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ABSTRACT

Progress is reported in the development of

two generalized computer systems: the first designed

to implement automatic translation of languages, the

second to support basic research in linguistics. The

systems complement each other in that basic programs

prepared for each are applicable to, and needed in, the

other. The Common system design contains three sections:

one for control, a second for language data processing,

and a third for linguistic information )ruccssiiq,. Thc

first two sections are now essentially operational. In

the third, Monolingual Recognition programs for performing

lexical and syntactic analysis and display have been made

operational. The programs, which have been converted to

operate on the IBM 7040 as well as the IBM 7090 computer,

are being tested with English, German, Russian, and

Chinese language data.



PURPOSE

The Machine Language Translation Study has been

in progress since May 1959 under sponsorship of U.S. Army

Electronics Research and Development Laboratory. The

project has a long-range but primarily practical purpose:

to provide an automatic translation system with sufficient

capacity and generality to be useful in a military environ-

ment.

The study is especially concerned with translation

of foreign languages into English. Although German was

selected as the input language to be used in initial testing,

the need for translation techniques which would be applicable

to other languages was recognized in the research from its

inception. Thus, translation of Russian and Chinese are also

contemplated.

A long-range research approach was taken to

provide the opportunity for investigation of general principles

underlying processes occurring in translation, and for subsequent

application of the resulting techniques. The work accordingly

has two closely related objectives: one predominantly scientific

and the other practical in the sense of being directed toward

military applications.

The scientific objective will be attacked in two

phases. First, a general theory of translation will be

7



formulated and'verified through descriptive research on

the languages mentioned above. The goal in this phase

will be to describe structural alternatives which are

present in the espiricai data of each language. Secondly,

heuristic processes which make efficient choices among

these alternatives will be developed as a basis for useful

translation applications.

The computer system incorporating these

heuristic features, which will optimize its usefulness

in a military environment, will be referred to as the

Language Translation System.

A second project, under sponsorship of the

National Science Foundation, was initiated in September

1961 when it became apparent that the considerable labor

involved in reaching this scientific objective could be

expedited by a separate Qomputer system designed specifi-

cally to support linguistic research. The study, entitled

"Development of a Linguistic Computer System," is essentially

concerned with automating processes necessary to translation

research rather than the process of translation itself,

The computer system will carry out the trans-

lation process, but it will do so for the purpose of

displaying the alternatives that are available to processes

making heuristic choices. A probability will be computed



o

for each altcrnativc to further facilitate study of heuristic

translation processes. Mechanical assistance in language data

collection and processing will also be provided by the system.

The computer system incorporating thesc supporting

features, which will optimize its usefulness as an environment

for theoretical 7,nd descriptive linguistic research, will be

referred to as the Linguistics Research System.

The function of this report is to describe pro-

gress toward implementation of the Language Translation System

during the period from 1 November to 31 January 1964. Because

it' will be most convenient to implement this system through

an adaptation of certain basic parts of the Linguistics Re-

search System, the two projects are currently cooperating in

developing those computer programs which they will use in

comi mon. Part of the progress reported below has therefore

becn accomplished by the second project.

Individual contributions of the two projects have

not been distinguished because any attempt to do so, at the

prcsent time, would be artificial.



3 PUBLICATIONS, LECTURES, REPORTS AND CONFERENCES

Dr. Tosh presented a lecture on machine translation

research to the Modern Language Club of Texas A. 4 M.

University on 11 November.

Dr. Prem Kishore Kulshrestha of the India institute

of Technology, Bombay, India, visited LRC on 18-19 November.

He was visiting the United States under UNESCO sponsorship to

gain familiarity with machine translation work applicable to

Russian-English texts. Dr0 Kulshrestha proposes to return

and use LRC facilities to prepare a description of Hindi.

Dr. Robert H. Owens of the National Science

Foundation visited LRC on 6 December0 He discussed research

at the Center with Dr. Lehmann and Mr0 Pendergraft.

Dr. John Johnston of the University of Kansas

visited LRC on 13 December, discussing with Mr. Pendergraft

and Dr. Tosh his work in programming languages and LRC de-

scriptive techniques for natural languages0

Mr. Stephen B. Smith of Thompson, Ramo Wooldridge,

Inc., visited the Center on 13 December. As Associate Project

Manager of the NSF Text Collection Center Study, Mr. Smith

was interested in a detailed survey of the facilities and

research of LRC.

Mr. Robert Dunn of USAERDL, Fort Monmouth, visited

the Center on 19-20 December0 He discussed contract details



with Dr..Lehmann and Mr. Pendergraft, and reviewed LRC

research with Dr. Tosh, Mr. Jonas, and Mr. Estes.

Mr. Paul Jones of Arthur D. Little, Inc.,

visited LRC on 19-20 December, Currently working on

an associative information retrieval system, he was

interested in natural language processing and the automatic

classification techniques being investigated.at the Center.

He conferred with Mr. Pendergraft, Dr. Tosh, Mr. Jonas,

and Dr. Dale.

Drs. Lehmann, Tosh, and Joynes and Mr. Pendergraft

attended the meeting of the Linguistics Society of America

in Chicago on 28-30 December. The following papers were

read:

Lehmann: "Vowel Systems, Especially that of PIE"

Tosh: "Development of Automatic Grammars"

Dr. Lehmann visited in Cairo, Egypt, on

1-2 January to discuss projects in machine translation with

representatives of the Ministry for Research.

Dr. Lehmann attended the 26th Congress of

Orientalists in New Delhi, India, on 3-10 Januaryp and

read a paper on linguistic research,

Dr. Richard N. Adams, Department of Anthropology,

University of Texas, visited LRC on 6 January. He proposes

to use LRC grammar coding techniques to describe behavioral

patterns in a Guatemalan sub-culture.

12



Mr, K, C. H-ageinan, General Dynamics Corp.,

Fort Worth, visited LRC on 9 January, Concerned with

processing data being generated in development of the

P-Il weapons system, Mr, Hageman discussed with Dr. Dale

possible applications of clump theory, whi ch is being

investigated at LRC,

A working paper on German nouns was completed and

distributed during the quarter-. "Report on German Noun

Coding," G. R. Lewis and L. W. Tosh--LRC 63-WDGI,

November 1963,

k1



4 RESEARCH SUMMARY

Three research groups of the Linguistics Research

Center are participating in the study: the (1) Theoretical

Linguistics group with skills in mathematics and logic, (2)

Systems group proficient in computer programming and

operations, and (3) Descriptive Linguistics group of lin-

guists specializing in German, English, Russian or Chinese.

4.1 Foundations

Precise theories of linguistic structure are a

prerequisite to successful applications in linguistic

information processing, whether for mechanical translation

or for other processes involving analysis of information

content, such as abstracting or information storage and

retrieval. A working hypothesis has been formulated which,

formalizes present objectives in analysis of syntactic and

semantic content [1,2]. The hypothesis includes certain

types of transformations [3,4] which must be taken into

account by generalized algorithms performing syntactic

and semantic analysis.

A general theory of translation has been based

on this foundation, Within the theory, an interlingual

description of relations among lexical, syntactic, or

semantic units of various languages provides different

I5



kinds of transfer from one language to another. Thus

the general hypothesis underlying programming for the

Language Translation System is considered to be completed.

Theoretical work is now concerned with mathematical

analysis which may lead to increased operational efficiency

of the Language Translation System,

An attempt is being made, under the National

Science Foundation grant, to extend the hypothesis to

the level of pragmatic description. Such an extension

is believed to be a necessary step toward information

retrieval, artificial intelligence, and automatic

abstracting applications.

4.2 Language Data Collection

The enormous task of collecting and verifying

structural data for the various languages which would be

of interest in linguistic information processing appli-

cations must be undertaken systematically on a long-range

basis if substantial progress is to be made. The Lin-

guistics Research System is primarily intended to support

this important research function0  The computer system

will be capable of maintaining large stores of language 2
data through accounting procedures and of manipulating

the data within linguistic informationprocessing algorithms.

16



Since such research is best performed within an academic

environment, language data collection and verification is

being pursued chiefly under the National Science Foundation

grant. Resultant data are being made available to the

Language Translation System in exchange for algorithms

which may be used in the Linguistics Research System.

Descriptive investigations of English and German

have been in progress for more than three years. Russian

and Chinese studies are of much more recent origin, dating

from the fourteenth quarter, Most of the work for these

languages has been in the area of syntax, though basic

semantic data have been collected through the examination

of synonyms and equivalent expressions, German and English

syntactic studies have been oriented to a specific corpus

taken from Eduard Ruechardt's Sichtbares und Unsichtbares

Licht and its English translation I5] German and English

dictionaries have also been based on Der rachBrockhaus

and Webster's New Collegiate Dictionary, respectively.

Russian and Chinese studies are likewise text-oriented.

Three articles from Voprosy Ekonomiki [6) are being used

for the former, and a Chinese text on language teaching

[7 for the latter.

17



4.3 Systems Development

Programming criteria for translation algorithms

based on lexical, syntactic, and semantic transfer have

been derived from the working hypothesis. These, together

with programs which maintain and compile lexical, syntactic,

Semantic, and interlingual description, have been described

elsewhere [1] An executive routine, referred to as the

Control program, has been completed, as have all programs

which maintain and compile language descriptions. Automatic

lexical and syntactic analysis are in operational status;

they will now be subjected to comprehensive testing through

analysis of Englisho German, Russian and Chinese texts.

Completion of all programs involved in translation by

syntactic transfer are scheduled for completion in July 1964.

Programs for translation by semantic transfer will be

finished by July 1965.

18



5 PROGRESS IN THE QUARTER

5.1 Systems

Work done during the quarter b, the Systems group

centered around making final preparations Ccr installation

of the IBM 7040 at the Center, The comp,tzr became oper-

ational toward the end of the quarter and i.tensive data

processing was begun.

511 Programming

Program conversion for uso on the 7040 was es-

sentially completed, All operational 7090 programs except

Grammar Display have been tested and made operational on the

7040. Testing of Grammar Display is no underway.

Most of the new routines required for the Control

Program have been completed, All card-to-tape, on-line, and

tape-to-print routines are now on the CP tape. Each job may

be set up as a single deck of control cards or several jobs

may be batched if desired. Some improvements are still

required in the tape-to-print routine to simplify the task

of the computer operator,

The Monolingual Recognition programs, now available

or processing linguistic data on the 7040, were modified

dturing the quarter to accommodate more complex data. The

19



Table 5-1. Current Status of System Programs

PROGRAM CURRENT NO. OF NO. -COMPUTER - D LINES OF
STATUS SEGMENTS LOCATNS RUUI CODING NOT

PRO7a LUNSTATS REQUIRING
INSTRUCT. MESSAGES SPACE

Control S 11 6400 38,00 1350

Concordance 4 2 1000 100 100

General Sort 4 1 700 so 200

Request Maint. 6 2 1400 300 200

Corpus Maint. 6 1 1800 20,0 100

Grammar-Maint.

Rule. Rev. 4 6 9900 8100 300

Prob. Rev. 4 3 4250 300 10:0

Input Selo 4 3 2600 300 500

Output Selo 1

Display 4 3 4500 450 550

Transfer Maint.

Mono. Rev.1

Inter. Rev. *3 3 2600 200 300

Mono. Input Selo 4 3 2600 300 5-00

inter. Sel. *3 2 S00 100 100

Mono. Output Selo I

Mono. Dis. 1

Inter. Dis,

*Not converted to 7040
20



Table 5-1 (continued)

PROGRAM CURRENT NO. OF NO. COMPUTER LINES OF
STATUS SEGMENTS LOCATIONS RgE UIRED CODING NOT

VRUO LCON TANTS REQUIRING
INSTRUCT. MESSAGES SPACE

Lex. Anal. Choice) 4 1 2900 350 250
Syn; Anal. & Choice)

Sem. Anal. 4 Choice 1

Lex, Anal. Display) 4 3 20,00 400 100
Syni. Anal. Display)

Sem. Anal. Display1

Interlingual Reo-g.

Lex. Analysis

Syn. Analysis1

Sem. Analysis1

Lex. Display1

Syn. Display1

Sem. Display1

Transfer

Interlimgual Prod.

Lex. Synthesis1

Syn. Synthesis1

Sem. Synthesis1

Monolingual Prod,

Lex. Choice &
Synthesis1

Syn. Choice &
Synthesis1

Serm. Choice &
Synthesis1

Output Corpus Display 1

21



present prograis dill handle one or two sentences. However,

when an attempt was made to process paragraph-size samples

of meteorological text, lexical and syntactic complexity of

the text precipitated memory overflow and prevented satisfactory

processing. Subroutines have been designed to accommodate

the memory overflow conditions,

A concordance program was designed and coded during

the quarter. The program isolates and sorts each word of a

pre-selected text, within its context, and provides a display

of all such contexts in the text,

5.1.2 Current Status of Programs

The current status of System programs is given in

Table 5-1. The number of lines of coding listed is that

required in the machine language of the IBM 7040, The numbers

in the first column indicate program status as follows:

1: Planned--Programming specifications have been

completed to the level of description of general program

objectives, including the input-output and internal data

units and the logical operations of the algorithm to be

performed.

2: Flowcharted=-Programming specifications have

been put into the form of data formats and flowcharts having 
Xr

sufficient information to be used as the complete basis for

coding.

22
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3: Coded--Programming specifi.cations have been

described in the programming language of the computer to

be used in implementing the algorithm.

4: Qpegrational--The program has been tested and

found to work with small data samples specially designed

~to verify coding.

5: qgpieted--The program has been tested and

found to work with comprehensive, so-called "real" data,
and' all inadequacies foun~d in testing have been eliminated.

6: Documented--Documents which describe the

algorithm, the program structure which implements it, and
conventions for using the program have been prepared for

publication.

5.1.3 Operations

The Operations section continued to be occupied

primarily with providing support for the programmers' efforts

in converting the programs for use on the 7040.

The computer was officially turned over to LRC on

15 January. Production processing was begun on 27 January.

Jobs were started in Request Maintenance and Rule Revision.

5.2 Descriptive Linguistics

The Descriptive Linguistics group continued to

compile and revise linguistic data for processing when the

23
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Center's computer became available for use. Tree diagrams

were reappraised for conversion to binary form. A study

designed to investigate grammar convergence was made during

the quarter which yielded guidelines that are being followed

in developing grammars for the several languages.

5.2.1 English

Some first statistics on grammar convergence were

obtained by processing a special test corpus Compiled from an

article on meteorology [8]. The text consisted of some 3,000

running words, from which 15 sentences were selected at random

for linguistic analysis. Three sub-grammars were provided by

dividing the source sentences into three groups and assigning

a different range of identification numbers to the rules in

each sub-grammar. This permitted one processing run to be

evaluated as three separate runs, each with a larger grammar.

Rules derived for the first sub-grammar, Gl, totaled 206; for

G2 an additional 117 rules; and for G3 an additional 57 rules.

These sub-grammars were used in the computer to

process the test corpus, excluding the paragraphs which contained

the 15 source sentences. G1 successfully processed approximately

28% of the text; G1 combined with G2 approximately 39%; and all i

three sub-grammars together processed approximatey 44% of the

text.

24



On the basis of these results, it was decided

that all grammars will be developed along the following

general lines. Ten source sentences will be selected at

random from a corpus. A constituent analysis of the

sentences will be made and the structures will be

classified. After the rules have been encoded and

compiled, the grammar will first be checked against a

special research corpus consisting of the source sentences.

Then the research corpus will be enlarged by adding another

set of randomly selected sentences. After automatic analysis

is performed, new rules will be added only as necessary to

achieve complete analysis. This procedure will be repeated

until a :generally effective grammar has been built up.

Ten sentences were selected by the English section

from Corpus 5 for constituent analysis. The rules derived

from these sentences were encoded and listed on a Request

Maintenance display, ievisions are being made and the data

will be ready for analysis testing early in the next quarter.

Among several approaches to constituent analysis

investigated during the quarter, a regressive description

of the noun phrase was found to be particularly economical.

However, subsequent investigation demonstrated the point

often raised in research at the Center: in a hierarchical

system of grammarb, an optimal collection of rules in an

isolated sub-grammar will not necessarily be optimal within

a system of several orders of grammar.

25
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Revision was begun of the Request Maintenance

display of data from Webster's New Collegiate Dictionary

Membership of all classes are being checked for correct

assignment, classes are being partitioned to add new

grammatical features, and punch errors are being corrected,

A major effort durring the quarter consisted of

reappraising tree diagrams and syntactic rules for conversion

to binary form. Documentation oi the new grammar was begun#

and will be used as a model for documentation of grammars

for the other languages.

5.2.2 German

The German tree di:aramz were revised and syntactic

rules were converted to binary orm. Initial documentation

was begun of the new gra-mmar, patterned on the documentation

being prepared for the Enolish grammar.

Ten sentences were selected from Corpus 5 and a

constituent analysis was made. The encoded syntactic data

was submitted for compilation and display. When the display

becomes available, the data will be revised and prepared for

analysis testing.

5.2.3 Russian

Research on Russian proceeded along the lines of

work with English and German. A pilot study was made of

converting Russian tree diagrams and rules to binary form,

26



Final revision of verb classification format was

completed, a task on which effort had been temporarily sus-

pended.

In the next quarter ten sentences will be selected

for analysis and processing, along the lines of the grammar

development techniques established in the English section.

5.2.4 Chinese

Revision was completed of RG2 requests prepared

earlier, A card listing of these requests was proofed and

corrected. These data are now ready for compilation and

testing.

Conversion to binary form of the tree diagrams

and rules was begun. Ten sentences were selected as source

sentences for grammar developmento and the constituent analysis

was completed.

A list was compiled of articles, classifiers and

other affixes which will be used as attributes defining

formational classes. These data will be used in preparing

a concordance display of the Chinese corpus during the next

quarter.

5.3. Theoretical Linguistics

Since the general theory of translation underlying

the Language Translation System is considered to be completedo

27



theoretical work is niow Concentrated upo.i ciassification theory

and techniques not directly conn~ected with translation research.

Future studies of trranslation processas involving heuristic

choices may,, however, utilize the results of this investigation.

28



6 CONCLUSIONS

The IBM 7040 at the Center became operational

toward the end of the quarter and intensive data processing

was begun. Most of the routines needed to adapt the Control

Program to console procedures of the 7040 were completed

and incorporated onto the CP tape. Subroutines have been

designed which will handle overflow conditions that develop

when Monolingual Recognition programs are used to analyze

large samples of complex data.

The Descriptive Linguistics group has essentially

completed a conversion of tree diagrams and syntactic rules

to binary form. A grammar convergence study was made during

the quartert from which a procedure was derived for developing

optimal grammars for the several languages.

29



7 :PLANNING FOR THE NEXT QUARTER

The Systems group will continue testing the

converted programs on the IBM 7040 while the programs

are being used to process data submitted by the linguists.

Programming development an remaining System programs will

be resumed.

The Descriptive Linguistic group will be con-

cerned primarily with development of grammars using the

techniques which resulted from the pilot study of grammar

convergence. Conversion of syntactic rules to binary form

will be completed and documentation of the new grammars

will be drafted.
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