,

2. TorasaHa BOIMORHOCTE BEEEHIIA B pearnng Crpayna KHapaiaMiHOB.
Camtesnposan mepXnopar N-pesEnxusonumns.

3. Ofcymnes MeXaHEIM ¥ BDEIOMENa cXeMa peawnun.
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MAOHINE TRANSLATION (2}

1
T AN IRVESTIGATION FROM A RANGE XINOLINA AND [T5 ODERIVATIVE ~T260 00007
" RRAX1s COMMON CONDENSATION ARILAMINOY 5 GIORAKRILOVYM &Y ALDERYOE — 55017
B 1. ARDAWEY AND v» 1o MINKIN . - T
" T{ FREVIGUSLY WAS ROTEDy THAT GIORAKRILOVY] 7GZ-OKSTPROBIONGVYI7 ALDEHYOR 50035
" CAN ASSUME PAKTICIPATION ALONG $ AKRULEINOM IN A REACTION SKRAUPA //174 IN ’ 00045
FACTs 1T IS FORMED N SIGNIFICANT AMOUNTS BOTR ON THE DECOMPOSITIQN OF 00051
TGLYCERIN 7727+ AND UPON ADDITION TO AKROLEINU WATER AT TQ THE INCREASED anpis
" TENPERATURE 7737+ =+ THE REACTION OF ADDITION CATALYZES BY ACID //4/s 1IN A T 09090
SOND WITH THAT THERE PHESEATED INTERESTING 10 STUDY THE TNVERACTION OF CERTAIN 0098
ARGHAT1C ARINES T G1DRAKRILGVYW BY ALDEWYOE WiTH TRE DURPOSE OF OBTATAING o0106
“XINOLTRGV,  THIS REACTION NOV WAS NDT DESCRIBED IN THE CHEMIGAL LITVERATUREs Goils
FOR THE EXCLUSION GF THE PATENY OF CHICHIBABIR 775/ aglis
BY Us wAs ESTABLISHMED» THAT ALREADY IN THE USUAL CONGITIONS OF THE [TIELS
CONDUCTING OF SYNTHESIS SKERALPA, SUT PARTICULARLY - UPON ADDITIGN 00143
GIDRARRILOVOGO ALDEHTOE INTG HEATED UP TO LZ0® - 140# A REACIION MiXTORE 13 [T
CBTATHN XINOLEN WITH & YiELD 154w YIE(DS XINGLINOV BY UTILIZATION [T} £:3
TETORAKR | LOVOGD ALDERYDE “AMOUNT rc; 50%s THIS PERMITS CONCLUOIRG: THAT UPOH YRE 10T 40195
USUAL CONDUCTIRG OF A REACTIGN SKRAUFA WIVH GLYCERINs BUT ALSUDTUGPON THE 08205

T SUBRSTITOTTON OF oLVCERIN ALROLETNUM /767 ONE FROM THE DIRECTIDRS OF A REACTIOR -~ GOZ%5
THERE 15 INTERACTION & GIORAKAILOVYM 67 AN ALDEMNOE: WHICH ARC FORMED FROGH 00%3
GLICERIN OR FROM AKROLE [NA+ g : B Fi
T UTTATRERCTIOR GIDRAKRILOW Alosmrpe "WETH ARGMATIC mlm‘m T B0ZIT
“BIARTLARINT. THUSs FRoW DIFCAILARINA YO US WAS mem_——__ﬁzﬂ"
N-FENILXINOLINI&s MWD THES

“EHOWED THE POSSIBILETY OF THE INTRODUCTION OF SECONDARY Aumes TRTO 3
ifention” SKHRAUPA TLOV
FROM SEVERAL Tm&mﬂm
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2
"ALDEWYOE & ARTLAMINAMI; LEADING T0 A FORMATION KINGLINOV, MOST PROBABLE FHERE 0029k
AM REPRESENT TO USs A PLAN, ACCORDING TO WHICH FROM ARILA ©1DRAKRILOVOGO 8300
ALDEMYDE [f ARIGES ANIL AKROLEFHA, GIKLIZUH5I1 IN XINOLIN. ] * 00307
N et e e . 55515
- ~ oRgAy T T e . 5T
- 08310
i e i
TTULITERATURE SOURCES, WRIGH ARE RELATED T THg STWDY OF -THE necmméi‘e“'dif"i' T veSiyT
REACTION SRAAUPA, AND OBTAIRN BY US EXPERIMENTAL GIVEW TR 7O THIG WORK LEAD US 00332
“TO A CONCLUSION. THAT A REACTION SKRAUPA PROCEEDS BOTH THROUGH IHFERACTIGH 37 7777 " ogia3’
TAKROLEINOMs AND & GIDORAKRTLOVYM ARDs PROBABLY WITH A GLYLERIN ALGEHYDEs »+ IH 7 7 Pn357"
RELATION TO FROM FHITIAL PRODUCTS ARD ASSUMED CONDITIONES KACQE-(150 FROM THIS 00365
“BIRECTiORS THEAE T5 FAINS™ “SKREGFA F TRE FOR TAAMPLE, [WFORMATION T304, THAr ™ ~*° "~ ugsbp
TURoN S\EECOGOU'ST'UT1L'fz'ﬁ'l‘cih"Ril'id"é'iﬁh:“’r'ﬁt‘s_a'_'_R_'_ﬁ'r'&im_u'ﬁiﬂ_fRicTs‘i'ﬁeb‘LTﬂK“' T T agIny
7777« FTNE BY ALDEHYOE FING TRIS DIRECTION UF A REACT ION. SLRAUPA BY US 15 T IT 0
TATURIED. FTNE T T T T T it T, %

AN EXPERIMERTAL BART [ S

B REALTIGH WERE COMDUCT

A MECHANTCAL SYIHRERs & REFLUX CONDENSER, INTO WHICH THERE WA INSERTED A

DrROPPING 'quu&."hﬁé"h‘ﬁ‘ﬂemren. AT FIRST EXPERIREATS WERE GONDULTED 5 7 77 &35
SAMIH GIDRAKRILOVYM BY ALDEHYOEs s HOWEVER THEM TH VIEW OF FULL TOUENTICROETI [T
WHICH ARE DAVAINN RESULTS THERE WAL WLED DIETAVL AGETAL® 175 ETHYL EBVER AS T ok
"MORE EASILY ACCESSIELE #7577 TR GHPER (78EATE TZLIWNEGD TARRING ARD o [T

REDUCTIORS OF YIELDS» ALGDEGIDHYE COMPONENTS BLWAVS TWICE RERTIFIGIROVALISG: . . GoATZ™
'AND- WERE USED A" PRUDUCT WITH T» GOILING 9T =920 AT 32 MHes "~ TEATE
TTTTTAN EXPERIMENT 1. KINGLIN. TO 25 ML, H¥{508% 730 1,047 AAD 11«3 G OF TSz

NITROBENZENE THERE WERE ADDED %43 & OF ARTLINE, A MIXTURE WAS WEATED P 1O — oo5IT

- - [ — o e mraTH i e ek e m i - th emagibos
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3
" £20@s EVEN DURING AG.5 HOUR WERE ADDED OROPWLSE 17 & DIETHYL AGETALA 00526
T GZ-3TOKSIPROPIONOVOGO ALDERYDEs «» A JTEMPERATURE DID HOT RISE ADOVE 130es 60537
AFTER THIS A MIXTURE WAS BOLLED MORE. L1 - & A HOUR AT 138 - l48&,  XINOLIN WAS 90553
[SOLATED YELLOW BLOOD BY SALT /78/e A YIELD 2505 G /15:6%f+ Ts BOILING 34 = 203 00574
720080y PIKRAT Ta e 201@s ' 00563
T AN EXPERIMENT Z. XINOLINs A SOLUTION M-HlTROBENZOLSULGFOKISLOTY WAS 00591
PREPAREDs BY UTERMGLENU //9/+ FROM 1245 G OF NiTROGEMZEREs 50 & Z0» OLEUMA AND ogblo
20 ML. OF WATER. TO [T THERE WERE ADDED 943 OF ANILINE.» THEN AT 123 - 1358 opezs
DURING 30 - 45 MINUTES THERE WLRE ADDED 20 G UI3TILAGETALS T 0p636
“G2-3T0XSIPROP1ONUVOGE ALDERYDEs AFTER WHICH A NIATURE WAS HEATED AT 135 = 1458 00648
MORE 1 - led A HOUR, & YIELD XINOLINA 6+95 G /5348874 Te BOILING 233 9% 00685
» PIKRAT Te Ma Z00F, Qo676
- AN EXPERIMENT 3. §-METOKSIXIMOLIN. AN EXPERIMENT ANALOGIGEN 10 AN [rTE]
EXPERIMENT Z+ FROM 12+3 G SH-ANI1ZIDINA WERE OBTATAN be7h G 743,45/ 00557
TE-METOKSIXINUL INAs Ta BOILING 218 — 2848sp BIRRAT 7+ Fir 23283 oG T1%
Afl EXPERTMENT i, PERXLORAT -FERILXINOLIN[4. 10U A WIXTURE 825 G [TRF L
GIFERILANINAY 45 G OF WITROBERZENE AND Lo ML. FR250K% FOR 15 OF WINUTES ADDED Y ES]
AT 120 - 130@ 10 G DI3TILARETALS GZ-3TOK5 (PROPIONDVOGU ALUEHTYOEs AND A fIXKTURE OO IWB
WAS HEATED MORE A £ HOUR AT 125-— 1358+ EVOLWTION WAS CONOUCTED 3IMILARLY oTET
"lzouac;vnnm N-ARILXTNALGDINIEVYX SALTS /71707 & YIELD PERALORATA 1472 G [T Yk
711.2%7. AFTER RECRY¥STALLIZATION FROM WATER T» M. L57R. TETEE
CTTTUIT IS FOUNDRes C 58:TBes W IT ISes C5L IT T5.5 CSLOFE IT T3 LT
c#LESHRTZRTSIO#E, 1T 15 CALCDLATEDSws C S8e93es W I T5es OSL 1T ISes TSLOFS  — GOEIT
T 5, ; ~3EETT
T CoRCLUSTONS — TEIT
T BY A REACTION GIDRAKRILOVOGO ALDERYDE wITH ARILINES WERT GBTAIAN 30827
“XINOLENOVYE DERIVATIVES i GO93L
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4

T T2 WERE SHOWZO THE PQSLBILITY OF INTRODUCTION INTO A REACTION SKRAUPA T apken
BIARILANINDV. 17 15 SYNTHEGIZED PERALORAT W-FENILXINOLINI4. T g
’ 3+ WERE DISCUSSED & MECHANISM ANT WAS PROPOSED A PLAN OF A REACTION. Dgash
J— _i‘hE,‘I_T“E_R_“‘r_GE.__, s — ) e e — Oad‘b_:f-

T B U BADAMEVs JeGEMCHEMas L6y 47 jL19467. = F2/ Re DIMIL6Ds P4 PTis  0g8B4

CHEMESTRY AND XIMiIC. ';Exuol." 8 fPL/e 40 F195T4e = 757 Re NEF, LIEGs AliNes oevey
‘335, 239 719057+ - 447 Fe PINTGRTs SYNTHESES ORGs PREPss ILs 3% 88 /13327e - 7 00738
75/ Ae Eu CHICHIBABING FRa BATe 78160664 28 IN 195ies THe fey &9s 383 71i9bs7.  go9é2
- /67 By i ARDAWEVr USPs CHEMar 235 &G /73954/s - /T/ YUs LENINGRAD JALEs ZRe 008%
BERNSTEINs = FB7 Me Sa FOZLOVs JeGENaCHEMsy T+ 1864 7193774 = 797 We Ps T olgde”
UTERKOHLENs ZHs ORGs GHes 8y 585 719437s = 7107 Vs Yo IR TR, Ge o ARDAWEVS [orTY
ACCEIVED 21 NO4BR& 1957 Gw * 31069

T T ROVOCERRASSKE]L POLJTENNICESKIL A INSTIVUTES TN

= TeioT4
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EvALUATION (3)

Tae LIBRARY OF CONGRESS,
SCENCE AND TECcHROLoGY Division,
Washington, D.C., June 1, 1960,
Col. FRaNX DILLON,
.House Science and Astronauiice Commiltee,
Washington, D.O.

DEAR CoLoNEL DirioN: I have asked Dr. Francis J. Weiss, a member of this
Division, to review the machine translation ¢f the Russian chemistry ltem in
whieh you are interested. I have attempted to summarize here his rather
lengthy report to me which commented both on the content of the item as well as
the guality of the transiation. We will be happy to provide an extended review
if you desire. Please feel free to call Dr. Weiss on code 173, extension 597.

In brief, the transiation can be understood by a chemist thoroughly famillar
with the subject under discussion, A competent chemist can, from a study of the
chemical formulas, reconstruet many of the chemical terms which appear to be a
cross between a translation and a tramliteration. With this background in
chemistry, it i» possible to work ahead slowly and systematically in order to make
up for the ohvious linguistic deficiencies of the machine translation and to grasp
the principal train of thought. The reviewer was able to ascertain readily the
essences of the paper which iz contaloed in the paragraph running from 00134
10 00228, -

The translation of that part of the paper dealing with the experiments, if ¢ne
-disregards the rather poor “translation of the chemical terms, is superior to
that dealing with the theory. A chemist could repeat the experiments described
in the paper by following scrupulously the procedures which are guite specific
and intelligible.

In summary, the r?viewer believes that any good chemist, familiar with the
subject matter and teith a few peculiarities of the Russian language (“s8” is
translated “with,” and “by” is translated “of”) wounld find thée tranhslation usable.

In hig formal report to me, Dr, Weirs did not comment specifically on the eco-
nomics of the translation. He informed me, however, that he estimated that it
took him four times as long to attain a complete understanding of the significance
of the paper asg he would normally expect to require te read and understand an
average manmade translation.

Please feel free to call on us for any clarification of this report,

Rincerely yours, ;
i JoBEN SHAERBOD,
Chief, Science and Technology Division,

4
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HuMAR TRARSLATION (4}
INVESTIGATIONS 1N THE FIELD OF QUINOLINE AND
ITS DERIVATIVES

XXL CONJUNCT CONDENSATION OF ARYLAMINES WITH HYDRACRTLALDEHYDE

B. 1. Ardsthey sad V. 1. Minkin

T
Ko

I has previomly boes pointed out thae v vlaldshyde (8 <hydroxypropicaldshyde) can pardcipase
mgvrlmwilhncrﬂehhtbe&htupmtlm[l] Indeed. nuformdmnigﬁflcmmuhomm;ma
decomaposttion of glycirin (2] sed dwring the addition of water Jein at el d temp {5]. twe
addhlon reaction bemg caealyzed by scld [4]. In connection with this, it was of fnterent o yndy the intetacrion
of Ines with hydracrylatdehyde with the afm of obtaining quinotines. With the exception of
-4 parent mChkhtbaNnﬂﬁLmhmﬁmmmbm lbed In the chemical I

We have established tiat under the ytuat comditions of the Skraup synthests, samely, the dropwise sddition
of hydracrylsidehyde to the ¥ f &t 120-140", quinoline is chained in & yleld of 15 % If milder
<conditlons are wed, m-nicshenzenesulfonle acld a1 the oxidizing agent and s dilute solution a5 the rescdon
mediumm, the yteld of qulrolines resulting from the ose of hydeacrylaldehyde ceaches 50%  This parmits the
catluslon that when she Skraup reactlon is camled out with glycerin In the usual mannet, and 2ls0 when scro-
tein i1 suberituted For ghycerin [6], ooe cowree of the tton ks L fon with hydractylaldehyde formed from
he plycerin or acrolelr.

The zezction of hydeacrylsidehyde with stomatic amines 12 now extended 10 dlacylamines, Thw, from
dl;lhgnyhmim we were able w obiala 2 salv of Nphenylquinotine, and this reaction hu been applleﬂ to othes

Slarylam) In this 1¢ has been shown dhaac it s possible 1o [nirod ¥ amnines fnt0 & wmodifics~
ton of the Skraup wyndwesls with bydraceylabdehyde,

Of the severz] possib) of the ton of hydracrylaldehyde with arytamines | g w the forme-
tion of qoinstines, the most probable ks that rep J by & xch ln which |h¢ anit of hyltmtylallehyde Is

<onvected 10 the anll of acmlein which then cyclizes o die quinoline

. Sl ©H,0H
7 i

1 .
HO | \. [RLFY e i\ LU
il

plsicy i
- ) . :
~ 4 5 L .
EITRY \/\Nn et NAGAN
. . . I
it it Ifl
LE 1P
N V1] AN :
II-(.:-I 1 ' ll:ll o 1 ! I TR TR IR 1
\/\YI 5 R T

—
“The Prench smpedting of the name s Tehltchibatine = Publisher's nate.
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Literature rources Telang 1o the siudy of vhe wachawisn of - Sk anp seaction * amt the saperimenm

dats gbtatned in the present work tead ur to the conclofon that de Skraup ceaciton proceeds bath vhrongh jwes-
sction with lein and through 1 ton with hydracrylaidehyde and. prabably, glyceraldenyde * *, und wmy
of these courses can predominate depending on the starting producis and o he conditions wsed

EXPERIMENTAL

The reactons were carried out in a three-necked flask fitted with & stimer, a thermomicier, ant & 1efm
condenser b which waz {mseried & droppliog funael. The first experimenit were cazsied out using hydracrplaldehyds
fuself. but lacer, In view of the fact that the reaubs were fdentical, the dicthy! acetat of the ethy) ether of hydry-
crylaidehyde was used, since it was more readily avallable (5}, In ordes to avold excessive tarring and decieand

Flelds, the aldehyde components wete always twicevectified, and the product botitng s 91-97 ac 32 rm was
used.

E\M L. Cuinoline. 9.3 g of aniline wa1 sdded 1o 25 mi of 50, (4 LB4) and 125 g of nitre-
benzene. The mixture was heated to 1207, and 17 g of the dlethyt zcetal of 4 ~ethoxyproplonstdehyde wat added
dropwise over the courte of 0.5 houry durfng the addiven, the temperatate did mot tae sbove 130, Aftar ty,
the mi was tefluxed For an 2ddfcional 1-2 hours at 138+148"  The qulnollne wias sep d with p |
Ieuocyu!de [8]. The yleld was 205 g {(I56%) B.p 234-2407; m.p. af plcrate, 201

2. Quincil Iudon of m~nlaok fonic actd was prepared by Uttzmohlen's inethod
{91 from 1Z.§ g of atooberzene, 50 g of 20% oleum, and 20 ml of water. 9.3 g of andlink wis added o she
wivton; then, at 125-135 and over the course of 3045 minuzes, 20 ¢ of the diechyl acetal of B -ethoxypro-
ptonsldehyde was sdded dropwise. afier which the mixture war beated a1 135-145 for another 1-L 5 hours.  The
yleld of quinoline was 6.95 g (53 8%) 8.p 233-238; m.p. of pletate, 200"

[ —— 3 §-Meth

¥q L Thit expetiment was carried onn similariy 1o Experiment 2. 6% g
(43, 4%) u{ G~mathonyquinoline way cbiained from 12,3 g of peanisidine. B.p 272-284: m.p. of plorare, 21T,

Expetiment 4 H-Phenylquinglini hl 16 g of the diethyl aceral of 8 -ethoxyproplonsidehyde
was added, at & temperainre of 120-137 and over the eourse of 15 minutes, 10 & mixture of 5.5 g of diphenyt -
amine, 4% g of nizobenzene, and 10 m) of H;50, and the mixrare waz hested for another 2 bowr st 125-135°
The preduct was dinas similar 1o thar ased Iar the rolatfon of N-arytquinaldiniurs saits [16).
The yleld of petchlouw was 1.72 g (11.8%)  Rscrywaliization from waiez gave b product with an m.p. of 157

Found % C 58.75; H 4.7%; C1 uas CI0, 3218, CuHuNCIO, Calculated %: C 58.9% H 495; Cl
1.60; CIO, 3269

SUMMARY
1 Quincline & ves wete obtained by the don of hydracryfaldehyde with anitives.

2. It wes showa that It it poutble to ingoduce disrylamines into the Skraup reacdon H-Fhenylquinelttem
perchl wis synihesized

3. The mechanism of the ton was i d. and 2 st was proposed for the 1

LITERATURE CITED
1] 5. T Ardashey, 1. Gen, Chem., 16, 47 (1948)
12) A Ouhil*d and P Pr'i, Chemistry and Chemical Technology, 8 (81), 40 {1957)
{3] A i, Lieb. Ann., 335, 219 (1905)

S —— ¥
*For exampie, jaje pointed our that when acroleln Is skmilarly wed, caly traces of owineline ars Tormed 1)
* YWe sre presenity invemigating ihis course of the reaciion
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*Transfizeratbon nf Hutilan
N = Pubkisher's npe.
*CQelgtaat Runlan payingring. See 17 @ ua.mlarl«u
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