INH ?w&

/ 5?5

\EL“gg

Ay

\.

A
o
]

i
i
¥
)

\452M21wk://// /

Techuical Note 60=25—
December 1960

ﬁ-, B . : ' ”Revised Jannary 1961
Imk ¢ o

THE DOD PROBLEM IN THE MECHANICAL TRANSLATION FIELD

S. J. Deitchman

Institute for Defense Analyses
 Research and Engineering. Support PIvision / or /

Contract SD-~50
Task Order T6

COPTRS

E FOR DEFENSE ANALYSES

AR il

5 0598 0016837 \Nm‘

—_— _,____J

Copyright IDA/Scanned June 2007




. II.
‘r‘

III.

v.

v,

TABIE 1.

' CONTENTS =

INTRODWTIONOQQOOD...‘..00!.0.0.00.00"..0.lo.ooﬂ.'.l...v‘

SUMMARY, ASSESSMENT AND RECOMMENDATIONS:ocsccvecesscceecss

’

A,

B'

c.

" p.

Requirements and Program Implementationcccceccccssecca
TechniCd-Assessment‘.o‘OblBODOA009.00000000000500060
%erationalAnalysis...’b.o.ﬂOIIOQOQOGGQOOOOGOOQQOQGD

choice of contractoro.oooo.anuo-coo.oocoeoooov-onenoo

SCOPE OF THE mmmoooooo..l.‘ooooooeoooomoocooaonooooo'ooo

REQUIREMENTS FOR.'Moooooeoonco.o--..o.-ooooo.o-co.ovoooooocco

A.

Quantity or Volume of Translation.ccceccccecccscescoces
Quality of Translation..,,.,QG...............o...o.;.
LanguageS.ccoccececcoeccscocoscosecsscsosssscascsoovoos
Costeecscocecscncvacccscoconoosaoceossssnsosssosncaas
Broader Impliéations...o.“,...,...,.,.Q....,.....,..°°°

Specific Expressions of Requirements....c.ccccvecccee

STATE OF THE m F_mmoooctooocoonooncoooc_oaobcoo.nonoo.oao

A.

B.

C.

The Genera]- Problemooobooooeooonoobooooooooeoaoototoo
Ovemew of the Field.oolo'oocooooob-ooooo.oootooo'o.o
Actions Pendingnoaooeooooo000000.000.00'0.00...000000

U.S. RESEARCH AND DEVELOPMENT IN MACHINE
TRANSLATION AND RELATED FIELDS..ccoecceetcccsconcocse

mcESODOQQonoaeooo_ooooaooooeeonoonuoooooo'o.ionc’ovcoooo..ln

AFPERDIX A - REQUIREMENTS DOCUMENTS

AFFENDIX B - SUMMARY OF RESEARCH AND DEVELOPMENT IN

MECHANICAL TRANSLATION AND RELATED FIELDS

it

&

20

22
2h
29
o
32
38
ko
b1



I. INTRODUCTION

Machine translation of languages (M@) has grown. from a suggested
idea in 1949 to a current effort involving some two and & half million
dollars per year spread over thirteen contracts sponsored by the
Netional. Science Foundation, Central Intelligence Agency, .and the
thrée military services. Many related efforts in,applicablg'theoretical
study and equipment development exist. Typicélly, with some successful
results claimed to be 1n the offing, pressures have been building for
transformation. of individual research programs into developments
leading to routine production of machine translations at a high rate.
Two. proposals for such production centers = by Georgetown University
and the International Business Machines Corporation - have been made,
‘Hearings, in 1960, of a special House subcommittee have resulted in
- recommendations for a national mechanical translation center,(l)*
-and. a National Academy of ILanguage Sciences which may include such.

a center,

Despite these external signs of growing maturity in the field,
deeper ilnvestigation shows that it is in a state of turmoil. -There
exist ‘in. the DOD community many geps, ambiguities, and .contradictions
inngpressionSxof,requirements and assessment of the capabilities of
various programs to meet ‘requirements. Further, these'expressions
within that community differ from similar expressions. in other

quarters having an interest in MT.

_ﬁ‘  superscript.numbers refer to References, pages L41-43.

1



- \.,"

The purpose of this report, prepared* for the Assistant Director

(Special Projects), ODDR&E, is to recommend a course of action for

the DOD that will permit resolution of these uncertainties, establish-

ment -of ‘& policy with respect to MIT, and a program to implemeént it.

'% By the Research and Engineering Support Division, IDA, under

Contract No. §D-50, Task Order T6.
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II. SUMMARY, ASSESSMENT AND RECOMMENDATIONS

A. Requirements and Program Implementation .

Status. It has been found thét needs. for translation, to which
MT may be applicable, vary among and within independently acting agencies
of the using coﬁxmunityu The CIA believes that it has stated its
requirements in this area unequivocally.* It has planned in 1956. and
has since been carrying out an MT'p:ogram:at Georgetown University to
meet these requirements, and anticipates early success in applying this
program to 1ts needs.‘

The DOD situation is more complex. Among the various DOD. agencies
concerned, there is general agreement that the néeeds asre distributed
among intelligence, scientific/technical, .and other more specialized
applications. .It is also agreed that within these three areas the
spectrum of needs varies from screening of .roughly. translated to prepa-
ration and detailed analysis of carefully translated documents. Russian
and Chinese are universally accepted as languages,of'primevimportance
for MT' effort, with othgr language requirements varying according to
user and application.

Few of the various expressed DOP requirements have been .documented
officially. There is no agreement on the kind, or.quality, of.transla-

tion gompatible'with.or~suitable.for.apPlications in various parts of

* T, go, T References (1) and (2). §ince such statements by CIA
personnel are reviewed and approved in-house prior to issuance,
.they are considered official statements of policy.



the spectrum. Various expressions of the quantity or volume of trans-
lation required diverge widely, it being apparent only thatythe demand
far exceeds current manual transletion. capability and will grow. vNor
has there been any serious attempt to show how volume requirements are
distributed among the various applications and assoclated requirements
for quality. Nevertheless, actions are being taken unilaterally by
various DOD agencies to continue, increase, or decrease support of
various progrems. No logically planned progrem framework to_guide
these actions exists within the Department as a whole.

It has become apparent in the course of this study that establish-
ment of such a framework must take place on & coordinated basis for the
entire Department of Defense, Many members of. the using community
have expressed the belief that this job cannot and should not be done
unilaterally by.one member of the community, whether: by individual
initiative or assignment. Further, the CIA needs represent a great
part of the requirement for MI' research and development, and although
its financial support of work in the area is relatively small, its
program will have a large impact on.the general status of the fi€ld.

It appears therefore that the DOD and CIA must work in cooperation.to
resolvé inter-agency questions that currently exist.

Recommendation. -It is recommended that a joint DOD/CIA working

group: be established with full responsibility to express the community
requirements in MT and with authority to act as the.DOD/CIA agent to

meet those requirements. The group, while it should.be small to be
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viable, should include one member from the CIA and each interested DOD
agency; care should be taken, if it is the DOD/CIA intent to disseminate
vtranéfa%ed technical and scientific literature to. the technical/

scientific community, that that community is represented (probably

through the National Science Foundation). [Each agency representative

should have the responsibility for assembling the requirements .of

.various parts of his agency and for representing their interests in

implementing & program. The group should exist on & continuing basis

. and should anticipate extended periods :of full-timé work as necessary.

It should be noted that two inter-agency committees exist in the

~MI" area: the Subcommittee on MI' of. the Committee on Documentation,

Intelligence Board (CODIB); and the Tnteragency Committee.on M Research
of the NSF. A separate group is recommended here because:
(2) The CODIB group represents. only a part of the community
interest in MT diséussed in. this report (see pp. 1k and
"15); -end
(b) The NSF is not an operating agency.
The primary point of concern is that, for DOD, purposes, -authority and
responsibility could be:discharged'best.ifucen@ralizedvinxannappropriate,

-generally representative, body.

3a



The immediate tasks of the joint group: should be :the following:

o

A statement should be prepared describing community needs

in the three areas of intelligénce, dissemination. of

scientific/technical information, and specialized

applications. This would includes;

ao

A precise statement of what must be done in the areas -
of screening,”scanning,iand-detailed study involving
both rough and careful trenslation.

A statement of the quality of translation neeae& for
each application, with some definition. -(Since it is
apparent ‘that further experimentation.with various MT
outputs. is needed to-definejbetﬁer.the mechanisms and
circumstances of meaning transfer between.two languagss,

plans should be made for carrying out. this experimentation.)

A statement. of how much of .each kind of machine

translation is required.*

Needs and desires within and between servicés. and agencies

should be compared, leading to a single (however complex)

DOD/CIA position in each ares. of reguirements.

—I% may'be fbund early that the community desires all the transla-
-tion, of. each kind, that it can get up to the limits. of capability

of & given, number of .machines (see Pp. 16 and 17), and that gradual
improvement in quality is both desirable -and anticipated for all

vsapplicationso If so, the recognltion, statement .and . support. by
“analy31s of these facts will have obvious positive value in

guiding DOD-efforts°



3. A. _t.échnlica.l evaluation should be made of the various MP
progr ams, leading to selection of appropriate efforts (if
anyexist) for immediate application to P#F’d“"jti".n"_?@?.. .
outputs on an experimental basis in each of the requirements
areas, and selection (or initiation) of longer;:ange re;
search and development efforts for continued (or perhaps
increased) support. | | |

4, The requii‘emgr;ts position and the technical program plan
should be documented. B |

The vorl; recommended in the following paragraphs will assist the

group in carrying out the above tasks.

B. Technical Assessment

| Status. As in any technical field, ti:ere can be expected in MT
an indefinitely continuing period of research which will contribute,
from time to time, to development of "production" techniques in transla-
tioﬁ and to applications of MT as e.‘: tool or source of basic knowledge
and technique in broader areas related to the general information
processing problem. 'i‘he great majority of MI efforts todey ere admit-
tedly research efforts. About the few that are claimed to be ready‘\
for application to volume output in one va.y or. another; :aontréversy
rages.

The core of thié controversy lies in the various sponsors' and -

technical_ people's assessments of the state of readiness of particiﬂ.a.r



progranms for such application; their assessment of the utility of
outputs that are admittedly primitive or need human doctoring to be
intelligible; and their judgment of the potemtial for improveaent

to meet vhatever "standards of goodness” may be established. The
various arguments cannot be interpreted by the perscn technically
uninformed in the field, because they involve questions of linguistic
theory and computer programming tha,t have to be examined in great
d.ef,a.il. .Rgsoﬁlution of the erguments will most likely aléo require

the results of the experiments mentioned in 1.h., page k.

Recommendation. An impartial technical evaluation of the various
' MP programs should be cerried out with the following objectives:
1. For the efforts claimed to be near production capability:

a. To desv&ribe the nature of the output, especially
the langusge distortions that are peculiar to it,
end to relate these output charscteristics to the
underlying mechine progrsm and linguiétié theory.

b. To assess the development potential of the respective
programs, indicating the probable limitations of |
refinement, difficulties of programming new ia.n-_
guages, and the time expected to reach the most
advanced potenfia.l development level.

2. For the other research efforts:
a. To describe them and separate them into two classes -

those which are ultimately intended to join the
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de_ve]..opmen@/grqq.uction group, ,g.nd_tllf;os»e yhi:qh are
intended to'continue as research programs in
agtomafiq language translatipn or linguistics.

b. To describe and analyze the first group as in 1
above.

c. To describe possible payoffs from the second group -
vwhat (in computer programming, _intexgmedie.te language,
resolution of polysemy, etcA.) might be learned from
them applicable to MI' technique; lingmistic theory, |
and general information storage and.retrieval
problems over the short and long term. _

3. The above results for all the programs should he desgribgd v '
in such a way that areas of overlap, si;xx;ilarity, differéhce
and omission become app&rent; in each portion of the translation
process (see page 29);0_

C. Operational Analysis

The Problem. ‘In all of the investigation described herein; the

thesis has been accepted provisionally that the demsnd for tramslation

is and will_ be so great that translation by automatic means is the {

-only solutiéno The validity of this assumption hes yet to be ex&m’i_ned.’

It is quite apparent that the creation of & machine trahslat:l.on
capability will require large expenditures of effort and manpower, and

that the results will inevitably représent various compromises wvith the



most desirable output. <Certainly, if foreign..documents could be read
by.the user or translatéd manually by those knowledgeable in the |
language and subject -field of the document, many of these compromises
would not be neoessary. Further, the nature of the compromises is not
really clear, in terms of the man's work, the machine's work, and the
effects of various interactions on_theirujoint-effOrt. |

Whether the volume of output anticipated will,necessarily:transcend
menual translation. capability depends, of course, on the number of
translators availabley Thé costs (for Russilan alone) of. training
translators and qperating a- manual facllity (with salaries that will
.attract people into the business).and th0se of developing and operating
an MI- facility, including automatic reader, translator, output printer;
. trained poet.editoré‘(if they-are needed), and various.-overhead and
support personnel, ‘have not been. explored as thoroughly from the system
. aspect, as they might be.* Nor-has it been established that an.MI
- cépability will necessarily_improyeuour foreign-document information

,'handling-oapability, or réduce waiting time for outputs;*¥ in comparison

_‘With gn expanded . manusal Capability.‘=Wh1leait‘could not. 'be argued that

.research in MT should not continue for whatever benefits may be obtained,

' ; ‘w th its considerable experience in the translation -and
documentation fields, has accumulated comparative cost. figures '
which, should prove very useful in. such anslysis.
LR Because, -if demand grows with service capacity (as. anticipated
_efy Pl 17) the two: mey retain such. proportion.(if, for budgetary
"reasons, the necessary number of .computers. cannot ‘be made -availl-
able) that the waiting. time remains: constant or. even.increaseso



the nature of a development .and production:facility prbgram,will

certainly be affected by the answers to these -questions.

Recommendation. -An1operational.anglysis;of\phe manual.andu,
. machine translatioﬁ processes should bexcarfied.out,,with the -
Tollowing objectives:
l. to. delineate for each method the steps in thé translation
process; ¥
2. to déscribe the time and effort distribution. of these étéps;
3. vto:delineatetthe roles and required qualifiéationswof various
personnel and describe their tasks for.each method; .and
L.  to estimate the cost in dollars, equipment, and personnel,
including %esearch, development, operation and traini@g
(as applicable), for given.volumes-of;translation~Qutput by
..each method. |

Do -Choice of Contractor

ItUis«appargnt'fromvthé results reportéd herein that a relatively
large’amount-ofiEffbrt by persons with -specialized knowledge in the
figl@Stoleanguages, computer programming_gnd.bperation?,operatignal
~analysis, and information storage and retrieval will be necessary to
>éairy_gut'the~technical;evaluationrand‘ngratibngljgnalysis:recomméndgd
above, This 'suggests that the:DQD;must'fund angexternal_efﬁort for
‘this purpose. -A single contractor is recommended for this. éffort.

. becauge of the close relationship between the two: areas. of study.

* ~ This step would élearly borrow some results from.the technical
_evaluation recommended on. page 6.

9



The results reported herein,indigatgtthat»itvﬁilljbeivery‘diﬁfi;
cult. to find a potential contractqr,iknqwnggegglgiinrthe‘MT”field,
who has no. commitment to.onexoflth¢~many_agprQQthg_to:thezproblem;
Preservation.of the necessary objéctivity isathQS;diffiéult.

It is 'suggested that this question bé“feaqugd’by selection of a
contractor fornthe'tasks:Whoghasrthecggngyai;gyalifications outliné@
~above, but who has. not been active in the MI" field. :This implies that
a certain part of the cost of the study Vill;bexréquired for.educatioﬁ..
:of :the :contractor in MT. Thisxéxpenditureqwi;lJpay for itself in
_ oﬁjectivity achieved., -Beyond this,;the,cpnt;agtbrwgbglﬁ also be made
available for.consultationlwith\the guidipg;pbp/@IAmgr6qpuduring the
process- of combining requirements;wibh\kndwledggﬁqf'the«MT’field to
define a ﬁechnical,program.and to monitor that program. -Thus the
educatienal proecess will have. a continuing payoff’fqr;the-DOD/CIA

. community.

0.



III.. SCOPE OF THE REPORT

Thiérrgport was pfepare@_under_the basic premise that a review of
"the status of the MT field and the attitudes and activities of the
sponsors of work in the field would lead, of necessity, to indications
of action required to create a coordinated program in MT resgarch and
dgvelopment;- The results of the survey showed that this approach was
- possible and that it would be reither desirable nor necessary to
inject épinions other than those of the using aﬁd working Qommunities
rggarding the validity of various requirements for MI or of the different
technical approaches to the;problem. gowever, vwhere conflicts of
opigion v;thin these communities or uncertainties of knowledge on
which these opinions are based became apparent, 1t vas considered in
order to raise the gnestions of substance left unanswered as a result
of these conflicts and uncertainties.

. Since thiS‘study was performed primarily for the DOD, it was
restricted'tq consideration of only those aébects of the probiem that
impinge on DOD interests and activities. . Broader .questions with .
implications of national interest have not been dealt with, but merit
mention here to indicete the contextual bounds of the present studyj
These questions are:

" 1. the need for dissemination of (translated) foreign scientific

and technical information for the use of the scientific and
technical community at large, reggrdless of connection with

the DOD;



u'

the need for translation of documents, scientific and tech-

nical or otherwise, from English into foreign languages for
various purposes of ﬁational policy; |

the geed for use of lingulstics and trénslation on an ad hoc
basls as an insﬁrument in the pursuit of limited war and
cold war_objectives as they arise in various parts of the

world;

the desirabiiity and possibilities for internatiénal coopera-

tion (even with the Iron Curtain countries) in the linguistics .

and tfanslation :ields as a means for improving communication.
among nations for any purposes; and

the general problem of acquisition, indexing, stdrage, re-
frieval and dissemination of information, regardless of the
language in vhich the information eppears. (The interaction

of ﬁhis problem with that of MI has been considered, even

" -though the broasder problem, per se, has not.) L

The following discussion will eleborate on expreséed DOD/CIA require=

ments in the MI field, will describe briefly the current technical étate'

of the field, will indicate what actions are being taken unilaterally by

various agencies to further (or modify) MT' research and develqpmsnt'

efforts, and will lead to the suggested course of action for the DOD

based on the results of this suxvey.



In the prepa.;e_.tion of th:@s_rc_epq;ji;,“ the writer has discussed the '

problem extensively with various persons representing the using and

sponsoring commmnity. Technical information sufficient for the purposes

of the report has been obtalned from these Adifscuss;o.ns, from talks with

& few of those active in the technical field, and from various

references alluded to in the text and listed on pages 41-43,

Discussions’ have been held with the following people:

Mrew, Péul- Borel

Mr. Paul Howerton
Dr. J. Kennedy
Col. W. A, Williams
Lt. G. Friess -
Mr. G. Shiner

Mr. A. Favret

Mr. J. Kullgren
Mr. G. M. MeClurg
Capt. D. Higgins
Dr. M. Yovitz

Mr. R. See

Dr. J. Griffith
‘Dr. S. Alexander
Dr. F. Alt

Mrs. I. Rhodes

13

CIA
AFCIN (USAF)
AFCIN (USAF)

RADC . (USAF)

USACSI (US Army) .
USACSI +(US Army)
ARO (OCRD, US Army)
ONT (USK) |
oﬁa (usN)

NSF

IBM Corporation
NBS

NBS



IV, REQUIREMENTS, FOR MT

Althou&h this. -rEiJQ.rtamus;’g be concerned primarily with DOD.needs
‘and actien&,it 1s apparent.-that the. CIA must also be included in. thig
°°nsidemti°n The Agency's Georgetown: progrem is. one of the major
‘ones, in the field, and one Vhich many believe will lead to effective
outputs in: the-: near future,. .Certeinly the proposed expension of this
'prog:;ax&gz) may be expected to interact strongly with any DOD: plans in

- the '-fj_i;‘e]"'.du_. It will therefore be considered that, in effect, the CIA
Ny represents & part of the using community with which this report is
concerned..

There 1s no single .source within the DOD which. specifies transla=
tion, requirementg, -even wilthin a single service or agency.* There .exist
feﬁsuch specifications related to. MT in any case; those which do..exist
occur in both officlal end unofficlel. documents, and both are used in
support. of work in the field. The .casge for Machine Translation 1is

.generally based on the vast numbers of documents that have to be transe
lg£¢d<l‘) (2)"(3)‘ or on. speclalized needs of & particular service, (h)w

. The offlecial documents deal wilth transl_at_ioh: applications .and
'openc'fa:l;:_tpn,s.(b5 ) *x ‘which include (althgiugh._ not. &ll of these -appear in: tyhg:'"

official documentation):

% Tt should . be noted that iwm addition to its representation.on.the
two committees mentioned ou page 38, the DOD has a representative
on the Comnrl.ttee on Ebc_ploitation. of" Forelgn Ianguage Documents of

. the U.§. Intelligence Board (chartered by DCID. 2/5).
*¥ . References. (4) and (5) are included in Appendix A to this report.

1k



- W intélligegé‘e _
survey & a.nd sca.nning( )(7)
| detatled analysis(a)(s) S
b. provision of technical informstion to the technical commnity(l)
S Ce ”_qggcih_e..]: purposes unique to particular service needs
mhe,reqpirqpents qnéstions of greatest concern with respect to
wp(2) (3)(8)(6) pe,
" & the quantity of translation (with an association of. .. »
time delay between asccession -of a docﬁment and dissemination
in t;anslated‘form); |
b.  the quality of translation;
¢. the languages to be translated; and
df the cost of translation.
Finally, there are related reqnirements for ebstraction and indexing
vhich impinge on the translation problem.(s )(7)(8)
While languages con be listed in order of importance or intersst
for translation at eny time, and translation costs are neasurable and
perhaps predictable, the specification of quantity 'a.nduquanty‘ are
exceedingly di:Lfﬁ’cult because both d.t}_apendv hea¥ily on .‘a.p‘plice.tiony There.
is, furthermore, a tendency to temper the requirement vitﬁ ‘what 18
believed can be achieved, both in the areas of output volume and quality.

It will be of valug to examine in some detail these various

requirementé and the positions of the users.

¥  Page 124, Hearings

15



A. . Quantity or Volume of Translation |

'mere are three d.ocmnents that deal at 1ength with the volume of A
translation that may be required.(2)(3)(6) A1l 116t the amount of
gublished material that might be avatleble for trauslation - mearly ooe
billion words from the USSR in 1959, for example - and then indicate hov
ggc_:k_;wgfm_gh:;;s_ material it may be desirable to translate. This is

expressed variously:

"Survey results of the la.ngu&ge%ransléting requirements
of the imtelligence agencies /bot documented/ indicate that
about 384.4-million words of foreign languages currently need

to be tremslated.”(3)

"If even balf of the /Russien/ scientific material were
worth translating, we would bave a totel load of over one
million words per day for every day of the year . . . [a?nd
later/ . . . we must set up & center vhich will be capable of

trenslating approximately one million words per day. . ." (2)

"Pigure 4 shows the millions of words of Russian ma.teriai
which would be useful in translated form to the USAF . . . /The
oumber is 520 milliop/ . . . A ‘useful’ document is defined as
one which the Alr Force considsrs important enough to warrant
procm from Russia.o"(6) /[The criteria for judgment of |

importance and the analysis leading to the numbers are mot given./

16



‘ gyxxgpQggdigslphey_gre, these stateﬁents show an uncertain knowledge
qg”gygs 1a”rgg%;y neQQedﬂ' @his uncertainty is not neceesarily of -grave
~comeern, bowever. The three references taken together demonstrate

clearly that today's msnual translation effort falls far short of the
needs of the community; that the demamd fepresénts_some large fraction
of the published material in languages of interest; and that the‘volume
of published material as well as the number of languages of 1mterest
vill continue to grow rapidly The CIA view is that quantity of trans-
lat;qn is of secondary concern, because the demand for output will grqw
fith the capacity for 1t3(9)(1°) none of the others in the user
community with whom this was discussed dissented from this view.

Thns-it would appsar that cﬁrrent expressions of volﬁme,ouxput
reQn;rements should be considered as orders of magnitude only, with pre-
cise numerical epee;fications‘hawihg secondary importance. Such esti-
mates will undoubtedly have to be made (and ﬁili be possible) more
precisely later, when expenditures for obteining the output (whether by
M or menual translation) will becoms much laréern At this stegs,
‘however, with the trauslsting commnity swamped and as almost complete
iack of experience to indicate the volume 6f usable MT quxpﬁx,thax can
be expected from & facility, the uncerteinty appears to ba gcceptgbLe
to the using commuaity. '

A related question that appears is whether the vast outputs desireﬁ
can be of use or can even be handled by-the users fbr‘vhaxever p"“ ‘

poses.(s)(lp)(ll) This question is usually answered by theﬁstatement{u;

17



- that not all ‘users vill use all the output, but rather that s Libraxy
i will be _.p;fqviq.gq from which various users will draw material of
" spectalized interest (Cf. ReZ. (6), paged).
It should also be noted that all requirements for large volunes
of machine yra.x;s;ét;ion:_omtpgp include not only the tr&nsla,.t’.igx_z_.i_ts"el_.gf,»
but rapid, sutomstic imput asd owtput commensurate with the quantity
of translation performed. There are no disagreements on this questioh.

B. Quality of Translation

No q,ﬁes‘i;ibns are mors subject to argument and variations of inﬂa"r-;
 pretation then those of the meening of quality of translation and

the quality desired. -Some attempts at -definitioh ‘toncern themselves
with the pérgentaige of wérds that are translated with correct meaning.
These att,eméts are criﬁiciz‘ed, on the ground-,a thet (a) _';perqentage of
accurecy” camnot reflect the effects of both the numbers of words
.translated incorrectly and their frequency of occurr.ence. in -pa.rt,iculér
documents, and (b) word translaticn errors cannot be considered
separately from grammatical and syatecticel errors.

‘Most definitions are based on "transferenceé of meaning.” But
there ere verious problems aaso'"ia,ted with this definition, too, v&rym
-ing from ths need. to incluﬂ.e rea,lwworld contextuel bacl;gromd(l'a)
la.n.gnage simplification to ease the coding problem in the trana:lation
progess. (13) . Some experimsnts bave been carried ‘out ts@ determine
whe.ther transla,tiop.s of pa,rticula,r quality convey meaning to pe*_ople?

with various backgrounds in the language and in the field of the
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translated material; (%) they demonstrated a need for good backgromd.
1n the field, st least. But this need may be very mich relaxsd in

the case bf'scﬁ'armj.r;g a.nd. sc'reenimg(?)’(l)f to identify content for
Léter detalled translation.

] | It 18 a,ppropria,te‘to, consider hare the categorization of tféns-:
. lations as "pi_dgi,n,f "pedestrian" and "poetic." (L) If "poetie”
vma'n‘s an elegant translation with great ettention.to gtyle, such as
might be expected in an English rendering of Dr. Zhivago, then nome of
.the ‘pétehtial" usexs in the nop/cIA community demands "poetic" trmla.
tion. :I:f "pedestrian® means that meanmg 1s transmitted somshow, without
too much d.ifﬁculty in continuity of reading, then this is vhat 1s
wanted. But it is quite possible that such results can be obtéeined
from "pidgin" English as well. "Pidgin" English may result from gross
end deliberate oversimplification of lenguage to ease the’ syﬂthesis {
prodlem (e.g., subject always precedes predicate; plurel of mouse is |

mouses), or 1t may result from a syntactical scramble due to inads-
| quacy of the analysis and synthesis rules. Msaning may very "‘Vell be
preserved in the first case but lost in the a‘econdo Thus the epplica-
tion of terms such as "pidgin" or "pédeetrien‘-‘ requires s certain
amount of amalytical insight.

In all discussioms of guality, the danger is pointed out that

incorrect but smooth translation may im fact mislead the resder

¥ CE. page 136, Hearings
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dangerously. The "incorrectness” may, hovever, creep in through wrong
selection of alternate-meanings or throﬁgh simplifications inherent--
,in ‘the translation rules (e.g.5 prefix in may be said always to mean not,
word, !lamma.ble appears, meening bmable, inflamma‘ble appears, is _
translated as not burnsble). Ehmination’,of errors requires different
procedures iﬁ the two casés 5 the second préblem may be more tractable
than the f:i.rst.o

Thus the question of qua]ity is intimately related to that of
a_pplication and also to the method of translation. ~ The point of common
angeen;ént. is tha.t e;egance of langnage is not needed for the ‘user
cqmity we are coxi.éiderin.g here. Beyond this, it ‘a,ppéars that a
measure of .qua,li_‘by will remein elusive for the foreseeable future, and
will gtart to be attainable only after some _consid.erable'exberience
with MT outputs, and experimentation with their impsct on the readers.
Specification of requirements for quality, in the face of these
difficulties, will not be simple.

C. Languages ,

‘Ruési'an is universally considered to be the language of greatést

interest and importence for MT aspplication end is the one receiving
most current attention.* Chinese and German are glven second and third

place in order depending on the user; (3) (&) (24)(25) Arabic 1is algo

¥  Support for efforts to apply MT to languages other than Russian
is on & much smaller scale than for Russian, and in the case of
Chinese and Arabic, it has been virtually non-existent or is
Just beginning.
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considered to be of grest importence. Other languages of interest
and others that arise from special applications. It should be moted
that these language translation' requiremgnﬁs, after tl;é _firsf. fdv_._x:
or ﬁve,‘ ~are not necessarily requirements for MT. Mé;chi:ne'_;ppnca;"
tions become desirable only after a certain volume of outpub in the
lenguage for ,_v_:rhich.the.‘re.'i?s a translation demand bhas been passed; (8)
this threshold value 1is not d.efinede_v _ |

| The importance of kmowing which languages we want translated
l}es, not only in enebling us té apply better direction to current
efforts, but in enabling us to anticipate needs early enough for.
‘iz.: the languages of interest. While it is clear that the experience
gained in programming Russian will be invaluable _in showing directions
fc.‘q° aﬁproach to other languages, and in avoiding many of the errors
and blind alieys that have arisen in the initial approaches, it is
not' clear that"proyannni.rig., s nev lenguage will necessarily be made
vastly simpler therebyo(z)(ls)(m) This 18 true especially when the
language families are different (e.g., Indo-Eurcpean and Chinese),
since some work in the field of _limgu;atics(w) implies interrelated |
gsemantic and structural probl.ems thet can be resolved only thrqush
lengthy research in linguistic thecry. -



D. Cost

Tt is expected tnat ultimately the cost of turning out high -
volunes of translation by machine vill be.substantially lover than
comparable costs for mamual transiation.(2)(€) mis does not sppear
to be a :fg'ct.qr of immediste concern, however, because even ‘p;'oq'.ug'ti_d.n
fagilities anticipated for. the near future will be considered expe:;i-‘
mental. They will not pecessarily, at first, have the advantages of
automatic high-speed machinery in the imput and output areas, wherein
large costs .al.re incurred. meré will be uncertaln costs of post=-.
gdiyors and other necessary persdnnel.. The costs of research and
development to be cha.rg_e@'.l ageinst the cost of production facilitles do
not appear to have been explored very thoroughly. |

~The 'pzfegent attiﬁuq.e towards cost is that it represents but one
of mny compelling I_‘(:sasdns. to achieve MP production; so that even if
cost.pex;' word (or cost by any cther measure) is initially higher for
MP then' for manual trauslation, this will not be a factor militsting
against the introduction of a,ix_tomatic facilities.
2. Broader Implications '
| Bvery agency-comemed}wi;h MP requirements views the automatic
translaticn process within the brqa,d.er context of processing the great
amount of informstion conteined in forsign documeﬁtsq There are ‘lj._hms
parallel requirements for screening and a.bstrécting of foreignmlanguage.
material, closely related to the requirements for trenslation. The

need appears in two forms:



a. rou,gh tra.nslation of ma.my documents to indiqgtg_ aubject
and contex‘b, from which those of special interest may be
o “_selected for ca.reml _translation; and L o
T nigh quality sbstracting by machine (through word frequency
count, keysentgnce selection, ete.), with subsequent
tr_anSlation of all abstfacto_ ‘ ) ' o ’

7 m}ile___k_.stricftly spea;zing.the problem of éc:eem_.ng, _abqtragtiqg, qnd
indexing is .proper.l;y related to the information storage and retr;gvaé.
question and only very indirectly to tramslation, the implications of
the relationship are far-reaching. If the great volume of work to be
done‘i;a for screening purposés,, with only a rela.ﬁvely small number of
documents needing complete translat,j,dm, then_ the need for bﬁ‘, or the
necessary quality of output, may be mch smaller than du:_'rent require;
ment statements tend to show, and detailed translation might continue
to be dc;ne manually. In that case, even though MT research might
continue for _itsv useful payoffs in the linguistics : andvinfiox’_mtion‘
hendling fields,* production facil.i‘bies ﬁ:_tght be very d.ifferémt £rom
those which woulé. be reguired if,mst'd.dcuments were ﬁo be mn;y
tfa.nsla,ted,l Eowever; the need for full tra.nsigtidm of docummts s
léading to & fiim requirement for highnvolmme production ‘faci;i,t,;e_s,
may remain high .in‘ suy case. Mbh@zf»‘_-.thé level of re&é.rch and develop-
ment effort that will contribuﬁe u;séml outputs in the broader field

is certainly not spparent.. clearly, the .,:i,mplmct o’f,bthe ;l.nfqrmation

* Machine programming, cod.ingg and a,lgorithms for language
tra.nsformation
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étoi'age and retxfieva,J‘.. ‘prqblevaln on MT' must be qonsid.ergd,_ even though
the former is not necessarily explored in detail as part of a close

look at the latter.

F. 'Spec:_i.ﬁc_zgressions of Reguirements. A o
The following expressions of requifements by each of the ag_epcies

with whom the question was discussed represent both written rgg_uire:

men_ts s where they exist, and stated ones that form the basis of

agency actions in the MT area. _

ARMY. TheA Army desires mechanicel translation for ‘three applications:
- general vintelligence anslysis;

- b. selective translation of technical material to aid the
Technical Services' long-range R&D planning efforts (this |
does not imeclude general dissemination of foreign technical
material to the industrial community); and

C. tran.sla.‘b:l,onq in the field of intercepted documents. (+)
| Such translations may be "rough" at Divisional level, and
"more detailed" at Army level. They would be performsd
on some of the Army's FIELDATA famlly of gensrsl purpose
computers. | ’
Although item ¢ is the subject of the only documented requirements
s't;ea,’tzem:sn'l:,p the opinion was expressed that item 8, with 'E és & corol-
la:_ry', creates the primery need for MI; item ¢ is viewed as something

useful to have, but would be accepted as a second-order fallout from
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the primary effort. This item carries vith it a very difficult lan-
guage problem, because the unpredictability of location of lmited .
vartare actions may cause any of & large ‘mumber of languages to becons
;qg?:paq@. The.énticipated'voluﬁe of such translation has not been
predicted. |
Responsibility for statement of Armw MI requirements rests’
in OCRD.
‘BAVY. The Navy requirement for translation is stated in the ONI
"Missions and Functions" documentu(s) Thé epplications dividé generally
into two aress:
a. trénslation of documents for intelligence purposes; and
“b.  translation of doeument: such as letters, invitetlions, dic-
tionaries of naval terms, and_international agrcemsnts and
rules (such as Alr Treffic Control doctrine), that éffeet_or
result from naval operstions throughout the world.
The Navy suits its cutput to the translation eapdbility available.
Beyond its own Translation Section in ONI, translations performed in
foreign locations and on ships by qualified personmel; and translgtion
performed by qualified limguists under a spegial_effort supportei;inzits
reserve program, it relies heavily on the‘c;A to provide tramslation
service. It believes that as capability for high-volume output grows,
its needs will kesp pace. The Navy requires reasonably good quality
of translation.and has found MI outputs availsble to date

uwnsatisfactory.
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~ Language requirements (a.fter Russian and Chinese) shift with the
'world situation and the Navy s activities. There are l6prima.ry la.n- )
guages, mainly from the East; a number of secqnd_a.ry languages for which
the urgency of translation is m_u;h smaller; and seven 1é.nguages in which
it is desired'only.tq identify subject matter. A ‘ - |
ONI 'supports work in the MT area through technical agencies such
as ONR. |
AIR FORCE FOH:E ~ Although there is no official written Alr Force requirement
for MP (and apparently not for tramslation, per se), there has been a
large variety of needs expressed:
a. detailed analysis of all manner of foreign documents for
intelligence purposes-( )(7) ‘
b. scanning of documents in rough translation(7) for selection.
of those _havingbpa.rticular interest to be tramslated in detail;
c. indexing and abstracting, with translation before or after the
fact (depending on how meaning is best preserved.);(n
-~ d. translation of scientific and technical material for
dissemination to the technical commmity"(l)*
e. preparation in Eng]_.‘lsh translation of Aeronautical Charts
| - and Information from foreign countries.
It is desired that the quality of detailed machine translation be equiva-
lent to that of human translators' output, but this quality rgmsins o

undefined. (1) No translation would be preferable to poor, misleading

¥ow 08 pege <124y~ Hearings - f
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translation. Despite this, the rough output available today from the
Air Fgrce's main effort (at IBM) is considered by some in the Air Force
o bave some wtility. (¥ e requirement for quantity 1s dealt vith in
Reference (6) and in general indicates such high volume that automatic
transl’g@:ibr; by ma_,ghix;e_ is indicated.

A Assignment of responsibility for preparation of requirements and
ft;:._‘n;l.shing translations is obscure. The intelligence community (AFCIN)
wou;l.d like to have the translation outputs, but does not desire the -
responsiblility for translation. (15) It will support a research effort
now leading to MT production later; it will not support a development |
program or operate a facility. _

Despite General Graui's statement regarding dissemination of foreign
" technical documents to the scientific commmity,* the procedwre for the
commmnity to obtain such documents is not spelleci outo(7) There are no
plans for genmeral diséemina.tion; rather the user must reguest the docu-
ments through his sponsor, the Technical Service. The request may go to
ASTTA, but it is not precisely specified where and by what a,dministra,tive
procedure the tramslation is done. Reference (6) states that ARDC's
translation requirement is small.®** Thus, although the Air Force supports
MI efforts very substantiéll&y the useé and responsibility for this

work are not clear.

* Cf. page 136, Hearings
**% Page 3 :
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Presént langusge needs are Russian and Chinese, -Gérman, French
and Spanish can currently be handled without MI'. Other language needs
will appear as the volume of printed material in a language grovs.
ggﬁf -The CIA believes that its requirements have been fully. expressed
in. the Congressional hearings and in Referencer(2). Basically, these
.are»”fast? accurate translation" of Russian, with. other languages in
order somewhat as shown in (3). -Anything short of high-quality
~trenslation will be considered an interim siep. It is uncertain

. whether continued use of postueditors(z) places MT outputs.in -one
category or the other.

There is .also an expressed desire for something short of "perfect!:
translation to be used by the readér somewhat knowledgeasble in a
language as a M"crutch!" whilé reading in.the original, »ThisiayprOach.
will obviate the need to handle graphicel and pictorial material in
“the automatic translation process.

An. output of .about one. million words per. day is desired initially(g)
from any production facility, although quantity.and,cost:are.not.primary
‘considerations for réasons. given previously. uMprendetailed.expressions
of requirements specify a number .of -scientific disciplines (see,page'39)
and la;guages.of interest in order of importance. These expressions

exist. in References (1) and (2), which are considered official.
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V. STATE OF THE MT FIELD .

This dlscussion is an sttempt to provide some over-all view of

the various _appzjoa.ghes to MT and to obtain some assessmen't‘_. of-vl:_uexfe

th_e field in general stands. Sharp differences of opinion exist re-

garding the validity or prospects of some of the approaches. These

differences will be brought out, not to demonstrate the correctness

or incorrectness of any view, but to show the difficulty of reaching

an objective assessment of the technical efforts.

A. The General Problem

The machine translation process can be‘_characterized by the

ing diaglnmg (17)

follow-
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- The major problems arise in the following areas:

a. programmingfor dictionary lookup of word meanings, and the

integration : of such lookup into the broader translation program;



b. stating and coding the (impe:féctly'qnderstood) gramaxr én@.
syntax of the:original and targgt_languagg ;n precise form
without ambiguities for. the machine program;

c. effecting the transfer from ome set of rules to another, to
go from one language to anoﬁher; and

d. selection of the correct meaning, within context, of words
or phrases that have multiple meanings (polysemantic).

All of the MT efforts now in prog:ess bave grapplsd with the first
prodblem and are solving it in various ways. The question arises whether
it might not be possible to spply a single diectionary lookup technique,
by a sort of "SHARE" program, to all the MT programs, and comséquently
to improve the efficiency of the nationwide operation by reducing |
- parallel efforts. Thers seem to be two major reasons agaimst this.
First, the dictionary lookup process is wsually completely integrated
with_other aspects of the language analysis program; it may have asqu
ciated with it various codes for grammsticsl and syntactic identifiea; ‘
tion of wordsy(l9) and & given word mey sppear with itz stem and
inflectional smdings divided im differemt ways for purposes of machine
coding. Secondly, the mschines used for tramsletion, beimg in ggneral
assoclated vwith MT as general pwepose tools on 8 research prq@@@t,
have many different memory capabilities and forms of address dema@ding

different approaches to the lockup pr@bleﬁu
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All of the efforts that are near yielding machine outputs are
g;’appling with the problems of grammar a,ndvsyntaxo* The "digficglyies
in this area erise from the fact _that_me‘rulejs of gremmar apnd syntax
in any lagg_uage h&v_’e evolved through usags rather tha_n_throm any
logical formulatiom. Thus the attempt to establish a pfeeise formuls-
tion of language structure must contend with numsrous exceptions to
rigorously defined relstionghips among words, phmseis, and even thoughts.
This problem also underlies the difficulty in effecting transfer from
the rules of one lsnguage to those of another.

Problems of multiple or ambiguous mseming arise becsuse it 18 vire

_ tually impossible to program into a finite computer the contextual
references that determine the choice among various m@émimgs or usages
of a word. (This is illusirated by the incident, famous im MEF eiréles,‘
in which "hydraulic ram” wes translsted from English to Russien and them
appearad in English agein as “water goat.”) .S@m’sﬁ,e questions are the
subject of & swall ramber ¢f very long-rangs r@e@aﬁ@h p:rogeetsc The
more immediate efforts hendls ths problem by Mbtmg mioms possi‘ble
mesnings for the readsr to choose ﬁﬁmmk\m(m) or by choosing a likely
meaning according to probability of ceccuwrrsgce asseciated with swrrounding

or podifying words in & S@mtenc@o(ls’) Scme sourses express doubt that

® Grammar dsals with vord structuwrz and inflections of words - word
type, gender, temse, munber, ete. Syntax deals with the relation-
ships arpeng words in 2 sentence - placement of subject and predicate,
relationships of adverbs to verbs, ste. Neither is concerned with -
meaning or semanties.



problems qf polysemy can ever be so.lved cbppLgtely; (12) it lj:.s fqr this
reason that the possibility of smoothly :eaq.:_l.ng_but 1ncorréct or
misleading trangla,tion remsins a worrisome spectre.

B. Overview of the Field

Therx; are some’ fhirteen' contrects of various kinds, sponso:ed by the
CIA, NSF or the services, dealing directly with MT, as well as a num'bér
‘ of contracts peripkerally related to the translation problem or dee.]ing
with h&rdme for print reading and machine menory storage. The essen-
tiel eharacteristies of these efforts are smrized in. Apmdu ﬁ, énd
a listing by sponsorship end cstggories of ‘application is given in
Table I.*

The approaches to the MT problem are fewer than the mumber of con-
tracts might imply. The Cambridge and Milan groups are workimg on semsntic
pro‘blems with & vexéy ,l;dngarange view, and there are stm;mg '@vér‘@oms" bff:‘
semantics, or rather, gemeral theory of language, im the work of MIT and
Hebrew University. The other efforts in this country have all becn con-
cerned, in onz way or enbﬁh@r, with problema of lezdcal equival@nts |
{aictionary lockup), syntactical mlysis and b,yr.thesiso The IBM effort
to date has been the most frankly concerned with lockup problems exclw-
sively, but 1s mow starting to explore syntactical malysiso(m)

The cther approaches‘ may be characterized roughly s "student"” and

"teacher." In the "student" approach, it is assumed at the outset that

* fhig infomation was obtained from Raferences (1), (12) » (17) erd
20
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nqt.h:}n_g is known a.bqut.- the language A bgdy of rules dgsc:i_.bing tl;e
lengusge 1s built up from snalysis of rumning text until, it is boped, o
sufficiently large sample has been analyzed sg_that most .(c.uj at least
the_'most 'gomon)_ linguistic situations will have been encountered. The
rules thus determined are then used to translate texts newly encountered.
In the "teecher" approach, the progfamx;er inserts into the .inachine all
his knowledge about the lg.ﬁ.guage, simplified and codified as much as
possible to st';a,y within the machine eapa.éity.

Within these broad divisions, variows "schools,” singly or multiply
occupied,. have grown. The Georgetown program has considered probdlems of
wvord-equivalent lookup as well as the questions of analysis, transfer _
end synthesis, using generally the “student" approach. ‘That approach is
epplied even to the dictionary problem, éince words included in the dic-
tionary are selected from experience with running text im a particular
discipiine (organic chemistry has been used for initial research). The
work st Ramo Wooldridge and Rand mey also be considersd to use the
"student" spproach, although prior leedge of the language is not
neglected. Wayne State University is closely conneeted with the. Ramo
Weoldridge effort through P. Gaxrvin of Remo Wooldridge, who acts es a
consultant for Weyne.

. The most widespread "school"” is that flowing out of the work of the
Natiomal Bureau of Standerds, which uses a “teacher" approach. In that

program, & sentence is divided imto its comstituent clauses and phrases;
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words in each are examined in order from left to .right; from each word
the grammatical and syntactic form of the next is predicted; most
probable meanings of words are selected; and the entire structure is
reviewed through a series of successive iterations until a.satisfactOry
translation (or.an impasse) is reached. This general approach is also
used by Harvard and A. D, Little and is closely related to the work of
-RAND. and perhaps the University .of .Pennsylvania.

Finally, the University of Texas, in what may be called a "student”
approach, compares manual English transletion of German text with the
original to search for rules of analysis and synthesis applicable to. MI.
The work of the University.of California at Berkeley, reminiscent of
- that of the Texas group, also takés a'“student"iapprgach-by,ahalyziﬁg
running texts in a fleld to establish syntactic and semantic rules.

Now, where do all these efforts stand? The work at MIT, Hebrew
niversity, Cembridge, Milan, and Texas is long-range research and is
not expected to produce any results with early applicability to production
output. It would appear from the available information that the Harvard,
Wayne State Unlversity, and Berkeley programs aréeé also in this class.
The NBS program is definitely aimed (insofar as the sponsor 1is concerned)
at achieving "production™. capability at an early date; since it was one
of the late starters (1958), it is not as close to this point as some

of the programg that have been going for a longer period.
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' The IBM, Ceorgetown, Rend, and Ramo Wooldridge programs are .con-.-‘
sidered tq be qos# nearly ready for~tests‘of'§nality.p£ éﬁtput and N
'"érgdnbtive ca@gbility.(2;> Of these, the Rand work appears to have been
diverting in the direction of screening, abstracting, gnd date retrieval,
with translgtion}asénming a secondary aspect;(zz) while Airqurce support
for the Ramo Wooldridge effort is being cut off (as in fact ave the ALr
eqcquupportéd university regearch projects).* Thus the mg;or contenders
for large scale application in the near.future'are the programs of IEM
and Georgetown, and eventuelly that of NBS.

It 1s claimed by 1ts RADC sponsors(aa) that the IBM program, particu-
larly in anticipated improved versions’ that pay greater attemtion to |
syntacticel analysis, offers sufficient capadbility for meaning {transfer
to satisfy intelligence needs for screening and scanning, snd that this
is the primary intelligence application. This view is not cqncurred{in
by any of the other members of the DOD/CIA intelligence communi ty (in-
cluding AFCIN, which, although it believes the IBM approsch may have
promise, is.not pecessarily committed to it wholgheértedly). Further,
and mgre importent, the possibility fof'ruture development o£ this
partieuAar approach to effect better transfer of meaning is viewed with
skepticism by the Army and CIA. _

The Georgetown approsch is likewise held in perticular favor by its

spousors, while some other members of the commnity deprecate its success

¥  See page 308
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and its potential. One of the problems it faces is that, in taking the
"student” approach, it may do a falrly successful job of tramslation
when the text incl_udesﬂ only lin_guistic situations that have been encoun-
tered _previous_ly and _accounﬁed for in the program; but it cannot vcope< '
w;i.th nevw situgtiona and thgrefore fails to translate infgll:!.gib]_.&. It
is therefore necessary to amend ?:.he program, which becomes cumbersome '
and unwieldy. Further arguments arise with respect to the spgeialization
of the Georgetown programs: in particular scientific fields, and the ‘
implications for the size of dictionary ahd associated machine storage.
While the program aims to have lexicons of some few tens of thousands
of entries in each fleld, it is claimed elsewhere that a lexicon of

half a million ctems, implying several million words, will de neceséary
for eﬁective translation of scientific material.

A partial solution to these problems is offered :Ln acceptance of
the need a,lwavs to post-edit the machine output. (2) But this requirement
is, alse, not necessarily eccepted as workable by others in th@conmnityo
Certainly the Arwmy’s effort at NBES, vwhich is sa,id by some to offer the
greatest pronﬁise of success of all the‘/progirams,(l)* conten@lates Bo
such necessity. (13) It is not clear, moreover, to what extent the post-
editors mist be knowledgesble in the sclemtific field of the tramslated
paper and in ‘the lsnguage. This question #ust be resolved

experimentally. (2)

*¥  Conclusious of the Report on the Hearings
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Clearly, questions are ralsed here regarding the acceptability of
_certain types of output (quality) and regarding technical matters.
inseparsble from the translation programs, which can only be resolved
through the detailed explorations of those knowledgeable in the
intelligence, sclentifilc and MT technical areas.

.Other questions, less difficult, .exist on the periphery of the MI'
problem. These relate to the need for high.speed, .automatic input-
output devices to keep all parts of the translating system operating at.
compatlble speeds. All parts of the user community are agreed on the
need for such devices. The Alr Force believes that the Baird.Atomic
reader, essentially mechanical in principle, will provide a workable
solution compatible with both the Géorgeto@ .and. ITBM translating programs.
The Army and -CTA, however; believe that the glec’cronic approach- 1o the
probll.gm.beirg dev_eloped. by RCA offers promise of much greater flexibility
and sicope {number of type fonts without the need for chemging them, etc.i,
-and, wﬂl prefer to awalt that development, which has now reached the
testling stage. |

Finally, mertion must he made of the question of high-speed output.
In gemeral, attention and interest have been centered on immediste problems
of ‘t;:ra,.ius.l.ation itself and inmput to the translator, and most work to date
has .bgaen. satigfied with more or less standard off- or ou~line compuhber
output. It has been indicated by the CIA that the high-speed Apalex
pricter, which prints 1000. lines per minute and is an operaticnal piece

of equipment, can meet the output requirement.
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c. Actions PendAingl

 Wnat 1s gotng to be done by the DOD/CIA commnity sbout ME in the.
near. future? Pending actions vary from drastic reduction to substantial
increase of support for various efforts.

The Army believes that the NBS approach is the most promising of
all those in the field and will continue tq support that program, as
well as the longer-range research program at the University of Texas.
Néither program demands a large expenditure; when a working trmlatipﬁ
program exists it will undoubtedly be connected with the FIELDATA com-;.
puters, which are supported by many other requirementeo(%) ‘The Navy
(ONI) expects to include, next year, a half-million dollars earmgfked |
for basic research related to MP in its support of the ONR information
systems program. (15) |

The greatest perturbations on existing programs will come from the
Air Force and CIA. The Air Force (RADC), faced with & lack of funds
snd low priority for MI, has eliminated funds for all of its wniversity

rograms (see Table I)and the Ramo Wocldridge program, amd will continue
to support omly the IBM effort. (22) While it does not believe that |
this effort has' progressed emovgh to warrant scceptance of the IBM
proposal for & Hatiom.l Translation Center (mor that the. Air Foxce
ghould support, alore, such a center), (14) it does believe that thié

program, in its future developments, offers the opport‘imity to develop
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a ceﬁter_ o meet Alr Force geedéo(aa)* Thére is also the question of
a substantial prior investment to protect.
_ The CIA intends to establish a translation center on an experimsatal
b.?'Si?’ __buil£ &a.round the Georgetown translation prog:f;m. By next epriqg?
lexicons for this program will exist in the fields of organie chemistry,
economics,. géogre,phy, physical chemistry, high-energy physic_q end solid-‘
st_a,te physics. A card-punch center hes béen set up in Germany to pre-:
pare inputs for the prdérmn; an ‘Aau‘tomatic,‘..print-reg.deris.. intended to

become part of the translstion complex.

* It should be noted here that this action is taken by ARDC as part
of its respomsibility for egquipment dmmlopmemto The AFCIN posi-
tion, noted earlier, is that it would prefer not to p&rtieipate in
either d.evelopmnt; .or operation of such a center.
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TABLE 1

U.S. RESEARCH AND DEVELOPMENT IN MACHINE TRANSLATION AND RELATED FIELDS*

Information Storage and Retrieval

Translation Research Equipment -
By Language By Approach Sponsorship and Theory Development
=Russian-English Lexical, with USAF MIT (1) Input
Georgetown (2) some Syntax U. of Washington U. of Pa. (5) ~Syracuse (13)
Harvard (4) Georgetown (2) CLRU Through PRC (19) Baird-Atomic (15)
U. of Calif. (6) U. of Wash- Harvard S NSF Intell. Mach. (22)
* U. of Washington (8) ington (8) Indiena Rabinow (23)
+Jayne State U. (9) I (17) U. of Milan
U. of Milan (10) Syracuse
Indiana U. (12) Ramo-Wooldridge Memory and Search
Ramo-Wooldridge (1k) tactical Baird-Atomic - IR {17
Rand (16) MIT (1) Rand (OSR) Hydel (20)
IEM (17) CLRU (3) M Int'l Telemeter (21)
A. D. Little (18) Barvard (k) PRC Rabinow (23)
NBS (25) U. of Pa. (5) Intell. Mach.
U. of Texas (7) :
Wayne State U. (9)
German-English Indiana U. (12) USN
MIT (1 A. D. Little (18) “Wayne State U.
U. of Texas (7) NBS (25) Hebrew U.
U. of Milan (10) Hydel, Inc.
Int'l Telemeter
, Syntactical, with MIT :
French-English . some Semantics
B (17 U. of Wash-
Ceorgetown (2) ington (8) US Army
Hebrew U. (11) NBS
Ramo-~ U. of Texas
Italian-English Wooldridge (14) .
CLRU (3 Rand (16)
(also Latin-Eng.) NSF
U. of Milan (10 “™MIT
Semantical CLRU .
MOT (1) Harvand:> with USAF
Chinese-English Y. of Milan (10) U. of Pa.

U. of Milan (10)
U. of Washington E
U. of california

English-Chinese,
Arebic

Georgetown (2)

English-English
U. of Pennsyl-
«  vania (5)
PRC (19)

¢ General I#%e
CLRU (3
Hebrew U. (11)
Indiana U. (12)

PRC (19)

Hebrew U. (11)
PRC (19)

U. of California
U. of Washington

CIA
“Georgetown
Direct M.T.

Contracts —» Peripheral —s» Related
U. of wash- Indiana Syracuse
ington Milan Baird-
CLRU PRC Atomic
Harvard U. of Penn- Intell.
Ramo- sylvania Mach.
Wooldridge Hydel

Rand Int'l

IR ‘ Telemeter
Wayne State U.

Hebrew U.

MIT

NBS

Texas

Georgetown

U. of Cal-

iformia

_* Numbers refer to 1istings in Swmary, Appendix B.
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(2)
(3)

(%)
(5)
(6)

(7)
(8)
(9)

(10)
(11)
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a. Read.-»In. Although photoelectric reading of a printed page -
of arbitrary format appears possible, this read-in method is probably -
three to six yeers off. For read-in during the immediate futire, manual
typing equipment will be required to digitalize the information. ‘

b. Data Processing and Print-Out. A Mobile Digital Computer
: (MOBIDIC) is being developed for the Army by Sylvania Electric¢ Products,.
Inc., to handle dats processing for the field army of the future. It is
to be van-mounted and delivered by 31 December 1959. The opera,tions of
dsta processing and print-out can be accomplished by specially tailored
groupings of components from the MOBIDIC family of data processing
equipment.

L. The present expectation is that by 1960 the Army will have a .

machine language translation cdpability in the field provided a manual
*read-in" device is acceptable and provided machine programs are developed
for this purpose. Since each language translated requires a separate
machine program, it is necessary to assign a priority to those foreign
languages for which the Army desires a mechanical translation ca,pability,
either for field use or for translating scientific and technical
publications. Arranged in order of priority, these languages are:

a. Russian d. Arsgbic
b. German e. Japanese
Co Chinese f. Russian satellite countries

5. A program developed for mechine translation of a given language
depends on the machine to be used. However; several of the steps leading
to the program are independent of the machine. Specifically, these are
the accumulation and coding of a lexicon and the syntactical and grammatlcal
analyses resulting in syntactical and grammatical rules. Essential_ly '
'onl;y the programming step depends cn the machine. -Consequently, any
successful mechanical translation effort can be edapted to the MOBIDIC
by performing the programming step.

6. Status:

a. The mechbanical translation of Russian to English has re-
ceived the greatest attention. A major effort is being made by the Insti-
tute of Languages at Georgetown University under the direction of Dr. Leon
Dostert and sponsored by the Central Intelligence Agency and Nationsl
Science Foundation. The empbasis of this effort is on grammatical enalysis
with the weakest link being the programming phase. In fact Georgetown
University has asked the National Bureau of Sta.ndards (WBS) to do their



coding snd NBS is presently coding one of the Georgetown approaches.
Recently, at the imstigation of Lt. Colonel J. A. Ulrich of Diamond

. Ordnance Fuze Laboratories, NBS submittéd to the Office of Ordnance Re-

. search (OOR) & proposal for a Russian to English Machineé Translation
Program. Specifically, this program would be undertaken by Mrs. Ida
Rhodes snd three assistants. Mrs. Rhodes, a mathematician and linguist, -
is thoroughly acquainted with the Russian language (Russian born) and also .
is well known for her’ skill in programming for electronic digital com-
puters. Although this: woulfd be a separate effort at NBS, it would be
closely coordinated with the Georgetown Upiversity group and would give
greater stress to the programming aspects of the problem. It is expected
that the NBS proposal will receive favorable consideration by OOR and
will result in a contract for appro:dmately $25,000. ‘

b. The Massachusetts Institute of Technology bes been making
the main effort in the mechanical translation of Germen to English with
Dr. Victor H. Yngve as principal :Lmn's's'c:lga.‘l:or'° The University of Texas
has submitted & proposal entitled "Proposal £for a Feasibility Study of
the Machine Translation of German and Russian into English," dated 9
January 1958. This proposal is in four phaeses with phase I emphasizing -
language structure and phsses II-IV emphasizing machine design and
construction. A detailed statement of work and estimated cost ($58,472.60)
" are included for phase I only. Althouwgh Dr. W. P. Lehmann and Dr. C. V.
Pollard are proposed as principsal investigators, information was received
last week to the effect that Dr. Yngve had asccepted a position at thé’
University of Texas and desires to continue his mechanical translation.
work there. Concerning phases II-IV, the need for constructing & specisl
machine for language translation has not been determined. Rather,
general purpose computers may be sufficient for this task.

Co Georgetown University, the University of Sorbonne and the
University of Algiers have small programs directed et the mechanical
translation of French. The mechanical translation of other languages
1s receiving even less attention.

T Recommendations: It is recommended that: ‘
a. ~ Present efforts to translate mechanically from Russia,n to
English be followed closely, since the results of any successful effort
can be used in the preparation of a program for the MOBIDIC.

b. The Army negotiate a contract with the University of Texas,
which would have as its objective, the machine transla.tion of German

into English.
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" ¢. ' That an Arnw-wide project for Machine Translation in the
amount of $60,000 be included in the FY 59 budget to support the contract
mentioned in b above.

8. Coordination: This memorandum has been informally coordinated
with OACSI, ODCSOPS, ODCSLOG, OCOA, Office Chief of Ordnance, Office

- Chief Signal Officer, OASA, OCAMG, and OCIA.

WILLIAM W, STONE, JR.

Lt. Colonel, U.S. Army
Acting Chief, Research Div..
Office, Chief of R&D
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APPENDIX B

SUMMARY OF RESEARCH AND DEVEMPDEM
IN MECHANICAL TRANSLATION AND RELATED FIELDS

UNIVERSITIES'

1.

L.

Massachusetts Institute of 'l‘echnology (Vietor H. Yngve) (NSF)
(Germa.naEnglish)

Use of natursl language for storage and retrieval in mechan-
ical literature search system. Concentration on sentence struc-
ture; breakdown into components. Search for target language
equivalents, restructure into target language. Also, work for USK

on photomemory.

Georgetown University (lLeon E. Dostert; A. F. R. Brown; Michasl
Zarechnak) (CIA) (Russian-English)

Lexicsl withéynta.ctie rales; attempt to preserve semantics
through the rules - use 705, TO4 - reorient to 709. Apply to

Slavic in general, starting English -~ Arabic, Chinese. Syntax’

rules and words by field of literature. Concentration on chemistry.
Simulated linguistic computer: direct coding; use of t:mnslatien
rules - French-English, Russian-English.

Cambridge Langusge Research Unit, Cambridge, England (Margaret Master-
man) (NSF) (La.ngua,ge - General, Latin, Ttalian to English)

General tra.nsla,tion program, any language to English (Tests on
Latin and Italian). Thesaurus approach (idsa-related rather than
word equivalents). Program for analyzing sentence structure of
arbitrary sentences, from word classes. Purched-card techniques.

Harvard University (Anthomy G. Oettinger) (NSF) (Russian-English)

Automatic dictiona.ry.

Algorithms for: (a) small contextusl neighborhoods, (b) sen-
tence constituents. Automatic classification. Theory of syntax -
Russian; artificial langusges, e.g., computer. Application of NBS
"predictive”  techniques to Rissian and English.



L.
[

University of Pennsylvania (Zellig Harris, Jr.) (NSF) (English-
Englich)

Application of Linguistic Transformations to information
retrieval. Sentence and subsentence structural’ analysis - com-
puter program (UNIVAC) for recognizing syntactic structure of
English séntences. Future, generalization of computer theory,
linguistic methods, programming and coding, Program for
Transformation Analysis.

(ONR) Information Retrieval Study: HNature of desirable
information for retrieval, explicit, to gulde d,esi@ of retrieval
system. Automatic indexing and search.

University of California, Berkeley (Sydney M. Lamb) (NSF) (Russia.nm
English; Chinese-English)

' ‘Russian Language Anan‘.sis - lexemes_ and synta.x'machime snalysis
giving alternate translation choices to be made. Build-up of dic-
tionary knowledge incorporated to reduce uwncertainty. Coding for
operation on 7Ok, Chinese just beginning.

University of Texas (W. P. Lehman) (USASRDL) (German-English)

Linguistic analysis, using’cbmputers@ German-English uéing
"Stochastic Grammar.” Concerned with dynemic character of language.

University of Washington (Erwin Reifler) (RADC, NSF) (Russian-
English; Chinese-English)

Review of status of field just beginning for A.F. MT approach:
lexicographical; uses photoscoplce disc. Started next phase =
logical programs for sutomatic resolution Of some problems in

_grammar end semantics. Chinese just beginnirpg under NSF support.

Wayne State University (Harry H. Josselson; Arvid W. Jacobsen)
(ONR) (Russian-English)

‘Translating Russian Mathematical Texts. Compare manusl English
translation with Russian and modify former to assume Russian word
structure. Machine computetion programs for syn.tactic anslysis -

IEM 650 and T709.
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10.

13.

 University of Milan, Italy (Silvio Ceccato) (RADC) (Russian—

English; some Italian, Germen, Chinese)

" Research into thought processes via operational analysis.
Description of correlation sequences, used to describe semantic
"bridges" between languages. Programming 704 for 1962; triels
on 650. Classification system of meanings in various languages
to substitute for experience matrices of original and target
language users.

Hebrew University, Israel (Yehoshua Bar-Hillel) (ONR) (3 con-
tracts) (General Languages) 4

Survey of status of mechanical translation research. Ansalysis
of theoretical limits of MT capability, including mechanization of
syntax and difficulties caused by polysemy. Studies of theory of
literature searching with goal of mechanization. Studies in

mathematical linguistics; theory of linguistic models. Mathematical

description and correlation among grammars.

Indiens University" ('].'homas A. Sebeok) (NSF) (Russian, USSR
Dialects, General Language)

Structural models of language aimed at mechanical transle-
tion. First step coding for 650; second. step extend program to
syntex and metricso

" Syrecuse University (USAF)

Mechanization "of‘photo handling; in connection with Baird-
Atomic print reader. _ :

INDUSTRY

lh.

15.

Thompson Ramo Wooldridge, Inc., Los Angeles, California (Don R
Swanson; Paul L. Garvin) (USAF-RADC) (Russian-English)

Syntactic anslysis assisting dictionary lookup. Use of
"fulerum" (e.g., predicate) to obtain information for analysis of
reme.ind,er of sentence. Pullding rules for nmltiple-mee.nings.

Baird-Atomic, Inc., Cambridge, Massachusetts (John A. Fitzma,urice)
(USAF~RADC)

Pr:!.nt reader.



16.
B
, 17.
Ve
18.
19.
~a
’ 0.
d
21

Rand Corp., Santa Monica, California (Dav:l.d G. Hays; Hugh Kelly)
(UsAF) (Russian-Enghsh)

Syntact;ic a.na;lysis - sentence sfructure, gra.mma.tical tre.ns-
formations, word derivations. Attémpt to bring in’ semantics. Being
machine programmed; "Semi -Automatic M Working on physics text.

Intérnational Business Machines (Gilbert King) (USAF RADC)
(Russian-Englishg French=English)

Table-Lookup tecbm.ques, intrinsic a.d.d.ress. "Use of photd-
scoplc disc. Translation is word for word with some overlay of
syntax in form of stored word groups or idj.omatic phrases.

Also compeny-run program (Advanced Systems Development Div.,
Yorktown Heights, New York,; T. R. Savage) developing automatic
abstracting and indexing techniques. Key word technique with
SHARE-TO4 program. -

Arthur D. Little, Inc., Cambrid;:e, Massachusetts (Vincent E.
Giuliano) (Ru.ss" ea-English) .

, _ Interest in. production development' of experimenta';l MT eyetems;
Working on automastic syntactic analysis with Harvard, using NBS
"predictive" technique.

Planning Research Corporation, Los Angeles, California

(B. P. Edmundson)

Information coding via simplified English language in man-
machine system. Retrieval of information which may or may not be
transformed in context or reference, through the simplified language.

For USAF-RADC, & program in document analysis. Indexing and
sbstracting via word freq_uency and topic sentence frequency count.

For IBM, preliminary requirememts analysis of MT. Essentia.lly
count of documents end words translated as compared with those
available and those published.

Hydel, Inc., Waltham, Massachusetts (USN)

Component Dasigns - High Speed Photo-memory.

International Telemeter Corp., Los Angeles, California (USKN)

Development of high capacity photo-memory (photoscopic "di—Sc
used in IBM MP effort).

-
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22.

23.

.ﬁ S ‘ . ,
Intelligent Machines Research Corp., Alexandria, Virginia (USAF)

Work in primt readgrs.

Rebinow Engineering Company, Takoms Park, Ma:yland (Jacob Rabinow)

High capacity information storage devices., Print readers,
uoing optical scanning and matching techniques.

GOVERNMENT AGENCIES

2k,

25.

26.

27.

28.

29.

National Science Foundation (Burton W. Adkinson; Richard See)

Coordination and sponsorship of various programs in MT.
Grants given to MIT, Georgetown U., Cambridge (England), Harvard U.,
U. of California, U. of Pennsylvania.

National Bureau of Standards (US Army, OOR) (Ida Rhodes; Samuel
N. Alexander) {Russian-English)

Use of grammatical analysis and predictive approach in MT.
Parsing of sentence; prediction of following structure, correlation
of prediction with occurrence. Dictionary for word lookup, applied
to 704 (Rhodes). ' '

Work on abstract pattern recognition using character recogni-
tion with automatic scanning for input and output display. Com-
pression and regeneration of graphic information. (Alexander)

US Army (Gfegg McClurg, ARO; Lester Geiger, USASRDL; Andrew Favret)

Support of work at NBS and University of Texas.

US Navy (Marshall Yovits, ONR)

Support of work at MIT, Wayne State Unlversit&, Hébrew Univer-
sity, and equipment programs in print reading (Hydel) and machine
lookup (Int'l Telemetering).

US Air Force (Robert F. Samson, RADC: Jack Kennedy, AFIC)

Support of various efforts in the field; including Cambridge
(England), Harvard, University of Washington, Milen, Indiana Univer-
sity, Syracuse University, Ramo Wooldridge, Baird-Atomic, Rand, ‘IBM.

CIA (Paul A. Borel; Paul W. Howerton)

Support of work at Georgetown. Cooperates with NSF in
furtherance of MI work.
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