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I. INTRODUCTION 

Machine translation of languages (MT) has grown. from- a ·suggested 

idea in 1949 to a current effort involving some two and a half million 

dollars per .year spread over thirteen contracts sponsored by the 

NationalScience Foundation, Central Intelligence .Agency, .and the 

three military services. Many related efforts in applicable theoretical 

study.an~ equipment development exist. Typically, with some successful 

.results· claimed to be in 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. 

Twoproposals 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 

_ recomm!=.D.dations for a national mechanical translation center,(l)* 

-_ and.a National Academy of Language Sciences which may include such. 

a center •. 

]Despite these external signs of growing maturity inthe field, 

dE;!~p~r investigation shows that it is in a state of turmoil. ·,There 

exist in_ the DOJ) community many gaps, ambiguities, and .contradictions 

in. ·<=;:x;pressions of 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. 

* ?uperscript numbers refer to References, pages 41-43. 
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The· purpose of this report, prepared* for the Assist~t Director 

(Sp·ecial Projects), ODDR&E, is to recommend a coursE;! of action. for 

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

ment of a policy with respect to Ml.', and a program to implement it. 

*· By the Research and Engineeri~ Slrpport Division,. IDA, under 
Contract No. $1)-50, Task Order T6. 

la 
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II. SUMMARY, .ASSESSMENT . .AND RECOMMENDATIONS 

A. Requirements and Program Implementation· 

Status. It has been found that needs for translation, to which 

MI' may be applicable, vary among and within independently acting agencies 

of the using community. 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·program at Georgetown University to 

meet these requirements, .and anticipates early success in applying this 

program to its needs. 

The DOD sit~tion is· more complex • .Amo:r;J,g the various DOD. agencies 

concerned, there is general agreement that the· needs are distributed 

among intelligence, scientific/technical, .and other more speciall.zed 

applications •. It is also agreed that -w:ithinth~se 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 prime importance 

for MT effort, with other language requ:i.rements varying according to 

user and application •. 

Few of the various· expressed D.OD· requirements have been documented 

officially. There is no agreement on the k:ind, or quality, of.trans:La-

tion ~ompatible with. or suitable .for. ap::plications in various parts of 

* E~go., in .R~ferences (l) .. and (2). .9ip.ce such. statements· by .·CM 
persq.nnel. are reyi.¢wt;d ·and approved in-ho1.1se .. prior to issu.9Jlce._, 

.they are considered official statements. of policy. 

2 
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the· spectrum. Various expressions of the quantity or volume of trans-

lation required diverge .widely, it being apparent only that. the demand 

far exceeds current manual translation capability and will grow. Nor 

has there been any serious attempt to show how volume requirements are 

distributed among the various applications and associated requirements 

for quality. Nevertheless, actions are being taken. unilaterally by 

various DOD agencies to continue, increase, or decrease support of 

various programs. No logically planned program framework to guide 

these act ions · exists· within the Department as a· whole·. 

It has become apparent in the course of this study that establi.sh-

ment of such a framework must take place on a ·coordinated basis for the 

.entire Department of Defense. Many members of. the using community 

have expres·sed 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 MT.research and developm~nt, and althougr~ 

its financial support. of.work in the area is relatively small, its 

programwill have a large impact on.the general status of the field. 

It appears therefore that the DOD and CIA must work in cooperation to 

resolve 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 comm~ity 

requirements in MT and with, authority to act as the. DOD/CIA agent to 

m~?t those requirements·. ':):'he group 1 while it should. be small. to. be 

3 
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viable, should include one member from the CIA and each interested DOD 

ag~ncy; care should be taken, if it is the D.OD/CIA intent to disseminate 

translated 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 a program. The group . should exist on·. a ·continuing basis 

. and. s.hould anticipate extended periods :of .full•"f;;tmef work e:s necessary. 

It should be noted that two inter-e:gen~y committees· exist. in the 

MT· area: the Subcommittee on. MT of. the Committee on Documentation, 

lntelligence Board (CODIB); .and the ·+:nte;r~genc;:y Committe~.on MT Research 

of th~ NSF. A separate group is recomm~d~d here because: 

(a) . The CODIB group represen~ s. onl.y a part of the community 

interest in MT discus~~d in:. "f;;hj,s report {see pp. 14 and 

·i5); and 

(b) The NSF is not an .. operat~·~¢ncy. 

The primary point of concern is t.ha.t 1 for ]J.~,:~'\ll1>0S~s, authority and 

responsibility could be discharged pest. if .c~ritralized in .. an appropriate, 

generally representative 1. ·body. 
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The immediate tasks of the joint group. should be :.the following: 

:lo A statement should be prepared describing community needs 

in the three areas of intellig¢nce, .dissemination_ of 

scientific/technical inforniation, and specialized 

applications. This would include~ 

a. A precise statement of what must be done in. the areas -

of screening, scanning,_ and detaile_d stJ.ldy involving 

both rough and careful translation. 

b. A statement -of the quality of __ translation needed for 

each application, with some .definition. -(Since it is 

apparent ·that_ further experimentation.with.v~rious MT 

outputs. is needed to define· _better_ the mechanisms and 

circumstances of meaning transfer between_ two languag~s, 

plans should be made for carrying out this experimentation.) 

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

translation. is required.* 

2. Needs and desires within and between servicesand agencies 

should be compared, leading_ to a single (howev~r complex) 

DOD/CIA position in_ ·each_ area. of re:quirements • 

* -It may-_ he· :found -early that the -community desires all the transla­
·tion, of -ea~J;l- kind, that. it ca:J;l get up to- thE:;! lim.its.of-capability 
of a given numb~r of machines (see PP• 16 and 17}, and that gradual 
improvt:m~_~nt :i,n- qua.:lity is both. desirable_-~ anti\!~pated for all 

.. appl~cl3.tions.~ _ --If so, th~ recogn:i_tion, statement.-.and. support. by 
analysis. of these facts :will ]1ave obvious positive. value in 

· g¢d:!-:ng pqrx :i=:f:fbrts.' - · - - · -- · ·-
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3. A technical evaluation should be made of the various Mr 

programs, leading to selection·of appropriate efforts (if 
... ' . . .. . .. . . . ~ -~ .. . ' .. ~ 

. . . 

any e~st) for immediate application to production-type 

outputs on~ e~erimental_basis ~n e~h ?f. the _requi~ements 

areas, and selection (or initiation) of longer-range re~ 

search and development efforts for continued (or perhaps 

increased) support. 

4. The requirements position and the techn1cal program plan· 
• M • 

should be documented. 

The work recommended in the following paragraphs will assist the 

group in carrying out the above tasks o 

B. Technical Assessment 

Status o As in any technical field, there 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-

tion and to applications of MT as a tool or source of basic knowledge 

and technique in broader areas related to the general information 

processing problem. The great majority of MT efforts today are adm1 t-
( 

tedly research efforts. About the few that are cl.a.imed .to be re~\ 
/ 

for application to volume output 1n one way or another;· controversy 

rages. 

The core of this controversy lies in the various. sponsors' and · 

technical people's assessments of the state of·rea.diness ot particular 

5 



~~~~-for such applicat;o?;_ ~he.~r assessment of.the u~ility of 

outputs that are admittedl.y primitive or need human docto:n.ng to be 
• -<' ,.,. - - • -- • - ~ - • 

intelligible; and their judgment of the potential for improvement 
-~- - " 

to meet whatever "standards of goodness" may be established. The 

~~~s ar~nts canno.t be_interpre~ed by the person_tec~cally 

~~O.rmed in _the fie~d, _be_cause they invol~ . quest~ons of _li~_stic 

theo17 and COlllj;)uter programming that have to be examined in great 

detail. ~so~ution of the arguments will most likely also require 

the results of the experiments mentioned in 1. 'b,, ~ page 4. 
- . --

Recommendation. An impartial technical evaluation of the various 

HI! programs should b8 ea.:rr1e4 out w1 th the following obJectives: 

1. For the. efforts claimed to be near production capability: 

a. To des~r'ibe the nature of the output, especially 

the language distortions that are peculiar to it, 

and to relate these output characteristics to the 

underlying machine program and linguistic theory. 

b. To assess the development potential of the respective 

programs, indicating the probable limitations of 

refinement, ci1ff'1culties of programming new lan-

gua.ges, and the time expected to reach the most 

advanced potential 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 

6 
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development/production group, and those which are 

intended to'continue as research programs in 

automatic language translation or linguistics. - . . . 

b. To describe and analyze the first group as in l 

above. 

c. To describe possible payoffs from the second group -

what (in computer programming, int~~diate language, 

resolution of polysem;y 1 etc. ) ~sbt be learned from 

them applicable to ~ technique, li~stic theory, 

and general information storage and.;.retrieval 

problems over the short ud long term. 

The above results for all the programs should be described , 

in such a way that areas of overlap, similarity, difference 

and omission become apparent, in each portion of the. translation 
\ 

process (see page 29):. 

c. Qperational Ana1ysis 

The Problem. In all of the investigation described herein, the 

thesis has been accepted provisionally that the demand for translation 

is and will be so great that translation by automatic means is the 

only solution. The validity of this assumption has y,et to be examined. 

It is quite apparent that the creation of a machine translation 

capability will require large expenditures of ·effort and manpower, and 

that the results will inevitably represent various eomprolll1ses viih ~he 

7 
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most desirable output. C~rtainly, -if foreign documents could be read 

by. the user or translated manually by thos~ knowledgeable in the 

language and subject ·fi~ld of the document, many of these· ·compromises 

would not be necessar,y. 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. their joint effort. 

Whether the volume qf output anticipated will. necessarily transcend 

_manual translation. c~p?-bility depe;!ndsJ of' course, on·. the number of 

transl!=Ltors available. q::'he costs (for Russian E:i,lo.ne) of: training 

translators and opera-t;:l,ng a ·manual. facility (w.ith salaries tmi.t w.ill 

. attract people into th~ busin~:ss} and those of developing and operating 

an. MT~ facility, ·including_ au.tomatic rea:d,~r, translator, output printer:, 

trained post-editors· (if they-are needed}, and va-r:tous·overhead and 

. S\.IDport personn~l, .haye n~t been -~x_plored as thorOl,lgpJ_y from: the. system 

aspE;!ct, as they ,,might. b.~ •. -w N()r·- ha;s. it ·been established that an MT 

· capability will necessarily improve our foreign~document info~t-ion 

handling cap?-bility, or reduce waiting t.ime for outputs~** in. comparison: 

with an expanded ma:p.ual capability. wp4.;Le it could not pe argued that . 

. re·sear.ch. in MT s:P,ould not continue· f(;>r .whatever_benefi_:t;s: may bE! ol?tained,. 

· .. ·* I Th~: ciA, W:l:th Its; ·considerable .experience in. the translation -~d 
dotu1nentat1on :fi~lds,: .h~;~;s. acc~ated comparative cost figure~ 
W:hich_ should prov~ v~ry. usefu.i in _such analysis:. · 

·. **. ::B:ecaus~1 :if d~d _g;row:s wi:th ·seryi~e capa~_i ty (as anticipated., 
- cf~. <P:..:. 17) the; t:wp may retain .. such proportion (if, for budg~tary 
. ·reaspns, .th~ :necessarY- number of .computers.-canriot ber)n~de ava~l-· 
-ap:I~) t~t the~ wait:ing. t.ime remains· constant or.· ev~n. ip.creB;seso 

8 
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the nature of a development and production facil;l,t.y prb{Sram.. will 

certainly be affected by the answers to the~~ -que.·st:i;ons. 

-R~commendation. -An. operational. analysis: of the man'l,l.B.l and .. 

machine_ translation processes should be ,carried O'\lt, _-with the 

f.olloying_objectives: 

1. to. delineate for each. method the, step!?- Jn. the~ ·translation 

process;* 

2. t·o describe the time and ef;fort. :distr~butiqn. of· these steps; 

.3. to delineate the roles and requi;r.ed qualifications -of various 

personnel and describe their tasks for. e.ach me.thod; .and 

4. to estimate the cost in dollars, equipm~nt:~ aD:d.personnel, 

including research, developm~nt, operation and trai_ni~ 

(as applicable), for given. vo~um:es. of translation gut put by 

.each method. 

-D .• _ --Choice of Contractor 

I't is apparent from the results .reported he.rein __ t)iat a, relatively 

large amount of effort by persons with. ·specializi;!d kn()w;l¢dg~ in the 

fie,lds of language.s, computer programm.i~ ~- (>peratio;n:, operatic:m.a.:I 

analysis, and inforination storage and retrieval will b~: n¢cessary_to 
. ·, . . . 

carry out ·the technical. evaluation. and op~ratibna,l. ·~a-lysis: recommend_ed 

aboy-e·~ This .suggests th?-t the DOD:. mu.st fJ:Uld an externaJ_ eff.ort for 

this J;>Urpose. -A single .con~ractor is .recommended for- this:_ ~ff0rt. 

* -This~ step:· woUld ~1~a,rly _,bc;>rrow .sqme resUlts: front tl:te- technical 
. - evaluat;Lon. recomm~nded'. on pag~ 6. 

9 



The results: reported herein indicat¢ that 411- ~11>e v¢'ry .dl:ff.i~ 

cult. to find a p0tential contractqr, knO'fl~!lg~€t1?-l¢ in: th~ Ml' f~eld,. 

who has no. commitm~nt to .one of th~ many. app:ro.~<!h~l':l· .to the .pr()biem:. 
' . . . .- . . . . 

Preservation. of the n~cessary objectiv;l.ty is. th:~-- d+fficult. 

·It is suggested that .this qui?stiol1 l.:J€f ·r~.sql.y:~d by selection :of a 

contractor for the tasks who .M..s· th~ :g~n?raJ.. _:qualifications outlined 
. . ., .. : . . . . ... 

above, but who has not been active in tb.~ Ml'~ fi$ldo, ,This implies that. 

a certain part of the cost qf the study wi;I.Lbe r~uired for. education. 

Of :the 'COntractor in Ml''. This expenditUr~· :W:ill. pay f.()r itself in 

ob·jectivity ach~~ve9.. -B¢yond this, .i;he. cpntra~tor·(;!buld also be made 

available for. consultati·on_ with. the guid;I.J:J.g .:po;o/9IA ... gr6u:j;>: during the. 

process. of combining requirements. with kno~ledg~· ,of tl1~ Ml'. field to 

define a technical program. and to mc;>nitor t_hat pro~nun· ·Thus the 

educational prgcess w:tll have a.contiri.uing payoff fortP.~·POP/CIA 

community. 
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III.. . SCOPE OF THE REPORT 

This report was prepared 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 research and 

development~ The results of the survey showed that this approach was 

possible and that it would be neither desirable nor necessary to 

inject opinions other than those of the using and working coDIIIlWli ties 

regarding the validity of various requirements for MT or of the different 

technical approaches to the problem. However, where· conflicts of 

opinion within these communi ties or uncertainties of knowledge on 

whi.ch these opinions are based became apparent, it was considered in· 

order to raise the questions of substance left unanswered as a result 

of these conflicts and uncertainties. 

Since this study was performed primarilJ for the DOD, it ~as 

restricted .to consideration of only those aspects of the problem that 

impinge on. oop int.~rests $!ld activities •. Broader ,questions With .. . ., .. 

implications of nationS.l interest have not been dealt withp but merit 
; 
I 

~ntion here to indicate the contextual bounds of the present study~ 

!hese 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, regardless of connection with 

the DOD· 
. ' 

11 



2. the need for translation of documents, scientific and tech-

3· 

nical or otherwise, from English into foreign languages for 

various purposes of national policy; 

the need for use of linguistics and translation on an~~ 

basis as an instrument in the pursuit of limited war and 

cold war objectives as they arise in various parts of the 

world; 
·,. 

4. the desirability and possibilities for international coopera-

tion (~ven with the Iron Curta.in countries) in the linguistics 

and translation fields as a meaDS for im,proving communication 

amcng nations for any purposes; and 

5. the general problem of acquisition, indexing, sto~age, re-

trieval and dissemination of information, regardless of the 

l.aDaWJ.ge in which the information appears. (The interaction 

ot this problem with that of~ has been considered, even 

.. ····though th~ broBa.er problem, per· ,!!1 has· not.) · .· .· 

The followins discussion will elaborate on expressed DOD/CIA reqUire­

ments in the Ml' field, will describe briefly the current technical state 

of the field, will indicate what actions are being taken un1lateraJ.J.r by 

various agencies to further (or modify) Mr research and development · 

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

based on the results of this survey. 

12 



In the preparation of this report, the writer has discussed the 

problem extensively with various persons representing the using and 
--- ,.,. ~-- ........ ,., ______ · ............ - _______ .,. • ····- •••.• ·- -···· • -~.- ••. ·---··· .... - __ ;, ... J ·- .. - •. 

~ponsoring community. ~~c~c~ ~~o~~ion_~ufficie~t for·the purp~~es 

of the -~po~t has been obtained from these discussions, from talks with 

a ~ew of those active in the technical field, and from vario~ 

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

Discussions · have . been held w1 th the following people: 

Mr·.\ Paul· Borel CIA 

Mr. Paul Howerton CIA 

Dr. J, Kennedy AFCIN (USAF) 

Col. W. A. Williams AFCIN (USAF) 

Lt. G. Friess RADC . (USAF.) 

Mr. G. Shiner ..RADC (USAF) 

Mr. A. Fa.vret USACSI (US Arrey) 

Mr. J, Kullgren USACSI · (US Arrey) 

Mr, Go M. McClurg ARO (OORD, US~) 

Capt •. D. Biggins ONI (USN) 

Dr. M. Yovitz ONR (USN) 

Mr •. R. See NSF 

Dr. J. Griffith IBM Corporation 

Dr. s. Alexander NBS 

Dr. F. Alt NBS 

Mrs. I. Rhodes NBS 



' . ' .. 

,A&~fl.9ugh. i;his. repprt;, :mU.si; b~ con~ern~d primarily w:~t;b., PQI)~. n~¢,~ 

and. ~Gt.:U?;na, :i,t ip .a.p.par.~nt.-t.hat t.h:E?: :c.IA,. must also· be .inql¢~d ip. .. t;bis: 
.' •' • • • • • • • •.,· ' • ~.· • • • • • j •••• • ••• 

-9P.~S.-. :ip:. th~~ fl~l9-vand on¢ yihi(!h .. ~y ~-~l~~ve will lea:d to: ~eff~ct~v$· 
' . ·:· •. .. ' . . 

.. (?utp~ts: -~;u .. t_P.~-p;~r fut.~~· •.. c·~:t,.~ t;he proposed expan.sion_·pf. tb.+.s 

{2) program. may b~ exp~t.ed tQ: 'irrtera;qt strongly .. with. any ~n· .. :plans: :J,.n 

. th~· fi~Id_. .It w_ill th~refo:re be :considered th~t, in ·effect, the GIA . 

. re:pres~ts .a; :p~rt of :the .\lSing c~:>Inm:unity with whi.Gh this .report is. 

c.onc·erned o. 

','f.luare: is no single .source withi:n. th~ DOD which. specifies tranala.~ 

tion. reqUirement~, .-even .. w:i:t~n a single service or. agency.* There -exist . 
. ,, 

fe4. a.~ch. ape.cifica.tipns related to. MI' in any case,; tho~e :w~ch do. -exist 

occ~ in.bo~h.o.fficia.l e.nd unofficial documents, ~d both are ·used in 

support. qf yrprk in:. the field.. ~e :caa.e for Machine Translation 1a . 

. generally baaed .on ·the -vast n:)JID.bers of documents that have to be trans .. 

113,~e~(l)( 2 )-(3) .. or on. special.:~zed. needs of. a. particular service~( 4)** 

~e· ()fftc::l.a.l do(!um.ents deal. wit:q. tra.nsla.t..ion: applications and 

operation/5}·** w):rlch iAc:;lude (alth~ugh. not. a:ll of these .app·ear in the' 

offic~al doc'lim.~tation): 

· * It ·shq:uid.b~ not;ed -t;hat i:rr. addition to its representation. on the· 
two comm.itte~s m~tioned on pl:l,ge 3a, the- poD h~s a represeni;ative 
-On the· Cominitte·e on ~loitation. of' ]'"oreign t.a.ngua;ge Documents of 

. the lJ-~:$o Jfit_ellig~~ Bpard ( c~ered by RCID, 2/5). . 
**: . Ref¢r~ces ( 4 ). ·and. ( 5). are lnclud~d. in ~p-~ndix A to this rep9rt. 
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· a. intelligence 

BllrVeY .an~ _s_c_~ng(6~(T) 
det&iled aaalysis(2)(6) 

. . . . . .... ,. . .. ' 

b. pr'?!i~_i_on o~: t~c~ic~_inf.or.zuation -~o the te~h!li~~ cOJIIIIIWUtJ(l)* ...... ., . 

c. special purposes unique to particular service needs 
•... .. • · .. r . • , . • . , 

The. requirements questions of. greatest concern vi th respect to 
~(2)(3)(4)(6) are: 

a. the quantity of translation (with an assooia.tion .of. , .· ;• 

time delay between accession of a. document an4 disse~tion . 

in translated.for.m); 

b.. the quality of translationj 

c. the la.ngu&ges .to be traslated; aDd 

d. the cost of translation. 

F1ila11y, there are. related requireme~ts tor abstraction and in4ex1Dg 

whic.h impinge on t)le translation problem. (5) (7) (8) 

While languages em be. listed in order ot im,portance or interest 

for tranSlation at any time~ and translation costs are measurable Ud 
. . . 

perhaps predictable, the specification of quantity ·and .. quali-ty ·are 

exceedingly difficult because ~oth depend heaVily on application. There. 
. . . . . . . . ···. 

is, fUrthermore, a tendency to temper the requirement vith what is 

believed can be. achieved.? both in the areas of output volume. and quality. 

It will be of val.ue. to examine in some detail these . various 

' requirements and the positions of the users. 

* Page 124, Hearings 

. . 
' .. ,· 

• ... 

t :~' ,' 

/· 
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.A. Quantity or Vol.ume of Translation 

There are· three docUments that deal at length w1 th the volume of . 
. -.-~-~~···· ~-··-~--~-- .. : ........ .:..._ .. --· ·"'. ···-··. .. . . . .. . -- . .. . . -

traulation that ma;y be required. {2)(3)(6) All list the amount of, 
- . ·"" . -· _ __,. ·' •··· - .. .. . . .. . - .. . . ' . .. . .. . . .... . . . . . . 

published material that ·might be available for translation - nearq one 
··•··· . . . ... . 

b~~cm wordS ~rom the ~in 1959.9 for example.- ~d then indicate hov 

llllCh of this material it 1'D8Y be desirable to translate. This is 
·-·. -- ··-··- .... .. . . . . .. 

eQtessed various~: 

"Survey results of the language-translating requiremen1:;s 

ot the intelligence agencies ffiot dJlc'W'DfJntey indicate that 

about 384. li,..,million words of foreign languages currentl.1. need 

to be trmsl.a.ted."(3) 

"If even. half of the /ftw3siaif scientific material were 

vorth translating, we would have a total load of over one 

million. words per da;y' ·for every da;1 of the year • • • ffind 

lateiJ. . . . we llmSt est up a eenter ·which will . be capable of 

trem.slati~Ag approximately one million vo,rds per day. o • "{
2 ) 

' . 

"Hgure 4 shows the millions of words ot Russian material 

which voul.d be usetw. in translated form to the OOAl ••• /J.he. 

number is 520 millio!J • o o A 0lli.Setul 0 document is defin~ecl as 

one wb.i'ch the Air Force considers important enough to vanant 

procl.l.rlng from Ru.asia ... (6) f!Eb.e criteria for jud~nt of . 

importance and the anal;ysis les.c1ing to the numbers are not gi~.J 

1.6 
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Juxtaposed as they are, these statements show an uncertain knowledge. 

ot, .~t is .. rea.J.ly needeclo ~iS." ~~~ryunty is ~ot nece~~B:r.i~ -~f. _grave . 

~~~~~ hO.W~r. The .tbre~ X:~f'~ces t~e.n t()~e_ther ___ ~stra~e . 

elearl)v t~at today 0 s manual translation effort falls .far short of the 
. ~·· . . . . - ~ . . . . . .. . . 

nee4s ot tbe cOlD!Imnity; that the d.em.and represents. some large tra.Ction 

ot the pu)lisbed material in ~es of interest; and that the· vo+ume 

ot published mate:dal as well as the number of ~es ot interest 

11111. c.ontinue to grow rapitll;y"o The CIA· view is tJ;lat quanti-t?Y of. trans­

lati~n is of secondary cone em, beca\liSe the demand .tor . output will grov 

Vi th the capacity for it; (9 )( 10) none ot the others ill the user 

ccmrrnQn1"t7 With whom this was discussed dissented from this view:. 

Thus it would appear that current expressions ot volume . output 

requirements shoUld be considered as orders of magnitude onl:y, Vith pre­

cise ~umerical specifications haVing secondar,y impo;tBDCe. Su~h eati-

·mates will undoubtedq have to be ma4e (and Will 'be possible) more 

precise~ later, when expenditures for obtai~ng the output (whether 'by 

MT or manual translation) will become mueh larger. At this .stage.o · 

however, vi th the translating community &WB.Jll)ed and au almost con:;>l$te 

lack of experience to illldicate the vol'1.1111.e of usable MT output that can 

be expected from a :facility' the ·.unc~irtainty appears . to ~ accept~ble 

to the using commw~ity. 

A related question that appears is vhether the vast o·a.tputs dee1re4 
,....... . 

can be ot use or can e~n be. handled_·by--:-the users- tor yhatever y..n.·~ · 

poses. (6){lO)(ll) This question is usuB.lly answered by: tne 1Btatem.ent:. · 

17 
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-.·that not all users Will U.Se all the o·1.1tp~t, but rather .that a library 

/ . will . be provided from which varlous users will draw. material of 

· · ..,., . specialized int~rest (Cf'. Ref. (6L page ·1). 

It s~ould . also be noted that all r~quire~ilt~ fo~ :: l~ge volWJte~ 
of machine translation output include riot on.lj' .tl1e translation itself, 

~ut rapid,p automatic input a.ud output comme~sura.te: w1 th. the q~ti ty 

of tra.nslation performed. There are no disagreemen·ts on this question. 

B. Quality of Tra.nslB.tio!!l 

No questions are more subJect to argument and var~ations ot inter .. 

pretation than those of' the meaning of qU&ll ty of translation and 
. ~ . ~· . -. 

the quality d.esired. · ~ attem_pts at "definitiori··~oncern themseiWti 

vi th the percentage of' words that are· translated with correct msaniDg. 
- . 

!J!hese attempts are criticized ol!l\ the grounds that (a) "per~entage of 

accuracy''. cannot . reflect the effects of both the numbers· .. of. word& . 

. translat.ed ilr&correct.l;y aD.d ·their frequency of occurrence in pa.rtieu.l.&r 

documents 1 and ('b) word tran9la.ticn errors cimn~t be considered 

separately f':r.om grammatical md sy:ata.ctieal errors. 

·Most detinit::l.ons are based 011 "transference of.mSJUil1ng." But 

there are various prob.l.eme uso;~iated With thi.,e d.efinitioxn.ll tees> ft:r7 ... 

-ing from the need to i.!lc.lu.de real.-~w~ld ccmtextual ba.ckgr011md (1.2}. to 

.1.aDguage. si.Dq>llfication. to ~ase the (loding problem 1n. the. translation 

pr~ess. (l3) . ,some experiments h~ve been cUX'ieci 'ou:!; t~ detf!~ 

Whether translations of particular quality convey meaning to people 

w1 th various backgrounds in the language and in the field of the 

18 
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. translated.-~~!. (2
) th~ de~~~rat~~ a .ne~~ .~or ~oo~ _b~~ground 

1J1_.tl1~.f1e~, -~~ J.e.as~.·. ~t .~~~need~ _be .~"rJ' .~~ .re~~.iD 

t~e ease of· seSnning and sereem.ng(T)(l)~ to identify content tor 

later. de-jja.il.ed translation. 

It is appropriate to. consider h!ire the categorization of true-. 

. lations as "pidgin," "pedestrian" and "poetic.'' (ll) If "poetic" 

means an elegant translation Vit,'b. great at~elition . to styie' such as 

m1~t be expected in an English rendering of!!!:· Zhivago, then~ o_t · 

. the ·potential. users in .the DQD/CIA e0Jmlli.1Dity' dema.n4s "poetic" traula· 

tioa. If "pedestrian". means that meani.ng is transmitted somehoW, vithov.t 

too mUch diffleulty in .continuity of reading, then this is What is 

wanted. lhlt it is qu.ite possible that suoh results can be obtained 

t.r0111. "piagin" English as wel.l. "Pidgin" EDiUsh ma:t. result trom gro$1 

end deliberate overs:f~.Uf'ication ot language to ease the. synthesis 

problem (e. g., subJect a..lw~s precedes predicate; plural ot mouse is 

moues), or· it ma;y result f'.rom a syntaotical scramble due to iliP.a4e· 
.. 

quae:y of the ana.lysis aud synthes1s rules. .Mea.ning may very weU be 

preserved in the fir:s·t case but lost in the second. Thus the _appliea., 
.· 

tion of terms such as "pidgin" or "pedestrim" requires a certain 

In all discussions of qualityp the danger is pointed out that 

incorrect but smooth translation_ m&if ixl· fact m1sl.e8.d the re&.der 
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4angerous;Ly. The "incorrectness" may, howey-er> _creep 1D through wrong 

seLection 9f alternate meanings or through ~implifications i~eren~ 
'. ~ - . . . . - . . . . . .. - ..... 

in the translation rules (e.g., ·prefix in ~Y be said always to me$11 not; 
. .. . . - .·~- ~ . . . . . . . -. ·. . .. : . ·- - ... . .. . .. . . . .. ' -
1ro:N:·· tlammablt! appears )I meaning burnable; inflammable appears, is 

. - . .... . . . 

tran.alatsd as not burnabl.e) • --·· . 
Elimination;. of errors requires d:I.Ue~nt . - . . . 

procedures in the ·!j-wo cases .P the seeond problem may be more tractable 

than the first. 

Thus the question of quality is intimatezy related to that of 

appl+eation and also to ·the method of translation. The point of c~mmon 

agreement is that elegance of ~lage is not needed for the_user 

cOJJ!!!Dlnity we are corisideril!g here. Beyond this 9 it appears that a 

measure of quaJ.ity will r·emain elusive for the fore_seeable :f'ut~8 and 

will start to be attainable on~ after some considerable experience 

with MT outputs, and experimentation vi th their impact on the readers. 

Specification of r•::quirements for quality8 in the face of these 

difficult1es11 will not be simple. 

c. Languages 

Russian is un:t w:really considered to be the language of greatest 

in~erest and i~ortance tor MT application and is the one receiving 

most current attention .. * Chinese and aerzium are given second and third 

place in order depending on the \llaer; (3H4Hl4Hi5) Arabic. is aieo 

* Support for efforts to apply MT to languages other than Russian 
is on a much smaller scale than for Russian3 and in the case ot 
Chinese and Arabic 3 it has beeri virtuall.y non-existent or is 
Just beginning. 
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considered to be of great importance. Other languages of interest -- - . .•. . . - . . . 

~c~de Ja.p~~se,_ -~i?~ Sla~c ~~a, __ Fr~nch, Scandina~~~ ___ _ 

and others that· arise from special applications. It. should be noted 
·- .. - -· ·- . .. . -~ '"'- . 

that these ~ translation requirements3 after the first fo~ 

or five, are not necessa.ri~ requirements for MT. Machine appUca-

tiona become desirable only after a certain volume of output in the 
---.: .... .. ~ . - - ·~·· . . ........ . .... ·. .. - .... . . ,, . - - .. ·- ~ .... ---·---

l.aD~e __ for which the_~e. is a tr~.lation d.emand has been passed; (S) 

this threshold val.ue is not defined. 

The importance of Jmowing which languAges we want translated 

lies. not onl;y' in enabling us to app~ better direction to current 

efforts, but in enabling us to a.uticipate needs early enough for -- . 

effective linguistics research and development of machine programming 

in the_ languages of interest. While_ it is clear that the experience 

ga1Ded in programming Russian will be invaluable in showing directions 

for approach to other languages, aud in avoiding many of the errors 

&D.d blind alieys that have arisen a ~ illhit~a.l approaches» it is 

not· clear that--programming, a new la.nguagEi will necessarily be made 
. . ' . ' ' 

vastly simpler thereby. (2)(1.6)(l7) Th:is ia true especi~ when the. 

language tSmilles are differ®nt (e.g.,~~ I~do ... lu\ropea.n· and Chinese),~~· 

since _some work in the field of 11n¢stics(lB) :implies interrelated 

semantic SZAd · structural problems that can be resolve~ oDJ:r throup 

lengthy research in linguistic theory. · 

2..1 
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D. Cost -. 
·. _ ~t is expected that ul.t~ma~e~ the cost of t\lrning out high 

volumes· of translation. by J1!8,0h1ne will be_ su'!;>stanti~ lover than 
.,. • ~- ... • •• •' • ·~ •• • - .... • • • • • _. ' • ••• •• ' ' - •• • • • # • - ••• 

co,mpa.rabl.e costs fo~ m.anlll8l. tra.nslation.; (2 ) (6) This does not. a~~e.~ . 
to be a factor of imm.ediate concem,p however.'f because even production 

fer; ill ties anticipated for. the near future will be considered experi­

mental. They will not necessar1ly, at tirst9 have the advantages of 

automatic high-speed machinery in the ixq)ut and output a.rea.s, wherein 

lar~ costs are incurred. !bere will be uncertain costs of post= 

editors and other necessary persoxm.el. The costs of research and 

development ·to be charged- against the cost-· o:r- production factllttes do 
' • ¥ ·.~ ~ • • • 

not appear to have. been explored very thor~. 

The present attitude towards cost is that it represents but one 

of .mimy compel.Ung reasons to achieve Ifr production,p so that even if 
- -

cost per vord (or cost. by a.nY other measure) is 1n1 tial.l.y higher for 

MT tlum.' for manual tra.w3laticm,p this Yill llllot be a factor mill tatins 
• • • 0 • 

against the introduction of automatic facilities~ 

1. Broader 1mplications 

lver.y asen.cr· c()J:OOerned. n ~ Mr requirememts views the automatic 

translation process within the broader context of processing the great 

amount of information contained _ilm foNign docwuents. Tb.ere ~ thws 

parallel requirements for screening and abstracting of toreign~language 
material,p closely related to the requirements for trans~ation. The 

need appears in two forms~ 
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a. rough translation· of ma.ni_~?<:~n~~ -~o. indicate subject 

~d.. ~on~ei~,_ ~~~-·- w~ich ~~s_e _of ·apelciBJ. interest -inay_ be 

selected for. carefUl translation; and . 
·- .. ~ .. 

··':••"'' 

high qu4lity abstracting by machine (thr~ugh word trequency b •. 

count, key senteDCe sele~tiou, etc.), with subsequent 

translation of all abstracts. 

While strict.l;y epeaking the problem of screening, abstracting, and 
A ,_-_, ' 0 .. '"' o 

indexing is properl;y" related to the information storage and retrieval 

question and onl;y very indirectly to translation, the im_plications of 

the relationship are tar~reacb.ing. If the great volume of work to be 

done _is for screening purposes, w1 th o~ a relatively small number of 

documents needing cODq)lete trans.lati®., then the need for MT, or the. 

necessary quality of output, ~be much smaller than current require ... 

ment statements tend to sh~v, ai1cl qetatled trmslation might continue 

to be done m&nuall,y• In that ease9 even though Mr research might 

continue for 1 ts v.aetw. pa;roffs in the linguistics ·.and info~tion . 

handling fields Jl * production facili;ties mig)lt be very diffe~t from 

those which would be required if'. most · do<Qluments were to be :rul.l;y 

translated. Howe-mer 1 thee ued for fUll translation of· docume!!lts, · 

leading to a firm requir~msmt for high~volume prQduction :facilities., 

~ rema.in high in ~ cue o l.hrtheJr>9 the level c.)t resea.t'ch and develop­

ment effort tb&t Will contribute ll!Sef'W. outputs in the broader field 

is certainl;y not appa.rexat o C~ear~ 1 the ~t ot the information 

it Machine programming.9 c od:i.ng_, and al.gori thms for l.anguage 
transformation 
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storage and _re~rieval probleo.m on ~_must _be considered,jl even though 

the former is not necessarily explored in detail a.s part of a. close 
- . . 

look a.t the latter • 

F. apecific E;Pressions of Requirements 

The following eJq?reseion.s of requirements by each of the agencies 

with whom the question was discussed represent both written require-
. . . . -~ ... 

ments,jl where they exist,11 and stated _ones that form the basis of 

agency actions in the ~ area.. 

ARMY. The A:rary_ desires mechanical translation for three applications: 

a. general intelligence analysis; 

b. selective translation of technical material. to aid the 

Technical Services' long=range R&D planning efforts (this 

does not inc~ude general ·dissemination of foreign technical 

material to the indlllF.Itria.l community); and 

c. tra.usla.tio~ in. the f'iel~ of intercepted documents. ( 4) 

Sueh tra.nsla.tiona-3 ·l'Jl&i1 be "z·o·iigb11 at Divi·sion.al. level,11 a.nd 

"more detailed" at Ar:l1:f3 level. They would be performed 

on. some of' the Arrrzy- v s FIELDAT.A family of general purpose 

computers. 

Although item c is the su©j~~t of the only documented requirements 

statement~ the opinion was expressed that 1 tem. ~~ w.1. th £ as a corol~ 

lary3 creates the pri.m.ary need for MT~ item.£ is viewed as something 

useful to have 11 but would be accepted as a second=order fallout :from 
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~e. pri:m.ary effort. This item carries With it a very difficult lan­

guage problem, because the unpredictability of location of limited· 
·~ .... ~-. .. ·,- ....... -· .. ~---·. ~·- .. ·-~ .. ~-· 

· warfare actions may cause azxy of a large ·nWJ~,Qer ot languages to become . - ........ :· . . . .. .. . - . . .. . . .. . . - . . ' . .. . . . ~ . .: 

important. The anticipated· volume of such translation has. not been 

predicted. 

Responsibility for statement of Armlf Mr requirements rests 

in OCRD. 

!!!!_. The Navy requirement for translation is stated in the ONI 

"Missions and Functions" document.(~) The applications diVide generally 

j,.nto two are.a.s : 

a. translation of documents for intelligence purposesj and 

b. translation of d.oc'UJl!&nts such as letters,p invitations, die-

tionaries of naval termej) and international agreements and 

ru,les (such as Air Traffic Control doctrine), that affect or 

result from naval operations throughout the world. 

The Navy suits 1 ts o:!:!.tput to the translation ca.pa.bill ty ava:J,lable. 

Beyond its own Translation Section in ONI~ translations performed· in 

foreign locations and on ships by qualified personnel, and transl&tion 

performed by qualified 1.1ngud.sts under a special effort supported.-. in ·.its 

reserve program9 1 t relies heavily on the C_IJ\ to provide translation 

service. It believes that as capability for high~volume output grows, 

i t1:1 needs will. keep pace. Th® Navy requires reasonably good quaJ.i ty 

ot translation and has :found Mr outputs available to date 

unsatisfactory. 
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.. ~guage ~equirements (after· Russian and Cll~ese) shif't with the 

world. situation and the Navy's activit!~~· ~ere are J.6 ,primary lan­

guages 1 mainly from the East; a number of secondary languages far whic~ 

the urgency of translation is DD1Ch smaller; and seven l.a.nguages in which 

1 t is desired only . to identify subject matter. 

ONI supports work in the MT area through technical agencies such 

as Oim. 

AIR FORCE. AJ.though there is no official written .Air Force requirement 

for MT (and appa:rently not for translation, per _!!)1 there has been a 

large variety of needs expressed: 

a. detatled 8nal1s1s of all manner of foreign documents for 

intelligence purposes;(l)(7) 

b. scanning of documents in rough translation (7) for selection 

of those having particular interest to be translated in .detail; 

c. indexing and abstracting, with translation before or after the 

fact (depending on how meaning is best preserved); (7) 

d. translation of scientific and technical material for 

dissemination to the technical commn,nity;(l)* 

e. preparation in English tz·anslation of Aeronautical Cl:J.a,rts 

· and Information from foreign countries. 

It is desired that the qual! t.y of detailed machine translation be equi va­

lent to that of human translators' output, but this quality remS.ins 

undefined. (l4.) No translation would be preferable to poor, misleading 
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translation. Despite this, the rough output available today from the 
. . . ~ ~ .. . 

Air Force's main effort {at IBM) is cons1.dere.d by some in the ~r Fc:>rce. . 

to have some utility. (l)~ The _r.equireme~t for quantity is dealt _within 

Reference {6) and in general indicates such high volume that automatic 

translation by ma.chine is indicated. 

Assignment of responsibility for preparation of reqUirements and 

:f'urnishing translations is obscure. The intelligence community {AFC~) 

would like to have the translation outputs, but does not desire the 

responsibility for t~anslation.(l5) It will support a research effort 

now leading to Mr production later; it will not support a development 

program or operate a facility. 

Despite General Graul's statement regarding dissemination of foreign 

teclmica.l documents to the scientific cOIIIID1.Ul1 ty 1 * the procedUt' e for the 

community to obtain such documents is not spelled out.(7) There are no 

plans for general dissemination; rather the user must request the docu-

menta through his sponsor, the Technical Service. The request IllBY go to 

ASTIA, but it is not precisely specified where and by what adm1 r'1 strati ve 

proceduzoe the translation is done. Reference (6) states that ARDCu s 

translat.ion requirement is sma.llo** Thus_, although the .tir Force supports 

~ efforts very substantially, the uses and responsibility for this 

work are not cl.ea.r. 

* C:f. page 1361 Hearings 
** Page 3 
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Present language needs are Russian. :and Chinese. German, ·French 

and Spanish. can currently be handled .without MT·. Other language needs 

w:i.ll appear as the volume of printed material in a language grows • 

CIA· .. 'J:'he CIA believes that its· requirements haye been. fully. expressed -. 
in. the qongressional hearings and in Reference (2). Basically, these. 

are. ''~fast~ accurate translation" of'. RU.Ssian, w:i th. otb..~r languages. in 

.ord~r someyhat as show:p. in ( 3). ·J.\nytb4.ng s.hor:t of hi@-quali:ty 

. transla~ion will be considered an interim. stepo It . is. unc;ertain 

. wh$her continued .. use .of' p<;>st ... ed.itors( 2 )· places. }fil. <;>utputs. in. o~ 

category or the other •. 

There is .also an. expressed desire for something shqrt. of'· "perfect"· 

translation to be . used by the read~ somewhat knowledg~~ble in . .a 

language: as a· '!crutch" w;b.ile rea;d:f,.ng in. th~ c;>riginal. ·This ap:proach. 

will ob:v:i?-te the need to handle graphical and pictorial :mtl.ter:f,.al i.n 

the .automatic translation process. 

An. output 9f' .about one. million words per day is .desired in,:itiall;/
2

) 

from .any production facility, .a.lthpugh quantity and cost ar¢ n,ot prj.ma.ry 

cqnsiderations for reas~;:ms given previously. ·More detailE;!d .expressions 

of' rE;!quj_rexn.ents specify a mmber of'. scientific :a+sciplines (see page 39) 
-.. 

and languages. of' interest in order of' importance. .These expressions 

eJQ.st. in. References .( 1) and ( 2), which are considered official. 
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V o STATE OF TBE MT FIELD 

This discussion. is an attempt. to provide some over-all view of . 

the various approaches to MT and to obtain some assessment of where 

the 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 out1 not to demonstrate the . c~ectness 

or incorrectness of an;y v1ev1 but to· show the difficulty ot reaching 

an obj~ctive assessment of the teehnieal efforts • 

.A. . The Genera.l PJ:oo'blem 

The machine translation process can be characterized 'tiT the follow­

ing diagram: (l7) 

: Input 

original 
ianguage 

:-------------------------~----e----------------·----: :~:---} Analysis :----~: Transfer--/:-~----: ~thes1s=;,---:-Ou.~t~pu~t-

1. word meanings 

2o syntu 

3· seilla1itics 

4. real-world 
·references 

(encyclopedic 
knowledge of 
real~world 

·contexts) 

1. summary 9f 
syntactical 
8.nalys1s 

2. represents.~ 
tation of 
rul~tJ and 
str'1AC!ture of 
both languages 

transformation : 
of original to 
target J.&t..~ 

gu8.ge with 
p~servation 
of meaning . 

0 . 
- ·• 

0 . 
0 
0 

0 . 
:~--~--~--~---------------------~~-~--------~--~·--~-: 

target 
language 

~e major problems arise in the following areas: 

a. programm:l.ng'fc)r. dictiona.ey l.ooitiip. 'o:r -word mean:ings1 and _the 

integration · ot such lookup into the broader translation program; 
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b.. stating and coding the (imperfectly understood) grammar and. 

syntax of the origlnal and target language in precise form 

without ambiguities for. the machine Jrogram; 

effecting the transfer trom one set ot rules to another, to 

go from one language to another; and 

d. selection of the correct meaningJl within context9 of words 

or phrases that have ~tiple me&Dings (po~semantic). 

All of the Mr efforts now ·in progress have grappled with the first 

problem and SJ;e solVing it 1n various wa;ys. ~& qu.estion arises whether 

it might not be possible to apply a single d!c;tionary lookup technique;~ 

by a sort of "SHAJm" program, to aJ..l the M.T programs, aDd eolrl\sequently 

to improve the efficie~~Y of the nationwide operation ·o,y reduc.ing 

· paral..lel e:ffo!"ts o Th~re seem to be t"YO major rea9ons agaill\st this o 

Firsty the dictionary l.ookup process is usuall;y ~amplertely integrated 

with other asp~cts ot th~ ~guage aD~~vsis program; it mar have asso~ 

ciated with it various ecaes for ~~cal ~d ~tactic identifica= 

tion of words, ( 19) Sl!'id. a gi:ven wrd ma;:r appear Yi th its stem SD.d 

inflection&.l eJmd:!n.s;s divided ilnl ditfer~t ways :for pmpo!!~es ot m.ac.hine 

!!odingo . Se~c·n~y f) thE~ m.a.c:hines u:se!i tc'£' tr~l&tion/) b~illl8 i!il general 

associated with MT as general purpose tools ern a reae~h p~oJ~~t9 

have ma.ny d:i.ffer(:;~t ~..mory capabill ties r and f'orzma. ct ~ess d.emandin.g 

different approa.chl!:ls to·. the lockup pr{!Jblemo 
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All of the eff'o1>ts that are near yieldilmg machine outputs are 

grapp~tng w1 th the ·problems of gramm.a.t" and syntax.* The difficulties 
A ' ' • 0 

1n. this area arise from the fal!t that the rul.es ot grammar and syntax . . . ~ . . - . 

in any language haTe evo.lved through usage_. rather -than thro~ any 

logical formu..l.atiollll. Tb.lliS the att~t to establish a prseise formula-

rigorousl,y defiMd. rel&tiolll).e\hipe among Vi.'>rdi! 11 phrases, &Ad. even thoughts. 

This problem also WlGe:!:'.lies ·the dit:ficult;r 1El:l ettectiDg tn111ater fl>am 

the rules of one lam~ to tho~e ot fmetl!P.U'. 

Problems ot mu.ltipls or aaltl18"1CWB -~ eise be<ense 1 t 18 TS,r ... 

ot a word. (Thi.!Ei is ill\\l\Stnteti b;r the im.dl~t0 t~ :!!.& llfl eircles3 

in vhi~h "hydrs~tc r:am'c wu tr~lst®d ~1Q1111. ~~h . to ~eiM ed thfm 

meszdng ~~or~g to p:t'C)b.ability c1t c~a:~un>\il&~<el M~~ir~;t<e:~ Vitlh sm>round:!Ag 

o:1r ~di:f.'ying words in a smt~c:~. ~13) SoE SOI1!llr:J®~ ~!il!il ®lmbt that 

... Gr~ ddab 1IYi th YO:t':'ti s~t~e B!ml'i imfl®~ticWll ot wrils "" vori 
type» g~~~J> tel'!ls~.9 rmwn~·J> e.rt,c;. SyntQ,; de~ Y.ll;trlll ·tlh® ~latiOD«> 
ships mrong vo:t"ds m a, ~~te~® = p:t~~t ot sa~~gt ~d pndicate., 
relationships of adverbs to W®rb~ ~ et~. liei tY!Ii~ 1$ coJm~sn~d w1 th 
meaning Ol" ~;~ti~9. 
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problems of polysem;y can .ever be solved completely; (l2) it is for this 

reason that the possibility of smoothly reading but incorrect or 
•• h • • •• -

misleading translation remains a worrisome spectre. 

:B. OVerview of the Field 

Ther.e are some· thirteen contracts of various ld.nda, sponsored by the 

CIA, NSF or the. serv.lces 1 deal1Dg direct:cy vi th MrJl as vell as a number 

·· ot contracts per1pber~. related to the translation problem or dealing 

Vith hardware· tor print rea.di.Dg and machine meao!'J stora.geo !he essen-
~ j • ... • ••. . ~. ..... :· • ..; ' • . • • • p 'I'. : I • ~. • • I . -~ ·l • . 

ti.al cb.aracterietics of' these efforts are s'WIIilarizecl iD ~ 11 md 

a listing 'b;y sponsorship and ca.t,gories of · applicatiom~ is gi V'eml. i.ml 

Table Io* 

'Ble approaches to the Mr problem are fewer than the n~ ot com= 

. . . . . ·-· . 

problems vi th & very .long=r8.1!!\ge View 9 aDd there· ar® stroq ~tO:M!9 of 

semanticsJl or rather,~~ general theory ot language.~> m the wg>k ot MIT and 

Hebrew lJhiveJr>sityo 'rb.e other efforts in .this @Ol'lmi;ey have all:re•;<;im con= 

.. · ... 

to date. has been the most fr~ com~emad with look1!1Jp problems e~lu= 

si ve~ 1 W.t is now stSrti.img to eqlore syntactical analysis. <14) 

* ~s intom.ation was obtained b'om :R~ferences (l)Jl (l2)J) (17) and 
{20). . 
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nothing is known about- the language. Abo~ of rules describing the 
" .. . . . . .. 

~~E: _is built up from ~sis of running te~ _uut~l, it ~s h~p_ed, a 

sufficiently' large sample has been an~ed so that most (or at least . . . . . . . 

the most common) linguistic situations will have been encountered. The 

rules thus determined. are then used to trSDslate texts new~ encountered. 
; 

In the "teacher" approach., the programmer inserts into the machine all . . 

his knowledge about the l.auguap1 simplified and codified as lllUCh as 

possible to stay within the maehine eapaeity. 

Within. these broad divisicme, various "school.s.,'t sin~ or mult.ipl:y 

occupied., have grown. The Georgetow program has considex>e~ problems ot 

word-equivalent lookup as well as the questions ot analysis, transfer 

e,nd synthesis, using generall;r the "student" approach. That approach is 

applied even to t.he dictionary p~blem.v since words included in the die-. 

tionary are select~d from experience with running text 1~ a parti~ular 

disc:ipli.Ille ( orgt:m.ic chemiat:ey has been used for 1Di tial :reaear~h). The 

wmrk at Ramo Wo(Jldridge em.d Rand DUcy' also be considered to use the 

"stu.dP...lll!.t" approach.~~ although prior knowledge ot the la~e i.s. not 

neglected. Wayne State uni~srstty ia CAosel:y connecte~ vdth the Ramo 

Wcoldrldgc: effort through P" Garvin of ho l\l'ot;Jltiri~» who acts as a 

consult~t for Wayne. 

The most widespread. "school" is that flowing out ot the work o:t the 

Natiolllal Bureau of Standards i which uses a "teacher" approach. In that 

programJ . a selmte!'lce is eli vid.ed into 1 ts constituent ~ls.U~Ses rmd phrases; 
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words in each are examined in order from. left. to .rig:ht; from each 1:19rd. 

the grammatical and syntactic form of the next is predicted; .m<;>st 

probable meanings of words are selected; and the entire structure .ia 

reviewed through a series of successive' iterations .until a satisfactory 

transl.atibn (or an impasse) is reached. This general approach is a:lso 

l,l.sed by Harvard and A. D'. Little and is .closely related to the. work of 

RAND. and perhaps the University .ofPennsylvaniao 

FinalJ.Y1 the University of Texas, in what may be called .. a "'student.'t 

apprqa<;:h1 compares. manual El:lglish translatic;m of Gernia~- text with the 

.original to search for rules of .analysis and synthesis appl:f.cable to . .MT. 

The wqrk of the University of California at Berkeley 1. r@l.iniscent of 

tha:t of the Texas group, also "takes a -~~-student'' ap:pr<;>8:c_h by_ a.D.a.lyzing 

ru:nnJ_ng te.xts j_n a field to establish syntactic and sema.ntj.c ·rules. 

Nov, where do all th~se efforts stand?' The work .at UIT, Hl~brew 

Un.:iversity, Cambridge, Milan, and Texas is long~range research and is. 

not expected. to produce any results with early applicabi.lity. to production 

output o It would appear from the available- info:rma.tion that the :(:Iarvard, 

Wayne S~t.:ate Uniyersity, and Berkeley programs are also in this class. 

The NBS prograni. j_s definitely aimed (insofar as the f:?ponsC>r is concerned). 

at ac:b...ie:ving 't.p:r,oduction" capability at an early date; since it was one 

of' the .late starters (1958) 1 it is not as· .close to this point as some 

o:f the programs that haye been going for a longer periodo 



I 

The _IBM, Georgetown, Rand, and Ra.mD · i-Jool.d.riclge programs are con­

sidered to be most ne~~- ready for ·tests. of quality of output and 
. . . - . . . . 

·prod~tive ca~ability. (2l.) Of these, the Rand work appears to have been 

d1 verting in the direction of screening, abstracting, and data retrieval., 
. . - . 

with translation assuming a seco_ndary aspect; <22 ) while Air Force support 
. . 

for the RaJp.o Wooldri.l\ge effort is being cut otf (as 1D fact are the Air 

Forc~~supported university research projects).* Thus the maJor contenders 

f. or large scale application 1D the near . future are the programs· of IBM 

and Georgetown, and event~ that of :es. 
It is c~cl by its: JW)C sponsors <22 ) that the IBII p:rrosram, pa.rticu­

larl.y in anticip~ted im;Proved versions ··that pay ~ater attemt~on: t~ · 

syntactical. analysis, offers sufficient capability for meaniq transfer 

to satisfY intelligence needs tor screening and scanning3 ~d that this 

is the pri.mB.'cy inte~gence apPlication. This view is not co~urred. in 

by any of the other me111:bera of the DOD/CIA intelligence cOJitD!UDi.ty (in­

cluding AFCIN, which, although it believes the IBM approach may have 

promise,? is not necesaaziq comm1 ttecl to 1 t wholeheartedly) o Fu:rthi!r,? 

e.nd more important, the possibility f.or future development ot this 

particular approach to effect better transfer ot meaning is 'ri.ewed vi th 

skepticism by the ~ and CIA. 

The Georgetown approach is likewise held.in partieYlar favor b.J its 

sponsors, ~le some other members ot the community deprecate its success 

* See page 38. · 
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and its potential. One of the problems it faces is that, in taking the - . . - . ~ .. - . . . . .. 

"student" approach, it ma:i do a fairly successful job of translation . . . ~ . -

when the text includes only linguistic situations that have been encoun-

tered previously and accounted for in the program; but it cam1ot cope · 

Y1 th new situations and therefore fails to translate intelligibly. It 

is therefore necessary to amend the program, which becomes cumbersome . r . - . 

and unwieldy. J'urther arguments arise vi th respect to the specialization 

of the Georgetown programs: i:o. particular scientific fields, 8IP4 the 

1Diplicat1ons for the size of dictionary and associated machine storage. 

While the program aims to have lexicons· of' some few tens of' thouand.S 

of entries in each field, it is claimed elsewhere that a lexicon of' 

half a million etam.s, implying several mi~Uon words, Yill be necessary 

tor effective translation of' scientific material. 

A partial solution to these problems is offered in acceptance ot 

the need alway~ to post~-edit the machine output. (2) ~t this requirement . 
is, also.? not rr.ecessari:cy accepted as workable by others in the coli!D!lmi.ty. 

Certainly the Army 9 s effort at l'i!BS, which is said by soJM to otter the 

greatest pl~Olmise of s\Wr;esa of' all the,.prcgrams, (l)* contemplates no 

such necessity.(l3) It is not clear, moreoverp to what exter&t the post­

edi tOX'S :u.mat be knowledgeable ill the SCieDtific :field of the tl'OSl.atecl 

paper UJ.d in ·the l.tme,vage. This q\l.l.estio~ ~t be resolved 

ex.periment&lly.(2 ) 

* .Conclusions of the Report on the Hear!Dgs 
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C.l.early, questions are ra.:i.sed here regarding the acceptabil:i.ty of 

. certain. types of output (quality) and regarding technical matters. 

inseparable from the transla.t:i.o:n. programs, whtch can only be resolved 

through the deta.i.led explorations. of those knowledgeable ;in the 

i:n.tell.tgence, scient:ifi.c and MT technical areas. 

Qther.quest1ons, less difficult, exist on the periphery of the MT 

probl~~ Tb.es~ relate to the need for M.gh,..speed, .a'l,ltomati.c :i.nput-

outpu:t dev:i.ces to ke~p a.ll parts of the i:;rans}.a~ing. s;y-stem operating at. 

c.om;patible s:peeds. A,ll parts of the user community are agreed. on the 

need for such d.ev:1.ces. The Air Force bel.ieves that the· Baird~Atomic 

read.er, ess.e:nt.:i.ally mer.hanical in principle, will proyide a workabl.e 

solut:l.on compatible with both the Georgetown and IBM translating prqgrams. 

,T.he ArmY and GI.A, .however, beli.eve t;mt. the electronic app:r.oa.ch to the· 

-p:r.obJ.~ b<=.;i.r.g developed by RCA o:f:fers prorn.j.se of mueh. greater f1.ex:tbi.1ity 

a:':10. !:':(!Ope .(number of type fonts wi·thout the need for changing tb.em., etcy)), 

a;11d will pre:fe:r. to awa.:i.t that development, which has now rea:~hed. the. 

testi:p.g stage. 

Fi_TI.e.JJ.y, men.ti.o:n :m:u..st be made of the questi.o:o. of hig1:~-S'peed. ou:t.puto 

In gf-,Ee:raJ., attention an(l j_nt.erest he.ve been centered on i:mmed:l.ate p:r.obleJD..S 

of t:ra.ns.l.ati.on. :i.tself and. input to the transJ.ator, and most work tq date 

has been .sat:is:f:i.ed. w:i.'th more or l.ess standard off= or on~l:ine computer 

.output. It ·ha.s been ;i.:~J.d.:i.cated by the CIA that ·tb.e hig!.l~speed .An.a.lex 

pr:i.:nt~r:, whi.cb. pr:Lnts 1000. lines per mtn:ute and is an operational piece 

o:f equ.i.pment, . can meet the output. requirement. 
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C. Actions Pending 

What is going to be done by the DOD/CIA communi~y ~bout MT in _the 

near. f'u.turef Pending actions vary from drastic reduction to substantial 

increase of support for various efforts. 

The A:rm;y believes that the NBS approach is the most pr~mising ot 

all those in the field and will continue to support that program.P as 

well as the longer-range research program at the Uni ver~;;i ty of 'fex&s. 

Neither program demands a large expenditure z when a working translation 

program exists it will undoubtedly be connected w1 th the nBLDATA com­

puters .I' which are supported by JD~~.ey other requirements. (23) The Bavy 

(ONI) expects to include, next year.P a hal:t-milllon doll.a.rs earmarked 

for basic research related to Iff in 1 ts support of the ORR information 

systems program.(l5) 

The greatest pert-m-bs.tions on. existing programa Will co~ from the 

Air Force and CIA. The Air Force (IW>C)., fs.ced with a laclk. ot tulmds 

and low priority for MTp has eliminated :funds for ill ot itll mi~s;l.ty 

programs (see Table I) and the .P- Woold:ridelfl progr&m.? ami will @ol!l!.tmue 

to support o~ the IBM effort. (22) While it does not believe th&.t 

this effort has progressed exteugb to warr&.l!ll.t aec®pt~e · ot the IEM 

proposal for a NatiolMJ. Traslation Ce;1mter {nor that the Air :!force 

should. support., alort\e.? such a center)., (l4.) it does belie~ that this 

progra-m.? in i t;s :fu.ture developments, offers the opportlmi ty to develop 
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a ce~ter t.o meet Air Force needs. <22)* There is also the question of 

a substantial prior investment to protect. 
~ . . . . . . . -- - .. . 

The CIA ·_intends to establish _a translation ce.nter em. lU1 _experimental 

basis, . built ,around the Georgetown translation program. By' next spring, 
'i 

lexicons for this program Will exist in the fields of orgaai~ chemistri, 

economics, geography, physical· chemistry, high-energy p~sics and solid-

state physics. A card-punch center has been set up in Germ&D7 to pre· 

pare inputs for the program.; an autometic .. ::pJtilo.t: rez.A,er is . intemdlk."'d to 

become part of· the translation eonwlex. 

* It should be not!!d here that this aeti:on is t&Jtfjn by, .A.RDC euf part 
of' its responsibility tor eqmpme3ll.t dievel.opme!\t. · The AJ'CIB posi­
tion, noted earlier, is th&t it would .prefer not to participate·in 
either development or operation of' s~h a center. 
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TABLE 1 

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

Translation 
By language BY Approach 

.Russian-English 
x:: Georgetown ( 2) 

Harvard (4) 
u. of Calif. (6) 

• u. of Washington (8) 
•Wayne state u. (9) 
u. of Milan (10) 
Indiana U. ( l2) 
Ramo-Wooldridge (14) 
Rand (16) 
IEM (17) 
A. D. Little (18) 
NBS (25) 

German-English 
MIT (1) 
U. of Texas (7) 
U. of Milan (10) 

French-English 
IEM (17) 
Georgetown ( 2) 

Italian-English 
CLRU (3) 
(also I.atin-En6.) 

U. of Milan (10) 

Chinese-English 
U. of Milan (10) 
U. of washington 
u. of California 

English-Chinese, 
Arabic 

Georgetown (2) 

English-English 
u. of Pennsyl­
vania (5) 

PRC (19) 

; 
. General ~e 

CLRU (3 
Hebrew U. (11) 
Indiana U. ( l2) 
PRC (19) 

(18) 
(6) 

Lexical, with 
some Syntax 
Georgetown ( 2) 
U. of Wash­

ington (8) 
IEM (17) 

Syntactical 
MIT (l) 
CLRU (3) 
Harvard (4) 
u. of Pa. (5) 
U. of Texas (7) 
Wayne state U. (9) 
Indiana U. ( l2) 
A. D. Little (18) 
NBS (25) 

Syntactical, with 
some Semantics 
U. of Wash­

ington (8) 
Hebrew u. (11) 
Ramo-

Wooldridge (14) 
Rand (16) 

Semantical 
MIT (1) 
U. of Milan (10) 
Hebrew U. (11) 
PRC (19) 

Sponsorship 

USAF 

U. of Washington 
CLRU } Through 
Harvard NSF 
Indiana 
u. of Milan 
Syracuse 
Ramo-Wooldridge 
Baird-Atomic 
Rand (OSR) 
IEM 
PRC 
Intell. Mach. 

USN 
Wayne state U. 
Hebrew u. 
Hydel, Inc. 
Int'l'Telemeter 
MIT 

US Anny 
NBS 
U. of Texas 

NSF 
'"MIT 
~rd) with USAF· 
U. of Pa. 
U. of California 
U. of Washington 

CIA 
""Georgetown 

Direct M.T. 
Contracts -- Peripheral._ Related 
u. of Wash- Indiana Syracuse 

ington Milan Baird-
CLRU PRC Atomic 
Harvard U. of Penn- Inte11. 
Ramo- sylvania Mach. 
wooldridge Hydel 

Rand Int'l 
IBM Telemeter 
Wayne state U. 
Hebrew U. 
MIT 
NBS 
Texas 
Georgetown 
u. of Cal-
ifornia 

* Numbers refer to listings in SUmmary, Appendix B. 
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Information Storage and Retrieval 
Research Equipment· 
and Theory Development 

MIT (1) 
u. of Pa. (5) 
PRC (19) 

Input 
Syracuse ( 13) 
Baird-Atomic (15) 
Intell. Mach. (22) 
Rabinow (23) 

Memo~ and Search 
IEM l7) 
Hydel (20) 
Int'l Telemeter (21) 
Rabinow (23) 
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a. - Read-Iii. Although photoelectric reading. of ·a printed. page . 
of ·arbi tra.ry format appears possible, tliis read.-iri ·method is ~probaoJ.Y · :. 
three to six ·years off~ For ·read-iri. dUring .. the iirimediate ·:ruture, manual 
typing eq~pment will be required to -~gitalize the fuformation. · 

b. . Data Processing and Pr:tlit.;;.Out. A Mobile Digital. Computer 
(MOBIDIC) is being developed for the ·ArmY by SylVania. Electric ProdUcts, 
Inc~, to . handle da.ta processing for·· the field a.rti1Y of. the future. It is 
to be· van~ri:J.ounted and delivered by 31 December 1959· The operations of 
data-processing ·andprint~out can be accomplished-by speei&llY-tBilored 
gr0u:P:fngs of components from· the MOBIDIC f8mily of da.ta processing 
equipment. 

4. The present· ex.pectatton is that by .1960 -the Arriiy. will have a. 
ma.ehine language translation capability in the field_ provided ·a manual·· · 
nread.-iD." device is a.ciceptable and provided ma.c}?.ine programs are developed· 
for this purpose o 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 capability, 
either for field use or for translating scientific and technical · 
publications o Arranged in order of priority, these languages are: 

. . . 

a. Russian d. AI"abic 

b. German e. Japanese 

c. ahinese f. Russian satellite countries 

5. A program developed for machine translation . of a. g1 ven language 
depends on the machine ·to be used. However j several of the steps leading 
to the program are independent of the III.B.Chine. Specifically, these are 
the accumulation and coding of a lexicon and the syntactical and grammatical 
analyses resulti:o.g in syntactical and gr~tical rul.es. · Essentially 
o~ the programming step depends on the nia.chine. Consequently, a;ny ·· 

suecesstu.l mechanical translation effort can be a.dapted to the MOBmiC 
by performing the programming step. 

6. Status: 

ao The mechanical 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 Dro Leon 
Doatert and sponsored by the Central Intelligence Agency and National 
Science Fo'lmd.e.tion. The emphasis of this effort is on grammatical analysis 
with the weakest link being the programming phase o In. fact Georgetown 
'lltliversity has asked the National BUreau of Standards _(NBS) to do their 
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codirig and NBS is presentlY ·coding one··o:r the GeorgetoWn approaches. 
RecentlY, ·at the instigation of Lt~ ·colonel J. A. Ulrich ·o:r Diamond 
Ordllance Fuze La.boratorles ,· NBS-submitted to ·the Off'ice of Ordriari.ce Re­
search · ( OOR) a ·pr()posaJ. :f'or ·a· RUssian to English M.e:cihine TranslS.tion 
Program. •. -· ·Specif'ic~, this program 'Would be undertaken by Mrs. ·rdB. · ·. 
Rhodes arid' three assistants. Mrs. Rhodes, a 'mathematician 'arid 'linguist,- •· 
is tliorOl.igb.lj acquS.irited with ·the · RU.ssiari language· (RUSsian ·born) Siid also 
is well know . for her' skill in progTamming for electronic 'digital com-
... , . . . . . "\..... / . . . 
puters. Although this ·wou.!d be a sep~ate effort at NBS, it would be 
closely coordinated w1 th the Georgetown Un.i versity grou,p and would S1 ve 
greater stress to the programming·aspects of the problem• · It is exPected 
that tlie .NBS propos8J. will receive favorable consideration by OOR and 
will result in a contract for approximately $25,000;, · --

b. The Massachusetts Institute of Te.chnology has been making 
the main effort in the. mechanical. translation of Germ.8n to·· En.SUsh W1. th 
Dr. Victor B. Yngve as principal investigator. ·The Urd.versity of 'l'exS.s 
has submitted a·proposal entitled "Pr~osal for a·Feasibility St~ of 
the 'Machine 'franelat1on of German and Buse1.an into English," dated 9 
Ja.riuS.ry 1958. This proposal is in four phases with phase I ellq)ha.sizing 
l.S.nguage structure and phases II ... IV e:zwhasizing machine design and 
construction. A deta.iled statement of' work and estimated eost ($58,472.60) 
are included for phase I only. Although Dr. W'o P. Lehmann and Dr. c~ V. 
Pollard are proposed as principal investigators, information was received 
last week to the effect that Dr. Yngve had accepted a position·at the· 
t1n1 versi ty of Texas and desires to continue his mechanical translation. . 
work there. Cori.cer.aing phases II=IVJ> the need f'or constructing a special 
machine for lan~~ translation has ~ot been determined. Bather~ 
general purpose computers ms;y be sufficient for this task. 

c. Georgetown University J> the 1h1 versi ty of Sorbonri.e and the 
University of Algiers have small programs directed at the mechanical 
translation of· French. The mechan.icaJ. translation of other languages 
is receiving even less attention. 

7. Recommen.dations : It is recommended. that: 

a. Present efforts to translate mechanically from Russian 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 Arr.1q negotiate a contract with the University of Texas, 
which wouJ.d have as its o~jea:ti ve 3 the machine translation of. German 
into Engl.ish. · 
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c. That an ·Army-wide project for-Machine Translation iri the 
amount of $6o,ooo be included in the F.X 59 budget to support the· contract 
mentioned in b above. 

e. Coordination: This memorandum has 'Peen informal.ly. coordinated 
with OACSI, ODCSOPS, · ODCSLOO, OCOA, Office Chief of Ordnance,!) Office 

· Chief Signal .Officer, OASA, OCAMG, and OCIA • 
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WILLIAM W. STOOp · JRo 
Lt. Colonel~ UoSo ~ 
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APPENDIX B 

SUMMARY OF RESEARCH AmD DEVELOPMENT 
IN MECHANICAL TRANSLATION AND RELATED FlEL'DS 

UNIVERSITIES 

1. Massachusetts Institute of Technology (Victor H. Yngve) (NSF) 
( German~English) 

Use of natural. language for storage and retri.eva.l in ~~hem= 
ical literature search system. Concentration Qn se~ten©e stru©= 
ture; breakdown into components. Search for target ~ 
equivalents 1 restructure into target ~. A.lao ~ W@rk f'or USN 
. on photomemory. 

2. Georgetown University (Leon E. Dostert; A. F. R. Brow..9 Micha,e,l 
Zarechnak) (CIA) (Russian-English) 

Lexical with syntactic ru.les; attempt to preserve s~~man.tics 
through the rules - use 705 3 704 - reorient to 709. Apply to 
Slavic in general, starting English.-- Arabic.v :Chinese. Syn.tax· 
rules and words by field of literature. Concentration on chemis~~. 
Simulated linguistic computerg direct coding.v use of tra:as1at1on 
rules - French-English, Russian-English-. 

3· Cambridge Language Research Unit,' CambridgeJ England (MargaJ:'et Master~ 
man) (NSF) {Language - General, Latin, Italian to English) 

4. 

General translation program, ~ langua,g€1 to English ·(Tests -Olll. 

Latin and Italian). Thesaurus approach (idea-related rather than 
word equi va.lents) • Program for analyzing sentence stru.cttl!Xe of 
arbitrary sentences, from word classes. ~~hed-card techniques. 

Harvard University (Anthony G. Oettinger) (NSF) (RussiEW.=English) 

Automatic diction~ • 

Algorithms for: (a) small contextual neighborhood.sy (b) se_n~ 
tence constituents. Automatic classification. ·Theory of syntax = 

Russian; artificial languages, e.g., computer. Application of NBS 
11predictiven ·techniques to Iblssian and English. 
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Uriiversity of Pennsyl.vania (Zellig Harris.~> Jr.) (NSF) (English~ 
Engl.ish) 

Application of Liriguistic.Transtormations to-information· 
retrievaJ.. · Sentence and subseriterice -· str:u,citural ~sis ·- com= 
puter program . (UNIVAC) . for· recoSliizing -sYzitactici. Ertru.ctm'e . of 
English sentences •. Future, generaJ.ization of "computer theory .I> 

linguistic methods.~~ progra.mming and coding, Program for 
Transformation Analysis. 

'· ·., 

· ( ONR) In:f'orme.tion Retrieval.· Study: Nature o:t desirable 
information tor retrieval.~~ explicit, to guide desiep1 of retrieval 
system. Automatic indexing and. search. 

6. University of Ca.liforn.iaJI Berkeley (Sydney M. Lamb) (NSF) (Ru.asian;, 
Engllsh; Chinese=English) 

l~ussian Language AnalJ.ais ~ lexemes and syntax :machine an.a.lj"sis 
giVing aJ.ternate transl.a.tion choices to be made. Build=u;p of di:e~ 
tionary knowledge incorporated to reduce uncertai!ilty. CoCling f'or· 
operation on 704. Chinese just beginning. 

7. University of Texas (W. P. Lehman) (USASRDL) (Cller.m.au~~gl:ish) 

Linguistic analysis 9 using com,puters... German~English using 
•stochastic Grammar." Concerned with dynamic character of J.anguage. 

8. Un1 versi ty of Washington (Erwin Beifl.er) (RADC .~> NSF) (Russian­
English; Chinese-English) 

Review of' status of field just beginning for AoFo MT approach: 
lexicographical; uses photoscopic disc. Started next phase = 

logical programs for automatic resolution of some problems 1~ 
grammar and semantics. ChiDese Just beginning under NSF sup:port o ... 

Wa.yne State University (Harry Ho Josselson; Arvid W. Jacobsen) 
(ONR) (Russian-English) 

Translating Russian Mathematical Texts. ColllJ?a.re manual English 
translation with Russian and modifY former to assume Russian word 
structure o Machine computation programs for syntactic anal,ysis = 

IBM 650 and 709. 
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ll. 

Ubiversity-of Milari1 Italy (Silvio ·ceccato) (RADC) (Russian­
English; some Italian, German, . Chinese) 

· Research into 'thought proeesses · via operational ana.J.Ysis ~ -· 
Description of correlation sequences, used to describe semantic 
"bridges" betweeri lari.gtiages. P:rogramniing 704 for 1962,; trials 
or:i. 650. . Classification system of meanings .·in VariOUs lari.guages 
to substitute for experience matrices of original and target 
language users. 

Hebrew thiversity1 Israel (Yehoshua Bar··Hillel) (ONR) (3 con-
tracts) {General Languages) . . . . . . 

Survey of status of mechanical translation research. An~sis 
of theoretical l1mi ts of MT capability, including mechanization of 
syntax and difficulties caused by polyeeDzy". Studies -of theory of 
literature searching with goal of mechanization. · Studies in 
mathematical linguistics; theory of linguistic models. Mathematical 
description . and correlation among grammars 0 

12. Indiana -u:n:iversity·:·(Thomas A. Sebeok) (NSF) {Russian, USSR 
Dialects, General Language) 

Structural mode~s of language aimed at mechanical transla­
tion. First step coding for 650; .second step extend program to 
syntax and metric s. , 

13. Syracuse University (USAF_l 

Mech8nizat1on of photo handling~ in conneetion with Baird­
Atomic print reader. 

INDUSTRY 

14. Thompson Ramo Wooldridge, In~.P Los Angeles, Ca.lifol'D.ia (Don R. 
Swanson; Paul L~ Garvin) (USA;F-RADC) (Russia.u-Eng;l.ish) 

Syntactic ana..~sis assisting dictionary lookup. Use of 
"fulcrum" (e. g., predicate) to obtain information for ana..cysis of 
remainder of sentence. Building rules for multiple-meanings. 

15. Baird .. Atomic, Inc.,~~ Cambridge, Massachusetts (John A. Fitzmaurice) 
( USAF-RADC) 

Print reader. 
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16. 

17. 

Rand Corp;, Sarita' 'Moriicia, California (David G. Bays; Hugh Kelly) 
(USAF) (Russian-English) 

Syntactic anaJ.Ysis - sentence s·tructure, 'gramm.S.tic8.1 trans­
formei.tions; word derivations.·. 'Attezilpt to··bririg .·in" semaziticis ... ·Being 
machine pr.ogr~d; n~-Automatic." _Working on physics text; 

International Business.Machiries (Gilbert King) (USAF- RADC) 
(Russian-Englis~2 French-English) · 

Table.:.Lookup techniques, intrinsic address. -Use of photo-­
scopic disc. Translation is word for word w1 th some o\rerlay of 
syntax in form of stored word groups or idiomatic p}lrases. 

Also company-run program (Advanced Systems DeV'elopmerit D1 v., 
YorktoWn. Heights, New York, T. R. Savage) developin.S automatic 
abstracting and indexing techniques. Key word technique with 
SHARE-704 program. 

18. Arthur D. L1ttle9 Inc., Cambridge, Massachusetts (Vincent E. 
Giulia.D.o) (Ru.ssi:ml~English) . · 

Interest in production development of experimental. MT systems. 
Working on automatic syntactic analysis w1 th Harvard, using NBS 
"pred.icti ve" technique. 

19. Plannj ng Research Corporation, Los Angeles, California 
(H. P. Edmundson) 

InfO!"'matiou coding via simplified English language in man­
machine system •. Retrieval of information which may or~ not be 
transformed in. context or reference, through . the simplified language. 

For USAF~RADC, a program in document analysis. Indexing and 
abstracting via word frequency and topic sentence frequency count. 

For IBM, preliminary requirements analysis of Ml'. Essentially, 
count of documents and words translated as compared w1 th those 
available and those published. · 

20. Hydel2. Inc. 2 Waltham11 Massachusetts (USN) 

Component Designs - High Speed Photo-memory. 

21 International Telemeter Corpo 1 Los Angeles, California (USN) 

Development of high capacity photo-memory (photoscopiq disc 
used in IBM MT effort) • 
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22. Intelligent Machines Research Corp., Alexandria, Virginia (USAF) 

23. 

Work in print readers. 

Rabinow Engineering Company2 Takoma Park, Ma.cyland (Jacob Rabinow) 

High capacity .. informa.tion storage devices., Print· readers,· 
using optical scanning and matching techniq~s. 

GOVERNMENT AGENCIES 

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

Coordination and sponsorship of various programs in MT. 
Grants given. to MITj Georgetown u., Cambridge (Erigland), Harvard u., 
u. of California.v u. of. Pennsylvania. 

25. National Bureau of. Standa.rd,s {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 w1 th occurrence. Dictionary for word lookup 1 applied 
to 704 (Rhodes). 

Work on apstract pattern recognition using character .recogni­
tion with automatic scanning for input and output display~ Com­
pression and regeneration of graphic :l,nf'ormation·. (Alexander) 

26. US Army (Gregg MqCllll"g2 ARO; Lester Geiger, USASRDL; Andrew Favret') 

Support of work at NBS and university o~ Texas. 

27. US Navy (Ma:rshall Yovits 2 ONR) 

28. 

Support of wox·k at MIT, Wayne State University, Hebrew t;Jniver­
si ty, and equipment programs in print reading (Hydel) and machine 
lookup (Int'1 Telemetering). 

US Air Force (Robert F. Samson2 RADC: Jack Kennec1y2 AFIC) 

Support of various efforts in the fieldl including Cambridge 
(England), Ha.rvard1 University of Washington.? Milan, Indiana Univer­
sity, Siracuse University, Ramo Wooldridge:; :aa,ird-Atomic l Rand, IBM·. 

29. CIA (Paul A. Borel; Paul We Howerton) 

Support of work at Georgetown. Cooperates With NSF in 
furtherance of MT work. 
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